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. Introduction

The use of quantitative structure—activity rela-
tionships (QSAR) since their advent in 1962! has
become increasingly helpful in understanding many
aspects of chemical—biological interactions in drug
and pesticide research as well as many areas of
toxicology. With a properly designed set of congeners,
carefully tested in almost any biological system, it
has become easy to derive a QSAR by a steadily
increasing number of computerized approaches. Get-
ting a new QSAR no longer calls for rushing into
print. What is called for is support for it from as many
points of view as possible. In fact, there are so many
fancy new programs that almost any set of chemicals
acting on a given system can be correlated math-
ematically. Some wit has remarked that if you cannot
derive a correlation equation it is a bad reflection on
your library since there seems to be an almost
unlimited selection of parameters. The real problem
is to deduce when the result can be related to our
general knowledge of chemistry and biology. For
work in progress, one can test new molecules to check
the equation, but for most published work, this is not
possible. We are finding that lateral support is
possible in a variety of ways.?2~1° From the beginning
to present day, luck has played a major role in drug
discovery.!! This is illustrated by gross examples such
as Viagra, designed as a heart drug, that is making
billions selling for erectile dysfunction. Thalidomide
developed as a sedative was a disaster causing
terrible teratogenic problems. Today it is a promising
drug in the treatment of leprosy. Diethylstilbestrol
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developed to prevent miscarriage by pregnant women
caused cancer in their daughters. Finally, we know
one of the best antitumor drugs of the 20th century
(cisplatin) came from a physicist studying the growth
of bacteria in an electric field! We need to make the
best possible use of all that has been done in
chemical—biological interactions to anticipate as
many potential problems as possible.

The new subject of information science that de-
pends so heavily on computers is in a rapid state of
development with departments forming in many
universities. We have been working on its develop-
ment in chemical—biological reactions for some 30
years. We must be able to organize our experience
so that we can readily keep track of what has
happened in a given area and profit by it. Countless
thousands of chemical—biological interaction studies
have been made in the past century and are being
made at an ever-increasing rate, but the vast major-
ity of these reports say essentially the following: here
are the structures and here are the activities and
leave it to the reader to figure out what is happening.

Of course, to make a start on the problem one needs
a common language.>'?2 We still find Hammett
constants to be the most helpful to account for
electronic variation in the data and octanol/water
partition coefficients for hydrophobic interactions.
For steric problems, the sterimol parameters of
Verloop and Tipker are very helpful for local steric
effects. Now we have a good start on an information
database that contains 15 600 QSAR of which 7300
pertain to chemical—biological interactions while the
remainder are for pure chemical reactions for com-
parison. The database can be searched in thousands
of different ways.® In the present report, we review
nonpeptide angiotensin antagonists.

The vasoactive hormone angiotensin Il produced
by the renin—angiotensin system (RAS) plays an
integral role in the pathophysiology of hypertension
because it effects the regulation of fluid volume,
electrolyte balance, and blood volume in mam-
mals.'*15 Renin is a proteolytic enzyme produced
mainly in the juxtaglomerular apparatus of the
kidney, which acts on the circulating a-globulin
angiotensinogen produced by the liver (Figure 1).16

This enzymatic reaction results in the formation
of angiotensin | (Ang I, a decapeptide) that has very
little biological activity. Angiotensin-converting en-
zyme (ACE) then converts Ang | into physiologically
active angiotensin Il (Ang I1), which is an octapep-
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tide. This is a potent vasoconstrictor agent. It also
causes sympathetic activation and aldosterone secre-
tion from adrenal glands. All of these actions con-
tribute to the development of hypertension.t’—19
Interruption of the RAS has been shown to be an
effective means for controlling hypertension in hu-
mans as evidenced by the commercially successful
ACE inhibitors?® Captopril?* and Enalpril.?> The
antihypertensive action of these drugs is due to the
decrease in plasma concentration of Ang Il. However,
angiotensin is not the only biologically important
substrate for this enzyme. Studies of Erodes?® and
others have clearly demonstrated that ACE is identi-
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cal to kinase Il, one of the important enzymes
involved in the inactivation of bradykinin (an inflam-
matory peptide), the final mediator of the kallikrein—
kinin system (Figure 1). Hence, more of the major
side effects associated with the clinical use of ACE
inhibitors such as dry cough and rashes may be due
to bradykinin potentiation.?* Therefore, a need for
more specific means of blocking the effects of Ang I1
arose.

Research in this area was sparked by patents of
Takeda Chemical Industries in Japan in 1982.25 At
about the same time, DuPont began work on such
an antagonist. This led to the discovery of the first
important drug, Losartan, in 19862627 that was very
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Figure 1. Stimulation of aldosterone secretion is another property of Ang Il controlled through the AT1 receptor subtype.

successful in reducing blood pressure in patients
suffering from hypertension.

] N
Losartan HN_ __N
ClogP 4.03 N

This drug functions by antagonizing the octapep-
tide hormone angiotensin 11 (Ang II).

Losarton has had a profound influence on the
research for angiotensin antagonists as can be seen
from the 39 QSAR in this report. Of these, all but
three contain the central hydrophobic biphenyl unit.
Carini et al.?® listed many of the compounds that
have been tested. A universal feature is an acidic
moiety: tetrazole ring, —COOH, or —SO,NHCO-—.
The pK,s of these vary considerably, see Chart 1.

The receptor site is a complex transmembrane unit
for angiotensin Il (AT 1) that belongs to the super-
family of the seven transmembrane-domain receptors
coupled with G-protein and the classic second mes-
senger system. No doubt, it contains a variety of
hydrophobic and hydrophilic regions. There is evi-
dence that the ionic form of the acidic function of the
inhibitor reacts with the positively charged Lys 199
residue in concert with His 256.%° It suggests that
acid isosteres that are significantly ionized at physi-
ological pH should have higher affinity for the
receptor. As noted above, the tetrazole moiety would
be the most ionized of the three commonly employed.

Chart 1

measured logP for
unionized form

N
Z “NH
/ 2.3% 1.64
N=N
[ j—COOH 4.2 1.87
0.01
@SOZNHCOCHS 4.7¢ (calculated)

2 taken from ref. 65a taken from ref. 65b° taken from ref. 65¢

acidic moiety pKa

[l. Methods and Materials

The octanol/water Clog P values used as an
assessment of hydrophobic effects are calculated
values.’® 5 is the hydrophobic parameter for sub-
stituents usually measured for substituents attached
to benzene. CMR is the calculated molar refractivity
of the whole molecule; it is similar to molar volume
but contains a small element for polarizability. Molar
refractivity needs special consideration since CMR
or MR appears in so many of the QSAR. It is defined
as follows: MR = (n? — 1)/(n? + 2)(MWI/d). n is the
refractive index and is a measure of the electron
polarizability. MW stands for molecular weight, and
d represents density. Since there is often little
variation in n, MR is largely a measure of molar
volume. Nevertheless, we have generally found that
the MR or the calculated CMR gives better results
than molar volume as calculated. Molar refractivity
was first employed for biological correlation analysis
by Pauling and Pressman'?? and then extended by
Agin et al.'?¢ More recently we have discussed its
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Table 1. Iso Data of Analogs of | for Rabbit Aorta3!
log 1/C
no substituents obsd calcd (eq 1) A CMR B1; Bl, Clog P®
1 2-CF32 9.96 —18.85 28.81 17.02 1.0 1.0 9.64
2 2-CF3,4-NO; 8.80 8.79 0.01 17.63 1.0 1.70 9.41
3 2-CF3,4-NH; 9.25 8.97 0.28 17.38 1.0 1.35 8.88
4 2-CF3,4-NHCOC;Hs 9.38 9.27 0.11 18.81 1.0 1.55 9.62
5 2-CF3,4-NHCH CgHs 9.43 9.29 0.14 20.36 1.0 1.35 11.09
6 2-Cl,4-CO,C;Hs 8.85 9.18 -0.33 18.58 1.0 1.64 9.03
7 2-Cl,5-NO, 9.39 9.54 —0.15 17.61 1.0 1.0 8.52
8 2-Cl,5-NH; 9.25 9.33 —-0.07 17.37 1.0 1.0 7.77
9 2-Cl,5-NHCOMe 10.28 9.85 0.43 18.33 1.0 1.0 7.03
10 2-Cl,5-NHCOC;Hs 9.77 9.87 —-0.10 18.79 1.0 1.0 7.25
11 2-Cl,5-NHC3H; 2 9.00 —19.14 28.14 18.76 1.0 1.0 7.78
12 2-Cl,5-NHCO-cy-C3Hs 10.10 9.85 0.25 19.12 1.0 1.0 8.84
13 2-Cl,5-NHCOCHMe; 9.75 9.83 —0.09 19.26 1.0 1.0 7.61
14 2-Cl,5-NHCOC;H- 9.96 9.83 0.13 19.26 1.0 1.0 8.09
15 2-Cl,5-NHCOC,Hq 9.80 9.77 0.03 19.72 1.0 1.0 8.31
16 2-Cl,5-NHCOCH,CHMe, 9.96 9.77 0.19 19.72 1.0 1.0 8.84
17 2-Cl,5-NHCOCMe; 9.80 9.77 0.03 19.72 1.0 1.0 8.71
18 2-Cl,5-NHCOCH,CMes 9.68 9.70 —0.02 20.18 1.0 1.0 8.49
19 2-Cl,5-NHCH,CgHs 9.52 9.67 —0.15 20.34 1.0 1.0 9.11
20 2-Cl,5-NHCOCsHs 9.39 9.67 —0.28 20.38 1.0 1.0 9.23
21 2-Cl,5-NHCOCH,CsHs 9.92 9.59 0.33 20.84 1.0 1.0 8.74
22 2-Cl,5-NHCO(CH,),CsHs 9.60 9.52 0.09 21.30 1.0 1.0 8.79
23 2-Cl,5-NHCO,C3H> 9.59 9.81 -0.23 19.41 1.0 1.0 9.35
24 2-Cl,5-NHCONHC3H~ 9.85 9.78 0.07 19.63 1.0 1.0 8.71
25 2-Cl,5-CO,Me 9.60 9.80 -0.20 18.11 1.0 1.0 8.30
26 2-Cl,5-CONHC4Hq 9.85 9.77 0.09 19.72 1.0 1.0 7.99
27 2-Cl,5-CON(Me)C4Hg 9.20 9.70 —0.50 20.18 1.0 1.0 8.50
28 3-NO; 7.51 7.76 —0.25 17.12 1.70 1.0 8.14
29 3-NH, 8.24 8.12 0.12 16.87 1.35 1.0 7.05
30 3-NHCOC;Hs 9.07 8.82 0.25 18.30 1.55 1.0 6.03
31 2-CF3,5-NHCOC;Hs 9.68 9.87 -0.19 18.81 1.0 1.0 6.80

2 Data points not included in deriving equation. ® Not included in the equation.

advantages and disadvantages.’? B1, B5, and L are
the sterimol parameters. B1 is primarily a width
measurement of the first atom of a substituent. B5
is crude bulk measurement of the substituent, and
L is the length of the substituent.’?2 The Hammett
parameters for the electronic effect of substituents
o, 0-, o, 0%, and o, have been discussed.’?® The
indicator variables | are assigned the value of 1 or 0
for special features with special effects that cannot
be parametrized and has been explained wherever
used. All of these parameters have been discussed
and applications shown.*?2 For the reader interested
in extensive discussion on parameters, see ref 12b.

The QSAR have been divided into four groups
according to the test system: rabbit, rat, guinea pig,
and human. Within each group these are arranged
in order of decreasing potency (log 1/C) characterized
by the range in log 1/C. However, it must be borne
in mind that different quality of testing in the various
laboratories will have an effect that cannot be
estimated. First place is given by the largest log 1/C
with the widest range. Also listed is the largest CMR
value for each set. In general, positive hydrophobic
effects characterized by Clog P are not important.
Where log P is important, it is usually characterizing
substitution at a single position. We have tested x
for substituents at each position in attempts to ferret
out local hydrophobic binding sites. One might con-
clude that since the biphenyl moiety is often present,
this implies the presence of a hydrophobic site. This
could be wrong. It could be a volume effect such as
that represented by CMR. However, without varia-

tion in the hydrophobic character in this unit, no
conclusion can be made on hydrophobicity.

The inhibitory activities have been collected from
the literature (see individual data for detailed refer-
ences). All the QSAR reported in this study are
derived by us and are not given in the original
references. The physicochemical parameters are au-
toloaded from our C-QSAR database, and the QSAR
regression analysis was executed with the C-QSAR
program. The utility of the QSAR program in cor-
relation analysis has been discussed.513

[ll. Results and Discussions

A. Rabbit Angiotensin Antagonists

The most popular test system has been the rabbit
aorta ring. The following QSAR have been arranged
according to the decreasing log 1/C range.

Iso rabbit aorta (Table 1)3!

X

@
C4Hg/2;L

CH

H
OaNHC
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log 1/C = 1.48(+0.64)CMR — 1.64(+0.73)log(8 x
10°MR + 1) — 1.85(+0.68)B1, —
1.08(+0.48)B1, — 13.2(+11.4) (1)

n =29, r>=0.856, s = 0.239, g’ = 0.808,
log 1/C = 7.5-10.3

opt. CMR = 18.6(+0.5)
highest CMR = 20.8
r? Clog P Vs CMR = 0.205
outliers: 2-CF;; 2-Cl, 5-NHC;H,

Table 2. Iso Data of Analogs of Il in Rabbit Aorta®?
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Table 3. Isg Data of Analogs of 111 in Rabbit Aortic
Rings®

log 1/C

substituents calcd Clog
no. X Y obsd (eq2) A MR B5s
1H CsH; 10.10 9.60 0.50 0.10 1.0 5.12
2 4-Me CsH; 9.64 9.60 0.04 0.10 1.0 5.32
3 5-Me Cs;H; 8.80 8.81 —0.01 0.10 2.04 5.62
4 5-Cl CsH; 9.07 9.00 0.08 0.10 1.80 5.87
5 5-F CsH; 9.04 9.34 —-0.30 0.10 1.35 5.30
6 5-1 CsHy 838 873 —0.35 0.10 2.15 6.81
7 5-CeHs CsH;2 891 800 091 0.10 3.11 7.01
8 5-NO- CsH; 8.33 851 —0.18 0.10 2.44 4.97
9 5-NH; CsHz2@ 7.60 8.87 —1.27 0.10 1.97 4.84
10 5-NHCOMe CzH; 7.90 7.63 0.28 0.10 3.61 5.00
11 6-Me CsHy 815 8.30 —0.15 0.57 1.0 6.15
12 6-F CsH; 9.63 9.63 0.0 0.09 1.0 5.30
13 6-OMe CsH; 7.78 7.68 0.10 0.79 1.0 591

a Data points not included in deriving equation. ® Not in-
cluded in the equation.

log 1/C
substituents caled
no. X Y obsd (eq 3) A Clog P
1 C4He COC¢Hs 8.40 —2.36 10.76 5.52
2 CyHg COCMe; 9.40 954 —-0.14 543
3 CsHg COOMe 9.70 9.83 —-0.14 424
4 C4Ho COOH @ 9.16 0.82 833 392
5 CsHg CONH; 9.40 954 -0.14 312
6 CsHg CONMe; 9.70 9.74 -0.04 381
7 CsHy CONMe; 10.00 959 041 3.28
8 CyHs CONMe; 952 943 0.09 276
9 cy-CsHs CONMe; 9.30 9.40 -0.10 2.67
10 C4Ho CON(CzHs)2 10.10 9.84 0.26 4.87
11 CyHs CON(C;Hs), 9.52 9.74 -0.22 381
12 C4Ho CO-pyrrolidino 9.70 9.82 -0.12 4.17
13 CyHs CO-piperidino 9.70 9.70 0.0 3.67
14 C4H, CONHCMe 10.00 9.87 0.14 4.62
15 C4Hg CONHCgH5 2 9.00 —1.79 10.79 5.24
16 CiHo CON(Me)Ce¢Hs 9.52 952 0.0 5.44
17 C4Hg CON(CsHs)2 8.16 8.14 0.01 6.42

a Data points not included in deriving equation.

Iso rabbit aorta (Table 2)32

H

COOH N
I

log 1/C = —2.81(:&0.92)MR6 — 0.76(+0.26)B5; +

10.65(£0.57) (2)

n=11, r>=0.897, s = 0.276, q°> = 0.744,
log 1/C = 7.6—10.1

highest CMR = 14.2
r?Clog P Vs CMR = 0.566

outliers:
X =5-C¢Hs, Y =C3H,; X=5-NH,, Y =C;H
Iso rabbit aortic ring (Table 3)3

N—

557

log 1/C = 0.32(+0.19)Clog P — 2.29(£0.72)log(B x
10°'°9P + 1) + 8.56(£0.72) (3)

n =14, r>=0.862, s = 0.198, g°> = 0.799,
log 1/C = 8.2—10.1

opt. Clog P = 4.5(+0.33)
highest CMR = 18.6

r? Clog P Vs CMR = 0.745

outliers: X =C,Hgy, Y = COC4zHg; X = C,H,,
Y = COOH; X = C,H,,
Y = CONHCzH

Iso rabbit aorta (Table 4)3*

—N
ﬂN L gl oy
o))

v

log 1/C = —0.63(£0.15)B5,, ;— 0.85(+0.30)B1, , —
0.13(+0.11)CMR + 13.2(+2.1) (4)
n =19, r>=0.888, s = 0.181, q* = 0.832,
log 1/C =7.7-10
highest CMR = 19.5
r? Clog P Vs CMR = 0.069

outliers:
X =5-C,Hy, Y = 2-Cl; X =5-C,H,,
Y = 2,6-di-Me
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Table 4. 15, Data of Analogs of 1V in Rabbit Aorta®*

substituents log 1/C
no. X Y obsd calcd (eq 4) A B5v 3 Blya CMR Clog P®
1 5-C4Hq H 9.37 9.52 —0.15 1.00 1.00 16.52 9.69
2 5-C4Ho 2-F 9.89 9.52 0.37 1.00 1.00 16.54 9.49
3 5-C4Hq 4-F 9.17 9.22 —0.06 1.00 1.35 16.54 9.90
4 5-C4Ho 2-Cl2 9.96 9.45 0.50 1.00 1.00 17.02 9.64
5 5-(CH2)sCF3 2-Cl 9.44 9.45 0.0 1.00 1.00 17.06 9.05
6 5-C4Ho 3-Cl 8.62 8.95 —0.33 1.80 1.00 17.02 10.47
7 5-C4Ho 4-Cl 8.92 8.78 0.14 1.00 1.80 17.02 10.47
8 5-C4Ho 2,3-di-Cl 9.14 8.89 0.26 1.80 1.00 17.51 10.26
9 5-C4Hy 2,5-di-Cl 9.32 9.39 —0.07 1.00 1.00 17.51 10.38
10 5-C4Hy 2-Br 9.40 9.42 —0.02 1.00 1.00 17.30 9.70
11 5-C4Ho 2-CF3 9.57 9.45 0.12 1.00 1.00 17.03 10.96
12 5-C4Ho 3-CF3 8.48 8.44 0.04 2.61 1.00 17.03 12.17
13 5-C4Ho 4-CF3 8.42 8.62 —0.20 1.00 1.99 17.03 12.17
14 5-C4Ho 2-Me 9.25 9.46 -0.21 1.00 1.00 16.99 9.85
15 5-C4Ho 2,6-di-Me? 8.23 9.40 -1.17 1.00 1.00 17.45 10.00
16 5-C4Ho 2-CgHs 9.22 9.18 0.04 1.00 1.00 19.04 11.11
17 5-C4Ho 2-CH,CgHs 9.09 9.12 —0.03 1.00 1.00 19.50 11.41
18 5-C4Ho 2-OMe 9.39 9.44 —0.05 1.00 1.00 17.14 9.84
19 5-C4Hg 4-OMe 9.13 9.14 —0.01 1.00 1.35 17.14 9.91
20 5-C4Ho 3,4,5-tri-OMe 7.68 7.68 0.0 3.07 1.35 18.38 9.19
21 5-C4Ho 4-CN 9.12 8.95 0.17 1.00 1.60 17.00 9.29

a Data points not included in deriving equation. ® Not included in the equation.

Table 5. Iso Data of Analogs of V in Rabbit Aorta®

substituents log 1/C
no X Y obsd calcd (eq 5) A Clog P Lx
1 H H2 5.61 9.05 —3.44 3.96 2.06
2 Me H2 7.50 8.78 —1.28 4.46 2.87
3 CyHs H 8.30 8.29 0.01 4.99 4.11
4 CsHy H 8.27 8.03 0.24 5.52 4.92
5 C4Ho H 7.91 7.54 0.38 6.05 6.17
6 CsH1q H 7.23 7.28 —0.05 6.58 6.97
7 CH,CH,OMe H 6.81 7.15 —0.34 3.73 5.55
8 C4Hg Me 7.15 7.35 —0.20 5.44 6.17
9 Me CoHs 2 7.96 8.75 —0.79 4.39 2.87
10 Me CsH7 9.60 8.92 0.68 491 2.87
11 Me CaHg 8.81 9.08 —0.27 5.44 2.87
12 Me CsHiq 8.73 9.24 —0.51 5.97 2.87
13 Me CH,CH=CH;, 8.32 8.83 —0.51 4.63 2.87
14 Me CH,CHMe; @ 7.50 9.04 —1.54 5.31 2.87
15 Me CH,CH,CHMe, 8.85 9.20 —0.35 5.84 2.87
16 Me CH,CH,OMe 8.50 8.54 —0.04 3.69 2.87
17 H CsHy 9.68 9.19 0.49 4.42 2.06
18 H C4Hg 9.57 9.35 0.22 4.94 2.06
19 CsH7 CsH; 8.52 8.17 0.35 5.97 4.92
20 CF3 CsHy 8.79 8.81 —0.02 5.32 3.30
21 SMe C4Hg 8.38 8.47 —0.09 5.90 4.30

a Data points not included in deriving equation.

2 —
Iso rabbit aorta (Table 5)32 r® Clog P Vs CMR = 0.424
outliers: X=Y =H; X=Me, Y =H; X= Me,
N—N Y = C,H;; X = Me, Y = CH,CHMe,

COOH HN_ N
/I Iso rabbit aorta (Table 6)°

B

Y

S0,0H
y X

N
O o
log 1/C = 0.31(+0.27)Clog P — 0.53(+0.14)L, + N) \ 7
8.91(+1.32) (5) f
CH—C—N
n=17,r*=0.818, s = 0.375, ¢° = 0.722, Setea

|Og 1/C =5.6—-9.7 COOH
highest CMR = 13.2 Vi
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Table 6. Isp Data of Analog of VI in Rabbit Aortas®

log 1/C

calcd
no. substituents obsd (egq6) A CMR o¢" ClogP®
1 H 9.10 8.88 0.22 1542 O 3.14
2 4-Me 8.96 8.74 0.23 15.89 —0.31 3.64
3 4-CHMe, 7.60 7.55 0.06 16.81 —0.28 4.56
4 4-CMes 6.90 6.94 —-0.04 17.28 —0.26 4.97
5 4-F 8.52 8.96 —0.43 1544 —-0.07 3.42
6 4-CF; 7.46 7.39 0.08 15.93 0.61 4.27
7 4-CgHs? 8.00 6.02 1.99 1793 —-0.18 5.03
8 4-OMe 9.36 9.21 0.15 16.04 —-0.78 3.23
9 3-OMe 794 794 -0.01 16.04 0.12 3.23
10 2-OMe? 752 921 -1.69 16.04 —0.78 2.88
11 4-OCHMe, 8.39 8.15 0.23 16.97 —0.85 4.07
12 3,4-di-OMe 7.80 8.28 -0.47 16.66 —0.66 2.87

a Data points not included in deriving equation. ® Not in-
cluded in the equation.

log 1/C = —1.24(+0.40)CMR — 1.41(+£0.58)0" +
28.0(£6.5) (6)

n =10, r’ = 0.895, s = 0.292, g°> = 0.807,
log 1/C =6.9-9.4

highest CMR = 18
r? Clog P Vs CMR = 0.548
outliers: 4-CzHg; 2-OMe

Iso rabbit aorta (Table 7)3*

O,NH-Z

" N

U
log 1/C = 0.33(£0.19)CMR + 0.86(0.19)0 ; —
0.50(£0.46)1y + 1.26(+2.84) (7)
n=11,r’>=0.959, s = 0.248, q° = 0.867,
log 1/C = 5.9-9.4
highest CMR = 17

Table 7. Iso Data of Analogs of VII in Rabbit Aorta%*
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r? Clog P Vs CMR = 0.785

outlier:

I, =1 for X = 2-CF,-C¢H,

Iso rabbit aorta (Table 8)37

NY03H7
O e O
O\\C/ Sy
X Vil 4
log 1/C = —0.52(+0.26)Clog P + 12.8(4+2.0) (8)

n=5,r>=0.931, s = 0.163, g°> = 0.698,
log 1/C = 8.1-9.4

highest CMR = 21

r? Clog P Vs CMR = 0.739

outlier:
X =NHCHMe,,Y =H, Z=SO,NHCOMe

Iso rabbit aorta (Table 9)38

Ha

Vi N\>/(32Hs

\N\ N e COOH
CHs \CH2 ot N

x - Catr
log 1/C = 0.75(%0.55)0 — 0.56(+0.15)L, +
10.2(+0.40) (9)

n=09,r?=0.954,s=0.130, q> = 0.868,
log 1/C =7.7-9.3

highest CMR = 17.4

r? Clog P Vs CMR = 0.972
outliers: 3-C4Hg; 4-OCgH;4

substituents log 1/C
no. X Y Z obsd calcd (eq 7) A CMR o'z Ix  Clog PP
1 2-Cl—CgHg4 CaHg CMe; 5.89 6.10 —-0.21 1534 -0.30 0 7.45
2 2-Cl—CgH,4 CaHo H 6.09 6.16 —0.07 13.49 0.49 0 5.60
3 2-Cl—CgHg4 CaHg COC¢Hs 8.85 8.63 0.22 16.50 2.20 0 8.03
4 2-Cl—CgH,4 CaHo COMe 7.89 7.48 0.41 14.45 1.65 0 5.29
5 2-Cl—CgHg4 CaHg COCF3 8.96 9.25 —0.29 1450 3.70 0 7.40
6 2,6-di-CI-C¢Hsz  C4Hq COC¢Hs 8.59 8.79 —0.20 16.99 2.20 0 8.75
7 2-CF3—CgHg4 C4Hg COCgHs5 2 9.37 8.14 1.23 16.52 2.20 1 9.69
8 2-CHMe, CaHo COC¢Hs 8.16 8.09 0.07 14.89 2.20 0 6.39
9 2-CH,CMe; CaHg COC¢Hs 8.48 8.40 0.08 15.82 2.20 0 7.41
10 2-CF3—CgH4 CsH7 COC¢Hs 7.89 7.98 —0.09 16.06 2.20 1 9.16
11 2-CF3—CgH4 CsHy COC3Hs 7.75 - - 14.80 - 1 6.77
12 2-CF3—CgH4 (CH);—CF3 COC¢Hs 8.26 8.15 0.11 16.57 2.20 1 9.10
13 2-CF3—CgH4 CH,—(cy-2-MeC3H,)  COCgHs 8.24 8.25 —0.01 16.85 2.20 1 9.59

a Data point not included in deriving equation. ® Not included in the equation.
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Table 8. 5o Data of Analogs of VIII in Rabbit Aorta®’
substituents log 1/C
no. X Y Z obsd calcd (eq 8) A Clog P
1 CeHs H tetrazole 9.40 9.44 —0.04 6.37
2 CeHs CsH1p tetrazole 8.82 8.66 0.17 7.88
3 CeHs CsH1p SO,NHCOCsHs 7.96 8.09 —0.13 8.97
4 CeHs H SO,NHCOC¢Hs 9.00 8.87 0.13 7.46
5 NHCHMe; H SO;NHCOMe? 8.06 10.60 —2.54 4.14
6 NHCHMe, H SO,NHCOC¢Hs 9.05 9.18 —0.13 6.87
a Data point not included in deriving equation.

Table 9. Iso Data of Analogs of IX in Rabbit Aorta®®

Table 10. Isg Data of Analogs of X in Rabbit Aorta®

log 1/C log 1/C

calcd calcd
no. substituents obsd (eq9) A o Ly Clog PP no. substituents obsd (eq10) A ClogP o Bl
1 H 9.05 9.06 —0.01 0.00 2.06 7.86 1H 766 762 004 620 0 1.0
2 2-Me 8.92 8.93 -0.01 —-0.17 2.06 8.31 2 2-Me 8.39 848 -0.09 6.70 —0.17 1.52
3 2l 9.28 9.23 0.04 023 2.06 850 3 2-Cl 8.62 876 —0.14 6.94 0.23 1.80
4  3-Me 9.13 9.01 0.12 —0.07 2.06 8.36 4 2-NO; 9.07 864 044 599 0.78 1.70
5 3-Cl 9.13 9.34 —-0.21 0.37 2.06 857 5 2-OMe 8.18 836 —0.18 6.14 -0.27 1.35
6 3-0C¢Hs 933 925 0.08 0.25 2.06 9.96 6 3-Me 774 751 023 6.70 —0.07 1.0
7  3-CeHs? 817 9.11 -0.94 0.06 2.06 9.75 7 3-Cl 6.92 729 -037 694 03710
8 4-Me 8.40 848 —0.08 —0.17 2.87 8.36 8 3-NO; 737 741 -004 599 07110
9 4-Cl 855 841 014 023 352 857 9 3-OMe 782 759 023 614 01210
10  4-C;Hs 772 7.79 —0.07 —0.15 411 8.89 10 4-Me 780 755 025 670 -0.17 1.0
11 4-OCeHs® 828 7.66 0.63 —0.03 451 9.96 11 4-Cl 716 734 -018 694 02310
12 4-NO; 710 7.39 -0.29 6.00 0.78 1.0
a Data points not included in deriving equation. ® Not in- 13 4-OMe? 8.30 7.74 056 6.14 —0.27 1.0
cluded in the equation. 14 4-C,Hs 757 7.40 0.17 7.23 —-0.151.0
15 4-F 7.68 755 013 6.37 0.06 1.0
. 16 4-COOMe 748 7.45 0.03 621 045 1.0
Iso rabbit aorta (Table 10)* 17 2-CHMe;, 8.85 8.90 —0.05 7.63 —0.15 1.90
18 2-CeHs 844 8338 006 809 -0.011.71
3 x 19 2-CH,C¢Hs 7.96 8.03 —0.07 8.27 -0.09 1.52
227N 20 2-F 8.11 818 -0.07 6.37 0.06 1.35
; | 21 2-Br 870 899 -029 7.09 0.231.95
X8 N—NH 22 2-CFs 8.92 855 0.37 859 0.54 1.99
“1_"‘ 6 ) 23 2-COOMe 8.25 859 —034 621 0.45 1.64
/K /K NN 24 2-COOH 2 6.94 859 —1.65 5.97 0.45 1.60
cHg” N7 o 25 2-NH, 2 7.00 882 -1.82 4.98 —0.66 1.35
\CH O 26 2-NMe; 850 851 —0.01 6.37 —0.83 1.35
2 27 2,6-di-Cl 8.24 849 -025 7.66 0.46 1.80

X

log 1/C = —0.27(+0.17)Clog P — 0.37(£0.27)0 +
1.78(+0.33)B1, + 7.5(+0.77) (10)

n =26, r> = 0.860, s = 0.246, q°> = 0.788,
log 1/C = 6.9-9.1

highest CMR = 16
r? Clog P Vs CMR = 0.265
outliers: 4-OMe; 2-COOH; 2-NH,

Iso rabbit aorta (Table 11)3°

Y
OO0
! N CaHg

X

28 2-NO,,4-OMe 9.13 8.68 045 6.18 0.51 1.70
29 2,3,4,56-penta-F 7.77 7.78 —-0.01 6.74 0.86 1.35

a Data points not included in deriving equation.

log 1/C = —0.47(+0.12)Clog P +
0.831(+0.34)B1, — 1.87(+0.34)0 + 9.71(+0.79)
11)

n =15, r>=0.941, s = 0.141, ¢*> = 0.910,
log 1/C =6.9-9

highest CMR = 17.3
r? Clog P Vs CMR = 0.249

outliers: SOMe; OH; OMe-7-OMe (as can be
seen in Table 11, a number of structures had
to be omitted for lack of o values)

Iso rabbit aorta pellets (Table 12)4°

COOH X
GO
o} }:N

Xil



Comparative QSAR Chemical Reviews, 2001, Vol. 101, No. 9 2735

Table 11. I Data of Analogs of XI in Rabbit Aorta®®

log 1/C
no. substituents obsd calcd (eq 11) A Clog P Bix o
1 H 8.22 8.12 0.10 5.17 1.00 0.00
2 Me 8.40 8.45 —0.05 5.67 1.52 -0.07
3 CHMe;, 8.30 8.28 0.02 6.59 1.90 —0.04
4 CyHs 8.40 8.20 0.19 6.19 1.52 —0.07
5 NO, 7.55 7.46 0.09 4.99 1.70 0.71
6 SMe 8.16 8.10 0.06 5.87 1.70 0.15
7 SOMe? 9.00 8.05 0.95 3.96 1.40 0.52
8 SO;Me 8.52 8.46 0.06 3.87 2.03 0.60
9 F 7.59 7.70 —-0.11 5.35 1.35 0.34
10 Cl 7.54 7.75 -0.21 5.92 1.80 0.37
11 OH? 7.57 8.15 —0.58 5.25 1.35 0.12
12 OCONHCHMe, ® 9.00 - - 5.39 - -
13 OMe 8.30 8.08 0.22 5.41 1.35 0.12
14 OMe,7-OMe? 7.89 8.63 -0.74 5.31 1.35 —0.15
15 NH, 8.89 8.96 —0.07 4.64 1.35 —0.16
16 NHMe 8.70 8.68 0.02 5.43 1.35 -0.21
17 NMe, 8.30 8.45 —0.15 5.72 1.35 —0.16
18 NHSO,CF3 6.92 6.95 —0.03 6.54 1.35 0.44
19 NHCOMe 8.05 8.18 -0.14 4.82 1.35 0.21
20 NHCO(CH,)sCH3 ® 8.70 - - - - -
21 NHCO,CH,CHMe, P 8.19 - - - - -
22 NMeCOZCHQCHMeg b 8.47 - — — — —
23 NHCO,CH,CgHs P 8.37 - - - - -
24 NMeCO,CH,CsHs b 9.08 - - - - -
25 NHCONHCHMe; ® 9.13 - - - — -

2 Data points not included in deriving equation. ® Data points could not be included in deriving equation because of the lack of
the o and B; values.

Table 12. Isp Data of Analogs of X1l in Rabbit Aorta Pellets*

substituent log 1/C
no. X Y obsd calcd (eq 12) A CMR Clog P?
1 C4Hg CeHs 6.03 6.34 -0.31 13.07 3.97
2 SCyHs CeHs 5.72 6.25 —0.53 12.95 3.47
3 SCsH7 CeHs 5.80 6.58 —0.78 13.41 4.00
4 CsHg 4-pyridyl 5.85 6.19 —-0.34 12.86 2.57
5 C4Hg 3-pyridyl 5.77 6.19 —0.42 12.86 2.57
6 C4Hg 2-furyl 6.00 5.79 0.21 12.28 3.35
7 SCyHs CH2CsHs 6.00 6.58 —0.58 13.41 3.21
8 SC3H~ CH,CsHs 6.42 6.90 —0.48 13.88 3.74
9 SCsH7 CH,CH,CsHs 7.12 7.22 —0.10 14.34 4.11
10 SCsH7 (CH3)3CeHs 2 6.49 7.55 —1.06 14.80 4.64
11 SC3H7 CH,SCgHs @ 5.92 7.46 —1.54 14.68 4.03
12 SCyHs CH,OMe 5.28 5.26 0.03 11.52 1.15
13 SCyHs CF3 5.32 4.86 0.46 10.95 2.37
14 SC3H7 CF3 5.68 5.18 0.50 11.41 2.90
15 CaHg SCH,COOMe 6.48 6.25 0.23 12.95 2.26
16 CsHg SCH,;CONHMe 6.14 6.40 —0.26 13.16 1.25
17 C4Hg SCH>CH,;OH 6.32 5.90 0.42 12.45 1.66
18 C4Hg SCHEtCOOMe 6.52 6.90 —0.38 13.87 3.31
19 C4Hg SCH,COCgHs @ 6.72 7.57 —0.85 14.84 3.65
20 CsHg SCeHs 7.22 6.90 0.32 13.88 4.48
21 CaHg SCH,C¢Hs 7.82 7.22 0.60 14.34 4.26
22 CaHg SCH,CH,CgHs 7.15 7.55 —0.40 14.80 4.79
23 CsHy SCH,C¢Hs 6.92 6.90 0.02 13.88 3.74
24 C4Hg SCH3(2-Me—CsH,4) 7.85 7.55 0.30 14.80 4.71
25 C4Hg SCH3(3-Me—CsH4) 7.49 7.55 —0.06 14.80 4.76
26 CsHg SCH3(4-Me—CsHJ) 8.12 7.55 0.57 14.80 4.76
27 C4Hg SCH3(2-CI—CgHy) 7.52 7.57 —0.05 14.83 4.91
28 CaHg SCH3(3-CI—CgsH4) 7.59 7.57 0.02 14.83 4.98
29 CaHg SCH3(4-Cl—CgH4) 8.17 7.57 0.60 14.83 4.98
30 C4Hg SCH3(3-OMe—CgH,) 7.68 7.65 0.03 14.96 4.18
31 CaHg SCH3(4-OMe—CgH,) 8.52 7.65 0.87 14.96 4.18
32 C4Hg SOCH(4-OMe—CgHa) 8.13 7.68 0.45 14.99 2.85
33 CsHg SCH,(2-CN—CgH.) 7.22 7.56 —-0.34 14.82 3.84
34 C4Hg SCH3(4-CF3CsHa) 7.38 7.58 —0.20 14.85 5.15
35 C4Hg SCH,-2-naphthyl? 7.31 8.40 —1.09 16.03 5.44
36 CsHg SCH(CO,Me)C¢Hs 8.21 8.00 0.21 15.46 3.67
37 C4Hg SCH3(2-CO,Me—CgHy) 7.85 8.00 —0.15 15.46 4.23
38 CaHo SCH3(3-CO,Me—CgHy) 7.52 8.00 —0.48 15.46 4.23

a Data points not included in deriving equation. ® Not included in the equation.
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log 1/C = 0.70(+0.12)CMR — 2.78(+1.67) (12)

n=234,r>=0.812, s = 0.419,
q°> = 0.787, log 1/C = 5.3—-8.5

highest CMR = 16

r’ Clog P Vs CMR = 0.564

outliers: X = SC;H,, Y = (CH,),CgHs;
X =SC;H,, Y=CH,SCHg; X=C,H,,
Y = SCH,COC.H;; X = C,H,,
Y = SCH,-2-naphthyl

Table 13. Isg Data of Analogs of XIIl in Rabbit Aorta
Rings*

log 1/C
calcd
no substituent obsd (eq13) A Clog P
1 H 7.38 753 -0.15 4.50
2 CyHs 7.66 7.62 0.04 4.69
3 (CH2).CHjs 7.82 7.88 —0.05 522
4 (CH2);CH3 8.29 8.10 0.19 5.74
5 (CHy)4CHs 8.25 8.25 0.0 6.27
6 (CH2)sCHs 8.06 8.17 -0.11 6.80
7  (CH,);CHs 6.77 6.77 0.0 7.86
8 CHMe; 7.70 7.77 —0.07 5.00
9 CHMeCH,CH; 8.00 8.01 -0.01 552
10 CHCHMeCH.,CMe; 7.46 7.49 —0.03 7.47
11 CHz;—cy—CsHs 7.82 7.84 —0.01 5.13

13 CH;COOCH,CH3; 8.05 7.72 0.32 490

14 CH,CO,CMes 7.80 8.13 —0.34 583
15 (CH)sCOOCH; 2 8.36 —6.46 14.82 4.70
16 (CH.)sCOOCH,CH; 8.01 811 —-0.10 5.76
17 CeHs? 723 —9.46 1668 5.90
18 CH,CeHs 2 780 —951 1731 593
19  CH,CH,CeHs 8.51 825 026 6.25
20 (CH2)sCeHs 2 7.75 -11.28 19.02 6.63

a Data points not included in deriving equation.

Kurup et al.

Table 14. Isy Data of Analogs of X1V in Rabbit Aorta®

log 1/C

substituents calcd Clog
no. X Y obsd (eq14) A X Pb
1 H CO,CHs 6.24 6.14 0.10 0.0 3.82
2 Me CO,CoHs 7.13 7.26 —-0.13 0.56 4.31
3 CzHs CO,CoHs 7.78  7.75 0.03 1.02 4.84
4 CzH7 CO,CHs 791 7.84 0.07 155 5.37
5 C4Hg CO,CoHs  7.37  7.36 0.01 2.13 5.90
6 CsHip CO,CoHs 6.37 6.46 —0.09 2.63 6.43
7 CH2CH,OMe CO,C,Hs?2 7.10 5.10 2.00 —0.37 3.58
8 Me CH,OH 712 7.26 -0.14 056 2.19
9 CuHs CH,OH 7.96 7.75 0.21 1.02 2.72
10 CzH7 CH,;0OH 760 7.84 —0.24 155 3.25
11 C4Ho CH,;OH 753 7.36 0.17 2.13 3.78

12 CH,CH,OMe CH,OH2 6.41 5.10 1.31 —-0.37 1.46

a Data points not included in deriving equation. ® Not in-
cluded in the equation.

Iso rabbit aorta rings (Table 13)**

X
e N——NH
ALY
)\/L 2

CaHd N\ 0
asa

Xl

log 1/C = 0.50(£+0.19)Clog P — 3.0(£0.83)log(3 x
10°°97 + 1) + 5.27(+£1.0) (13)
n=16, r’ =0.849, s = 0.178,
g®> = 0.793, log 1/C = 6.8—8.5
opt. Clog P = 6.42(+0.19)
highest CMR = 14.5

r? Clog P Vs CMR = 0.568

outliers:
(CH,),CO0OCHg; C¢Hs; CH,CgHs; (CH,),CeHs

Iso rabbit aorta (Table 14)%

D A
>A\N/
o0

XV

log 1/C = 2.50(=0.56)7, — 0.90(£0.20)(7ry) +
6.14(£+0.33) (14)

n =10, r’ = 0.941, g* = 0.853,
s =0.165, log 1/C = 6.2—-8.0

opt. my = 1.38(1.29—1.47)
highest CMR = 13.3

r? Clog P Vs CMR = 0.600

outliers: X =CH,CH,OMe, Y = CO,C,H;;
X =CH,CH,0OMe, Y = CH,OH

Table 15. Isg Data of Analogs of XV in Rabbit Aorta3®

log 1/C

calcd
no. substituents obsd (eq 15) A Clog P
1 (CHy): 6.47 6.86 —0.39 454
2 (CHy)s 7.38 7.06 0.32 5.0
3 (CHy)a 720 726 —0.06 5.66
4 (CHps 7.42 746 —-0.04 6.22
5 (CH.s 7.92 7.66 0.26 6.78
6 (CH,).0(CHy,), 6.70  6.60 0.10 3.82
7  (CH2)2:NH(CH,), 5.80 5.78 0.02 153
8 (CH).CH(Me)(CHy), 7.41 764 —-0.23 6.74

Iso rabbit aorta (Table 15)36

XV COOH
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log 1/C = 0.36(%0.13)Clog P + 5.23(+0.71) (15)

n=28, r*=0.877,s = 0.256, q° = 0.815,
log 1/C =5.8-7.9

highest CMR = 12.6

r? Clog P Vs CMR = 0.339
Table 16. Isp Data of Analogs of XVI in Rabbit Aorta3®

log 1/C
substituent calcd

no. X=X obsd (eq 16) A Lx+x Clog PP
1 Me? 6.92 7.73 —0.81 5.74 5.62
2 CyHs 6.57 6.85 —0.28 8.22 6.68
3  CzHy 6.32 6.27 0.05 9.84 7.74
4  CHMe; 6.96 6.85 0.11 8.22 7.48
5 c¢cy-CsHs 6.96 6.82 0.13 8.28 6.33
6 C4Hg 540 5.38 0.02 12.34 8.79
7 CH,CHMe,?® 529 6.27 -0.98 9.84 8.53
8 CeHs 527 530 —0.04 12.56 7.90

a Data points not included in deriving equation. ? Not in-
cluded in the equation.

Iso rabbit aorta (Table 16)3¢

X
X fo
Nao N
Y el
C4Hg
XV COOH

log 1/C = —0.36(£0.10)Ly . + 9.77(£1.01) (16)

n=6, r>=0.960, g> = 0.919, s = 0.167,
log 1/C = 5.3-7.0

highest CMR = 15

r? Clog P Vs CMR = 0.648
outliers: X =X'= Me; X = X' = CH,CHMe,

In surveying QSAR 1-16, there are a number of
common features of interest. All but three sets (6, 9,
and 12) contain a biphenyl unit. The first eight most
active sets (except 6) contain this moiety. All contain
one of three acidic functions. The most common
function being the tetrazole (2, 3, 5, 8, 10, 11, 13, and
14), four contain the COOH group (6, 9, 15, and 16)
and four contain a —SO,N— unit (1, 4, 7, and 8).
Those containing the COOH are among the least
active. One with the —SO,NHCO— unit (1) is in the
most active class. The receptor seems to be largely
hydrophilic as all of the compounds contain ionizable
groups; moreover, only five equations contain positive
hydrophobic terms (3, 5, 13, 14, and 15). It must be
remembered that Clog P is the calculated value, and
the experimental value at pH 7.4 would be consider-
ably lower. It would be valuable to measure some
distribution coefficients at pH 7.4. None of the rabbit
equations in contrast to the rat are for results in the
whole animal. It is noteworthy that very little has
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been done to investigate the substituent effect on the
distal (acidic group-bearing) ring of the biphenyl. This
is probably because of the problem in synthesizing
these derivatives. Some data appears in the work
done by Duncia et al.*® All of the acidic groups are
sensitive to the electronic effects of substituents as
shown by QSAR 17 and 18.

Tonization of X-CsH4—é\‘ \E in 50% ethanol 25 °C4
N -

pK, = —1.40(£0.12)0 + 4.92(+0.05)  (17)

n =28, r>=0.955, s = 0.129, q>* = 0.946

lonization of X—CgH4SO,NH; in aqueous solution
20 °C*3

pK,= —0.63(+0.09)6" — 0.76(+0.32) (18)

n =18, r> = 0.954, s = 0.105, q> = 0.931

The sulfonamide group is not as sensitive. loniza-
tion of benzoic acids is used to define o; hence, the
QSAR slope is 1. In the case of eq 17, the slope (p) is
somewhat higher than it would be in water. For
example, p for the ionization of benzoic acid in water
is by definition —1 (we are speaking in terms of pKy).
In 50% ethanol, it is —1.40. Hence, the p in the case
of the tetrazoles (eq 17) for water would probably be
near —1. It would be interesting to place a strong
electron-attracting substituent (e.g., CN) on the
phenyl moiety para to the tetrazole unit and a strong
electron-releasing group (e.g., NH,) in the same
position for comparison. If there is a significant
difference, a QSAR could be developed to find the
optimum electronic effect. This electronic effect would
be beyond ionization in that it would effect the
availability of the anions for interaction with electron
poor centers.

Some facts must be remembered in the use of Clog
P. Most important, it is calculated for the neutral
form of all congeners that are partially ionized.
Moreover, Clog P is the hydrophobic effect of the
overall molecule. There may well be hydrophobic
pockets that need to be searched for. In every
instance we considered s values for all cases where
structural variation was made in more than one
position. Finally, Clog P is not yet the ‘perfect’
parameter. Note that it was necessary to use 7 in
the case of QSAR 14; possibly the calculated Clog P
is off the mark.

A point of interest is that of bulk tolerance of the
receptor. To get some general impression of the
problem we have calculated CMR for each data set
and have listed the highest value. QSAR 1 that
depends heavily on CMR can be used to calculate the
optimum value of 18.6(+0.5). QSAR 3 is better fit by
Clog P. Thus, it would seem that the large SO,-
NHCOCsH,—CI moiety covered by QSAR 1 displaces
binding of the congeners of QSAR 1, so that hydro-
phobic binding modeled by eq 3 is not apparent.
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There are some positive hydrophobic binding sites as
brought out by QSAR 3, 5, 13, 14, and 15, but most
of the variance is associated with the sterimol
parameters and the volume-polarizability parameter
CMR. Relatively weak electronic terms are seen in
QSAR 6, 7, 9, 10, and 11.

It appears to be very important to have the tetra-
zole, COOH, and sulfonamide groups in an ortho
position that would twist the biphenyl groups out of
planarity. A CH; or NCH, group joining the biphenyl
unit also provides flexibility in every instance. QSAR
1-12 cover structures with considerable variation
that have compounds active at 107° M or greater.

B. Rat Angiotensin Antagonists

As with the data on rabbit angiotensin antagonists,
the data for rats is ordered in terms of decreasing
activity.

Table 17. Isg Data of Analogs of XVII in Rat Liver
Membrane*

log 1/C
calcd
no. substituent obsd (eq19) A ClogP o Ix
1 NHMe 8.72 8.86 —0.14 4.83 013 1
2 NHC;Hs 9.70 9.29 0.41 5.36 003 1
3 NHC;3Hy 952 959 -0.07 5.89 0.03 1
4 NHC4Hq 9.70 9.90 -0.20 6.42 0.03 1
5 N(CzHs), 2 833 985 -152 6.30 0.02 1
6 OMe 9.05 8.93 0.12 4.73 027 0
7 OCyHs 9.05 9.22 -0.18 5.26 028 0
8 OC4Hq 10.00 9.84 0.16 6.32 028 0
9 OCH,CHMe, 9.70 9.76 -0.06 6.19 028 0
10 Me 9.00 9.10 -0.10 441 -0.04 O
11 CzHs 9.70 9.68 0.02 547 -0.01 O
12 Cg¢Hs 10.05 10.04 0.01 6.34 012 0
13 CHyCeHs 10.10 10.06 0.03 598 -0.08 0

a Data point not included in deriving equation.

Iso rat liver membrane (Table 17)%

SMe

I ] Q

i
/k COOH O,NHC~—X
C4Hg ,\ 2

XVH

log 1/C = 0.58(0.20)Clog P — 1.18(1.1)0, —
0.29(£0.29)1,+ 6.49(+1.1) (19)

n=12,r’>=0.861,s = 0.201,
g°> = 0.700, log 1/C = 8.3—10.1

highest CMR = 16
r’ Clog P Vs CMR = 0.484
outlier: N(C,Hy),

I, = 1 for N-alkyl derivatives

Kurup et al.

Table 18. Isg Data of Analogs of XVIII in Rat Liver
Membrane#

log 1/C
calcd Clog
no. substituent obsd (eq 20) A P CMR
1 COOH2 9.52 8.62 0.91 5.38 14.67
2 CH.OH 835 852 —-0.18 4.93 1464
3 H 8.59 8.55 0.04 5.97 14.02
4 COOCH,CgHs 10.00 9.73 0.27 6.77 17.65
5 COOCMe; 9.22 951 -0.29 7.28 16.53
6 COOC;zHs 9.40 9.11 0.29 6.57 15.60
7 CONHMe 8.68 868 —0.01 4.72 1535
8 CONHCH(COOH) 952 974 -0.21 6.50 17.86
CH(Me)CHchs
9 CONH;?2 9.00 8.49 051 4.39 14.89

10 CONHCHCOOMe 9.10 9.00 0.10 4.72 16.47
11 CONHCH>COOH 8.82 8.83 0 451 16.00
12 CONHCOMe 8.77 879 —0.02 453 1585
13 CONHSO2CeHs? 9.10 980 -—-0.70 6.22 18.27

a Data points not included in deriving equation.

Iso rat liver membrane (Table 18)%

SMe

‘ 0
il
cH QJ\N Ix 02NHCNHC3H7?
! Q O
CH

XVl

log 1/C = 0.19(+0.17)Clog P +
0.28(+0.15)CMR + 3.43(+2.3) (20)
n =10, r> = 0.855, s = 0.216,
q° = 0.687, log 1/C = 8.4—10.0
highest CMR = 18.3

r? Clog P Vs CMR = 0.223
outliers: COOH; CONH,; CONHSO,C¢H;

Table 19. K; Data of Analogs of XIX in Rat Adrenal
Membrane?*’

log 1/K;
calcd Clog
no. substituent obsd (eq21) A CMR Ix P"
1 OH 762 7.64 —0.02 1198 0 5.30
2 OMe 757 7.44 0.13 1244 0 5.62
3 SCH,CO,C;Hs 7.00 6.51 0.49 14.67 0 6.03
4 SMe 6.76 7.17 —0.41 13.09 0 5.94
5 SO;NMe; 6.73 6.80 —0.06 13.99 0 4.02
6 SO;NH;? 7.96 7.18 0.78 13.06 0 4.02
7 SO;NHMe 6.86 6.99 —0.13 13,53 0 4.87
8 NH; 9.00 8.61 0.39 1219 1 4.67
9 NHMe 830 842 —0.12 1265 1 5.49
10 NHCHCO,C;Hs 7.50 7.76 —0.27 1423 1 577

2 Data point not included in deriving equation. ® Not in-
cluded in the equation.

K; rat adrenal membrane (Table 19)*’
MS\
Z

N
e
G AN
— N
CsHy

XIX

| _—

—Z

NH
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log 1/K; = —0.42(40.31)CMR + 1.07(+0.59)I, +
12.6(+4.1) (21)

n=9, r>=0.855,s = 0.338, q° = 0.599,
log 1/C =6.8—9.0

highest CMR = 12.5
r’ Clog P Vs CMR = 0.015
outlier: SO,NH,
I, =1 for X =NHR

Table 20. Isg Data of Analogs of XX in Rat Liver
Membrane*®

log 1/C

substituent caled
no X Y Z obsd (eq22) A ClogP Bly
1 Me Me H 828 8.04 0.25 340 152
2 Me CF3 H 761 746 0.15 3.87 1.99
3 Me Me Me 850 8.49 0.01 392 152
4 Me CoHs H 864 850 0.14 393 1552
5 Me CHMe, H 789 805 -0.16 4.33 1.90
6 Me CsHy H 875 896 —-0.22 446 1.52
7 CoHs Me H 889 850 0.39 393 152
8 CHMe, Me H 866 885 -019 4.33 1.52
9 CsHy Me H 887 896 -0.09 446 1.52
10 Me CH,OH H2 7.64 6.70 094 1.86 1.52
11 Me CHO H 730 741 -011 287 1.60
12 CH,OH Me H 655 6.70 —-0.16 186 1.52

a Data point not included in deriving equation.

Iso rat liver membrane (Table 20)%6
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log 1/C = 0.87(0.21)Clog P — 2.11(40.97)B1, +
8.28(+1.64) (22)

n=11, r>=0.929, s = 0.224,
q®> = 0.844, log 1/C = 6.6—8.9

highest CMR = 12.5
r’ Clog P Vs CMR = 0.522
outlier: X=Me,Y=CH,0H,Z=H

Iso rat adrenal gland (Table 21)%

2o O D i
Y- CCHy—N N R SO,NHC—2Z—CH
e -0

XXI

log 1/C = —0.23(+0.09)CMR — 0.08(:0.03)L, +
0.24(+0.15)B1, + 12.89(+1.68) (23)

n =15, r> = 0.927, s = 0.064,
g’ = 0.821, log 1/C = 7.8—8.6

highest CMR = 20.4

r? Clog P Vs CMR = 0.759
outlier: X =C,Hy, Y = NH,, Z=CH,

Iso rat adrenal gland (Table 22)%°

N—N
|~ CHpY
s NH O
I
o ' o 0oNHCCH,CH,CeHs
CH
e )
{0
1
~N
ol /)< » F
Y g\j X XXl
Table 21. Isp Data of Analogs of XXI in Rat Adrenal Gland*®
substituent log 1/C

no X Y z obsd calcd (eq 23) A Ly Bly CMR Clog P®

1 C4Ho NHCH,CHMe; CH; 8.24 8.28 —0.04 6.07 1.35 19.32 6.07

2 C4Ho NHC;3H- CH, 8.44 8.38 0.06 6.07 1.35 18.86 5.67

3 C4Ho NHCMe; CH; 8.41 8.37 0.04 4.83 1.35 19.32 5.85

4 C4Ho NHCH,CsHs CH> 7.94 7.85 0.09 8.24 1.35 20.44 6.18

5 C4Ho NCsH1g CH; 8.40 8.34 0.06 6.17 1.91 19.61 5.96

6 C4Ho N(CzHs)2 CH> 8.30 8.37 —0.07 4.83 1.35 19.32 6.10

7 C4Ho NH, CH,?2 8.54 8.96 —0.42 2.78 1.35 17.47 4.21

8 CsH-; NHCsH11 CH> 8.06 8.12 —0.06 8.13 1.35 19.32 6.20

9 CsH-, NHC4Hgo CH; 8.34 8.32 0.02 6.88 1.35 18.86 5.67
10 CsH~7 NHC;3;H, CH» 8.57 8.49 0.08 6.07 1.35 18.39 5.14
11 CsH-, NHCH,CH,CHMe; CH, 8.20 8.21 0.01 6.88 1.35 19.32 6.07
12 CsH-, NHCH,CH,CH,CHMe, CH» 7.84 7.89 —0.06 9.60 1.35 19.78 6.60
13 CsH-, NHCMe; CH, 8.43 8.48 —0.05 4.83 1.35 18.86 5.32
14 CsH-, NCsH1g CH» 8.44 8.44 0.00 6.17 1.91 19.14 5.43
15 C4Ho NCsH1g (@] 8.33 8.41 —0.08 6.17 1.91 19.30 6.30
16 CsH-, NCsH1o O 8.54 8.52 0.02 6.17 1.91 18.83 5.77

a Data point not included in deriving equation. ® Not included in the equation.




2740 Chemical Reviews, 2001, Vol. 101, No. 9 Kurup et al.
Table 22. Isp Data of Analogs of XXII in Rat Adrenal Gland*®
substituent log 1/C
no X Y obsd calcd (eq 24) A Ty Ly Clog P
1 CsHg CONMe; 8.51 8.50 0.01 —1.51 4.77 5.12
2 CsHy CONMe; 8.57 8.50 0.07 —1.51 4.77 4.59
3 CoHs CONMe; 8.42 8.50 —0.08 —1.51 4.77 4.06
4 C4Ho CeHs 7.46 7.61 —0.16 1.96 6.28 7.12
5 CaHo COCsHs 7.52 7.39 0.13 1.05 4.57 6.83
6 C4Ho CH,COC¢Hs 7.41 7.41 0.0 1.01 4.57 7.04
7 CaHg COMe? 7.06 7.86 —0.80 —0.55 4.06 5.28
8 C4Ho COCMes 7.77 7.64 0.13 0.69 4.87 6.73
9 CaHo COC4Hqg 8.08 8.21 —-0.13 1.04 6.92 6.86
10 C4Ho COOC;Hs 8.36 8.09 0.27 0.51 5.95 6.07
11 CaHo COOH 7.47 7.72 —0.25 —0.32 3.91 5.22

a Data point not included in deriving equation. ® Not included in the equation.

log 1/C = —0.41(0.13)7, + 0.35(+0.17)L, +
6.23(+0.89) (24)

n =10, r*=0.892, s = 0.170,
g° = 0.783, log 1/C = 7.1-8.6

highest CMR = 20.1
r? Clog P Vs CMR = 0.720
outlier: X=C,Hy, Y = COMe

Table 23. Isg Data of Analogs of XXIII in Rat Liver
Membrane3®

log 1/C

calcd
no substituent obsd (eq 25) A Clog P
1 (CHy): 6.59 7.26 —-0.68 454
2 (CHy)s 742 749 -0.07 5.10
3  (CHy). 8.00 7.72 0.28 5.66
4  (CHy)s 8.14 7.95 0.20 6.22
5 (CHa)s 8.06 818 —-0.12 6.78
6  (CH2):0(CHy). 733 6.97 0.36 3.82
7  (CH2):NH(CH). 6.05 6.03 0.03 1.53
8 (CH,).CH(Me)(CHj).2 7.18 816 —0.98 6.74

a Data point not included in deriving equation.

Iso rat liver membrane (Table 23)3

OOH

XX

log 1/C = 0.41(+0.23)Clog P + 5.40(£1.16) (25)

n=7r’=0.811s=0.381, ¢° = 0.722,
log 1/C = 6.1-8.1

highest CMR = 12.6
r? Clog P Vs CMR = 0.037
outlier: (CH,),CH(Me)(CH,),

Table 24. K; Data of Analogs of XXIV in Rat Adrenal
Membrane*’

log 1/K;
substituent calcd

no. X Y obsd (eq 26) A Clog P
1 Cs3Hy Me? 7.62 6.90 0.73 5.88
2 CzHs Me 7.46 7.23 0.22 5.35
3 cy-C3Hs Me 7.09 7.29 -0.20 5.27
4  CsHy H 7.34 7.21 0.12 5.38
5 CzHy CyHs 6.65 6.56 0.09 641
6 CzHs CsH7 6.18 6.22 —-0.04 6.94
7 CsHy CH,OMe 7.04 7.36 -0.32 5.16
8 CzHy CH,0OH 8.00 7.88 0.12 4.34

a Data point not included in deriving equation.

K;i rat adrenal membrane (Table 24)%"

N

N
; N OH /=
N/ Na. NH
=N
e _—)

XXV

log 1/K; = —0.64(+£0.26)Clog P + 10.7(+1.5) (26)

n=7,r>=0.886,s=0.216 g° = 0.816,
log 1/C = 6.2—8.0

highest CMR =12.9

r? Clog P Vs CMR = 0.253
outlier: X =C3H,, Y = Me

Iso rat liver membrane (Table 25)3%6
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Table 25. Isg Data of Analogs of XXV in Rat Liver
Membrane3®

log 1/C

calcd
no. substituent obsd (eq27) A Lx  Clog PP
1 H 5.00 4.70 0.30 2.06 3.55
2 Me 5.16 5.21 —0.05 2.87 4.43
3 CsHA 7.57 6.50 1.07 492 5.49
4 CsF7 5.00 - - - 6.92
5 CsHg 8.00 7.28 0.72 6.17 6.01
6 CsH1s 7.62 7.79 —-0.17 6.97 6.54
7 cy—CsHg 6.39 6.48 —0.10 4.90 5.81
8 CeHs @ 5.28 7.35 —2.07 6.28 5.86
9 CH.CgHs 5.60 6.31 —-0.71 4.62 6.20

a Data points not included in deriving equation. ® Not in-
cluded in the equation.

log 1/C = 0.63(+0.35)L, + 3.40(+1.74) (27)
n==6,r>=0.859,s=0.535qg’ = 0.713,
log 1/C =5-8
highest CMR = 12.8

r? Clog P Vs CMR = 0.611
outliers: C;H,; C;Hs;, value of L for C4F, lacking

Iso rat adrenal cortex (Table 26)%®

N

\CH Q O

XXVI
log 1/C = 10.71(+8.84)CMR —
0.45(40.40)(CMR)® + 0.63(+0.46)1, —
56.31(+49.37) (28)

n =15, r> = 0.852, s = 0.293, g° = 0.794,
log 1/C =4.6-7.9

opt. CMR = 11.86(11.41 — 16.81)
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highest CMR = 12.39

r? Clog P Vs CMR = 0.185

outliers: X =CzH,,;, Y =CI, Z= COOH,;
X =C¢H;3 Y =CI, Z=COOH; X = C4Hs,
Y =CIl, Z=COOH

I, =1 for Z = tetrazole group

Iso rat adrenal cortex (Table 27)%

X
I3,
C4Hg N\ T (I.? 5
CHy— :}—N/jij 5 .
4
Hooc” %

XXV

log 1/C = 1.34(+0.56)B1, , + 5.23(+0.75) (29)

n=28,r>=0.852,s=0.218, g° = 0.714,
log 1/C =5.2-7.8

highest CMR = 13.8
r’ Clog P Vs CMR = 0.118
outliers: R=H, X=_Cl, Y = CH,CO,Me,
Z = 3,4,5,6-tetra-F; R = Me, X =Cl,
Y = CH,OMe, Z = 3,6-di-Cl

Iso rat liver membrane (Table 28)36

XXV
Table 26. I, Data of Analogs of XXVI in Rat Adrenal Cortex?®
substituents log 1/C
no. X Y z obsd calcd (eq 28) A CMR 17 Clog PP
1 CyHs Cl COOH 5.77 5.75 0.02 10.08 0 291
2 CsHy Cl COOH 6.80 6.40 0.40 10.55 0 3.44
3 CaHo Cl COOH 6.64 6.86 —0.22 11.01 0 3.97
4 CsH11 Cl COOH?2 6.01 7.12 —-1.11 11.47 0 4.50
5 CeH1s Cl COOH?2 5.89 7.18 —1.30 11.94 0 5.03
6 trans-CH=CHCH,CHj3; Cl COOH 7.10 6.89 0.20 11.06 0 3.89
7 CeHs Cl COOH? 4.62 7.17 —2.55 11.67 0 4.21
8 C4Ho Br COOH 7.05 7.04 0.01 11.30 0 4.05
9 CaHo | COOH 7.22 7.18 0.03 11.82 0 3.88
10 CaHo H COOH 6.57 6.37 0.20 10.52 0 3.32
11 CaHog CF3 COOH 7.21 6.87 0.34 11.03 0 4.30
12 CsHg NO, COOH 6.59 6.94 —0.36 11.13 0 3.12
13 CsHy Me COOH 5.75 6.37 —0.62 10.52 0 3.01
14 CsHg Cl tetrazole 7.72 7.78 —0.06 11.58 1 3.37
15 CsHg Br tetrazole 7.72 7.81 —0.09 11.86 1 3.45
16 CaHo | tetrazole 7.70 7.69 0.01 12.39 1 3.28
17 CaHo H tetrazole 7.54 7.54 0.00 11.08 1 2.72
18 CaHo CFs tetrazole 7.92 7.78 0.14 11.59 1 5.16

a Data points not included in deriving the equation. ® Not included in the equation.
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Table 27. I Data of Analogs of XXVII in Rat Adrenal Cortex*®
substituents log 1/C
no. R X Y Z obsd calcd (eq 29) A Blsz Clog Pb
1 H Cl CH2CO;Me H 6.85 6.68 0.17 1.0 3.41
2 H CH,CO,Me Cl H 6.38 6.42 —0.04 1.0 351
3 H Cl CH,OMe H 6.55 6.42 0.13 1.0 3.51
4 H Cl CH,CO,;Me 3,4,5,6-tetra-F? 6.10 7.14 —1.04 1.35 3.31
5 H Cl CH,CO,;Me 3-NO; 6.40 6.68 —0.28 1.0 2.83
6 H Cl CH,CO;Me 6-OMe 7.10 7.14 —0.04 1.35 3.39
7 H Cl CH,CO;Me 6-Me 7.50 7.36 0.13 1.52 351
8 H Cl CH,CO;Me 3,6-di-Cl 7.75 7.73 0.02 1.80 3.49
9 H Cl CH,OMe 3,6-di-Cl 7.38 7.47 —0.09 1.80 3.59
10 Me Cl CH,OMe 3,6-di-CI? 5.24 7.47 —-2.22 1.80 5.15

a Data points not included in deriving the equation. ® Not included in the equation.

Table 28. Isg Data of Analogs of XXVIII in Rat Liver
Membrane3®

log 1/C

substituent calcd Clog
no. X=X obsd (eq 30) A CMR pb
1 Me 7.46 7.66 —-0.21 1091 5.62
2 CzHs 7.25 7.13 0.12 11.84 6.68
3 CsHy 6.82 6.60 0.23 12.76 7.74
4 CHMe; 2 7.70 6.60 1.10 12.76 4.48
5 c¢y-CsHs 7.10 6.76 0.34 1249 6.33
6 CsHo 5.77 6.07 —0.30 13.69 8.79
7 CH.,CHMe, 5.68 6.07 —-0.39 13.69 8.53
8 CeHs 5.52 5.32 0.21 15.00 7.90

2 Data point not included in deriving equation. ® Not in-
cluded in the equation.

log 1/C = —0.57(+0.25)CMR + 13.9(£3.2) (30)

n=7,r>=0.876,s=0.319, g° = 0.753,
log 1/C =5.5-7.7

highest CMR = 15

r? Clog P Vs CMR = 0.648
outlier: X =X'=CHMe,

Iso rat adrenal cortex (Table 29)%¢
Ne_-Cl
el T
AN =
XXIX

Table 29. Isg Data of XXIX in Rat Adrenal Cortex2®

log 1/C = —1.23(+0.48)CMR + 1.88(+0.58)l, , +
19.9(+5.37) (31)

n =10, r’ = 0.895, s = 0.271, g = 0.809,
log 1/C = 5.0-7.7

highest CMR = 12.9

r’ Clog P Vs CMR = 0.663

outliers: X = CH,OH, Y = 4-COOH,;
X =CH,0H, Y = 2-tetrazole, 5-CN

I, = 1 for 2-tetrazolyl derivative

Iso pithed rat (Table 30)*

SMe

N N o
cm{(\ X OZNH’CliNHCSH7
o )

XXX

log 1/C = 7.79(+2.08)CMR —
0.24(£0.06)(CMR)? — 55.6(+16.8) (32)

n =12, r>=0.893, s = 0.157, g° = 0.816,
log 1/C =5.8—-7.5

substituents log 1/C
no. X Y obsd calcd (eq 31) A CMR I,y Clog PP
1 CH,0OH 2-tetrazole 7.72 7.57 0.16 11.58 1 3.37
2 CH,OMe 2-CH-tetrazole 6.52 6.43 0.10 12.50 1 3.85
3 CH,OMe 2-CONH-tetrazole 6.16 5.93 0.22 12.91 1 2.03
4 CHO 2-tetrazole 7.70 7.71 -0.01 11.46 1 4.28
5 CH,0OH 2-COOH 6.64 6.38 0.26 11.01 0 3.97
6 CH,0OH 3-COOH 6.31 6.38 -0.07 11.01 0 4.85
7 CH,OH 4-COOH? 4.96 6.38 —-1.42 11.01 0 4.85
8 CH,0OH 2-COOH,3-Me 5.72 5.81 —0.09 11.47 0 4.47
9 CH,OH 2-COOH,6-OMe 5.52 5.62 -0.10 11.63 0 3.55
10 CH,0OH 2-tetrazole,4-OMe 6.24 6.81 -0.57 12.19 1 3.28
11 CH,0OH 2-tetrazole,5-OMe 6.92 6.81 0.11 12.19 1 3.28
12 CH,0OH 2-tetrazole,5-CN2 6.29 6.98 —0.69 12.05 1 2.80

a Data points not included in deriving equation. ® Not included in the equation.
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Table 30. Isp Data of Analogs of XXX in Pithed Rat*
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log 1/C
no. substituent obsd calcd (eq 32) A CMR Clog P®
1 COOH 6.62 6.52 0.11 14.67 5.39
2 CH,OH 6.40 6.49 —0.09 14.64 4.93
3 H 5.86 5.97 -0.12 14.02 5.97
4 COOCH,CsHs 6.50 6.40 0.11 17.65 7.87
5 COOCMe; 6.78 6.95 -0.17 16.53 7.28
6 COOC;Hs 6.86 6.94 —0.09 15.60 6.57
7 CONHMe? 7.45 6.87 0.58 15.35 4.73
8 CONHCH(COOH) CH(Me)CH,CH3 6.25 6.23 0.03 17.86 6.51
9 CONH, 6.96 6.65 0.31 14.89 4.41
10 CONHCH,COOMe 7.09 6.96 0.13 16.47 4.74
11 CONHCH,COOH 7.00 6.99 0.01 16.00 4.53
12 CONHCOMe 6.81 6.98 -0.17 15.85 4.54
13 CONHSO,CgHs 5.77 5.83 —0.06 18.27 6.22

a Data point not included in deriving equation. ® Not included in the equation.

opt. CMR = 16.1(15.9-16.2)
highest CMR = 18.3
r? Clog P Vs CMR = 0.223
outlier: CONHMe

Table 31. Isg Data of XXXI in Rat Liver Membrane*

log 1/C
calcd
no. substituent obsd (eq 33) A Clog P
1 SMe 6.62 6.41 0.21 5.38
2 SCeHs 596 5.66 030 7.16
3 S-2-thienyl 548 571 —-0.23 7.03
4 S(CH,)sOH 6.73  6.66 0.07 477
5 S(CH),OH 6.70  6.58 0.13 4.98
6 S(CH;)4,OCOMe 6.03 6.18 —0.15 5092
7 SCH,CF,CF,CH,OH 591 6.19 -0.28 5091
8 SCF3? 6.74 5.94 0.79 6.49
9 SCHF,? 6.92 6.22 0.70 5.82
10 SCH.CF; 5.88 5.87 0.02 6.67
11 SOMe 6.60 6.55 0.06 5.04
12 SO;Me 6.98 7.08 -0.10 3.77
13 Cl 6.52 654 —0.02 5.06

a Data points not included in deriving equation.

Iso rat liver membrane (Table 31)*

X

CaH 9/2‘§——CO OH
Wt
XXXI

I
SO,NHCNHC3H,

log 1/C = —0.42(+0.13)Clog P + 8.66(+0.73) (33)

n =11, r> = 0.858, s = 0.188, g°> = 0.767,
log 1/C =5.5-7.0

highest CMR = 17.2
r? Clog P Vs CMR = 0.185
outliers: SCF;; SCHF,

Iso rat adrenal cortex (Table 32)%°

A

log 1/C = —0.54(+£0.14)Clog P —
8.83(+1.92)B1,, — 1.62(+1.22)B1;, +
24.66(+4.20) (34)

n=17, r*=0.904, s = 0.197, g* = 0.785,
log 1/C =4.9-6.9

highest CMR = 13.81

r? Clog P Vs CMR = 0.095

outliers: X =—,Y =3-COOH, Z = 2-C,H,,
5-CH,0OH; X = trans-CH=CH, Y = 2-COOH,
Z = 2-C,H,, 4-Cl, 5-CH,OH

Iso rat lung (Table 33)#°

7N
6=
X—/J\ \>704Hg ooH
5y 3N
4 \
waws

XXXl

log 1/C = —0.65(:0.28)MR,, + 0.37(+0.28)MR +
0.25(0.24)7, + 6.17(40.16) (35)

n =14, r> = 0.830, s = 0.169 g°= 0.552,
log 1/C = 5.2—6.7

highest CMR = 15
r? Clog P Vs CMR = 0.655
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Table 32. Isp Data of Analogs of XXXII in Rat Adrenal Cortex®

substituents log 1/C
no. X Y Z obsd calcd (eq 34) A ClogP Bl,z Blsz
1 NHCO 2-COOH 2-C4Ho,4-Cl1,5-CH,COOCH;  6.85 6.93 —0.08 3.41 152 152
2 - 3-COOH 2-C4H,,4-Cl,5-CH,OH 6.31 6.16 0.16 4.85 152 152
3 - 3-COOH 2-C4Hog,5-CH,OH? 5.96 6.50 —0.54 4.20 152 152
4 - 3-COOH 2-C4H,,4-Cl,5-CH,0COMe 5.60 5.69 —0.09 5.70 152 152
5 - 3-COOH 2-C4Ho,4-Cl,5-CH,0OMe 5.54 5.72 —0.18 5.66 152 152
6 CO 2-COOH 2-C4H,,4-Cl,5-CH,0OH 6.80 6.90 —0.10 3.46 152 152
7 CO 2-COOH 2-C4Ho,4-CH,0OH,5-ClI 6.47 6.39 0.08 3.56 152 180
8 CO 2-COOH 2-C4Hog,4-CH,OCOMe,5-Cl 5.85 5.93 —0.08 4.42 152 180
9 CO 2-COOH 2-C4Ho,4-Cl,5- CH,OMe 6.82 6.46 0.36 4.28 152 152
10 O 2-COOH 2-C4Ho,4-Cl,5-CH,0OH 6.40 6.27 0.13 4.63 152 152
11 S 2-COOH 2-C4Ho,4-Cl,5-CH,OH 6.40 6.29 0.11 4.60 152 152
12 OCH; 2-COOH 2-C4Ho,4-Cl,5-CH,0OH 6.04 6.26 -0.23 4.65 152 152
13 OCH; 2-COOH 2-C4Ho,5-CH,OH 6.51 6.61 —0.10 4.00 152 152
14 OCH; 2-COOH 2-C4Ho,4-Cl,5-CH,0COMe 5.75 5.80 —0.06 5.50 152 152
15 OCH; 2-COOH 2-C4Ho,4-Cl,5-CH,OMe 5.92 5.82 0.10 5.46 152 152
16  OCH; 2-COOH 2-C3H;S,5-CH,0OH 5.23 4.93 0.30 4.16 1.70 152
17  OCH; 2-COOH 2-C;HsS,5- CH,OH 4.92 5.22 —0.30 3.64 1.70 152
18 trans-CH=CH 2-COOH 2-C4Ho,4-Cl,5-CH,0H? 5.27 5.94 —0.67 5.25 152 152
19 NHCONH 2-NHSO,CF;  2-C4Hq,4-Cl,5-CH,OMe 5.62 5.63 —0.01 5.82 152 152

a Data points not included in deriving the equation.

Table 33. Isp Data of Analogs of XXXIII in Rat Lung?*

log 1/C

no substituent obsd calcd (eq 35) A MRy MRe 7 Clog PP

1 H 6.40 6.14 0.26 0.10 0.10 0.0 6.09

2 4-Me 5.92 5.84 0.08 0.57 0.10 0.0 6.59

3 5-Me 5.92 6.14 —0.22 0.10 0.10 0.0 6.59

4 6-Me 6.07 6.31 —0.24 0.10 0.57 0.0 6.59

5 7-Me 6.32 6.28 0.04 0.10 0.10 0.56 6.59

6 4-NH; 5.77 5.86 —0.09 0.54 0.10 0.0 5.55

7 5-NH; 6.09 6.14 —0.05 0.10 0.10 0.0 5.55

8 6-NH; 6.27 6.30 —0.03 0.10 0.54 0.0 5.55

9 7-NH 5.97 5.83 0.14 0.10 0.10 —-1.23 5.55
10 4-NHCOMe 5.24 5.24 0.0 1.49 0.10 0.0 5.73
11 5-NHCOMe 6.34 6.14 0.20 0.10 0.10 0.0 5.73
12 6-NHCOMe 6.74 6.65 0.09 0.10 1.49 0.0 5.73
13 7-NHCOMe 5.74 5.90 —0.16 0.10 0.10 —-0.97 5.73
14 5-NHCONH-cy-CgH11 6.10 6.14 —0.04 0.10 0.10 0.0 7.82
Iso rat adrenal cortex (Table 34)%8 Iso pithed rat (Table 35)*

)
X/< o SMe
I

N

N
\ 0
CH, NH/ji:l Cabs /< \ COOH OgNH’é—X
N
O~

XXXV
log 1/C = 1.29(+0.44)CMR — 7.85(+3.70)log( x
10°MR + 1) — 7.83(+4.45) (36)
— 2 __ _ 2 _
n=11,r"=0.880,5=0.371,q" = 0.781, log 1/C = 0.50(+0.16)CMR — 1.24(+1.24) (37)

log 1/C = 4.0—6.6

n=09,r?=0.881,s = 0.120, q* = 0.803,
log 1/C =5.0-6.4

highest CMR = 15.9
r® Clog P Vs CMR = 0.789 r? Clog P Vs CMR = 0.787

opt. CMR = 11.64(+0.27)
highest CMR = 12.51

outlier: CH,(4-OMe-C¢H,) outliers: NHMe; OC,H;; CH,CH;
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Table 34. Isg Data of Analogs of XXXVI in Rat Adrenal
Cortex?*

log 1/C

calcd
no. substituents obsd (eq36) A CMR Clog P"
1H 4.00 371 029 891 1.23
2 Me 4.00 430 —-0.30 9.38 1.50
3 CyHs 5.07 489 0.18 9.84 2.03
4 (CH2),CH3 5.43 5.46 —0.03 10.31 2.56
5 (CH,);CH;3 6.21 5.98 0.23 10.77 3.08
6 (CHj)4CHs 6.62 6.35 0.27 11.23 3.61
7 (CH2)sCHs 6.46 6.35 0.11 11.70 4.14
8 (CH.)sCH; 596 564 032 12.16 4.67
9 (CH3):CeHs 5.03 5.08 —0.05 12.35 3.44
10 CH3(4-OMe—C¢H4)? 5.60 —89.76 95.37 12.51 3.21
11 CH,—CeHuy 5.55 6.02 —0.47 11.98 4.15
12 CHMe, 4.92 546 —0.54 10.31 2.43

a Data point not included in deriving equation. ® Not in-
cluded in the equation.

Table 35. Isp Data of Analogs of XXXV in Pithed Rat*

log 1/C
calcd
no. substituent obsd (eq 37) A CMR
1 NHMe2 5.02 5.56 —0.54 13.74
2 NHC;Hs 5.68 5.78 —-0.10 14.21
3 NHC3H- 6.13 6.01 0.12 14.67
4  NHCH,CH=CH, 5.98 6.00 —0.02 14.65
5 NHC4H, 6.43 6.25 0.18 15.14
6 OMe 5.53 5.45 0.08 13.52
7 OCyHs? 6.15 5.68 0.47 13.99
8 OC4Hg 5.97 6.14 —-0.17 14.92
9 OCHCHMe; 6.12 6.14 —-0.02 14.92
10 Me 5.40 5.37 0.03 13.38
11  CzHy 5.75 5.83 —0.08 14.30
12 CH.CeHs? 5.52 6.61 —-1.09 15.89

a Data points not included in deriving equation.

Table 36. Isp Data of Analogs of XXXVI in Rat*

log 1/C

calcd
no. substituents obsd (eq38) A CMR Clog PP
1 SMe 6.13 5.87 0.26 14.67 5.38
2 S(CH,);0H 5.01 5.19 -0.18 1575 4.77
3 S(CH),OH 479 489 -0.10 16.22 4.98
4 SCH,CF,CF,CH,OH 5.11 4.85 0.26 16.28 5.91
5 SCH,SMe? 5.33 5.07 0.27 15.94 5.60
6 SCF3 5.67 5.84 —0.17 14.72 6.49
7 SCHF; 590 5.85 0.05 14.70 5.82
8 SCH,CF; 543 555 -0.12 15.18 6.67
9 CI? 5.24 6.37 -—1.13 13.89 5.06

a Data points not included in deriving equation. ® Not in-
cluded in the equation.

Iso rat (Table 36)*

X

N
CAHQ/<-§—COOH SOQNHIC?INH03H7
-0

XXXVI

log 1/C = —0.64(£0.31)CMR + 15.2(+4.7)  (38)

n=7,r?=0.849, s = 0.210, g> = 0.670,
log 1/C = 4.8-6.1
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highest CMR = 16.3

r? Clog P Vs CMR = 0.184
outliers: SCH,SMe; ClI

C. Guinea Pig Angiotensin Antagonists

Iso guinea pig adrenal membrane (Table 37)%

N
s /
NS NH
8 5
Do alhad)
2 3

XXXV

log 1/C = —1.17(+0.59)B1 — 0.43(+0.26)L, —
0.94(-0.28)B5, — 1.0(-0.48)¢ + 10.7(+1.30)
(39)

n =20, r’ = 0.853, s = 0.312, g> = 0.766,
log 1/C =5.7-8.2

highest CMR = 13.6

r? Clog P Vs CMR = 0.316

outliers: 2,6-di-Me; 2-C,Hg, 6-COOMe

D. Human Angiotensin Antagonists
Ki human recombinant AT1 receptor (Table 38)5%2

XXXV

log 1/K; = 14.88(+6.35)CMR —
0.65(£0.26)(CMR)? + 1.33(+ 0.75)B1, —
77.69(+39.14) (40)

n =17, r> = 0.902, s = 0.352, ¢° = 0.812,
log 1/C = 6.0-9.8

opt. CMR = 11.47(10.8 — 11.8)
highest CMR = 13.98

r? Clog P Vs CMR = 0.861
outliers: X=H,Y =H; X=H, Y =NMe,
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Table 37. Iso Data of Analogs of XXXVII in Guinea Pig Adrenal Membrane®!
log 1/C
no substituent obsd calcd (eq 39) A Bles L, B5g o® Clog Pd
1 2-Me 7.80 7.66 0.13 1.0 2.06 1.0 0.0 5.50
2 2-C;Hs 7.51 7.66 —0.16 1.0 2.06 1.0 0.0 6.03
3 2-C;Hs,5-Me 7.89 7.73 0.15 1.0 2.06 1.0 —0.07 6.53
4 2-C,Hs,5-Cl 6.92 7.30 -0.37 1.0 2.06 1.0 0.37 6.76
5 2-C,Hs,5-CN 7.22 7.11 0.12 1.0 2.06 1.0 0.56 5.56
6 2,6-di-Me? 6.33 7.23 —0.90 1.52 2.06 1.0 -0.17 6.00
7 2-Me,6-Cl 5.92 6.50 —0.58 1.80 2.06 1.0 0.23 6.23
8 2-C,Hs,6-CN 6.44 6.31 0.14 1.60 2.06 1.0 0.66 5.56
9 2-C;Hs,6-CF3 6.07 5.97 0.10 1.99 2.06 1.0 0.54 6.97
10 2-C,Hs,6-COOMe? 7.18 6.47 0.71 1.64 2.06 1.0 0.45 6.06
11 2-C,Hs,6-OMe 7.66 7.53 0.13 1.35 2.06 1.0 -0.27 6.30
12 2-C,Hs,6-OCHMe; 7.59 7.55 0.04 1.35 2.06 1.0 -0.29 7.13
13 2-C,Hs,6-OCH,CH,F 8.16 7.55 0.61 1.35 2.06 1.0 —0.29¢ 6.55
14 2-C,Hs5,6-OCH,CF3 7.59 7.55 0.04 1.35 2.06 1.0 —0.29¢ 7.58
15 2-C;Hs,7-Me 6.85 7.39 —0.53 1.0 2.87 1.0 —0.07 6.53
16 2-C,Hs,7-Cl 6.80 6.67 0.13 1.0 3.52 1.0 0.37 6.76
17 2-C,Hs,7-CN 6.34 6.17 0.17 1.0 4.23 1.0 0.56 5.56
18 2-C;Hs,7-OMe 6.66 6.72 —0.06 1.0 3.98 1.0 0.12 6.30
19 2-Me,8-Me 6.51 6.85 —0.35 1.0 2.06 2.04 -0.17 6.00
20 2-C,Hs,8-Cl 6.85 6.68 0.17 1.0 2.06 1.80 0.23 6.76
21 2-C;Hs,8-CF3 5.70 5.61 0.09 1.0 2.06 2.61 0.54 6.97
22 2-C,Hs,8-OMe 6.02 5.98 0.04 1.0 2.06 3.07 —0.27 6.30

2 Data points not included in deriving equation. ? ¢ values for 2 position are essentially constant so they have not been
parametrized. ¢ Estimated values of ¢. ¢ Not included in the equation.

Table 38. Kj Data of Analogs of XXXVIII for Human
Recombinant AT 1 Receptor>??

log 1/K;

substituents calcd Clog
no X Y obsd (eq40) A CMR Blx P¢
1H C,Hs 9.51 8.99 0.52 11.47 1.00 3.88
2 Me Me 9.70 9.67 0.03 11.47 1.52 3.62
3 Me C,Hs 9.59 9.53 0.05 11.94 1.52 4.15
4 CyHs Me 9.14 953 -—0.40 11.94 1.52 4.15
5 CyHs C,Hs 9.62 09.12 0.51 12.40 1.52 4.68
6 CzHs C,Hs 8.89 842 0.47 12.87 152 521
7 CeHs C,Hs 596 5.83 0.13 13.99 1.71 5.77
8 OMe CHs 9.05 9.20 -0.15 12.09 1.35 4.15
9 CI CHs 9.77 9.89 -0.12 11.97 1.80 4.60

10 CO.CHs CoHs  7.77 8.21 —0.44 13.05 1.64 4.43

11 H HP 7.40 843 —1.03 10.55 1.00 2.85
12 H Me 9.02 8.85 0.18 11.01 1.00 3.35
13 H CsH;  9.19 8.84 0.34 11.94 1.00 4.41
14 H CéHs 7.00 7.36 —0.36 13.06 1.00 4.95
15 H Cl 859 8.86 —0.28 11.04 1.00 3.57
16 H OMe 8.80 892 -0.13 11.16 1.00 3.64
17 H OC;Hs 8.89 897 —0.08 11.63 4.17
18 H SMe 8.64 891 -0.27 11.82 1.00 3.99
19 H NMe,® 7.66 890 —1.24 11.84 1.00 3.57

b Data points not included in deriving equation. ¢ Not in-
cluded in the equation

Iso human recombinant AT1 receptor (Table 39)52°

XXXIX l\/ NH

log 1/C = —0.30(+0.10)L, + 0.24(+0.16)CMR +
0.91(+0.43)Clog P — 1.39(+0.49)log(8 x
10€199P +1) + 3.99(+£2.94) (41)

n =27, r>=0.899, s = 0.111, g° = 0.849,
log 1/C=7.9-9.4

opt. Clog P = 3.80(+0.61)
highest CMR = 16.28

r? Clog P Vs CMR = 0.067

outliers: X = Me, Y = 5-Me-pyridin-2-yl;
X =Me, Y = 4-Me-pyridin-2-yl; X = C,Hg,
Y = pyridin-2-yl; X = COMe,
Y = 1l-oxo-pyridin-2-yl; X = COMe,
Y = pyridin-2-yl

In looking through QSAR 19-38 for rat angio-
tensin receptor, it is observed that all sets contain
the biphenyl moiety except 27 and 34. Three acid
functions are also present: tetrazole, COOH, and
—SO,;NH. Only five QSAR (19, 20, 22, 25, and 35)
contain modest positive hydrophobic terms. The
range of activity is narrow except for QSAR 22, where
the pyrimidine ring appears to be well positioned for
hydrophobic interactions. Most of the activity is
associated with overall bulk (CMR) or specific steric
effects modeled by sterimol parameters.

Equation 39 for angiotensin receptor in guinea pig
adrenal membrane shows steric interactions of the
ligand with the receptor. Bulky groups on the left-
hand side of the biphenyl moiety reduce the activity.
However, this is only one example for this system;
still it is consistent with other systems and QSARs
obtained for them.

Results with the human AT 1 receptor (egs 40 and
41) are of interest because here in eq 41 we find the



Comparative QSAR

Chemical Reviews, 2001, Vol. 101, No. 9 2747

Table 39. Isy Data of Analogs of XXXIX for Human Recombinant AT 1 Receptor®%®

substituents log 1/C

no X Y obsd calcd (eq 41) A Lx Clog P CMR

1 CH,OH 1-oxo-pyridin-2-yl 9.09 9.04 0.04 3.97 3.50 15.10

2 CH,OH pyridin-2-yl 9.09 8.91 0.18 3.97 4.16 14.95

3 Me 1-oxo-pyridin-2-yl 8.85 8.89 —0.03 2.87 5.03 14.95

4 CH(OMe), pyridin-2-yl 8.81 8.72 0.09 4.78 4.70 16.03

5 COOMe 1-oxo-pyridin-2-yl 8.75 8.94 —0.19 4.73 3.54 15.60

6 COOMe pyridin-2-yl 8.73 8.79 —0.06 4.73 4.20 15.45

7 CH(OMe), 1-oxo0-pyridin-2-yl 8.84 8.99 —-0.16 4.78 4.04 16.18

8 CH(OMe), pyridin-4-yl 8.87 8.80 0.07 4.78 4.49 16.03

9 CH,OH 1-oxo-pyridin-4-yl 9.07 9.01 0.05 3.97 3.29 15.10
10 CH,OH pyridin-4-yl 8.98 8.96 0.01 3.97 3.95 14.95
11 Me 1-oxo-pyridin-4-yl 9.04 8.98 0.06 2.87 4.82 14.95
12 Me pyridin-4-yl 8.61 8.64 —0.03 2.87 5.49 14.80
13 Me 1-oxo-pyridin-3-yl 8.98 8.98 0.0 2.87 4.82 14.95
14 Me pyridin-3-yl 8.59 8.64 —0.05 2.87 5.49 14.80
15 Me 1-o0x0,5-Me-pyridin-2-yl 8.83 8.77 0.07 2.87 5.53 15.41
16 Me 5-Me-pyridin-2-yl2 8.67 3.84 4.83 2.87 6.20 15.26
17 Me 1-0x0,4-Me-pyridin-2-yl 8.79 8.77 0.03 2.87 5.53 15.41
18 Me 4-Me-pyridin-2-yl2 9.43 3.84 5.59 2.87 6.20 15.26
19 H 1-oxo-pyridin-2-yl 8.88 9.11 -0.23 2.06 4.83 14.49
20 H pyridin-2-yl 8.87 8.77 0.10 2.06 5.50 14.33
21 Me 1-ox0-6-Me-pyridin-2-yl 8.68 8.77 —0.09 2.87 5.53 15.41
22 Me 6-Me-pyridin-2-yl 8.60 8.42 0.18 2.87 6.20 15.26
23 CH,SO,Me 1-oxo-pyridin-2-yl 8.72 8.73 —0.01 4.92 2.66 16.29
24 CH,SO,;Me pyridin-2-yl 9.05 8.98 0.06 4.92 3.33 16.13
25 CHCH; pyridin-2-yl 7.90 7.99 —0.09 4.29 6.22 15.31
26 CyHs 1-oxo-pyridin-2-yl 8.30 8.38 —0.08 4.11 5.56 15.41
27 CyHs pyridin-2—yl? 8.67 3.45 5.22 4.11 6.23 15.26
28 CH,OMe 1-oxo-pyridin-2-yl 8.85 8.76 0.09 4.78 431 15.57
29 COMe 1-oxo-pyridin-2-yl2 8.10 4.09 4.01 4.06 5.00 15.45
30 COMe pyridin-2-yl2 8.75 3.74 5.01 4.06 5.67 15.30
31 CHMe; 1-oxo-pyridin-2-yl 8.35 8.30 0.05 411 5.96 15.88
32 CHMe, pyridin-2-yl 7.90 7.95 —0.05 4.11 6.62 15.72

a Data points not included in deriving equation.

Clog P is important and that an optimum of 3.80 can
be established. This is near to the value of 4.1 for
the drug losartan. As for eq 40, we kept it with CMR
as it gave a better QSAR, but it should be noted that
the mutual correlation between Clog P and CMR is
high (r? = 0.861).

Equation 20 suggests that modest increase in
activity might be obtained by increased bulk. Just
how much is not clear. The log P term in this QSAR
is of marginal value. The highest log 1/C for any of
the QSAR is 10.1. This is probably close to the limit.
However, what is completely lacking is some idea of
what the optimum log P would be for results in whole
animals. It is known that —COO~ has a & value of
about 4 log units lower than —COOH. No data is
available for the tetrazole or sulfonamides. What
needs to be done is to measure some log P values at
pH 7.4. Compounds XX without 4-substituents would
be a good place to start. Bioavailability is clearly
dependent on log P. For this reason, we have included
Clog P values in every set even though they do not
sometimes appear in the QSAR (the instances are
marked) so that some feeling can be estimated for
whole animal studies.

[V. Conclusions

Carini et al.?® proposed Figure 2, based on their
following observations. The presence of biphenyl
group enhanced the oral activity, but the presence

lipophilic pocket

lipophilic pocket

H C

“°\//\

H-bonding interaction

N

lipophilic pocket

Figure 2.

of a linker chain between the two phenyl moieties
reduces the activity. The acidic isostere imparts
highest activity to the drug molecule when present
at the ortho position. A short alkyl chain at the 2
position of imidazole or the fused imidazole ring is
needed for efficient binding to the receptor. The
imidazole ring is required as an acceptor in a
hydrogen-bonding interaction with the receptor.

It appears that all the molecules designed to study
AT 1 receptor antagonistic activity are based on this
model as all the molecules have these pharmaco-
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phores i.e., a nitrogen atom in the imidazole/hetro-
cyclic ring, an alkyl side chain, and an acidic moiety
and these are connected through the biphenyl group
as spacer. We could derive 39 QSARs from the data
reported in the literature as referenced with each
QSAR. To summarize our general thoughts about all
of the QSAR derived by us, we conclude as follows.

The 39 QSAR derived by us provide an overview
of the structure—activity relationships for a variety
of compounds in various systems. To our knowledge,
these are the first QSAR for angiotensin antagonists.
None of the data sets are ideally designed, but they
do offer ideas for further work.

The most important conclusion is the lack of
importance for hydrophobic interactions with the
receptors. We cannot say anything about the area
where the biphenyl unit binds. Out of the 39 QSAR,
only 11 equations contain positive log P or & terms
(3,5, 13, 14, 15, 19, 20, 22, 25, 35, and 41). Of these,
the term in eqs 5, 20, and 35 are of marginal
importance. Equation 3 has a small positive term and
then a large linear negative term. There is little
variation in X so that Y has the greatest influence.
Since the CH; linker unit provides considerable
flexibility, it is not clear where Y is binding. We have
the same problem with eq 13. Where X binds is not
clear, but it could be in the same area as Y in eq 3.
Equation 14 is also similar where Y does not contact
hydrophobic space but X does. Equation 40 is the
most interesting in that it defines an optimum log P
not too far from that of eq 3 and that is near that of
losartan. However, in QSAR 3 and 41, only small
limited regions of the receptor are being explored.
Negative hydrophobic terms are found in QSAR 8,
10, 11, 24, 26, 33, and 34. Clearly the receptors are
largely polar in character. The most commonly oc-
curring parameter is CMR or MR (egs 1, 2, 4, 6, 7,
12, 20, 21, 23, 28, 30, 31, 32, 35, 36, 37, 38, 40, and
41). Sometimes these terms are positive and some-
times negative.

A point for confusion here is the fact that all but
five QSAR (6, 9, 12, 29, and 36) contain a biphenyl
moiety and in these cases other bulky units are
present. Although the biphenyl unit is clearly strongly
hydrophobic, from the data in hand we cannot
conclude that its role is hydrophobic or simply a
CMR-type effect. Since there can be considerable
collinearity (r? Clog P Vs CMR > 0.7) between Clog
P or 7 and CMR or MR that might hide hydrophobic
effects, we have indicated the degree of collinearity
between these parameters for each QSAR, and it
needs further investigation.

We need to examine the instances where optimum
hydrophobic terms can be established.

QSAR opt. log P highest log 1/C
3 45 10.1
13 6.4 8.5
40 3.8 9.4

Two of these values are near 4.03, the Clog P for
the drug losartan. The reason for the one high value
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drug acidic group ClogP CMR
losartan tetrazole 4.03 11.64
valsartan tetrazole 5.08 12.20
irbesartan tetrazole 6.04 12.31
candesartan terazole 543 12.12
eprosartan COOH 5.05 11.88
telmisartan COOH 7.46 15.47
tasosartan tetrazole 3.06 11.61
saprisartan NHSO,CF, 6.28 13.87

is not obvious. There are four examples where the
optimum CMR values are found.

QSAR opt. CMR highest log 1/C
1 18.6 10.3
28 11.8 7.9
32 16.1 7.5
36 11.6 6.6

Potency roughly follows the optimum CMR. The
CMR for losartan is 11.7. In the one instance where
we might have expected to find an optimum Clog P,
eq 32, for a whole animal, we find only CMR terms.
In this example collinearity between Clog P and CMR
is very low.

Considering examples where the hydrophobic terms
are quite significant, positive, and linear (eq 13, 14,
15, 19, 22, and 25), some insight can be obtained
about parts of the receptor that are hydrophobic.
QSAR 13, 14, and 15 indicate that the heterocyclic
moiety attached to the left side of the biphenyl unit
can have substituents that clearly contact hydropho-
bic space. QSAR 19 shows that substituents on the
sulfonamido group can reach hydrophobic space.
Equations 22 and 25 have the same properties as 13,
14, and 15. It is of interest to compare QSAR 15 with
16 and 25 with 30. In these two sets when the loop
is present (egs 15 and 25) a modest hydrophobic effect
is seen but when this is split (egs 16 and 30) only a
negative steric effect is present. Thus, a very re-
stricted hydrophobic site is uncovered.

A crucial point is getting some perspective on the
so often used biphenyl moiety. A comparison with the
bipyridyl moiety would help to define the nature of
the receptor.

ClogP CMR
4.01 5.2
' NN 15 438

If hydrophobicity is important, it will clearly show
by comparison with the bipyridyl analogue.

The calculated log P for the drugs already in the
market are given in Chart 2. We have also included
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CMR values and the acidic group present in these
drugs.

Sterimol parameters occur in QSAR 1, 2, 4, 5, 9,
10, 11, 16, 22, 23, 24, 27, 29, 34, 39, 40, and 41. Most
of these molecules have short alkyl chains (Me, Et,
Pr, Bu) attached to the carbon next to the nitrogen
in the hetrocylic ring (imidazole, pyrimidine, quinazo-
line, etc). Looking at QSAR 2, 5 and 16, 34, the
negative coefficient of the sterimol parameters indi-
cate that the bulkier and bigger groups cannot be
tolerated at these positions.

Interestingly, eq 14 can be rederived as eq 42

log 1/C = 2.34(+0.50)L, — 0.25(+0.06)L,* +
2.49(+1.06) (42)
n =10, r* = 0.945, s = 0.159, q°* = 0.874
Opt. L, = 4.26(4.73—4.79)

r’ L, Vs m, = 0.993

This suggests that the substituents have a para-
bolic interaction in terms of L, i.e., length. Likewise
the other equations also suggest steric interactions
with the receptor, either positive or negative. The
negative coefficient indicates larger groups at the
specific positions decrease the activity. As seen in the
eqs 4 and 9, the negative coefficient for L and B1 for
the substituents on the phenyl ring, attached to the
acidic isostere, indicate that bigger groups at the para
position decrease the activity. The positive coef-
ficients of the sterimol parameter shows that there
is positive steric interaction of the substituents with
the receptor (eqs 10, 11, 23, 24, 27, and 29).

Electronic terms are present in egs 6, 7, 9, 10, 11,
19, and 39 only. For most of the other equations (eqgs
3,8, 12,13, 14, 15, 16, 20, 21, 23, 24, 25, 26, 28, 30,
32, 33, 38, 40, and 41), electronic effects could not be
evaluated, either because of the lack of parameter
values for unusual substituents or because of lack of
variation in substituents (e.g., all alkyl groups). Most
researchers still do not consider the importance of
having substituent variation in hydrophobic, elec-
tronic, and steric properties for which known param-
eter values are available (see Chapter 13 in refs
12a,b). For egs 2, 4, 5, 27, 34, and 36, the substituents
are in positions where steric interactions appear to
be more important than electronic effects. For egs 8,
28, and 31, the groups attached to the biphenyl
moiety do not have much variation. They are one of
the three acidic isosteres. Equation 29 is ambivalent
because of the —COOH group present ortho to the
—CONR- linker chain attached to the phenyl ring.

It is most interesting that in six of the seven
examples the o term has a negative coefficient
regardless of position. The term in QSAR 9 may be
related to the ionization of the nearby COOH func-
tion. Insight on this can be gained from the following
QSAR for the ionization of X—CsH,COOH in aqueous
solution from the work of Dippy et al.53

pK, = — 0.59(+ 0.01)0 + 4.31(+ 0.04) (43)
n=>5,r?=0.991, s = 0.019, g° = 0.977
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Using the ionization constant instead of pK, yields
a slope of 0.59 close to that in eq 9.

The fact that almost regardless of position p with
o is negative is of interest. MR was first used to
account for molecular polarizability via the refractive
index terms.'® There are two shortcomings to this
process: collinearity with volume and the directional
nature of polarizability.>* The latter may mean that
unless the electronic properties of the receptor and
ligand are in suitable alignment the polarizability
factor may be missed. In such cases MR is simply a
measured volume and correlation with volume will
be found. We believe that since p is generally negative
from various positions, this is associated with polar-
izability.

We have found CMR and MR (for substituents) to
be quite valuable parameters in QSAR. At present
our database contains 1287 QSAR that require these
terms. Very recently, CMR has enabled us to uncover
a number of QSAR that identify allosteric inter-
actions between ligands and receptors.5®

Finally, we mention that we could not include some
of the data sets in this report because we could not
derive a statistically significant correlation.>”~6? Also,
some studies reporting 3D QSAR® or conformational
analysis®16264 could not be used to derive QSAR via
our approach for comparative purpose.
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