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A mechanistic study of 3-aminoindazole cyclic urea HIV-1
protease inhibitors using comparative QSAR

Rajni Garg* and Barun Bhhatarai

Chemistry Department, Clarkson University, Potsdam, NY 13699-5810, USA

Received 18 June 2004; accepted 26 August 2004

Available online 28 September 2004
Abstract—Comparative QSAR studies on P2/P2 0 and P1/P1 0 substituted symmetrical and nonsymmetrical 3-aminoindazole cyclic
urea HIV-1 protease inhibitors were performed. The protease inhibitory activity of these compounds was found to decrease with
larger and more hydrophobic molecules, whereas the antiviral potency and translation across the cell membrane increases with
increase in hydrophobicity and size. These results provide mechanistic insight about the mode of interaction of these compounds
with HIV-1 protease receptor and would help in further improving the biological activity.
� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Acquired immunodeficiency syndrome (AIDS) and its
related disorders are major health concerns worldwide,
and are caused by retrovirus human immunodeficiency
virus type 1 (HIV-1).1,2 One of the key enzymes encoded
by HIV is an homodimeric aspartyl protease that cleaves
the gag and gag-pol viral polyproteins.3 This processing
is essential for the maturation of viral particles and pro-
duction of infectious virions.4,5 Inhibition of HIV-1 pro-
tease (HIVPR) results in the production of immature
and noninfectious virions.6–9 Currently, there are many
HIVPR inhibitor drugs in the market, approved by the
US Food and Drug Administration (FDA).10 These
drugs have shown promising results when used in com-
bination with reverse transcriptase (RT) inhibitors.11,12

However, the use of current drugs regimens is
compounded by several issues such as––adherence,
tolerability, long-term toxicity, and drug- and cross-
resistance.11,12 The development of new protease drugs
that are less toxic, tolerable, convenient, and are active
against drug-resistant viruses is highly desirable.

All the HIVPR drugs approved, so far, are peptidic in
nature, and their prolonged use is resulting in the emer-
gence of mutant virus, therefore, several authors have
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paid attention to nonpeptidic inhibitors in the hope of
getting new better drugs.13–17 Compounds possessing
seven-member cyclic urea scaffold (1) were found to be
potent inhibitors of the enzyme.13,14 These compounds
create an effective hydrogen bond network between the
aspartic residues and the flap region of the enzyme with-
out the intervention of a water molecule commonly
found in linear inhibitor.13 To identify the full potential
of the various classes of HIVPR inhibitors, numerous
quantitative structure–activity relationship (QSAR)
studies have been performed.18–25 QSAR studies help
in understanding structural features of both the inhibi-
tor and the target receptor responsible for biological
activity and guide in the design of more effective
inhibitors.
Two of the nonpeptidic cyclic urea derivatives (2, 3)
reached advance stage of clinical trial. However, DMP
323 (2) has been discontinued due to poor bioavailabil-
ity and metabolic instability. DMP 450 (3) showed good
aqueous solubility and oral bioavailability in humans,
but only moderate potency and resistance profile as
compared to other protease inhibitors.26,27
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To investigate further other structurally diverse class of
nonpeptidic cyclic urea inhibitors, some authors27–31

synthesized 3-aminoindazole cyclic urea (4–7), and re-
ported their enzyme inhibition, antiviral, and translation
activity. The current study reports the comparative
QSAR analysis of 3-aminoindazole cyclic urea HIV-1
protease inhibitors. It is envisioned that these studies
will reveal a deeper insight into the mechanism of inter-
action of these compounds with the receptor and pro-
vide guidelines for designing better analogs with
superior pharmacokinetic and efficacy profiles.

QSAR studies were performed by us on the compounds
listed in Tables 1–5, where the biological activity IC90

is a measure of antiviral potency, Ki is the enzyme inhi-
bition constant, and T (Ki/IC90) defines translation of
enzyme activity to antiviral activity accounting for
penetration across cell membrane. All the QSAR re-
ported here are derived by us and were not given with
the original data sets taken from the literature as
referenced.
2. Results and discussion

In all the QSAR reported here, n is the number of data
points, r is the correlation coefficient, s is the standard
deviation, q is the quality of fit and calculated as de-
scribed by Cramer et al.32 and the data within parenthe-
N N

O

OHHO

N
H

N

NHR

N
N
H

RHN

N N
R

O

OHHO

N
H

N

NH2

4

6

ses are for the 95% confidence intervals. The QSAR
multiple linear regression analyses were executed with
the CQSAR program.33 C logP is the calculated parti-
tion coefficient in octanol/water and is a measure of
hydrophobicity.34 CMR is the calculated molar refrac-
tivity for the whole molecule, and is a measure of vol-
ume and polarizability. C logP and CMR are normally
for the neutral form of partially ionized compounds. L
is the Verloop�s sterimol parameter that defines substit-
uents� length.35 More details are given in Section 5. Out-
liers, if any, in each QSAR indicate the molecules of the
data set that were not fit in the QSAR model. A discus-
sion about the presence of outliers in QSAR is given
later.

2.1. Symmetrical P2/P2 0 substituted 3-aminoindazole
cyclic urea derivatives (4)

Rodgers et al.28 reported the structure–activity data for
potent cyclic urea HIV-1 protease inhibitors with alkyl
substituted P2/P2 0 3-aminoindazole (4). QSAR 1 and 2
were developed for the enzyme inhibition (Ki) data of
4 (Table 1, panel a).
Log1=K i ¼ �0:39ð�0:22ÞC log P þ 13:33ð�1:79Þ
n ¼ 6; r2 ¼ 0:858; q2 ¼ 0:475; s ¼ 0:256;

outlier : –ðCH2Þ4–
ð1Þ
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Table 1. Symmetrical P2/P2 0 substituted 3-aminoindazole cyclic urea derivatives, their physico-chemical parameters and HIV-protease inhibition

activity studied by Rodgers et al.28 (panel a, 4) and their HIV-antiviral potency and translation data of compounds of panel a (panel b, 428)

S. No. R ClogP CMR L4 I1 Log(1/Ki)

Obsd.28 Calcd

QSAR 1 QSAR 2 QSAR 25

Panel (a)

1 H 5.45 17.85 2.06 0.0 11.00 11.18 11.18 10.97

2 CH3 7.04 18.78 2.06 0.0 10.74 10.56 10.68 10.43

3 C2H5 8.10 19.70 2.06 0.0 10.39 10.14 10.19 10.07

4 CH(CH3)2 8.71 20.63 2.06 0.0 10.05 9.90 9.69 9.86

5 CH2-cy-C3H5 8.98 21.28 2.06 0.0 9.47 9.79 9.34 9.77

6 C3H7 9.15 20.63 2.06 0.0 9.64 9.72 9.69 9.71

7a (CH2)4- 8.86 21.20 2.06 0.0 8.89 9.84 9.39 9.81

Log(1/IC90) Log(1/T)

Obsd.28 Calcd Obsd.28 Calcd

QSAR 3 QSAR 4 QSAR 26 QSAR 5 QSAR 6 QSAR 27

Panel (b)

1 5.56 5.68 5.86 5.70 �5.40 �5.52 �5.20 �5.32
2 6.55 6.46 6.38 6.42 �4.20 �4.02 �4.29 �4.09
3 7.19 6.98 6.90 6.90 �3.20 �3.02 �3.37 �3.27
4 7.62 7.28 7.41 7.19 �2.40 �2.44 �2.46 �2.79
5 7.42 7.41 7.78 7.31 �2.10 �2.18 �1.82 �2.58
6 7.40 7.50 7.41 7.39 �2.20 �2.02 �2.46 �2.44
7b 6.92 7.35 7.73 7.25 �2.00 �2.30 �1.90 �2.67

a Not included in deriving QSAR 1 and 25.
bNot included in deriving QSAR 4 and 26.
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Log1=K i ¼ �0:53ð�0:25ÞCMRþ 20:72ð�4:97Þ
n ¼ 7; r2 ¼ 0:860; q2 ¼ 0:708; s ¼ 0:306

ð2Þ

The negative coefficient of ClogP in QSAR 1 indicates
that more hydrophobic substituents have negative
influence on the enzyme inhibition. A high negative
correlation with CMR was also observed (QSAR 2),
that shows that larger P2/P2 0 alkyl groups may be in-
volved in unfavorable steric interactions with the
receptor.

The same authors28 also studied the antiviral activity
(IC90) of analogs of 4 (Table 1, panel b), the analyses
of the data gave QSAR 3 and 4. From these models, it
seems that more hydrophobic and larger molecules are
required for good antiviral activity.
Log1=IC90 ¼ 0:49ð�0:21ÞC log P þ 3:01ð�1:74Þ
n ¼ 7; r2 ¼ 0:874; q2 ¼ 0:733; s ¼ 0:276

ð3Þ
Log1=IC90 ¼ 0:56ð�0:29ÞCMR þ 4:12ð�5:82Þ
n ¼ 6; r2 ¼ 0:875; q2 ¼ 0:576; s ¼ 0:307;

outlier : –ðCH2Þ4–
ð4Þ
In order to have good HIV protease inhibitory activity,
the compound need to have good antiviral activity, to
account for the translation of enzyme activity to anti-
viral activity, the translation data of derivatives of
4 (T = Ki/IC90) was correlated, as given in QSAR 5
and 6.
Log1=T ¼ 0:95ð�0:16ÞC log P � 10:67ð�1:28Þ
n ¼ 7; r2 ¼ 0:979; q2 ¼ 0:945; s ¼ 0:203

ð5Þ
Log1=T ¼ 0:98ð�0:17ÞCMR � 22:75ð�3:55Þ
n ¼ 7; r2 ¼ 0:976; q2 ¼ 0:939; s ¼ 0:219

ð6Þ
For QSAR 1–6
C log P range ¼ 5:45–9:15;

CMR range ¼ 17:85–21:28;

C log P versus CMR ðr2 ¼ 0:922Þ
It appears to us that if a compound is more hydrophobic
and bulky, its enzymatic activity translate well into anti-
viral activity. Overall, if we study the QSAR 1–6, it is
clear that while the good enzyme inhibition require a
compound to be less hydrophobic and less bulky, the
antiviral activity and translation across the cell mem-
brane depends more on larger and hydrophobic
compound.

Analysis of the activity data in Table 1 reveals that there
is a progressive decrease in the enzyme inhibition activ-
ity of these compounds with larger, more hydrophobic



Table 2. Symmetrical P1/P1 0 substituted 3-aminoindazole cyclic urea derivatives, their physico-chemical parameters and HIV-protease inhibition

activity studied by Kaltenbach et al.29 (panel a, 5) and their HIV-antiviral potency and translation data of compounds of panel a (panel b, 529)

S. No. R ClogP CMR L4 I1 Log(1/Ki)

Obsd.29 Calcd

QSAR 7 QSAR 8 QSAR 25

Panel (a)

1 H 5.45 17.85 2.06 0.0 11.00 11.04 11.04 10.97

2a 4-CH3 6.45 18.78 2.87 0.0 10.21 10.69 10.70 10.63

3 3-CH3 6.45 18.78 2.06 0.0 10.96 10.69 10.70 10.63

4 3,5-Di-CH3 7.45 19.70 2.06 0.0 10.17 10.34 10.35 10.29

5 2,5-Di-CH3 7.35 19.70 2.06 0.0 10.47 10.37 10.35 10.33

6 4-C2H5 7.51 19.70 4.11 0.0 10.17 10.32 10.35 10.27

7 4-C3H7 8.56 20.63 4.92 0.0 10.17 9.95 10.01 9.91

8 4-CH(CH3)2 8.30 20.63 4.11 0.0 9.72 10.04 10.01 10.00

9 4-C(CH3)3 9.10 21.56 4.11 0.0 9.72 9.76 9.67 9.73

10 3-C(CH3)3 9.10 21.56 2.06 0.0 9.68 9.76 9.67 9.73

11 4-C4H9 9.62 21.56 6.17 0.0 9.77 9.57 9.67 9.55

Log(1/IC90) Log(1/T)

Obsd.29 Calcd Obsd.29 Calcd

QSAR 9 QSAR 10 QSAR 26 QSAR 11 QSAR 12 QSAR 27

Panel (b)

1 5.56 5.78 5.77 5.70 �5.44 �5.10 �5.08 �5.32
2 6.11 6.06 6.05 6.00 �4.11 �4.54 �4.54 �4.55
3 6.13 6.06 6.05 6.16 �4.83 �4.54 �4.54 �4.55
4 6.27 6.33 6.32 6.61 �3.91 �3.98 �4.00 �3.77
5 6.52 6.30 6.32 6.56 �3.95 �4.04 �4.00 �3.85
6 6.52 6.35 6.32 6.25 �3.64 �3.95 �4.00 �3.73
7 6.54 6.64 6.60 6.58 �3.63 �3.35 �3.46 �2.90
8 6.39 6.57 6.60 6.61 �3.33 �3.50 �3.46 �3.11
9 7.00 6.78 6.87 6.98 �2.72 �3.05 �2.92 �2.48
10b 6.41 6.78 6.87 7.36 �3.27 �3.05 �2.92 �2.48
11c 6.74 6.93 6.87 6.83 �3.02 �2.76 �2.92 �2.08

a Not included in deriving QSAR 7, 8, and 25.
b Not included in deriving QSAR 9, 10, 26, and 27.
c Not included in deriving QSAR 27.
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compounds. However, the antiviral activity first
increases and then decreases with the increase in hydro-
phobicity and size. We were unable to see this change in
the relationship in QSAR 3 and 4, as this is a very small
dataset. To have a statistically valid meaningful QSAR,
a minimum of five data points per parameter are recom-
mended.36 The choice of substituents and the range of
ClogP did not allow the QSAR to reveal the depend-
ence of biological activity (first increase and then
decrease) on physicochemical parameters C logP and/
or CMR in these QSAR. The range of ClogP, CMR
and mutual correlation between ClogP and CMR
(r2 = 0.922) is noted for QSAR 1–6.
2.2. Symmetrical P1/P1 0 substituted 3-aminoindazole
cyclic urea derivatives (5)

In an attempt to further increase the antiviral activity
and maintain the good enzyme inhibition of 3-aminoin-
dazole cyclic urea HIV-1 protease inhibitors, Kalten-
bach et al.,29 synthesized the P1/P1 0 substituted
symmetrical aminoindazole analogs (5) of cyclic urea,
and reported their structure–activity data. We derived
QSAR 7–12 for the enzyme inhibition (Ki), antiviral
(IC90) and translation (T = Ki/IC90) data (Table 2).
Log1=K i ¼ �0:35ð�0:12ÞC log P þ 12:95ð�0:95Þ
n ¼ 10; r2 ¼ 0:851; q2 ¼ 0:780; s ¼ 0:202;

outlier : 4-CH3

ð7Þ

Log1=K i ¼ �0:37ð�0:11ÞCMR þ 17:62ð�2:28Þ
n ¼ 10; r2 ¼ 0:877; q2 ¼ 0:825; s ¼ 0:184;

outlier : 4-CH3

ð8Þ

Log1=IC90 ¼ 0:28ð�0:11ÞC log P þ 4:28ð�0:83Þ
n ¼ 10; r2 ¼ 0:813; q2 ¼ 0:659; s ¼ 0:181;

outlier : 3-CðCH3Þ3
ð9Þ

Log1=IC90 ¼ 0:29ð�0:10ÞCMRþ 0:47ð�2:08Þ
n ¼ 10; r2 ¼ 0:844; q2 ¼ 0:728; s ¼ 0:166;

outlier : 3-CðCH3Þ3
ð10Þ

Log1=T ¼ 0:56ð�0:16ÞC log P � 8:15ð�1:30Þ
n ¼ 11; r2 ¼ 0:867; q2 ¼ 0:776; s ¼ 0:302

ð11Þ



Table 3. Nonsymmetrical P2/P20 substituted 3-aminoindazole cyclic urea derivatives, their physico-chemical parameters and HIV-protease inhibition

activity studied by Rodgers et al.30 (panel a, 6) and their HIV-antiviral potency and translation data of compounds of panel a (panel b, 630)

S. No. R ClogP CMR L4 I1 Log(1/Ki)

Obsd.30 Calcd

QSAR 13 QSAR 14 QSAR 25

Panel (a)

1a CH2-cy-C3H5 5.63 15.32 2.06 1.00 10.70 11.14 10.84 10.91

2 CH2-cy-C4H7 6.19 15.74 2.06 1.00 10.80 10.73 10.51 10.72

3b CH2-2-naphthyl 7.52 18.26 2.06 1.00 10.64 9.76 8.54 10.27

4c CH2C6H5 6.34 16.57 2.06 1.00 10.51 10.62 9.86 10.67

5 C4H9 6.25 15.45 2.06 1.00 10.68 10.69 10.73 10.70

6 C5H11 6.78 15.92 2.06 1.00 10.39 10.30 10.37 10.52

7b C6H13 7.31 16.38 2.06 1.00 9.89 9.92 10.01 10.34

Log(1/IC90) Log(1/T)

Obsd.30 Calcd Obsd.30 Calcd

QSAR 15 QSAR 16 QSAR 26 QSAR 17 QSAR 18 QSAR 27

Panel (b)

1d 6.94 8.20 6.93 7.01 �3.76 �3.72 �3.73 �4.02
2e 7.74 7.49 7.02 7.27 �3.06 �3.66 �3.55 �3.58
3d 7.64 5.81 7.58 7.87 �3.00 �3.28 �3.14 �2.55
4 7.21 7.30 7.21 7.34 �3.30 �3.53 �3.51 �3.46
5 7.25 7.42 6.96 7.29 �3.43 �3.70 �3.54 �3.53
6f 6.69 6.75 7.06 7.53 �3.70 �3.63 �3.37 �3.12
7g 6.12 6.07 7.16 7.77 �3.77 �3.56 �3.20 �2.71

a Not included in deriving QSAR 13.
bNot included in deriving QSAR 13, 14, and 25.
c Not included in deriving QSAR 14 and 25.
dNot included in deriving QSAR 15.
e Not included in deriving QSAR 16, 17, and 18.
f Not included in deriving QSAR 18 and 26.
g Not included in deriving QSAR 16, 17, 26, and 27.
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Log1=T ¼ 0:59ð�0:16ÞCMR� 15:50ð�3:29Þ
n ¼ 11; r2 ¼ 0:878; q2 ¼ 0:793; s ¼ 0:290

ð12Þ

For QSAR 7–12

C log P range ¼ 5:45–9:62;

CMR range ¼ 17:85–21:56;

C log P versus CMRðr2 ¼ 0:986Þ

Similar to the observations in QSAR 1–6 derived for P2/
P2 0 substituted symmetrical 3-aminoindazole (4), for P1/
P1 0 symmetrical 3-aminoindazoles (5) also, good enzyme
inhibition seems to require a compound to be less hydro-
phobic and less bulky. However, the antiviral activity
and translation of enzymatic activity to antiviral activity
were found to be favored by a larger and hydrophobic
compound. Investigation of Table 2 shows that out of
11 compounds, one compound has ClogP 5.45,
two compounds have ClogP 6.45 and all others were
>7.45.

2.3. Nonsymmetrical P2/P2 0 substituted 3-aminoindazole
cyclic urea derivatives (6)

The symmetrical indazoles were reported to have poor
bioavailability,28–30 due to the high molecular weight
and presence of large number of hydrogen bond
donor/acceptor groups. Thus, the group reporting struc-
ture–activity data on 4, also synthesized and studied the
nonsymmetrical 3-aminoindazole (6).30 QSAR analyses
on their data revealed QSAR 13–18 for the enzyme inhi-
bition (Ki), antiviral (IC90) and translation (T = Ki/IC90)
(Table 3).
Log1=K i ¼ �0:73ð�0:31ÞC log P þ 15:26ð�2:04Þ
n ¼ 5; r2 ¼ 0:950; q2 ¼ 0:859; s ¼ 0:091

outliers : CH2-2-naphthyl; CH2-cy-C3H5

ð13Þ

Log1=K i ¼ �0:78ð�0:76ÞCMR þ 22:79ð�12:0Þ
n ¼ 5; r2 ¼ 0:780; q2 ¼ 0:210; s ¼ 0:200

outliers : CH2-2-naphthyl; CH2C6H5

ð14Þ

Log 1=IC90 ¼ 1:27ð�0:64ÞClogP þ 15:35ð�4:21Þ
n ¼ 5; r2 ¼ 0:930; q2 ¼ 0:800; s ¼ 0:189

outliers : CH2-2-naphthyl; CH2-cy-C3H5

ð15Þ

Log1=IC90 ¼ 0:22ð�0:36ÞCMR þ 3:56ð�5:95Þ
n ¼ 5; r2 ¼ 0:553; q2 ¼ �0:234; s ¼ 0:274

outliers : CH2-cy-C4H7; C6H13

ð16Þ



Table 4. Nonsymmetrical P1/P1 0 substituted 3-aminoindazole cyclic urea derivatives, their physico-chemical parameters and HIV-protease inhibition

activity studied by Kaltenbach et al.31 (panel a, 7) and their HIV-antiviral potency and translation data of compounds of panel a (panel b, 731)

S. No. Substituents ClogP CMR L4 I1 Log(1/Ki)

R1 R2 Obsd.31 Calcd

QSAR 19 QSAR 20 QSAR 25

1 H CH2C6H5 6.34 16.57 2.06 1.0 10.51 10.66 10.39 10.67

2 4-CH3 CH2C6H5 7.34 17.50 2.87 0.0 10.33 10.22 10.11 10.33

3 3-CH3 CH2C6H5 7.34 17.50 2.06 0.0 10.21 10.22 10.11 10.33

4a 4-C2H5 CH2C6H5 8.40 18.43 4.11 0.0 10.14 9.75 9.84 9.97

5 3,5-Di-CH3 CH2C6H5 8.34 18.43 2.06 0.0 9.70 9.77 9.84 9.99

6 H C4H9 6.25 15.45 2.06 1.0 10.68 10.71 10.72 10.70

7 4-CH3 C4H9 7.25 16.38 2.87 0.0 10.43 10.26 10.44 10.36

8 3-CH3 C4H9 7.25 16.38 2.06 0.0 10.35 10.26 10.44 10.36

9b 4-C2H5 C4H9 8.30 17.31 4.11 0.0 10.03 9.79 10.17 10.00

10c 3,5-Di-CH3 C4H9 8.24 17.31 2.06 0.0 9.72 9.82 10.17 10.02

Log(1/IC90) Log(1/T)

Obsd.31 Calcd Obsd.31 Calcd

QSAR 21 QSAR 22 QSAR 26 QSAR 23 QSAR 24 QSAR 27

1 6.30 6.19 6.34 –– �3.30 �4.40 �4.05 ––

2d 6.72 6.42 6.63 6.41 �3.61 �3.89 �3.64 �3.85
3 6.52 6.42 6.63 6.56 �3.68 �3.89 �3.64 �3.85
4e 6.61 6.67 6.93 6.66 �3.54 �3.34 �3.23 �3.03
5f 6.46 6.65 6.93 –– �3.24 �3.37 �3.23 �3.08
6 6.02 6.17 5.98 7.29 �3.43 �4.45 �4.54 ––

7 6.38 6.40 6.28 6.37 �4.06 �3.94 �4.13 �3.93
8d 6.11 6.40 6.28 6.52 �4.24 �3.94 �4.13 �3.93
9 6.66 6.64 6.57 6.62 �3.37 �3.39 �3.72 �3.10
10 –– –– –– –– –– –– –– ––

aNot included in deriving QSAR 19 and 20.
b Not included in deriving QSAR 19.
c Not included in deriving QSAR 20.
d Not included in deriving QSAR 21.
e Not included in deriving QSAR 22 and 27.
f Not included in deriving QSAR 21 and 22.

Table 5. Symmetrical P1/P10 substituted 3-aminoindazole cyclic urea derivatives (7), their physico-chemical parameters and HIV-antiviral potency

studied by Kaltenbach et al.31

S. No. Substituents ClogP CMR QSAR 28* QSAR 29#

R1 R2 Obsd.31 Calcd Obsd.31 Calcd

1 H CH2C6H5 6.34 16.57 7.04 7.16 6.43 6.42

2 4-CH3 CH2C6H5 7.34 17.50 7.77 7.71 6.51 6.51

3a 3-CH3 CH2C6H5 7.34 17.50 7.59 7.71 6.98 6.51

4a 4-C2H5 CH2C6 H5 8.40 18.43 7.09 7.03 6.39 6.59

5 3,5-Di-CH3 CH2C6H5 8.34 18.43 7.00 7.10 –– ––

6 H C4H9 6.25 15.45 7.16 7.05 6.41 6.42

7 4-CH3 C4H9 7.25 16.38 7.80 7.71 –– ––

8b 3-CH3 C4H9 7.25 16.38 7.27 7.71 –– ––

9b 4-C2H5 C4H9 8.30 17.31 7.66 7.14 6.59 6.59

10 3,5-Di-CH3 C4H9 8.24 17.31 7.25 7.21 –– ––

aNot included in deriving QSAR 29.
b Not included in deriving QSAR 28.
* IC90 data of wild type viral isolate HXB2.
# IC90 data of HIV-1 mutant I84V.
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Log1=T ¼ 0:15ð�0:13ÞC log P � 6:05ð�2:18Þ
n ¼ 5; r2 ¼ 0:814; q2 ¼ 0:516; s ¼ 0:100

outliers : CH2-cy-C4H7; C6H13

ð17Þ

Log1=T ¼ 0:31ð�0:37ÞCMR � 5:50ð�2:46Þ
n ¼ 5; r2 ¼ 0:708; q2 ¼ 0:136; s ¼ 0:182

outliers : CH2-cy-C4H7; C5H11

ð18Þ
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For QSAR 13–18
1

C log P range ¼ 5:63–7:52;

CMR range ¼ 15:32–18:26;

C log P versus CMRðr2 ¼ 0:669Þ
QSAR 13 and 14 were derived for the protease inhibi-
tory activity (Table 3, panel a). From QSAR 13 it
appears that if the compounds are very hydrophobic,
the enzyme activity decreases. To study whether this de-
crease is due to hydrophobic and/or steric interactions
(as observed in QSAR 1, 2, 7, and 8), we also studied
the correlation with CMR (QSAR 14), which do show
a negative correlation with CMR, however, it is statisti-
cally not very significant (note poor q2 0.21). The QSAR
with CMR are given for comparison. So we believe that
in unsymmetrical 3-aminoindazole cyclic urea the inter-
actions between P2/P2 0 substituents and receptor are
more hydrophobic than steric.

The analyses of antiviral activity (IC90) of analogs of 7
(Table 3, panel b), gave QSAR 15 and 16. More hydro-
phobic molecules were found conducive to good antivi-
ral activity. The correlation with CMR were not that
significant (r2 = 0.964, q2 = 0.800 versus r2 = 0.553,
q2 = �0.234 for QSAR 15 and 16, respectively). The
translation of enzyme activity to antiviral activity de-
pended well on hydrophobicity (QSAR 17). QSAR 18
was not very significant (q2 = 0.136). There were only
seven compounds in the dataset reported in Table 3,
for which QSAR 13–18 were developed, only one of
them have ClogP 5.63, another 6.19, and all others
>7.52.

Overall analyses of QSAR 1–18 show that whereas the
substituted symmetrical 3-aminoindazole cyclic urea (4
and 5) have hydrophobic and steric interactions with
the receptor and both play an important role in their
biological activities, for nonsymmetrical P2/P2 0 cyclic
urea (6) the hydrophobic interactions are more impor-
tant. May be the removal of one of the P2/P2 0 3-amino-
indazole moiety causes some conformational change in
the molecule making it interact more favorably with
the hydrophobic site.

2.4. Nonsymmetrical P1/P1 0 substituted 3-aminoindazole
cyclic urea derivatives (7)

Nonsymmetrical P2/P2 0 substituted 3-aminoindazole
cyclic urea compounds were found to possess excellent
enzyme inhibition activity but poor antiviral activity.
In order to further increase the antiviral potency of 6,
Kaltenbach et al.31 designed P1/P1 0 substituted analogs
(7) and reported their activity data. We derived QSAR
19–24 for their enzyme inhibition (Ki), antiviral (IC90),
and translation (T = Ki/IC90) data (Table 4).

Log1=K i ¼�0:47ð�0:15ÞClogP þ13:50ð�1:09Þ
n¼ 8; r2 ¼ 0:900; q2 ¼ 0:819; s¼ 0:121

outliers:R1 ¼ 4-C2H5; R2 ¼CH2C6H5;

R ¼ 4-C H ; R ¼C H

ð19Þ
2 5 2 4 9
Log1=K i ¼ �0:30ð�0:14ÞCMR þ 15:32ð�2:42Þ
n ¼ 8; r2 ¼ 0:813; q2 ¼ 0:651; s ¼ 0:142

outliers : R1 ¼ 4-C2H5; R2 ¼ CH2C6H5;

R1 ¼ 3; 5-di-CH3; R2 ¼ C4H9

ð20Þ

Log1=IC90 ¼ 0:23ð�0:15ÞC log P þ 4:72ð�1:10Þ
n ¼ 6; r2 ¼ 0:822; q2 ¼ 0:530; s ¼ 0:111

outliers : R1 ¼ 4-CH3; R2 ¼ CH2C6H5;

R1 ¼ 3; 5-di-CH3; R2 ¼ CH2C6H5;

R1 ¼ 3-CH3; R2 ¼ C4H9

ð21Þ

Log1=IC90 ¼ 0:32ð�0:16ÞCMR þ 1:03ð�2:69Þ
n ¼ 7; r2 ¼ 0:840; q2 ¼ �0:705; s ¼ 0:116

outliers : R1 ¼ 4-C2H5; R2 ¼ CH2C6H5;

R1 ¼ 3; 5-di-CH3; R2 ¼ CH2C6H5

ð22Þ

Log1=T ¼ 0:52ð�0:21ÞC log P � 7:69ð�1:55Þ
n ¼ 9; r2 ¼ 0:808; q2 ¼ 0:695; s ¼ 0:215

ð23Þ

Log1=T ¼ 0:44ð�0:18ÞCMR � 11:37ð�3:02Þ
n ¼ 9; r2 ¼ 0:807; q2 ¼ 0:697; s ¼ 0:215

ð24Þ
For QSAR 19–24
C log P range ¼ 6:34–8:40;

CMR range ¼ 15:45–18:43;

C log P versus CMRðr2 ¼ 0:665Þ
The QSAR models derived for biological activities of
nonsymmetrical P1/P1 0-substituted 3-aminoindazole
cyclic urea followed the same pattern as visible in QSAR
1–18. However, the antiviral activity used in QSAR 21
and 22 were for protein binding adjusted IC90.

31 The
molar concentration of the compound, required to re-
duce the concentration of HIV viral RNA by 90% from
the level measured in an infected culture did not reveal
statistically significant QSAR. We again noticed the
importance of hydrophobic and steric interactions in
the action of these compounds. However, these QSAR
compared more with QSAR 1–12 than QSAR 13–18,
in that, both the ClogP and CMR seems to be almost
equally well correlated with the biological activities
except for QSAR 22. The substitution at P1/P1 0 position
of nonsymmetrical indazole (7) compounds seems to
increase the steric as well as hydrophobic interactions
with the receptor, similar to the derivatives of 4 and 5.
The binding mode of these compounds may be different
from P2/P2 0 substituted nonsymmetrical indazoles (6),
which primarily seems to be interacting hydrophobically
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(see QSAR 13–18). Except one compound (ClogP =
6.34), all the compounds in Table 4, have ClogP more
than 7.34.

The different modes of binding of symmetrical and non-
symmetrical 3-aminoindazole cyclic urea are clear from
these studies. The mutual correlations between ClogP
and CMR for QSAR 13–18 and 19–24 were 0.669 and
0.665, as compared to 0.922 and 0.982 for QSAR 1–6
and 7–12, respectively.

To get deeper insight about the mode of interaction of
these compounds with the HIV-1 protease receptor, we
combined the data of Tables 1–4 and developed QSAR
25–27 (8).28–31
N N

O

OHHO

8

R2

R1 R1

R1 = H / alkyl
R2 and/or R3 = 3-x-aminoindazole / alkyl / benzyl 

R3
2.4.1. Ki data of combined dataset of 3-aminoindazole
cyclic urea derivatives (8).28–31

Log1=K i ¼ �0:34ð�0:07ÞC log P þ 12:82ð0:53Þ
n ¼ 28; r2 ¼ 0:801; q2 ¼ 0:771; s ¼ 0:195

outliers : R1 ¼ H; R2=R3 ¼ 3-NH-ðCH2Þ4-indazole;
R1 ¼ 4-CH3; R2=R3 ¼ 3-NH2-indazole;

R1 ¼ H; R2 ¼ CH2-2-naphthyl;

R3 ¼ 3-NH2-indazole;

R1 ¼ H; R2 ¼ C6H13;

R3 ¼ 3-NH2-indazole ð25Þ
2.4.2. IC90 data of combined dataset of 3-aminoindazole
cyclic urea derivatives (8).28–31

Log1=IC90 ¼ 0:46ð�0:11ÞC log P þ 1:23ð�0:28ÞI1
� 0:19ð�0:10ÞL4 þ 3:61ð�0:78Þ

n ¼ 27; r2 ¼ 0:833; q2 ¼ 0:773; s ¼ 0:234

outliers : R1 ¼ 3-CMe3; R2=R3 ¼ 3-NH2-indazole;

R1 ¼ H; R2 ¼ C5H11;

R3 ¼ 3-NH2-indazole;

R1 ¼ H; R2 ¼ C6H13;

R3 ¼ 3-NH2-indazole;

R1 ¼ 3; 5-di-Me; R2 ¼ CH2C6H5;
R3 ¼ 3-NH2-indazole ð26Þ
2.4.3. Translation data of combined dataset of 3-amino-
indazole cyclic urea derivatives (8).28–31

Log1=T ¼ 0:78ð�0:15ÞC log P þ 1:17ð�0:40ÞI1
� 9:56ð�1:25Þ

n ¼ 27; r2 ¼ 0:808; q2 ¼ 0:750; s ¼ 0:360

outliers : R1 ¼ 4-C4H9; R2=R3 ¼ 3-NH2-indazole;

R1 ¼ 3-ðCH3Þ3; R2=R3 ¼ 3-NH2-indazole;

R1 ¼ H; R2 ¼ C6H13;

R3 ¼ 3-NH2-indazole;

R1 ¼ 4-C2H5; R2 ¼ C6H5;

R3 ¼ 3-NH2-indazole ð27Þ
QSAR 25–27 reflects the pattern shown by QSAR 1–24.
The best correlations were observed with ClogP. It
seems that overall the hydrophobicity of these com-
pounds is the most important parameter governing their
biological activity. The enzyme inhibition decreases with
increase in hydrophobicity (QSAR 25), whereas the
antiviral activity and translation data correlated posi-
tively with ClogP (QSAR 26 and 27). It is to be noted
that the antiviral data for derivatives of 7, used for
developing QSAR 26 and 27 was for protein binding ad-
justed IC90

31 (similar to used for QSAR 21 and 22). The
RF IC90 did not reveal significant correlations.31 We
used this value in the combined data set because the
individual QSAR 21 and 22 derived for the antiviral
activity of analogs of 7 were consistent with all the other
correlations. QSAR 26 also have a negative coefficient
of parameter L4, indicating that length of the fourth
position substituent at P1/P1 0-benzyl is detrimental to
the activity. This effect was not seen in the QSAR 9
and 21 (subsets listed in Table 2(panel a) and Table
4(panel a)), may be due to small size of dataset. It ap-
pears that in P1/P1 0 substituted compounds overall bulk
may be good for the antiviral activity (QSAR 10 and
22), but the longer substituent at fourth position of
P1/P1 0 benzyl has negative interactions with the receptor
and is detrimental to the activity. It may be involved in
steric interactions at the binding site. The limited num-
ber of substituents and narrow range in their parameter
value, at other positions of the benzyl precluded their
more systematic study.

In QSAR 26 and 27 additional indicator parameter I1
was used with a value of unity for nonsymmetrical P2/
P2 0 substituted analogs (6). The positive coefficient of
this parameter indicates that these analogs of 3-amino-
indazole cyclic urea are more suitable for achieving good
antiviral activity and good translation against HIV-1
infected cells. However, two of the compounds (6 and
7, Table 3, panel a) belonging to this group were found
outlier in the derivation of QSAR 26. These compounds
are highly hydrophobic and long straight chain alkyls; it
is possible that their larger size causes steric hindrance at
the binding site. Compound 7, Table 3(panel a) was also
found misfit in QSAR 27 derived for translation. An
indicator used for these straight chain alkyl substituent
showed negative effect of these substituents on the
activity, however, the QSAR model did not improve



Table 6. ClogP range for QSAR models

QSAR model ClogP range Comment

1–6 5.45–9.15 One compound

ClogP 5.45,

all others > 7.04

7–12 5.45–9.62 One compound

ClogP 5.45, two

6.45, all others > 7.45

1–18 5.63–7.52 One compound

ClogP 5.63, second

6.19, all others > 7.52

19–24 6.34–8.40 One compound

ClogP 6.34,

all others > 7.34

R. Garg, B. Bhhatarai / Bioorg. Med. Chem. 12 (2004) 5819–5831 5827
much by adding an additional indicator for this
subset. The inclusion of the other series of nonsymmet-
rical analogs (7) in the I1 parameter was detrimental to
the activity.

Most of the compounds found outlier in QSAR 25–27
were also found �misfit� when we studied these series
independently (QSAR 1–24). The calculated value of
these compounds was either too high or too low than
the corresponding observed value (see individual
QSAR and corresponding tables for the data). This
problem of �misfit� of the congeners in the final QSAR
could be associated with any one of the following
reasons:

1. Outliers due to what seem to be �congeners� but are
not.

2. Mathematical form of the equation may be off the
mark.

3. Different rates of metabolism of the members of a set.
4. The quality of the experimental data.
5. Finally, the parameters used may not be the best.

Sometimes, experimentally obtained parameters are
better than those calculated and vice versa.

In fact they are the leads to new understanding, and cov-
ering them up by including them in a QSAR, at the cost
of lower r2, can be more confusing than helpful.
3. Overview

The three important factors, which describe the physico-
chemical properties of the molecules and are used in
developing QSAR, are hydrophobic, steric, and elec-
tronic. One needs variation in these properties of the
substituents at each position of the parent structure to
be sure that these properties are considered, In addition,
the test sets should be large enough to be able to include
the three factors to see their influence on activity. Very
often either of the two aspects is not considered while
designing a series for investigation.

The most important conclusion is the importance of
hydrophobicity and steric effect. Overall, study of
QSAR 1–27, show that the HIV-1 protease inhibitory
activity decreases with larger and more hydrophobic
molecules. The antiviral activity and translation
(Ki/IC90) across the cell membrane was found to increase
with increase in hydrophobicity and size. Presence of
parameter CMR in a QSAR has been associated with
size as well as polarizability and also points toward
the involvement of electronic effects beside steric interac-
tions.37 It is of note that in the design of all these series,
the major attention was paid to study only the effect
of change in hydrophobicity and size. Not much
attempt was reported to study the electronic effect of
the substituent. Most of the substituents studied have
almost similar Hammett r values, used to study most
commonly the electronic effects in a QSAR.38 We have
included range of ClogP and CMR values of the
congeners in each series with each QSAR for the con-
venience of the readers. A brief summary is given in
Table 6.
It is important to note that in our previous reports,18,25

the optimum ClogP range for protease inhibitors was
found to be from 4.49 to 6.96. To observe the optimum
value of a parameter, a sufficient spread in the data is
required. For the compounds of Table 1, there is only
one compound (compound 1), that has a ClogP
of 5.45. All others were >7.04. Investigation of Table
1(panel a) shows that there is insufficient spread in the
range of ClogP values to establish the optimum point
for antiviral potency or enzyme inhibition. Most of the
data points fall either on positive side or negative side
of the optimum that is why we observe either a positive
or negative term in the QSAR. Previous work also
showed that normally the optimum ClogP for antiviral
potency is higher than for enzyme inhibition for HIV-1
protease inhibitors.18,25 That could be one of the reason
for the presence of only a positive term in QSAR for
antiviral potency and negative term in QSAR for en-
zyme inhibition.

QSAR 25–27 developed for the combined data of all the
four series were consistent with the individual QSAR
and brought out the importance of ClogP. The QSAR
with CMR were not found significant in the combined
dataset. QSAR 25 supported individual QSAR 1, 7,
13, and 19 for enzyme inhibition data. QSAR 26 derived
for antiviral potency and QSAR 27 for translation data
reflected the observations noticed in QSAR 3, 9, 15, 21,
and QSAR 5, 11, 17, 23, respectively. A proposed model
for the interaction of nonsymmetrical 3-aminoindazole
cyclic urea with HIV-1 protease is shown in Figure 1.
Plots of observed activity versus ClogP value of the
compounds used for developing QSAR 25–27, and ob-
served versus calculated activity for these models are
shown in Figures 2 and 3.

None of the QSAR derived for wild type HIV-1, showed
the optimum value of ClogP. However, the analysis of
the antiviral data (IC90)

31 of second wild type viral iso-
late HXB2 determined by measuring the accumulation
of viral RNA transcript after infection of cells with
HIV-1, gave QSAR 28 for derivatives of 7 (Table 5).
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Figure 1. The proposed model for the interaction of nonsymmetrical 3-aminoindazole cyclic urea with HIV-1 protease.
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Log1=IC90 ¼ 8:46ð�3:17ÞC log P � 0:58ð�0:22ÞC log P 2

� 23:23ð�11:54Þ
n ¼ 8; r2 ¼ 0:906; q2 ¼ 0:721; s ¼ 0:119

optimum C log P ¼ 7:315 ð7:181–7:437Þ
outliers : R1 ¼ 3-CH3; R2 ¼ C4H9;

R1 ¼ 4-C2H5; R2 ¼ C4H9 ð28Þ
Interestingly, QSAR 28 showed a parabolic dependence
of antiviral activity on hydrophobicity. It seems that the
activity first increases with increasing hydrophobicity up
to an optimum of 7.315, and then decreases with further
increase. We were surprised to observe this QSAR, be-
cause QSAR 1–27 discussed so far in this report did
not reveal any optimum value of ClogP to aid in defin-
ing the size of the hydrophobic cavity at the binding site
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with the receptor more clearly. As discussed earlier that
may be due to the limitations of insufficient spread in the
data and parameter values to clearly establish the opti-
mum. In our earlier reports we have found the optimum
ClogP range for protease inhibitors to be from 4.49 to
6.96.18,25 The optimum observed in QSAR 28 is slightly
higher than observed so far in our earlier reports, it may
be attributed to the type of viral isolate HXB2 that was
used for studies. This second wild type viral isolate
HXB2 may have a larger hydrophobic binding pocket
as compared to the more common wild type HIV-1.
More biological data on this isolate is required to learn
more about this observation. The HIV-1 protease inhib-
itors already approved by US Food and Drug Adminis-
tration (FDA) and in the market for use have the
following ClogP value:
FDA approved protease inhibitors* ClogP#

(1) Saquinavir (Invirase�) 4.73
(2) Ritanovir (Norvir�) 4.94

(3) Indinavir (Crixivan�) 3.68

(4) Nelfinavir (Viracept�) 5.84

(5) Amprenavir (Agenerase�) 3.29

(6) Lopinavir (Aluviran�) 5.54

Recently approved Kaletra� is a combination of Lopinavir and

Ritonavir. # Calculated using CQSAR program, Biobyte Corp.,

Claremont, CA. * All are peptidic in nature.
There is a close agreement in the C logP values of these
drug molecules and the optimum logP observed in our
QSAR models. The ClogP value of the nonsymmetri-
cal 3-aminoindazole cyclic urea protease inhibitors
DMP 850 (9, compound 4 Table 3, panel a), and
DMP 851 (10, compound 5 Table 3, panel a) that are
currently in advanced stage of clinical trial is given
below.

N N

O

OHHO

N
H

N

NH2

DMP 850
Ki = 0.031 nM
IC90=62 nM
ClogP = 6.34

N N

O

OHHO

N
H

N

NH2

DMP 851
Ki = 0.021 nM
IC90=56 nM
ClogP = 6.25

9 10
The closeness in the ClogP values of drugs in the mar-
ket, the nonpeptidic drugs in clinical trials, and opti-
mum logP observed in our QSAR models18,25 was
surprising and established that QSAR is an important
tool in drug design. Thus an individual QSAR is consid-
ered to be weak on its own and significant when
strengthened by other similar QSAR models. The avail-
ability of CQSAR database33 that allows for lateral val-
idation of a newly derived biological QSAR makes this
approach of comparative QSAR useful and amenable to
mechanistic interpretation that provides an important
lead in drug development.39

The majority of HIV research is done with cells and
these studies tend to over estimate logP0 for animal sys-
tems. From a study of CQSAR database (omitting
QSAR based on charged molecules), it has been found
that optimum logP (logP0) for cells is about 2 log unit
higher than for whole organisms.33,34

We also analyzed the antiviral data (IC90) of HIV-1 mu-
tant I84V for the derivatives of 7.31 The most significant
correlation was found as given in QSAR 29 (Table 5).

Log1=IC90 ¼ 0:082ð�0:020ÞClogP þ5:90ð�0:14Þ
n¼ 4; r2 ¼ 0:994; q2 ¼ 0:977; s¼ 0:008

outliers:R1 ¼ 3-CH3; R2 ¼CH2C6H5;

R1 ¼ 4-C2H5; R2 ¼CH2C6H5

ð29Þ

QSAR 29 outlines the importance of hydrophobicity of
substituents in the design of new drugs active against
mutant viruses. The crsytal structure of multidrug-resist-
ance HIV type-1 revealed an expanded active site cav-
ity.40 More such QSAR will be reported in future
reports.

It is very well known that the HIV-1 protease is a C2

symmetrical homodimer.41,42 Each monomer has 99 resi-
dues. The C2 axis of the enzyme lies between and per-
pendicular to catalytic aspartates (Asp 25 and Asp 25 0)
in the active site. As per the standard nomenclature43

the S1 and S0
1 (S2 and S0

2 etc.) subsites are structurally
identical.44 The two equivalent S1 subsites are also
mostly hydrophobic except for the Asp29, Asp29 0 and
Asp30, and Asp30 0. Wang et al.,45 observed that at least
two additional factors are also important in the binding
of a compound to HIV-1 PR. The first is the conforma-
tional flexibility of the inhibitor molecule and the second
is the hydrophobic interactions between an inhibitor and
the enzyme.

The main interactions of cyclic urea inhibitors with
HIVPR involve hydrogen bonds. The high resolution
structural studies of HIV-1 PR complexed with peptido-
mimetic inhibitors showed the presence of a structural
water molecule hydrogen bonded to the mobile flaps
of the enzyme and the two carbonyls flanking the tran-
sition state mimic of the inhibitors.14 Cyclic urea oxygen
accepts two hydrogen bonds from the backbone Ile50/
Ile50 0 NH and the diols form multiple hydrogen bonds
with catalytic Asp25/25 0. The X-ray crystal structure
of symmetrical 3-aminoindazole cyclic urea (compound
1, Table 1) bound to HIV-1 protease showed same
hydrogen-bond interactions with the urea core.30 In
addition, the indazole N–H and nitrogen atom forms
H-bond to the Asp30 carbonyl and Asp30 N–H, respec-
tively. 3-NH2 of indazole forms two hydrogen bonds to
the enzyme––one from NH2 group to Asp30 carboxylate
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side chain and another to a water molecule, which fur-
ther forms a bond to Gly48 carbonyl. These additional
hydrogen bonds to Asp29, Asp 30, and Gly48, are
responsible for the increased binding of these com-
pounds with the enzyme.30 On the basis of this informa-
tion the series of compounds belonging to 4–7 were
synthesized. However, compounds belonging to 4 and
5 were found to have poor absorption and poor bio-
availability, which was related to their high molecular
weight and large number of donor/acceptor groups. In
order to better address the problems associated with
symmetrical 3-aminoindazoles, the nonsymmetrical
derivatives (6 and 7) were then studied. It was believed
that the removal of one of the P2/P2 0 3-aminoindazole
should reduce the molecular weight, hydrophobicity,
eliminate three hydrogen bonding groups and break
the crystal packing, thus improving the solubility and
translation of enzyme activity to antiviral activity.28–31

The modifications studied so far have helped in improv-
ing the antiviral activity while retaining good enzyme
inhibition. However, it did not lead to the desired
pharmacokinetics.
4. Conclusion

So far mostly alkyl groups at 3-NH2 of P2/P2
0-indazole

are tried in symmetrical 3-aminoindazole cyclic urea
derivatives (4 and 5) and alkyl/benzyl tried in nonsym-
metrical derivatives (6 and 7). At P1/P1 0 only alkyl sub-
stituents at 3,4,5-positions of benzyl are reported (5 and
7). This class of cyclic urea protease inhibitors have
shown very good enzyme inhibitory, antiviral, and
translation activity. However, the choice of substituent
and the range of parameter did not allow one to firmly
reveal the optimum value of a physicochemical parame-
ter. Most of the time, most of the data points fall on one
side of the optimum, that is why we either observe a pos-
itive term or a negative term for the parameter of an
importance for biological activity and sometimes come
to misleading conclusions.

Other substituent that would allow the investigation of
all the three physicochemical parameters namely hydro-
phobic, steric, and electronic at each position of the par-
ent structure may reveal the optimum effect, and help in
retaining the excellent enzyme inhibitory activity of
these compounds as well as improve antiviral potency
and translation further. It is hoped that the results re-
ported herein would help in enhancing the activity and
resistance profile of these 3-aminoindazole cyclic urea
protease inhibitors.

One constant concern in formulating a new QSAR is to
find support for it in as many ways as possible. A single
QSAR standing alone can not be taken seriously until
it is laterally validated by comparative QSAR
(CQSAR).18,25,39 Hydrophobic interactions play an
important role in the inhibition of HIV-1 protease en-
zyme. To study them in detail it is necessary to design
molecules of series with enough wide range of ClogP
values to firmly establish the optimum point. These re-
sults and our earlier reports18,25 clearly show that the
QSAR models provide valuable insight in understanding
complex biological interactions.
5. Experimental

All the HIV-1 inhibitory data has been collected from
the literature.28–31 The biological activity Ki is the
HIV-1 protease enzyme inhibition constant, which was
measured by assaying the cleavage of a fluorescent pep-
tide substrate using high performance liquid chromato-
graphy. Antiviral potency IC90 was assayed by
measuring the effect of the compounds on the accumula-
tion of viral RNA transcripts 3days after infection of
MT-2 cells with HIV-1 RF, except for QSAR 21 and
22 where it is for protein binding adjusted IC90.

31 Trans-
lation data (T = Ki/IC90) defines translation of enzyme
activity to antiviral activity accounting for penetration
across cell membrane.

The QSAR multiple linear regression analyses were exe-
cuted with the CQSAR program and all the physico-
chemical parameters were auto loaded.33 For details
about the utility of CQSAR program in comparative
correlation analyses see references.36,37 The physico-
chemical parameter––ClogP is the calculated partition
coefficient in octanol/water and is a measure of hydro-
phobicity,34 CMR is the calculated molar refractivity
for the whole molecule, and is a measure of volume
and polarizability.36 MR is calculated as follows:
(n2 � 1/n2+2) (MW/d), where n is the refractive index,
MW is the molecular weight, and d is the density of a
substance. Since there is very little variation in n, MR
is largely a measure of volume with a small correction
for polarizability. MR values have been scaled by 0.1
and can be used for a substituent or for the whole mole-
cule. C logP and CMR are normally for the neutral
form of partially ionized compounds. L is the Verloop�s
sterimol parameter that defines substituents� length.35
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