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A Fujita-Ban type analysis has been made on a few 
series of HIV-1 (human immunodeficiency virus of 
type 1) protease inhibitors and the activity contribu- 
tions of various substituents obtained. From these 
activity contributions, a compound is predicted that 
may have better activity than ritonavir, presently 
prescribed for the treatment of patients suffering 
from HIV-1. A few other compounds are also sug- 
gested. 
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INTRODUCTION 

The replicative cycle of human immunodefi- 
ciency virus of type 1 (HW-1), which is mainly 
responsible for acquired immunodeficiency 
syndrome (AIDS), presents several viable targets 
which can be exploited for the development of 
anti-HIV drugs. Ideally, an anti-HIV drug should 
arrest the virulence and further infection of 
healthy cells without displaying toxicity towards 
normal cellular physiology. 

The HIV encodes an aspartyl protease (Pr), 
which is a homodimeric enzyme that cleaves 
the polyprotein products of gag and gag-pol 
viral genes, yielding structural proteins and 
enzymes that are essential to the life cycle of 
the virus. Inhibition of this enzyme leads to the 
production of non-infectious viral particleslt2 
and thus to the prevention of further propaga- 
tion of the virus. Since abundant structural 
informations are available on this enzyme, it has 
become an attractive target for computer-aided 
drug design ~trategies:~ and consequently a 
prime focus for the development of anti-HIV 
chemotherapy .5 

A number of peptide-derived compounds, 
reflecting the structure of polyprotein substrates 
of HIV-Pr, have been identified as HIV-Pr inhib- 
itors: but their clinical development has been 
hindered by their poor pharmacokinetics, 
including low oral bioavailability and rapid 
excretion: and complex and expensive syn- 
thesis.* Therefore, attempts have been made 
to develop modified peptidic inhibitors and 
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186 S.B. MEKAPATI et nl. 

substantial progress in the identification of 
agents with high oral bioavailability has been 
made?-*' 

Since HIV protease exists as a Cz-symmetric 
homodimer, a variety of peptidic inhibitors 
that were developed were based on this CZ- 
symmetric structure. Kempf et aZ.13,'4 reported 
a series of inhibitors based on a symmetric core 
diamine (1) and a pseudo symmetric core di- 
amine (2). Structure+activity studies on the deriv- 
atives of (1) and (2) led Kempf et U Z . ' " ~ ~  
to identify two compounds (3) (A-77003) and 
(4) (A-80987), possessing adequate anti-HN 
activity; of these two, A-80987 was found to 
possess better oral bioavailability in both animal 
models and in humans? Further studies on the 
analogues of A-80987 (b7)  led to the develop- 
ment of ritonavir (ABT-538) (8) which possesses 
high oral bioavailability in both animals and 
humans and a substantially reduced rate of 
metabolism?.l6 For further investigation, the 
analogues of ritonavir (9) were also studied.16 
We present here a more systematic and quantit- 
ative study on the structure-activity relation- 
ships of various analogues of A-80987 (5-7) and 
those of ritonavir (9) in order to investigate the 
possibility of designing still better analogues. 

4 (-87) 

Ph 

I (A-80907) 

6 

7 

dPh 

1 

OH Ph 

i 
Ph 

2 

3 (A-77003) 

MATERIALS AND METHOD 

The various series of analogues of A-80987 and 
a series of analogues of ritonavir that are listed 
in TablesI-IV have been taken from Kempf 
et aZ.l6 Kempf et ai. evaluated the anti-€W activ- 
ity of these compounds in terms of the ability of 
the compound to block the spread of HIV-1 in the 
immortalized human T-cell line MT4 by measur- 
ing the cytopathic effect of the virus in those cells 
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QSAR OF SOME HIV-1 PROTEASE INHIBITORS 187 

by uptake of a tetrmlium dye. The EC3 values 
listed in the Tables refer to the molar concentra- 
tions of the compound producing 50% effect. 
Kempf et ~ 1 . ' ~  had also studied the cytotoxic 
effects of the compounds in terms of CCIC50, the 
concentration of the compound required to reduce 
by 50% the number of mock-infected MT4 cells. 

We analyzed the structureactivity relation- 
ships of these compounds, using the Fujita-Ban 
method,17 where the activity contribution of 
each substituent or moiety can be obtained. In 
this method the total activity of a compound is 
given by 

Activity = C aiXi + I-L 
i 

where ai is the activity contribution of the ith 
substituent relative to H or the substituent 
defined in the parent structure, and xi is a para- 
meter which takes a value of 1 or 0 depending on 
the presence or absence of the ith substituent in 
the molecule. The constant ,u is the activity of the 
parent structure of the molecule. 

In the present case, the substitutions occurred 
within the rings and in the bridge groups also. 
Therefore, in each case the parent structure 
needs to be specified: 

5: R,=RZ=H; (X=N, Y=CH); Q=O; 
(A=OH, B=H) 
R=H; (X=N, Y =S, Z=CH); Q=O; 
(A=OH, B=H) 

B=H) 

U=CH); AA=Val; (A=OH, B=H) 

6 

7 R=H; Q=O; (X-Y=S, Z=N); (A=OH, 

9: R,=H; (X=S,Y=CH); Q=O; (Z=S, 

Deviations from such parent structures have 
been parameterized. For the substituents on the 
rings, referred to by R, Rl, or R2, the values of x 
as defined in Equation (1) have been used. For 
the remainder, we have defined the values of x 
as follows. 

1. x is equal to 1 in all structures for A=H, 
B =OH and 0 for A =OH, B = H as defined 
in the parent structures. 

2. x is equal to 1 in all structures if Q is NH, 
N-alkyl, CH2, or CHzO. It is zero for Q=O 
(the parent structure). 

3. For the ring of 5, x = 1  if X=CH, Y =N, or if 
X = Y = N. It is zero if X = N, Y = CH (parent 
structure). 

4. For the ring of 6, x = 1  if X=N, Y=O, 
Z=CH, or if X=N, Y=CH, Z=S, or 
if X=S, Y=N, Z=CH, or if X=CH, 
Y=O, Z=N, or if X=O, Y=N, Z=CH, 
or if X=CH, Y=N, Z=C(CH3). It will be 
zero for X=N, Y=S, Z=CH (parent struc- 
ture). 

5. For the ring of 7, x=1 if X-Y =CH, Z=O, or 
if X-Y = CH-N, Z = N. It is zero for X-Y = S, 
Z = N (parent structure). 

6. For the rings of 9, left hand side ring: x = 1 if 
X=O, Y =CHI or if  X=CH, Y =S. It is zero, 
if X=S, Y =CH (parent structure). For right 
hand side ring: x = 1 if Z = 0, U = CH, or if 
Z=CH, U=O. It is zero for Z=S, U=CH 
(parent structure). 

7. In 9, x = 1 for AA = AIa in the bridge group. It 
is zero for AA = Val (parent structure). 

RESULTS AND DISCUSSION 

For the compounds in TableI, the Fujita-Ban 
analysis revealed the contribution of substitu- 
ents to anti-HIV activity of the compounds as 
shown in TableV. The figures within paren- 
theses are 95% confidence intervals. The Table 
also reports the number of compounds (n) used 
in the analysis and the values obtained for the 
correlation coefficient (r), the standard deviation 
(s), and the F-statistics (F). Certain compounds 
as indicated in the Table (Table I) were not 
included in the analysis as they were exhibiting 
aberrant behaviour. 

Table V shows that the activity contributions 
of certain substituents (indicated by asterisk) are 
statistically insignificant at 95% confidence inter- 
vals. Hence ignoring these, the activity contribu- 
tions were reanalyzed and the results were those 

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
H

IN
A

R
I 

on
 1

2/
19

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



188 S.B. MEKAPATI et nl. 

TABLE I P3 Pyridine analogues (5) and their anti-HIV-1 potency and cytotoxic activity studied by Kempf et al." 

NO. R1 R2 X Y  Q A B log (I/ECm) log (1 /CCICS) 
Obsd Calcd" Calcdb Obsd Calcd' 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

H 
H 
CH3 
CH3 
CH3 
CH3 
a 3  

CH3 
Et 
Et 
Et 
Et 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
t-Bu 
t-Bu 
t-BU 
t-BU 
CH3 
CH3 
CH3 
CH3 
H 
H 
H 
H 
H 
H 
H 
H 
H 

ocH3 
OCH3 
ocH3 
H 
H 
H 
H 
H 
H 
H 
H 
N H 2  

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
N 
N 
N 
N 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
N 
N 
N 
N 
CH 

CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
N 
N 
N 
N 
N 
N 
N 
N 
N 
CH 
CH 
CH 
CH 
N 
N 
N 
N 
N 
N 
N 
N 
CH 
CH 
CH 
CH 
N 

0 
NCH3 
0 
0 
NCH3 
NCHj 
NH 
NH 
0 
0 
NCH3 
NCH3 
0 
0 
NCH3 
NCH3 
0 
0 
NCH3 
NCH3 
0 
0 
NCH3 
NCH, 
0 
0 
NCH3 
NCH3 
NH 
0 
0 
NCH3 
N-3 
0 
0 
NCH3 
NcH3 
0 
0 
NCH3 
NCHj 
0 
0 
NCH3 
NCH3 
0 

OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 
H OH 
OH H 

6.69 
6.24 
7.00 
7.29 
6.48 
6.59 
6.52 
6.47 
7.72 
7.64 
7.17 
6.60 
7.31 
7.57 
6.75 
6.75 
7.19 
7.26 
6.22 
6.51 
7.04 
7.29 
6.32 
6.92 
7.06 
7.24 
6.39 
6.89 
6.20 
7.41 
7.31 
7.00 
7.12 
7.22 
7.34 
6.57 
6.80 
7.27 
7.72 
7.20 
7.17 
6.07 
6.16 
6.11 
6.47 
6.46 

6.72 
6.37 
7.00 
7.18 
6.47 
6.65 
6.34 
6.52 
7.46 
7.64 
6.93 
7.11 
7.27 
7.45 
6.74 
6.92 
6.97 
7.15 
6.44 
6.62 
7.12 
7.30 
6.59 
6.77 
6.99 
7.17 
6.46 
6.64 
6.33 
7.39 
7.57 
6.86 
7.04 
7.16 
7.34 
6.63 
6.81 
7.51 
7.69 
6.98 
7.16 
6.38 
6.56 
5.85 
6.03 
6.36 

6.88 
6.54 
7.04 
7.21 
6.53 
6.70 
6.39 
6.56 
7.45 
7.62 
6.94 
7.12 
7.26 
7.43 
6.76 
6.93 
6.88 
7.05 
6.37 
6.54 
7.04 
7.21 
6.53 
6.70 
6.88 
7.05 
6.37 
6.54 
6.24 
7.44 
7.61 
6.94 
7.11 
7.15 
7.32 
6.64 
6.82 
7.44 
7.61 
6.94 
7.11 
6.37 
6.54 
5.86 
6.04 
6.36 

- 
- 
- 
- 

4.09 
4.23 
4.13 

4.09 

4.24 
4.23 

4.70 
4.72 
4.72 
4.72 
4.69 
4.72 
4.72 

- 
- 

- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

4.19 
4.13 
4.22 
4.06 
- 
- 
- 
- 
- 

4.26 
4.24 
4.22 
- 
- 
- 
- 
- 

- 
- 
- 
- 

4.16 
4.16 
4.16 

4.16 

4.16 
4.16 

4.71 
4.71 
4.71 
4.71 
4.71 
4.71 
4.71 

- 

- 

- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

4.16 
4.16 
4.16 
4.16 
- 
- 
- 
- 
- 

4.16 
4.16 
4.16 
- 
- 
- 
- 
- 
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47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

NH, H CH 
H NH2 CH 
H NH2 CH 
H H N 
H H N 
CH3 H N 
CH3 H N 
CH3 H N 
CH3 H N 
H CH3 N 
H CH3 N 
CH3 CH3 N 
CH3 CH3 N 
CH3 CH3 N 
CH3 C H q  N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

0 
0 
0 
0 
0 
0 
0 
NCH3 
NCH3 
0 
0 
0 
0 
0 
0 

H OH 6.43 
OH H 5.1Zd 
H OH 5.02d 
OH H 6.70 
H OH 6.96 
OH H 7.01 
H OH 7.15 
OH H 5.&Md 
H OH 6.59 
OH H 6.66 
H OH 7.00 
OH H 7.15 
H OH 7.41 
OH H 6.18 
H OH 6.92 

6.53 
6.78 
6.68 
6.68 
6.85 
6.95 
7.13 
6.42 
6.60 
6.82 
7.00 
7.10 
7.28 
6.57 
6.75 

6.53 
6.37 
6.54 
6.88 
7.05 
7.04 
7.21 
6.53 
6.70 
6.88 
7.05 
7.04 
7.21 
6.53 
6.70 

a Using the set 1 activity contributions of substituents as given in Table V. 
the set 2 activity contributions of substituents as given in Table V. 

dNot used in derivation of set 1 and set 2 values of Table V. 
Using activity contributions of Table IX. 

TABLE II P3 Five-membered heterocyclic analogues (6) and their antiviral potency and cytotoxicity data studied by Kempf 
et ~ 1 . l ~  

No. R X Y Z  Q A B log (1/EC50) log (1 /CCICm) 
Obsd Calcd" Calcdb Obsd Calcd' 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

H 
H 
CH3 
CH3 
Et 
Et 
Et 
Et 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
t-BU 
t-BU 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 

MeOCH, 
MeOCHz 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

S 
S 
S 
S 
S 
S 
S 
s 
S 
S 
S 
S 
s 
S 
0 
0 
0 
0 
s 
s 
S 
s 

CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 

NCH3 
NCH3 
NCHS 
NCH3 
0 
0 
NCH3 
N m 3  
0 
0 
NCH3 
NCH3 
NCH3 
NCH3 
0 
0 
NCH3 
NCH3 
CHz 
CHZ 
0 
0 

OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 

H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 
H 
OH 

6.13 6.14 6.48 4.08 
6.31 6.30 6.67 - 
6.68 6.63 6.48 - 
6.74 6.79 6.67 - 
7.19 7.17 7.09 4.23 
7.38 7.34 7.27 4.19 
6.54 6.59 6.48 4.22 
6.59 6.76 6.67 4.22 
7.96 7.76 7.72 - 
8.00 7.92 7.90 4.72 

7.54 7.35 7.29 4.33 
6.43 6.43 6.48 4.72 

7.75 7.74 7.72 - 
7.70 7.91 7.90 4.28 
7.48 7.17 7.11 4.21 
7.22 7.33 7.29 4.20 
6.80 6.90 6.89 4.36 
7.17 7.07 7.08 4.00' 
7.02 7.22 7.09 - 
7.12 7.38 7.27 - 

6.Nd 7.45 7.11 4.49 

7.Md 6.86 6.66 4.77 

4.13 
- 
- 
- 

4.26 
4.26 
4.13 
4.13 

4.60 
4.47 
4.47 
4.75 
4.75 

4.32 
4.19 
4.19 
4.36 
4.34 

- 

- 

- 
- 
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190 S.B. MEKAPATI et al. 

TABLE II (continued) 

No. R X Y  Z Q A B  log (1/ECw) log (l/CCICm) 
Obsd Calcd" Calcdb Obsd Calcd' 

23 MeOCH2 N S CH NCH3 OH H 6.48 6.64 6.48 4.22 4.13 
24 MeOCH2 N S CH NCHj H OH 7.12 6.80 6.67 4.19 4.13 
25 (Me)2N N S CH 0 OH H 7.05 7.05 7.09 4.28 4.26 
26 4-morph N S CH 0 OH H 7.48 7.40 7.09 4.se 4.26 
27 4-morph N S CH 0 H OH 7.48 7.56 7.27 4.22 4.26 
28 H N CH S 0 OH H 7.43 7.08 7.09 
29 H N CH S 0 H OH 6.89 7.24 7.27 
30 Et S N CH 0 OH H 6.54 6.63 6.70 4.18 4.26 
31 Et S N CH 0 H OH 7.04 6.79 6.88 
32 i-Pr 
33 i-Pr S N CH 0 H OH 7.12 7.38 7.51 
3 4 H  0 N CH 0 OH H 6.27 6.39 6.37 
35 H 
36 MeOCH2 S N CH 0 OH H 6.75 6.67 6.70 
37 MeOCH2 S N CH 0 H OH 7.07 6.84 6.88 
38 H S N C(CH3) CH20 OH H 6.96 6.94 6.70 
39 H S N C(CH3) CH20 H OH 7.09 7.11 6.88 4.22 4.26 
40 t-Bu CH 0 N 0 OH H 7.17 6.91 7.09 
41 t-Bu CH 0 N 0 H OH 7.14 7.07 7.27 4.72 4.50 
42 t-Bu C H O  N NCH3 OH H 6.00 6.33 6.48 4.25 4.37 
43 t-Bu CH 0 N NCH3 H OH 7.3Zd 6.76 6.67 4.26 4.37 

- - 
- - 

- - 
S N CH 0 OH H 7.00 7.22 7.33 - - 

- - 
- - 

0 N CH 0 H OH 6.66 6.55 6.56 - - 
- - 
- - 
- - 

- - 

44 CH30 C H N  0 0 OH H 6.66 6.79 7.09 4.22 4.26 
45 CHsO C H N  0 0 H OH 7.08 6.95 7.27 

" Using the set 1 activity contributions of substituents as given in Table VI. 
Using the set 2 activity contributions of substituents as given in Table VI. 
Using activity Contributions of Table X. 
Not used in derivation of set 1 and set 2 values of Table M. 
Not used in the derivation of activity contributions of Table X. 

- - 

TABLE III P2' heterocyclic analogues (7) with antiviral potency and cytotoxicity studied by Kempf et aZ.'6 

CCICSO log (1 /ECm) No. R Q X-Y 2 A B 

Calcd" Obsd (m) Obsd 
H 
H 
H 
H 
H 
CH3 
CH3 
H 
H 

0 
NCH3 
NCH3 
0 
NCH3 
0 
0 
0 
0 

CH-N 
CH-N 
CH-N 
CH 
CH 
CH 
CH 
S 
S 

N OH 
N OH 
N H 
0 OH 
0 OH 
0 OH 
0 H 
N OH 
N H 

H 
H 
OH 
H 
H 
H 
OH 
H 
OH 

6.60 
6.17 
6.35 
6.64b 
5.97 
7.05 
7.13 
6.28 
6.26 

6.59 
6.27 
6.27 
6.28 
5.96 
7.09 
7.09 
6.28 
6.28 

> 100 
> 100 
> 100 
> 100 

58 
> 100 
> 100 
> 100 
> loo 

~ ~~ 

a Using the set 2 activity contributions of substituents as given in Table W. 
Not included in derivation of activity contributions of Table W. 

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
H

IN
A

R
I 

on
 1

2/
19

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



QSAR OF SOME HIV-1 PROTEASE INHIBITORS 191 

TABLE IV Ritonavir analogues (9) and their antiviral potency and cytotoxic activity studied by Kempf ef al." 

NO. R1 X Y  Q A A Z U R 2 A B  log (l/ECm) log (l /CCIC~) 
Obsd Calcd" Calcdb Obsd Calcd' 

1 i-Pr 
2 i-Pr 
3 i-Pr 
4 i-Pr 
5 i-Pr 
6 i-Pr 
7 i-Pr 
8 i-Pr 
9 CH3 

10 cH3 
11 Et 
12 Et 
13 Et 
14 3-pent 
15 c-Pr 
16 c-Pr 
17 C-BU 
18 C-BU 
19 4-morph 
20 Pmorph 
21 i-Pr 
22 i-Pr 
23 i-Pr 
24 i-Pr 
25 i-Pr 
26 i-Pr 
27 i-Pr 
28 i-Pr 
29 i-Pr 
30 i-Pr 
31 i-Pr 
32 I-Pr 
33 i-Pr 
34 i-Pr 
35 i-Pr 
36 i-Pr 
37 i-Pr 
38 i-Pr 
39 i-Pr 
40 i-Pr 
41 i-Pr 
42 i-Pr 
43 i-Pr 
44 i-Pr 
45 i-Pr 

S 
S 
S 
S 
0 
0 
S 
0 
S 
0 
S 
S 
0 
S 
S 
S 
S 
S 
S 
S 
CH 
CH 
S 
S 
S 
S 
S 
S 
S 
S 
0 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

46 i-Pr S 

CH 0 Val 
CH 0 Val 
CH NCH3 Val 
CH NCH3 Val 
CH NCH3 Val 
CH NCH3 Val 
CH NCH3 Val 
CH NCH3 Val 
CH NCH3 Val 
CH NCH3 Val 
CH NCHj Val 
CH NCH3 Val 
CH NCH3 Val 
CH NCH3 Val 
CH NCH3 Val 
CH NCH3 Val 
CH NCH3 Val 
CH NCH3 Val 
C H O  Val 
CH 0 Val 
s o  Val 
s o  Val 
CH m t  Val 
CH NEt Val 
CH NcPr Val 
CH NcPr Val 
CH 0 Ala 
CH 0 Ala 
CH NCH3 Ala 
CH NCH3 Ala 
CH NCH3 Ala 
CH NEt Ala 
CH NEt Ala 
CH NPr Ala 
CH NzBu Ala 
CH NnBu Ala 
CH NcPr Ala 
CH NcPr Ala 
CH NCH3 P-Ala 
CH NCH3 P-Ala 
CH NcPr P-Ala 
CH NcPr P-Ala 
CH NEt Gly 
CH NPr Gly 
CH Nieu Gly 

S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
0 CH H 
0 CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 
S CH H 

OH H 8.0Od 
H OH 8.31d 
OH H 6.72 
H OH 7.60 
OH H 6.01 
H OH 7.37 
H OH 7.89 

H OH 6.10d 
H OH 7.11 
OH H 6.55 
H OH 7.28 
H OH 7.75 
H OH 6.85 
OH H 6.82 
H OH 7.33 
OH H 6.64 
H OH 7.41 
OH H 7.10 
H OH 7.60 
OH H 5.96 
H OH 6.85 
OH H 5.85 
H OH 6.60 
H OH 6.55 
OH H 5.57 
OH H 5.77 
H OH 7.00 
OH H 5.87 
H OH 7.41 
H OH 7.23 
OH H 7.05 
H OH 7.86 
H OH 6.85 
H OH 6.75 
H OH 6.54 
OH H 4.85 
H OH 6.26 
OH H 5.66 
H OH 5.70 
OH H 4.87 
H OH 4.75 
H OH 5.68 
H OH 6.00 
H OH 5.92 

H OH - 

CH CH20 Val S CH H H OH 7.00 

6.04 
6.80 
6.49 
7.25 
6.43 
7.20 
7.89 

7.17 
7.11 
6.70 
7.47 
7.41 
6.85 
6.69 
7.46 
6.64 
7.41 
6.97 
7.73 
6.02 
6.79 
6.42 
7.19 
6.26 
5.50 
5.97 
6.73 
6.42 
7.18 
7.12 
6.35 
7.11 
6.99 
6.90 
6.54 
5.42 
6.18 
5.36 
6.12 
4.36 
5.13 
5.98 
5.86 
5.77 
7.00 

- 

6.13 
6.91 
6.60 
7.39 
6.60 
7.39 
7.39 

7.39 
7.39 
6.60 
7.39 
7.39 
7.39 
6.60 
7.39 
6.60 
7.39 
6.96 
7.74 
6.13 
6.91 
6.13 
6.91 
6.26 
5.49 
6.13 
6.91 
6.60 
7.39 
7.39 
6.13 
6.91 
6.91 
6.91 
6.91 
5.49 
6.26 
5.41 
6.20 
4.29 
5.08 
5.87 
5.87 
5.87 
6.91 

- 

4.00e 
4.29 
4.25 
4.24 
4.24 
4.22 
4.22 

4.21 

4.20 
4.23 
4.00 
4.72' 
4.35 
4.32 
4.70 
4.59 

4.22 
4.44 
4.66 
4.85 
4.62 
4.72 
4.70 
4.20 
4.25 
4.22 
4.28 
4.00 

4.28 
4.72 
4.77 
4.77 
4.35 
4.39 
4.24 
4.26 
4.23 
4.32 
4.39 
4.46 
4.82 

- 

- 

- 

- 

- 

4.55 
4.55 
4.41 
4.41 
4.42 
4.42 
4.41 

4.23 

4.23 
4.23 
4.03 
4.23 
4.23 
4.23 
4.65 
4.65 

4.37 
4.55 
4.55 
4.55 
4.55 
4.55 
4.55 
4.34 
4.34 
4.20 
4.20 
4.00 

4.34 
4.60 
4.81 
4.77 
4.34 
4.34 
4.19 
4.19 
4.33 
4.33 
4.31 
4.58 
4.78 

- 

- 

- 

- 

- 
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192 S.B. MEKAF'ATI et al. 

TABLE IV (continued) 

NO. RI X Y Q A A Z U R Z A  B log (1/ECw) log ( l /CCIC~)  
Obsd Calcd" Calcdb Obsd Calcd' 

47 i-Pr S 
48 i-Pr S 
49 i-Pr S 
50 i-Pr S 
51 i-Pr S 
52 i-Pr S 
53 i-Pr S 
54 i-Pr S 
55 i-Pr S 
56 i-Pr S 
57 i-Pr S 
58 i-Pr S 
59 i-Pr S 
60 i-Pr S 
61 i-Pr 0 
62 i-Pr 0 

CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 

CHzO 
Val 
Val 
CH2NMe 
CH2NF.t 
CHzNPr 
CH2NMe 

CH2NPr 
CH2NEt 

NCH3 
NCH3 
NCH3 
NCH3 
NCHj 

NCH3 
NCH3 

Val 
S 
S 
Val 
Val 
Val 
Ala 
Ala 
Ala 
Val 
Val 
Val 
Val 
Val 
Val 
Ala 

S 
CH 
CH 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
CH 
CH 
CH 

CH 
H 
H 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
CH 
0 
0 
0 

H OH 
OH H 
H OH 
H H  
H H  
H H  
H H  
H H  
H H  
CH3 OH 
CH3 H 
i-Pr OH 
i-Pr H 
H H  
H H  
H H  

H 7 . e  6.24 6.13 4.60 4.55 
6.09 6.04 6.13 - 
6.68 6.80 6.91 - - - 
OH 6.74 6.95 6.91 4.60 4.55 
OH 6.26 6.02 5.98 4.75 4.79 
OH 5.96 5.79 5.75 4.75 4.86 
OH 7.09 6.88 6.91 4.23 4.34 
OH 5.70 5.94 5.98 4.62 4.58 
OH 5.54 5.71 5.75 4.75 4.64 
H 7.13 6.66 6.60 4.66 4.71 
OH 6.96 7.43 7.39 4.75 4.71 
H 5.82 5.88 5.87 4.72 4.72 
OH 6.70 6.64 6.65 4.72 4.72 
OH 8.05 7.85 7.39 4.55 4.41 
OH 7.92 7.79 7.39 4.24 4.22 
OH 7.38 7.71 7.39 - - 

- - 

_________ _ _ _ _ _ _ ~  ~ 

"Using the set 1 activity contributions of substituents as given in Table VIII. 
the set 2 activity contributions of substituents as given in Table VIII. 

Using activity contributions of substituents as given in Table XI. 
Not used in the derivation of set 1 and set 2 values of Table WI. 
Not included in the derivation of activity contributions of Table XI. 

TABLE V Activity contributions of substituents of analogues of (5) (Table I) 
The parent structure is defined as: R1= R2 = H, (X = N, Y = CH), Q = 0, (A = OH, B = H) 

Ri R2 x, y Q AandB P 

CH3=0.279(*0.180) CH3=0.146(f0.196)' (X=CH, Y =N) NCH3=-0.531(*0.118) (A=H, B=OH) 6.724 
= 0.120(f 0.182)* = 0.17911 0.109) 

CzHS = 0.735(* 0.284) OCHB = 0.667(* 0.227) (X = N, Y = N) 
= -0.049(f 0.215)' 

NH = -0.661(f 0.276) 

i-Pr = 0.547(f 0.284) NH2 = -0.345(* 0.284) 
f-Bu = 0.247(f 0.284)' 
N H 2  = -0.488(f 0.354) 
OCH3 = 0.315(f 0.286) 

n = 58, r = 0.914, s = 0.178, F = 15.537 

Activity contributions ignoring statistically insignificant substituents 

CH3 = 0.157(f 0.153) OCHS =0.563(* 0.189) 

CzHs = 0.57l(i 0.242) NH2 = -0.509(* 0.241) 
i-Pr = 0.383(f 0.242) 
NH2 = -0.520(f 0.326) 
OCH3 = 0.271(f 0.242) 

NCH3 = -0.506(f 0.119) (A = H, B =OH) 6.879 

NH = -0.645(& 0.266) 
= 0.17lb 0.113) 

n = 58, T = 0.897, s = 0.193, F = 19.425 
~~ ~~ 

*Insignificant at 95% confidence intervals. 

as shown in the next set of data in Table V. These 
results do not appear much different from the 
previous ones. The statistical parameters appear 
to be little affected. 

Both sets of results reveal that the highest act- 
ivity contributions are associated with R1 = C2H5, 
R2 = OCH3, and A = H, B = OH, and thus the 
most potent compound is predicted to be (A) with 
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QSAR OF SOME HIV-1 PROTEASE JNHIBITORS 193 

log(l/EC50) equal to 8.30 (from set 1) or 8.18 In a similar manner, the activity contributions 
(from set 2). of substituents were obtained for the com- 

pounds of TablesII-IV and are reported in 
Tables VI-VIII, respectively. In each case, the most +*Aq favourable substituents are indicated in bold 
face. Thus in the series of Table II the most active ph' 0I-l 

A @&=8.18) compound is predicted to be (B), in the series of 

cy-0-cO-v~- tM 

TABLE VI Activity contributions of substituents of analogues of (6) (Table II) 
The parent structure is defined as: R = H, (X = N, Y = S, Z = CH), Q = 0, (A = OH, B = H) 

~ 

R x, Y, z Q A, B P 

CzHs = 0.456(f 0.414)t (X=S,Y=N, Z=CH) NCH3 = -0.579(f 0.228) (A = H, B = OH) 6.984 
= -0.548(f 0.263) = 0.166(i 0.152) 

i-Pr = 1.043(i 0.434) (X=O, Y=N, Z=CH) 
= -0.334(f 0.528) 
(X = S, Y = N, Z = C(CH3)J 

CH2 = -0.856(f 0.419) 

t-Bu = 0.293(+ 0.588)+ 
= 0.772(i 0.599)' 

MeOCHz = 0.503(f 0.414)t (X = CH, Y = N, Z = 0) 
= 0.071(f 0.528)' 

4-mOrphO = 0.681(f 0.528)t (X = N, Y = CH, Z = S) 
= 0.361(f 0.528)' 

N(CH& = 0.334(f 0.631)* (X=N,Y=O, Z=CH) 

CH3 =0.490(f0.476)t (X=CH,Y=O, Z=N) 
= -0.015(f 0.335)' 

= -0.101(+ 0.572)* 
n = 42, r = 0.926, s = 0.176, F =  8.526 

Activity contributions ignoring statistically insigruficant substituents 

i-Pr = 0.628(i 0.200) (X=S, Y =N, Z=CH) NCH3 = -0.607(+ 0.192) (A = H, B = OH) 7.090 
=-0.392(* 0.224) = 0.182k 0.162) 
(X=O, Y =N, Z=CH) 
= -0.716(& 0.393) 

CHz = -0.824(f 0.419) 

n = 42, Y = 0.926, s = 0.176, F =  8.526 

*Insignificant at 95% confidence intervals 
Not significant in each iteration. 

TABLE VII Activity contributions of substituents of analogues of (7) (Table III) 
The parent structure is defined as: R = H, (X-Y = S, Z = N), Q = 0, (A = OH, B = H) 

R x-Y. z 0 A. B 11 

CH3 = 0.700(+ 0.583) (X-Y = CH-N, Z = N) NCH3 = -0.380(f 0.393) (A=H, B=OH)' 6.230 
= 0.370(i 0.393) 
(X-Y = CH, Z = 0) 
= 0.120(f 0.583)" 

= O.OSO(* 0.248) 

n = 8, r = 0.996, s = 0.038, F = 48.528 

Activity contributions ignoring statistically insigruficant substituents 

CH3 = 0.813(& 0.189) (X-Y = CH-N, Z = N) NCH3 = -0.320(& 0.171) 6.277 
= 0.310(i 0.17l) 

n = 8, r = 0.992, s = 0.054, F = 79.673 

*Insignificant at 95% confidence intervals. 
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TABLE IX Cytotoxic activity contributions of statistically 
significant substituents of analogues of (5) (Table I) 
The parent structure is defined as: 

Rl=Rz=H, (X=N,Y=CH),Q=O, (A=OH,B=H) 
____ 

RI P 

i-Pr = 0.551(f 0.093) 4.163 
t-Bu = 0.548(+ 0.083) 

n = 23, r = 0.968, s = 0.068, F = 146.47 

Table III (C), and in the series of TableIV (D). 
The prediction in each case has been based on 
the activity contributions listed in set 2 in each of 
Tables W-WI. 

B @EC5O = 7.90) 

D (pEC5O = 8.22) 

The calculation shows that except (C), the 
other three compounds predicted (A, B, D) 
may have a higher activity than ritonavir 
(8, pECS0 = 7.60) (compound 4 in Table IV, the 
compound which has been licensed for use). All 
four compounds are predicted to have much 
higher activity than 3 and 4, which were found 
by Kempf et a2.14’15 to possess adequate anti-HlV 
activity (pECS0 = 6.60 for each). 

We also analyzed using the Fujita-Ban 
approach the cytotoxic activity (CC,) of the 
compounds in all the Tables, except those of 
Table III where the CC50 values reported for all 
compounds except one (5, 58p.M) were uncer- 
tain (>lo0 ph4 for all). The activity contributions 
of substituents for the different series of com- 
pounds are listed in Tables l2-XI. Only statist- 
ically signhcant contributions are reported. 
From this data, the pCCJ0 values for compounds 

TABLE X Cytotoxic activity contributions of statistically sigruficant substituents of analogues of (6) (Table II) 
The parent structure is defined as: R =H, (X= N, Y = S, Z =CH), Q=O, (A =OH, B=H) 

R x, y, z Q P 

i-Pr = 0.341(* 0.134) (X = N, Y =O, Z = CH) = -0.283(+ 0.167) NCH3 = -0.135(& 0.092) 4.262 
t-Bu = 0.618(+ 0.165) (X=CH, Y=O, Z=N) = -0.380(+0.190) CH*= -0.244(+ 0.244) 

n = 24, r = 0.910, s = 0.083, F = 13.611 

TABLE XI Cytotoxic activity contributions of statistically siphcant substituents of analogues of (9) (Table IV) 
The parent structure is defined as: R, =H, (X = S, Y =CH), Q=O, (A = OH, B =H), (Z= S, U=CH), AA=Val 

Rl x, y AA Q R2 P 

c-Bu =0.419(+ 0.199) (X = 0, Y = CH) Ala = -0.215(f 0.094) NCH3 = -0.139(* 0.098) CH3 = 0.291(f 0.196) 4.365 

i-Pr =0.187(&0.119) P-Ala NiBu = 0.471(* 0.203) i-Pr = 0.305k 0.184) 
= -0.193(& 0.133) 

= -0.221(& 0.139) 
Gly = -0.241(f 0.188) NnBu = 0.432(+ 0.259) 

NPr = 0.266(& 0.203) 

CH2NPr = 0.305(f 0.184) 
CHZNEt = 0.240(* 0.184) 

n=52, r=0.901, s=0.103, F=11.360 
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(A), (B), and (D), belonging to the series of 
TablesI, 11 and IV, respectively, are found 
to be 4.16, 4.60 and 4.36, respectively. If we 
compare the toxicity of (D), which is a member 
of the ritonavir series (Table IV), with that of 
ritonavir pCCJo =4.24 (4, TableIV), both are 
found to have essentially the same toxicity, but 
the anti-HN activity of (D) (8.22) is predicted to 
be much higher than that of ritonavir (7.60). 
Therefore, compound (D) appears to be a good 
drug candidate and should be further examined. 
Compound (B) could also be a better choice, as 
its anti-HIV activity is slightly higher than that 
of ritonavir and its toxicity slightly lower than 
that of ritonavir. 

From this analysis, it is found that in each 
structure (5), (6), (7) or (9), the substitution 
A=H and B=OH has an edge over A=OH 
and B=H as shown in the parent structure. It 
may be, therefore, suggested that the OH group 
may form a hydrogen bond with the receptor 
and thus strengthen the drug-receptor binding 
when it is nearer to, and on the same side of, the 
NH moiety in the side chain. Both OH and NH 
may be involved in hydrogen binding either 
with two different hydrogen bond acceptor sites 
on the receptor, or with only one forming a 
three-centre hydrogen bond. In either case, the 
drug-receptor binding would be strengthened 
and a closer examination of the activity contri- 
bution of A=H and B=OH in all the cases 
shows that it is much larger in (9) than in any 
other series and this may probably be the reason 
that compound (D), which can be derived from 
(9), shows a supremacy over all the compounds 
studied. 

It is, however, also observed that only in the 
series of (9) is Q = NCH3 found to have a posi- 
tive contribution, while in all other series it has a 
negative contribution. Ritonavir (8) also has 
Q = NCH3. The negative contribution of this moi- 
ety in the other cases, i.e., in (5), (6), and (7) may 
be due to its steric hindrance in the interaction of 
the nearby heterocyclic ring with the receptor. 
The orientation and positioning of the hetero- 

cyclic ring may depend on the conformational 
flexibility of the molecule. 

The other substituents giving a positive con- 
tribution in any series appear to contribute either 
through hydrophobic interaction or hydrogen 
bonding. 

Most compounds in each series are well 
predicted by Fujita-Ban analysis, but a few 
are not. Such compounds have been deleted 
from the regression analysis (see footnotes to 
TablesI-IV) in order to have statistically most 
sigruficant results. The appreciable differences 
in the observed and predicted activities of these 
compounds cannot be explained as no physico- 
chemical or structural properties, which really 
govern the activity, have been used in the regres- 
sion analysis. Since there were not much vari- 
ations in the substituents at any position in any 
series of compounds, the situation was not ideal 
for QSAR analysis using physico-chemical or 
structural properties, hence the Fujita-Ban ana- 
lysis was performed. The drawback with the 
Fujita-Ban approach is that predictions cannot 
be made outside the substituents used for the 
regression analysis. 
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