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Abstract—Compounds that have unexpected biological activity and are unable to fit in a QSAR model are known as outliers. These
are valuable in defining the limitations under which compounds act by a common molecular mechanism modeled by one or more
descriptors, and also in defining the experimental limitations of the biological test data. Thus, the outliers should be submitted to
particular attention to see if the reason for their peculiarity can be determined. Separating these outliers from the main data set and
formulating another QSAR can resolve the problem. Our result shows that these outliers may be acting by a different mechanism or
interacting with the receptor in different modes.
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1. Introduction

In the past 43 years, the use of QSAR, since its advent,’
has become increasingly helpful in understanding chemi-
cal-biological interactions in the drug-design process and
in pesticide research, as well as in the areas of toxicology.?
It is useful in elucidating the mechanisms of chemical-bi-
ological interaction in various biological structures, par-
ticularly enzymes, membranes, organelles, and cells.>> It
has also been utilized for the evaluation of absorption,
distribution, metabolism, and excretion (ADME) phe-
nomena in many organisms and whole animal studies.*
The QSAR approach employs extra-thermodynamically
derived and computational-based descriptors to correlate
biological activity in isolated receptors, cellular systems,
and in vivo. QSAR models can stand alone, augment
other graphical approaches, or be examined in tandem
with equations of a similar mechanistic genre to establish
their authenticity and reliability.’

The typical problem in developing a QSAR model is the
presence of outliers. Outliers are those compounds which
have unexpected biological activity and are unable to fit in
a QSAR model. These are valuable in defining the limita-
tions under which compounds act by a common molecu-
lar mechanism modeled by one or more descriptors, and
also in defining the experimental limitations of the biolog-
ical test data. Thus, the outliers should be submitted to
particular attention to see if the reason for their peculiar-
ity can be determined. QSAR models that have no or very
few outliers are known as good models. On the other
hand, those QSAR models that have a large number of
outliers are bad models. The analyses of outliers indicate
that these compounds may be acting by a different mech-
anism or interacting with the receptor in different modes.

In the present review, we would like to present QSAR
(quantitative structure—activity relationship) studies on
different sets of compounds which have a large number
of outliers. Separating outliers from the main data set
and formulating another QSAR can resolve the problem.
The new subsets of compounds (outliers), which may be
acting by a different mechanism or interacting with the
receptor in different modes, have been supported by the
different nature of their QSAR. The splitting of the main
data set for the development of meaningful QSAR is
shown in Figure 1. A search from SciFinder Scholar
(2004 Edition) of the Chemical Abstract for the last five
years reveals that the average number of publications on
QSAR is about 1080 articles/reviews each year. Present-
ly, more than 12,350 articles/reviews have already been
published on QSAR; surprisingly, not a single attempt
was made toward the problem of outliers.

2. Materials and methods

All the data have been collected from the literature (see
individual QSAR for respective references). Cis the molar
concentration of a compound and log1/C is the depen-
dent variable that defines the biological parameter for
QSAR equations. Physicochemical descriptors are auto-
loaded, and multi-regression analyses (MRA) used to

—————————|QSAR1 I

Outliers|—| QSAR 3

Main | C.QSAR Program
Data Set

Figure 1. Scheme for the splitting of main data set and development of
QSAR.

derive the QSAR were executed with the C-QSAR pro-
gram.® The parameters used in this review have already
been discussed in detail along with their application.?
Briefly, Clog P is a calculated partition coefficient in oct-
anol/water and is a measure of hydrophobicity, and 7 is
the hydrophobic parameter for the substituents usually
measured for substituents attached to benzene. Calcu-
lated molar refractivity (CMR) is the calculated molar
refractivity for the whole molecule. MR is calculated from
the Lorentz—Lorenz equation and is described as follows:
(n> — 1/n* + 2)(MW/5), where n is the refractive index,
MW is the molecular weight, and § is the density of a mol-
ecule. MR is dependent on the volume and polarizability.
It can be used for a substituent or for the whole molecule.
Number of valence electrons (NVE) is a parameter’ !°
that was found to be another approach to understanding
polarizability and is calculated by simply summing up the
valence electrons in a molecule, that is, H=1, C =4,
Si=4, N=5, P=5, O=6, S=6, and halogens = 7.
MgVol is the molar volume for the whole molecule and
is calculated by C-QSAR program using the method of
McGowan.'! Hammett ¢, 6, and ¢ constants are elec-
tronic parameters that apply to substituent effects on
aromatic systems.? Bl, BS, and L are Verloop’s sterimol
parameters for substituents.!'? B is a measure of the width
of the first atom of a substituent, BS is an attempt to define
the width of the whole substituent, and L is the substituent
length. The indicator variable 7 is assigned the value of 1
or 0 for special features with special effects that cannot
be parametrized and has been explained wherever used.
Each regression equation includes 95% confidence limits
for each term in parentheses.

In QSAR equations, n is the number of data points, r is
the correlation coefficient, * is the goodness of fit, q2 is
the goodness of prediction, and s is the standard devia-
tion. All the QSAR reported here are derived by us and
were not given with the original data sets taken from the
literature as referenced. In this review, we are presenting
the experimental data from various types of molecules,
which we find a large enough data set to understand
the problem with outliers in QSAR.

3. Results and discussion
3.1. Splitting the main data set into three sub data sets

3.1.1. Camptothecin derivatives

3.1.1.1. Cytotoxic activity of camptothecin derivatives I
in vitro against H460 human non-small lung carcinoma
cell line. Data from Dallavalle et al.!3 (Tables la—c).
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Dallavalle et al.!3 studied the cytotoxicity of camptothe-
cin derivatives I in vitro against H460 human NSCLC
cell line. From these results, we were unable to derive
a good QSAR due to the presence of 15 outliers out of
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33 compounds, which is not acceptable. The presence
of a large number of outliers may be due to their inter-
action with the receptors in different modes. Thus, we re-
moved all the 15 outliers from the main data set of
QSAR 1a to make it useful. Now these 15 outliers were
subjected to the formulation of QSAR 1b, which gave 5
outliers. These 5 outliers were removed from QSAR 1b,
which was further used in the derivation of QSAR lc.
Finally, the main data set of 33 compounds was split
into three sub data sets (see Fig. 1), which gave three
QSAR equations la—1c. It is interesting to note here that
all three QSAR equations la—lc have good statistics,
and do not have any outlier.

Table 1a. Biological and physicochemical constants used to derive QSAR equation la for the cytotoxic activity of camptothecin derivatives (Ia—Ir)

against H460 human non-small lung carcinoma cell line

No. X Y logl/C (Eq. 1a) ClogP CMR
Observed Calculated A4
Ia H H (camptothecin) 6.48 6.58 —0.10 0.90 9.52
Ib OH C,Hs (SN-38) 7.10 7.48 —0.39 1.97 10.60
Ic OH CH=NOCH; 6.70 6.74 —0.04 1.04 11.25
Id H CH=NOCH,CH=CH, 7.22 7.38 —0.16 1.77 12.00
Ie H CH=NOC(CH;); 7.82 7.54 0.28 2.23 12.49
If OCHj; CH=NOC(CH3); 7.15 7.52 —0.37 2.51 13.11
Ig H CH=NOC(CH;),CH,OH 6.47 6.45 0.02 0.78 12.64
Th H CH=NOCH,CH,N(CHj3), 6.52 6.74 —0.22 1.05 12.86
Ti H CH=NOCH,COOH 5.63 5.717 —0.14 0.21 11.75
Ij H CH=NOCH,CONH(CH,);NH, 5.28 5.18 0.10 —0.28 13.73
Ik H CH=NOCH,CH,-morpholinyl 7.10 6.77 0.33 1.07 13.76
I H CH=NOCH,C¢H; 7.52 7.49 0.03 1.99 13.61
Im H C(CH3)=NOCH,C¢Hj; 6.89 6.75 0.14 3.74 14.07
In H CH=NOCH,CsH4-(p-CH3) 7.70 7.53 0.17 2.49 14.07
To H CH=NOCH,C¢H4-(p-NO,) 7.77 7.36 0.41 1.74 14.22
Ip H CH=NOCH,C¢Fs 7.55 7.52 0.03 2.50 13.69
Iq H CH=NOCH,CcH4-(p-CcHs) 6.55 6.63 —0.08 3.88 16.12
Ir H CH=NOC(C¢H5s);3 5.84 5.86 —0.02 4.78 18.63

Table 1b. Biological and physicochemical constants used to derive QSAR equation 1b for the cytotoxic activity of camptothecin derivatives (Is—Iab)

against H460 human non-small lung carcinoma cell line

No. X Y log1/C (Eq. 1b) ClogP CMR
Observed Calculated A
Is H CH=NOH 7.49 7.49 0.00 1.15 10.63
It H CH=NOCH; 7.40 7.48 —0.09 1.00 11.10
Tu H CH=NOCH,CH(CH,)O 7.70 7.59 0.11 0.52 12.00
Iv OH CH=NOC(CH3);3 6.89 6.82 0.06 2.28 12.64
Iw H CH=NOC(CHj3),COOC(CHj3); 6.85 6.90 —0.05 241 14.53
Ix H CH=NO(CH,),-3-(N-CH3;)piperidinyl 7.00 7.06 —0.06 2.03 14.54
Iy H CH=NOC¢H; 6.80 6.79 0.01 2.37 13.15
Iz H CH=NOCH,C¢H,4-(p-NH,) 7.60 7.53 0.07 0.77 13.98
Iaa H CH=NOCH,-9-anthracenyl 6.72 6.70 0.02 4.34 16.98
Iab H CH=NOCH,-4-pyridyl 7.52 7.60 —0.07 0.50 13.40

Table 1c. Biological and physicochemical constants used to derive QSAR equation lc for the cytotoxic activity of camptothecin derivatives (Iac-Iag)

against H460 human non-small lung carcinoma cell line

No. X Y log1/C (Eq. 1¢) ClogP CMR
Observed Calculated A

Iac H CH=NOCOCxH; 5.75 5.70 0.05 1.94 13.64

Iad H C(C¢H5)=NOH 5.29 5.32 —0.03 2.95 13.15

Iae H CH=NOCH,CH,NH, 6.31 6.36 —0.05 0.15 11.93

Iaf H CH=NOCH,CH,-1-uracylyl 6.30 6.47 —0.17 —0.16 14.08

Iag H CH=NOCH,-2-imidazolyl 6.68 6.48 0.20 —0.18 12.83
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log1/C = 1.23(£0.22)Clog P — 2.11(40.39)
x log(f x 10187 4 1) 4 5.53(+0.29)

n=18, ¥ =0913, ¢*=0.888, s=0240 (la)

optimum Clog P = 2.30

logf=-2.16
logl/C = —0.42(£0.09)Clog P — 1.07(£0.50)CMR
4 0.04(+0.02)CMR? + 14.60(+3.33)
n=10, ”»=0969, ¢*=0.823, s=0.081 (Ib)
inversion point for CMR = 12.76(11.98-13.39)

logl/C = —0.37(£0.18)Clog P + 6.42(+0.28)

n=35 r»=0937, ¢ =0844, 5=0.158 (1c)
The hydrophobicity of the molecules correlates with
their cytotoxic activity in a bilinear fashion in Eq. la,
which suggests that the activity of compounds (Ia-Ir)
first increases linearly with an increase in hydrophobic-
ity to an optimum Clog P of 2.30 and then decreases lin-
early. Eq. 1b is an allosteric correlation with molar
refractivity, followed by a linear correlation with nega-
tive hydrophobicity. An allosteric correlation with
CMR suggests that the activity of compounds (Is-Iab)
first decreases with an increase in CMR up to the inver-
sion point for CMR = 12.76 and then increases. Eq. lc
indicates a negative effect of hydrophobicity for the mol-
ecules (Iac-Iag). QSAR equations la—1c explain 91.3%,
96.9%, and 93.7% of the variance, respectively, in the
cytotoxicity data of camptothecin derivatives 1. It is of
interest to note here that all the three QSAR equations
la—1c are different in nature, suggesting that the com-
pounds associated with these equations may be interact-
ing with the receptor in different modes.

The term ‘allosteric’ (from Greek origin) means ‘another
shape’. A mathematical model for allosteric interactions
in proteins which are oligomeric in nature was first pro-
posed by Monod et al.,'* which are oligomeric in nature
and the model was applied with considerable success on
several enzymes or metabolically active proteins. The
early work in this fascinating field has already been re-
viewed.!>"!7 Allosteric effects have been considered to oc-
cur when the interaction between ligand and receptor
results in a change in the structure of the receptor. The
first precise understanding came from the X-ray analysis
of the exact location of the ligand on the hemoglobin sub-
units.!® Hemoglobin is an incredibly complex substance
that can, apparently, be composed of possibly many sub-
units.'® Recently, the allosteric effect has been illustrated
for single receptor or enzymes.!*2° Bender et al.?! have in-
ferred an allosteric interaction via QSAR.

Until the use of QSAR to uncover such a reaction, estab-
lishing an allosteric reaction was a tedious process. In an
allosteric correlation, at first the activity decreases as the
value of dependent parameter increases, but then at a spe-
cific point it turns around and increases. Obviously, a
change in the mechanism of the reaction occurs at the
inversion point. Thus, allosteric interactions are mainly

due to a change in the structure of the receptor. The result
of an allosteric reaction is a U- or V-shaped curve. This is
easy to see by a simple plot of the data when a single
parameter is involved. The way one detects such a reac-
tion from the QSAR model can be illustrated by Eq. i with
Clog P (for inverted parabola):

log1/C = —aClog P + bClog P* + constant (i)

This equation implies that at first, as Clog P increases,
the activity decreases; but then at a certain point, the
exponential term takes over and the activity starts to in-
crease with further increase in Clog P value. Similarly,
Eq. ii represents the allosteric bilinear correlation with
Clog P (inverted bilinear):

log1/C = —aClogP + blog(f x 10°°¢” 4 1) + constant

(i)
In terms of CMR, Egs. i and ii may be represented by
Egs. iii and iv, respectively.

log1/C = —aCMR + hCMR? + constant (iii)

log1/C = —aCMR + blog(p x 10°™® + 1) + constant
(iv)

Thereis a practical as well as a theoretical side to allosteric
reactions. In designing a new drug or studying environ-
mental toxicology and trying to gain perspective
via QSAR, one must have a considerable range in the
properties of the parameters or one may obtain a false
impression of the predictive properties of a QSAR. Chris-
topoulos?? reviewed extensively the importance of alloste-
ric interactions for drug discovery and their complexity.
Forin-depth knowledge about the use of QSAR in alloste-
ric reaction, the interested reader is to refer to earlier pub-
lications.?3 27

3.1.2. 5-Chloroindolyl derivatives

3.1.2.1. Inhibition of glycogen phosphorylase A (GPA,
EC 2.4.1.1) by S-chloroindolyl derivatives II. Data from
Wright et al.?® (Tables 2a—c).

T O

(0] X

I
From the data of Wright et al.,?® we again are unable to
derive a good QSAR due to the presence of 16 outliers
out of 37 compounds. This data set was also divided
into three sub data sets according to Figure 1, which
gave QSAR equations 2a—2c with good statistics.

log1/C = —4.96(+2.61)CMR + 0.20(+0.12)CMR”
+36.54(£14.44)
n=21, »=0855 ¢ =0.819, s=0.193 (2a)
inversion point for CMR = 12.38(11.85-14.30)
log1/C = 28.01(£6.42)Clog P — 4.19(£0.95)C log P*
—39.39(£10.74)
n=10, r*=0.940, ¢°=0.866,
optimum Clog P = 3.34(3.28-3.40)

s=0249 (2b)
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Table 2a. Biological and physicochemical constants used to derive QSAR equation 2a for the inhibition of glycogen phosphorylase A (GPA) by

S-chloroindolyl derivatives (Ila—Ilu)

No. X logl/C (Eq. 2a) CMR
Observed Calculated A

Ila CH,CN 7.52 7.41 0.12 9.58
ITb CH,CH,OH 7.24 7.25 —0.01 9.72
Ilc Allyl 7.02 6.97 0.05 10.01

IId CH,CH,CN 6.85 6.93 —-0.07 10.04
Ile CH,C(Me),OH 6.82 6.44 0.39 10.65
1If CH,CH,OMe 6.70 6.80 —-0.10 10.18
g CH(Me)CH,CH,OH 6.68 6.44 0.24 10.65
ITh CH,CH,OCH,CH,OH 6.64 6.33 0.30 10.80
I CH(CH,0H), 6.46 6.67 —0.22 10.34
I1j CH,CH,CH,OMe 6.43 6.44 0.00 10.65
11k CH,CONMe, 6.39 6.27 0.11 10.90
m CH,CH(NH,)CH,OH 6.29 6.50 -0.21 10.55
IIm CH,COOEt 6.28 6.41 —0.14 10.68
IIn Cyclopentyl 6.18 6.35 —0.17 10.78
Ilo (CH2)30-isopropyl 6.17 5.96 0.21 11.58
1Ip CH,CH(OH)CH,O-isopropyl 6.03 5.92 0.11 11.73
IIq CH,CH,O-isopropyl 5.96 6.16 —0.20 11.11

IIr CH,CH(NH,)CH,OMe 5.92 6.21 —0.29 11.02
1Is CH,CH,OPh 5.85 5.84 0.01 12.23
11t CH,CH,-(4-morpholinyl) 5.82 591 —0.09 11.77
Iu CH,CH,OCH,Ph 5.80 5.85 —0.06 12.70

Table 2b. Biological and physicochemical constants used to derive QSAR equation 2b for the inhibition of glycogen phosphorylase A (GPA) by

S-chloroindolyl derivatives (Ilv-Ilae)

No. X log1/C (Eq. 2b) ClogP
Observed Calculated A
Ilv Methyl 7.26 7.41 —0.15 3.31
Tw CH,CH(OH)CH; 7.80 7.39 0.40 3.42
IIx CH,CH,CH,OH 7.38 7.42 —0.04 3.35
Iy CH,CH(OH)CH,OH 7.27 7.38 —0.11 3.25
1z CH,C(Me)(OH)CH,OH 7.08 7.02 0.06 3.65
Ilaa CH,COOH 6.59 6.93 -0.34 3.68
I1ab CH,CH,;NMe, 5.01 5.13 —0.11 4.08
Ilac CH,CH(OH)CH,OMe 7.00 7.06 —0.06 3.05
Ilad Ethyl 6.68 6.37 0.31 3.84
Ilae CH,CONH, 5.34 5.29 0.05 2.63

Table 2c. Biological and physicochemical constants used to derive QSAR equation 2c¢ for the inhibition of glycogen phosphorylase A (GPA) by

S-chloroindolyl derivatives (Ilaf-Ilak)

No. X log1/C (Eq. 2¢) ClogP
Observed Calculated A
Haf CH,CH,CH,;NMe, 5.30% 6.48 —1.18 4.28
Ilag n-Butyl 7.09 6.99 0.10 4.90
Ilah n-Propyl 6.47 6.55 0.08 4.37
Ilai CH,CH,NH, 5.80 5.59 0.21 3.18
aj CH,CH,CH,NH, 5.52 5.79 —0.27 343
ITak CH,CH,CH,CH,OH 5.41 5.37 0.04 291

#Data point not included in the derivation of Eq. 2c.

logl/C =0.81(£0.41)Clog P + 3.01(£1.55)
n=5 1»=0931, ¢*=0831, s=0.2I5 (2¢)

outlier: Ilaf

The GPA inhibitory activity of the molecules (Ila—Ilu)

correlates with their molar refractivity in an inverted
parabolic fashion, as represented by Eq. 2a. Thus, the

activity of these compounds first decreases with an in-
crease in molar refractivity up to the inversion point
for CMR = 12.38 and then increases. Eq. 2b is a para-
bolic correlation with Clog P, which suggests that the
activity of compound (IIv-Ilae) first increases with an
increase in hydrophobicity to an optimum ClogP of
3.34 and then decreases. It is interesting that in Eq. 2¢
we obtained a linear correlation with Clog P with posi-
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Table 3a. Biological and physicochemical constants used to derive QSAR equation 3a for the inhibition of human carbonic anhydrase II (hCA II) by

sulfonamide derivatives (IIIAa—IIIAl)

No. X log1/C (Eq. 3a) CMR
Observed Calculated A
II1Aa 2-NH, 5.58 5.51 0.06 4.30
IIIAb 4-NCS 5.44 5.65 -0.21 5.48
IIAc 4-CH,OH 5.24 5.45 —0.20 4.55
IIAd 3-F,4-NH, 5.52 5.51 0.01 4.31
IIIAe 3-1,4-NH, 5.76 5.74 0.02 5.60
IIAf 4-NH, 5.62 5.51 0.11 4.30
IIAg 4-CH,NH, 5.40 5.43 —0.03 4.76
IIIAh 4-CH,CH,NH, 5.51 5.53 —0.02 5.23
TIAi 4-CH,CH,OH 5.52 5.46 0.07 5.01
IIAj 2-CF3,4-NH,,5-SO,NH, 6.47 6.15 0.32 6.05
IIAK 4-2-(NH,-pyrimidin-4-ylamino) 7.05 7.14 —0.09 6.76
1Al 4-NHNHC(=S)NH, 6.54 6.58 —0.04 6.39

tive coefficient. QSAR equations 2a—2¢ explain 85.5%,

94.0%, and 93.1% of the variance, respectively, in the
GPA inhibitory activity data of the molecules (Ila—Ilu),
(Ilv-Ilae), and (Ilaf-IIak), respectively. It is of interest
to note here that all the three QSAR equations 2a-2c¢
are different in nature, which suggests that the compounds
associated with these equations may be interacting with
the receptor in different modes.

3.1.3. Sulfonamide derivatives

3.1.3.1. Inhibition of human carbonic anhydrase II
(hCA II) by sulfonamide derivatives (IIIA and IIIB). Data
from Innocenti et al.?° (Tables 3a—c).

SO,NH,

N
y oD
Ll
X © O,N S)\SOZNHZ
1A 111B

Table 3b. Biological and physicochemical constants used to derive
QSAR equation 3b for the inhibition of human carbonic anhydrase II
(hCA 1I) by sulfonamide derivatives (IIIAm-IIIAr)

No. X log1/C (Eq. 3b) ClogP
Observed Calculated 4
IMAm 3-NO, 6.39 6.36 0.03 0.58
IIIAn  2-NHNH, 7.10 7.07 0.02 -0.19
IITAo 4-NO, 6.40 6.36 0.04 0.58
IIAp 4-CH; 6.24 6.14 0.09 0.80
IIIAq 3-Br4-NH, 6.21 6.42 —0.21 0.51
IIIAr 4-NHNH, 7.09 7.07 0.02 -0.19

From the data of Innocenti et al.,>’ we derived the

following three QSAR equations by splitting into three

sub data sets on the basis of Figure 1:

log1/C = —4.04(£1.93)CMR + 0.43(40.18)CMR*
+15.01(£5.12)

n=12, ”»=0937, ¢*=0882, s=0.15 (3a)
inversion point for CMR = 4.75(4.23-4.98)
log1/C = —0.93(£0.34)Clog P + 6.89(40.18)

n==6, r=0935 ¢ =088, s=0.117 (3b)

log 1/C = 2.24(+1.22)MgVol + 3.20(=1.80)
n=4, »=0969, ¢ =0892, s=0091 (3¢

)

outlier: IITAs

Eq. 3a is an allosteric parabolic correlation with molar
refractivity, which suggests that the inhibitory activity
of the compounds (IITAa-IITAl) toward hCA I first de-
creases with an increase in molar refractivity up to the
inversion point of CMR =4.75 and then increases. Eq.
3bindicates the negative hydrophobic effects for the com-
pounds (IITAm-IITAr). In Eq. 3c, we obtained a linear
correlation with molar volume for the compounds
(IITAs-IITAv and ITIB). QSAR equations 3a—-3c explain
93.7%, 93.5%, and 96.9% of the variance, respectively,
in the hCA II inhibitory data of the molecules (IIIAa—
IIIAl), (IIMAm-IITAr), and (IIIAs-IIIAv and IIIB),
respectively.

Table 3¢c. Biological and physicochemical constants used to derive QSAR equation 3c for the inhibition of human carbonic anhydrase II (hCA II) by

sulfonamide derivatives (IIIAs-IIIAv and IIIB)

No. X log1/C (Eq. 3¢) MgVol
Observed Calculated A

II1As 2-COOCH; 4.13% 6.46 —-2.33 1.45

1At 4-COOH 6.06 6.14 —0.09 1.31

ITAu 3-Cl,4-NH, 6.25 6.16 0.09 1.32

IIIAv 2-Cl,4-NH,,5-SO,NH, 7.02 7.01 0.01 1.70

1B 2-SO,NH,-6-NO,-benzothiazole 6.60 6.62 —0.02 1.52

#Data point not included in the derivation of Eq. 3c.
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3.1.3.2. Inhibition of human carbonic anhydrase II The data of Vullo et al.3° were divided into three sub

isozyme (hCA II) by sulfonamide derivatives IV (Fig. 2). data sets on the basis of outliers (see Fig. 1), which gave
Data from Vullo et al.3° (Tables 4a—c). the following QSAR equations:
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Figure 2. Structure of sulfonamide derivatives (IVa-IVw) used in the derivation of Eqs. 4a-4c
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Table 4a. Biological and physicochemical constants used to derive
QSAR equation 4a for the inhibition of human carbonic anhydrase II
isozyme (hCA II) by sulfonamide derivatives (IVa-1Vm) (Fig. 2)

Compound log1/K; (Eq. 4a) ClogP
Observed Calculated A
IVa 7.85 7.63 0.23 0.09
IVb 8.10 8.21 —0.11 2.05
IVe 7.42 7.51 —0.09 0.24
Ivd 8.05 8.12 —0.07 —0.43
IVe 7.42 7.28 0.14 0.92
vt 7.12 7.27 —0.16 0.88
Vg 7.08 7.29 -0.22 1.00
IVh 8.85 8.73 0.12 243
Vi 7.72 7.69 0.03 1.61
IVj 7.82 7.56 0.26 1.47
IVk 7.89 7.90 —0.02 1.80
vl 7.92 7.84 0.08 1.74
IVm 8.05 8.24 -0.20 2.07

Table 4b. Biological and physicochemical constants used to derive
QSAR equation 4b for the inhibition of human carbonic anhydrase II
isozyme (hCA II) by sulfonamide derivatives (IVn-IVr) (Fig. 2)

Compound log 1/K; (Eq. 4b) ClogP
Observed Calculated A

IVn 8.52 8.51 0.01 0.33

IVo 7.68 7.81 —0.14 0.92

IVp 7.80 7.81 —0.02 0.92

1Vq 7.89 7.75 0.14 0.98

IVr 8.68 8.68 0.00 0.20

Table 4c. Biological and physicochemical constants used to derive
QSAR equation 4c for the inhibition of human carbonic anhydrase 11
isozyme (hCA 1II) by sulfonamide derivatives (IVs-IVw) (Fig. 2)

Compound log1/K; (Eq. 4c) MgVol
Observed Calculated A

IVs 7.92% 11.08 -3.16 1.34

IVt 7.82 7.70 0.12 2.44

IVu 7.92 8.08 —0.16 2.31

IVv 8.82 8.89 —0.07 2.05

IVw 9.15 9.05 0.11 2.00

4 Data point not included in the derivation of Eq. 4c.

log 1/K; = —1.14(£0.45)Clog P + 2.64(+0.82)
x log(B x 1087 + 1) + 7.58(+0.21)

n=13, ¥ =0887, ¢ =0.802, s=0.182 (4a)
inversion point for Clog P = 0.84
logff = —0.96
log1/K; = —1.86(£0.48)Clog P + 8.91(+0.36)

n=>5 1=0954 ¢*=089%4, s=0.113 (4b)

log1/K; = —3.07(£2.00)MgVol + 15.19(+4.41)

n=4 =095, ¢*=078, s=0.169 (4c)
outlier: I'Vs
The hydrophobicity of the molecules (IVa—IVm) corre-

lates with their inhibitory activity to the hCA II in an in-
verted bilinear fashion in Eq. 4a. The inversion point of

this equation is Clog P = 0.84. In Eq. 4b, we obtained a
negative effect of hydrophobic term of the ligands
(IVn-IVr). Eq. 4c is a linear correlation with the molar
volume of the compounds (IVs-IVw). QSAR equations
4a—4c explain 88.7%, 95.4%, and 95.6% of the variance,
respectively, in the hCA II inhibitory data of the mole-
cules (IVa-IVm), IVn-IVr), and (IVs-IVw), respectively.

3.2. Splitting the main data set into two sub data sets

3.2.1. Tryptamine derivatives

3.2.1.1. Binding affinity of 1-R,2-Z,3-(CH,CH,-Y),5-
X-tryptamines V to 5-HT6 receptor in HeLa cells. Data
from Russel et al.3! (Tables 5a and b).

X.: \/\/Y
|
N~ Z

I
R

v

This data set was divided into two sub data sets accord-
ing to Figure 1, which gave QSAR equations 5a and 5b.

log1/K; = 1.01(£0.28)Clog P — 6.57(41.96)
x log(f x 1087 4 1) + 4.45(+0.92)

n=14, »=0870, ¢*=0825 s=0268 (5a)
optimum ClogP =4.13
logp = —4.87

log 1/K; = 1.38(+0.84)0% + 1.60(0.66)Iy
+7.12(40.85)

n=8, r=0944, ¢ =0841, s=0294 (5b)

outlier: Vs

Eq. 5a is a bilinear correlation with hydrophobicity of
the molecules (Va-Vn). The optimum value of ClogP
for this equation is 4.13. On the other hand, ¢* of
X-substituents makes the best prediction for the binding
affinity in Eq. 5b; this suggests that electron-withdraw-
ing X-substituents of compounds (Vo-Vw) will favor
their activity via resonance. The indicator variable Iy
takes the value of 1 for Y = NMe,.

3.2.2. Phenylacetamide derivatives

3.2.2.1. Binding affinity to human CCRS receptor by
phenylacetamides VI. Data from Burrows et al.3? (Tables
6a and b).

N | N
N O = X
g VI

This data set was also divided into two sub data sets
according to Figure 1, which gave QSAR equations 6a

and 6b.
log1/C = —0.36(£0.09)mtx-4 + 0.92(£+0.21)Blx-4
+ 4.88(£0.33)

r? =0.888, ¢*>=0.866,

n =33, s=0.209 (6a)
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Table 5a. Biological and physicochemical constants used to derive QSAR equation 5a for the binding affinity of 1-R,2-Z,3-(CH,CH,-Y),5-X-
tryptamines (Va-Vn) to 5-HT6 receptor in HeLa cells

No. X Y V4 R log1/K; (Eq. 5a) ClogP
Observed Calculated A
Va OMe NH, H SO,Ph 7.40 7.59 —0.20 3.16
Vb OMe NMe, H SO,Ph 8.64 8.09 0.55 3.84
Ve OMe NMe, H SO,Ph (2-Cl) 7.96 7.94 0.02 4.55
vd OMe NMe, H SO,Ph (3-Cl) 8.10 7.94 0.16 4.55
Ve OMe NMe, H SO,Ph (4-Cl) 7.77 7.94 -0.17 4.55
A% OMe NMe, H SO,-(2-thienyl) 8.08 7.88 0.20 3.51
Vg OMe Piperidinyl H SO,Ph 6.46 6.45 0.01 5.20
Vh H NMe, H SO,Me 6.21 6.13 0.08 1.66
Vi OH NMe, H SO,Ph 7.72 7.84 —0.12 3.45
Vj OH NMe, H COPh 7.27 7.57 —0.30 3.13
Vk CN NMe, H SO,Ph 7.48 7.74 —0.26 3.33
Vi1 OMe NMe, Me SO,Ph 7.92 8.13 —0.21 4.29
Vm OMe NMe, Me H 7.05 7.04 0.01 2.58
Vn H NMe, COOEt H 7.70 7.46 0.24 3.01

Table 5b. Biological and physicochemical constants used to derive QSAR equation 5b for the binding affinity of 1-R,2-Z,3-(CH,CH,-Y),5-X-

tryptamines (Vo-Vw) to 5-HT6 receptor in HeLa cells

No. X Y V4 R log 1/K; (Eq. 5b) 0% Iy
Observed  Calculated 4

Vo OMe NMe, H SO,Ph(4-Me) 7.35 7.64 -0.29 -0.78 1
Vp OMe NMe, H SO,Ph(4-OMe)  7.59 7.64 -0.05 -0.78 1
Vq OMe NMe, H SO,(2-naphthyl) 8.01 7.64 037 -0.78 1
Vr  OMe NMe, H COPh 7.60 7.64 —-0.04 -0.78 1
Vs  OMe Pyrrolidinyl H SO,Ph 7.36% 6.04 .32 -0.78 0
vt OMe 4-Me-piperazinyl H SO,Ph 6.31 6.04 027 -0.78 0
Vu OMe Morpholinyl H SO,Ph 5.77 6.04 -0.27 -0.78 0
Vv. H NMe, H SO,Ph 8.54 8.71 —0.17 0.00 1
Vw H NMe, 3-(3-OMe-CH,Ph)-1,2,4-0oxadiazole-5-yl H 8.89 8.71 0.18 0.00 1

4 Data point not included in the derivation of Eq. 5b.

log1/C = —0.44(£0.07)mx-s + 6.95(+£0.06) log1/C = 3.25(+1.22)MgVol — 6.49(+4.77)

_ 2 2 __ —
n=5, 1 =0993, q2 — 0981, s=0.038 (6b) n=28, r =0876, ¢ =0812, s5=0.297 (7a)
. log1/C = 0.46(£0.18)CMR —+ 2.50(£0.67
The most important parameter for both Egs. 6a and 6b el/ 5 ( ) ) ( )
is the hydrophobic term my_4, which shows that only n=35, r =095, ¢ =0848, s=0.070 (7b)

substituents in position 4 of the phenyl ring contact
the hydrophobic space on the receptor, whereas the
negative coefficient shows that there is a need for a less
lipophilic substituent. The Blx., term (the sterimol
smallest width) appearing in Eq. 6a confirms a positive
steric effect for position 4 substituents of the phenyl
ring.

3.2.3. Ureas
3.2.3.1. Binding affinity to human CCRS5 receptor by
ureas VII. Data from Burrows et al.3? (Tables 7a and b).

From this data set, we obtained two QSAR equations 7a
and 7b (see Fig. 1).

VII

outlier: VIIi

There is a linear correlation between binding affinity of
the molecules and their MgVol in Eq. 7a, which suggests
that the binding affinity of the molecules (VIIa-VIIh)
increases with increase in their MgVol. On the other hand,
there is a linear corelation between the binding affinity of
the molecules and their CMR in Eq. 7b, which suggests
that the binding affinity of the molecules (VIIi-VIIn)
increases with an increase in their molar refractivity.

3.2.4. 8-Substituted-benzo|c]quinolizin-3-ones
3.2.4.1. Inhibition of human S5A-reductase 1 expressed
by CHO 1827 cells by 8-substituted benzo|c|quinolizin-3-

ones VIIL Data from Ferrali et al.33 (Tables 8a and b).
(0]

X
(0]

CH,

VIII
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Table 6a. Biological and physicochemical constants used to derive QSAR equation 6a for the binding affinity to human CCRS5 receptor by

phenylacetamides (VIa-VIag)

No. R X log1/C (Eq. 6a) Tx.4 Blx.4
Observed Calculated A
Via CH3; H 6.11 5.79 0.32 0.00 1.00
Vib CH; 2-Cl 5.44 5.79 —0.35 0.00 1.00
Vic CHj; 3-Cl 5.66 5.79 —0.14 0.00 1.00
VIid CHj; 4-Cl 6.10 6.27 -0.17 0.71 1.80
Vie CHj; 3,4-Cl, 6.11 6.27 —0.16 0.71 1.80
VIf CHj; 2-F 5.72 5.79 —0.07 0.00 1.00
Vig CHj; 3-F 5.85 5.79 0.06 0.00 1.00
VIh CHj; 4-F 6.18 6.06 0.12 0.14 1.35
VIi CHj; 3.4-F, 6.16 6.06 0.10 0.14 1.35
VIj CHj; 3-OCH; 6.17 5.79 0.37 0.00 1.00
VIik CHj; 4-OCHj; 6.24 6.12 0.12 —0.02 1.35
vl CHj; 3,4-(OCHs;), 6.19 6.12 0.07 —0.02 1.35
VIim CHj; 3,5-(OCH;), 5.57 5.79 —-0.22 0.00 1.00
VIn CHj; 2,4,5-(OCH;)3 5.96 6.12 —0.16 —0.02 1.35
Vio CH; 4-Br 6.24 6.35 —0.12 0.86 1.95
Vip CHj; 4-OCH,C¢Hj 5.46 5.51 —0.06 1.66 1.35
Viq CHj; 4-C¢Hs 5.64 5.73 —0.10 1.96 1.71
VIr CHj; 4-CF; 6.43 6.38 0.05 0.88 1.99
VIs CHj; 4-NHCOCH; 6.17 6.46 —0.30 -0.97 1.35
VIt CHj; 4-SO,NH, 7.05 7.40 —0.36 —1.82 2.04
VIu CHj; 4-SO,N(CH3), 7.34 7.02 0.32 —0.78 2.03
VIv CH; 4-SCH; 6.25 6.21 0.04 0.61 1.70
VIw CHj; 4-COOCHj; 6.20 6.38 —0.18 —0.01 1.64
VIx CHj; 4-OH 6.33 6.36 —0.03 —0.67 1.35
Vly CHj; 4-NO, 6.82 6.54 0.29 —0.28 1.70
Viz C,H; 4-SO,NH, 7.42 7.40 0.02 —1.82 2.04
VIaa C,H; 4-SO,CH3 7.12 7.33 —0.21 —1.63 2.03
VIab C,H; 4-NO, 6.96 6.54 0.42 —0.28 1.70
Viac Cy-C;3;H5 4-SO,NH, 7.48 7.40 0.08 —1.82 2.04
VIad Cy-C;H; 4-SO,CH3 7.29 7.33 —0.03 —1.63 2.03
Vlae Cy-C;H; 4-NO, 6.51 6.54 —0.03 —0.28 1.70
VIaf Allyl 4-SO,CH3 7.43 7.33 0.11 —1.63 2.03
Viag Allyl 4-NO, 6.74 6.54 0.21 —0.28 1.70

Table 6b. Biological and physicochemical constants used to derive
QSAR equation 6b for the binding affinity to human CCRS receptor
by phenylacetamides (VIah—VIal)

No. R X log1/C (Eq. 6b) Tx-4
Observed Calculated 4

Viah CH; 4-OCF; 6.54 6.50 0.04 1.04

VIai CH; 4-CN 7.22 7.20 0.02 —-0.57

VIaj C,Hs 4-OCF; 6.51 6.50 0.01 1.04

Viak C,Hs 4-CN 7.18 7.20 -0.02 -0.57

VIal Allyl 4-OCF; 6.46 6.50 —0.04 1.04

This data set was divided into two sub data sets

according to Figure 1, which gave QSAR equations

8a and 8b.

log1/C = 3.32(40.55)Clog P — 0.31(£0.06)C log P*

—0.15(£0.06)CMR — 1.27(+0.43)
?=0944, ¢4 =0874, 5=0.120

n=17, (8a)

optimum Clog P = 5.31(5.17-5.49)

Table 7a. Biological and physicochemical constants used to derive QSAR equation 7a for the binding affinity to human CCRS receptor by ureas

(VIIa-VIIh)

No. R, R, log1/C (Eq. 7a) MgVol
Observed Calculated A
Vila CH; Cy-CgHy, 5.74 5.47 0.27 3.68
VIIb CH; 3-CN-CgHy 5.31 5.55 —0.24 3.70
Vllc CH; 3-CH3-C¢H,y 5.23 5.51 —0.28 3.69
VIId Allyl CeHs 5.68 5.83 —0.15 3.79
Vile C,H; 4-CH3-CgHy 6.49 5.97 0.53 3.83
VIIf Allyl CH,CsH,(3-CHs) 6.62 6.74 ~0.12 4.07
Vilig Allyl CH,C4H4(4-OCHs;) 6.96 6.93 0.02 4.13
VIIh C,H; CH,C4H,(4-SO,CHs3) 7.31 7.34 ~0.03 4.25
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Table 7b. Biological and physicochemical constants used to derive QSAR equation 7b for the binding affinity to human CCRS receptor by ureas

(VIIi-VIIn)

No. R, R, log1/C (Eq. 7b) CMR
Observed Calculated A
VIIi CHj; 3,4-Cl,-C¢Hj3 6.43% 7.20 -0.77 14.30
VIIj CH3; 4-F-C¢H,4 6.72 6.76 —0.04 13.33
VIIk CHj; CH,C¢Hy 7.00 6.97 0.03 13.78
Vil C,H; CH,C¢H, 7.21 7.18 0.03 14.24
VIIm C,H; CH,CgH4(3-CH3) 7.46 7.39 0.06 14.70
ViIn C,H; CH,CsH4(4-OCHs;) 7.38 7.46 —0.08 14.86

#Data point not included in the derivation of Eq. 7b.

Table 8a. Biological and physicochemical constants used to derive QSAR equation 8a for the inhibition of human 5A-reductase 1 expressed by CHO

1827 cells by 8-substituted benzo[c]quinolizin-3-ones (VIIIa-VIIIq)

No. X log1/C (Eq. 8a) ClogP CMR
Observed Calculated A
Villa C,H; 6.66 6.55 0.11 3.85 8.08
VIIIb CH,CgHs 7.01 6.91 0.10 5.15 10.13
Villc C3;HcOH 5.16 5.20 —0.05 2.83 8.70
VIIId C¢Hy(4-CHs) 6.99 6.92 0.07 5.33 10.13
VIlle CgHy(4-1-C4Hy) 6.25 6.15 0.10 6.66 11.52
VIIIf CsH4(4-OCHs3) 6.94 6.83 0.10 4.86 10.28
Vilig C¢H4(4-OC,Hj5) 6.68 6.83 —0.15 5.39 10.74
VIIIh CsHy(4-F) 7.03 6.97 0.06 5.11 9.68
VIIIi CgHy(3-F) 6.80 6.97 -0.17 5.11 9.68
VIIIj CsHy4(2-F) 6.86 6.93 —0.07 491 9.68
VIIIk C¢H4(4-CF5) 6.83 6.78 0.05 5.96 10.17
Vi C¢H4(3-CF3) 6.57 6.78 —0.21 5.96 10.17
VIIIm CgH4(4-NHCOCH3) 6.15 6.16 —0.01 3.90 11.00
VilIn CgH4(4-COOCH3) 6.89 6.80 0.09 5.05 10.78
VIllo C¢H4(4-CONHC;H,) 6.57 6.58 0.00 4.80 11.92
VIIIp CgH4[4-CON(C;,H5),] 6.33 6.44 —0.10 4.62 12.39
Viliq CsH4(4-CONH-1-C4Ho) 6.65 6.55 0.09 4.98 12.39

Table 8b. Biological and physicochemical constants used to derive QSAR equation 8b for the inhibition of human 5A-reductase 1 expressed by CHO

1827 cells by 8-substituted benzo[c]quinolizin-3-ones (VIIIr-VIIly)

No. X log1/C (Eq. 8b) ClogP
Observed Calculated A
VIIIr CH; 6.93 6.82 0.12 3.32
Vs CH(CHs), 6.14 6.14 —0.01 4.16
VIIIt C(CHa)3 6.00 5.97 0.03 4.56
Villu CeHss 6.03 5.97 0.05 4.83
VIIIv Ce¢Hy(2-CF5) 7.38 7.37 0.00 5.96
Vilw Ce¢Hy(4-NH,) 6.57 6.52 0.04 3.65
VIIIx C¢Hy4(3-COOCH3) 6.02 6.07 —0.05 5.05
Villy C¢H4(4-CONH,) 6.44 6.63 —0.18 3.53

log1/C = —0.97(0.30)Clog P + 3.43(£0.86)
x log(f x 10787 4+ 1) 4-9.99(+1.15)

?=0.969, ¢*=0918, s=0.118 (8b)

n=2_,

inversion point for Clog P = 4.70
logfp=-5.10

Eq. 8a is a parabolic correlation with ClogP, followed
by a linear correlation with negative CMR, whereas
Eq. 8b is an allosteric bilinear correlation with ClogP.
Thus, the hydrophobic parameter of the molecules is
the most important parameter for both Egs. 8a and 8b.

3.2.5. 1,8-Naphthyridine derivatives

3.2.5.1. Binding affinity of 1,8-naphthyridine derivatives
IX to cannabinoid receptor (CB2). Data from Ferrarini
et al.3* (Tables 9a and b).

/Y

Iz

HsC” N

IX

We derived two QSAR equations 9a and 9b from the
data of Ferrarini et al.>* (Fig. 1)
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Table 9a. Biological and physicochemical constants used to derive QSAR equation 9a for the binding affinity of 1,8-naphthyridine derivatives

(IXa-IXp) to cannabinoid receptor (CB2)

No. X Y log1/K; (Eq. 9a) ClogP CMR
Observed Calculated A4
IXa H Cyclohexyl 6.00 5.77 0.23 1.49 8.10
IXb H Benzyl 6.00 6.28 —0.28 1.42 8.47
IXc Ethylmorph Cyclohexyl 7.00 6.86 0.14 1.40 11.23
IXd Ethylmorph Morph 6.00 6.29 —0.29 —1.00 10.92
IXe Ethylmorph CH2-cyclohexyl 6.93 6.58 0.35 2.02 11.70
IXf Ethylmorph N-CH;-Pipz 6.00 6.14 —0.14 0.05 11.51
IXg Ethylmorph Benzyl 6.32 6.46 —0.14 1.33 11.60
IXh Ethylmorph Cyclopentyl 7.30 6.99 0.31 0.84 10.77
IXi Ethylmorph Isopentyl 7.30 7.06 0.24 1.35 10.95
IXj Ethylmorph 4-Cl-benzyl 6.00 6.04 —0.04 2.05 12.09
IXk Benzyl Cyclohexyl 8.00 7.85 0.15 3.99 11.08
IX1 2-F-Benzyl Cyclohexyl 7.36 7.89 —0.53 4.13 11.10
IXm 4-F-Benzyl Cyclohexyl 8.26 7.89 0.37 4.13 11.10
IXn 4-F-Benzyl Benzyl 7.19 7.53 —0.35 4.07 11.47
IXo n-Hexyl Cyclohexyl 8.10 8.01 0.09 4.08 10.89
IXp n-Butyl Cyclohexyl 7.76 7.87 —0.11 3.02 9.96

Table 9b. Biological and physicochemical constants used to derive QSAR equation 9b for the binding affinity of 1,8-naphthyridine derivatives

(IXq-IXw) to cannabinoid receptor (CB2)

No. X Y log 1/K; (Eq. 9b) ClogP
Observed Calculated A4
IXq Ethylmorph 4-Me-cyclohexyl 7.52 7.58 —0.06 1.92
IXr Ethylmorph Cycloheptyl 7.66 7.55 0.10 1.96
IXs Benzyl Benzyl 6.00 6.34 —0.34 393
IXt Benzyl 4-Cl-benzyl 6.00 5.89 0.11 4.64
IXu 2-F-Benzyl Benzyl 6.22 6.25 —0.02 4.07
IXv n-Hexyl Benzyl 6.49 6.28 0.21 4.01
IXw n-Butyl Benzyl 6.00% 6.94 —0.94 2.95

#Data point not included in the derivation of Eq. 9b.

log1/K; = 0.34(£0.11)Clog P + 7.93(+2.98)CMR
—0.39(£0.15)CMR? — 33.30(£14.70)
n=16, »=0.888, ¢*>=0.785 s=0308 (9a)
optimum CMR =10.13(9.92-10.37)
log1/K; = —0.62(+0.22)Clog P + 8.77(40.80)
n==6, r=0936, ¢*=0.884, s=0.213 (9b)
outlier: IXw
3.2.6. Benzamide derivatives
3.2.6.1. Inhibition of Kv1.3 (voltage-gated potassium

channel) in CHO cells by benzamide derivatives (XA and
XB). Data from Miao et al.3* (Tables 10a and b).

@ O OCH, @ O OCHg
~ N ) N

N H
6\“/ X O\n/ X
0 (e}
XA (trans) XB (cis)

QSAR equations 10a and 10b were derived from this
data set on the basis of the outliers (Fig. 1).

log1/C = 1.77(+0.55)Clog P — 0.17(£0.06)C log P*
—0.32(£0.10)CMR + 6.49(+1.80)
n=20, ”»=0.898, ¢>=0845 s=0.094 (10a)
optimum Clog P = 5.17(4.83-5.75)
log1/C = —0.57(£0.24)CMR + 13.78(£3.05)
n=38, 1r=0848, ¢*=0.732, s=0.186
outlier: XBI

(10b)

3.2.7. 4-Piperazinylquinazoline derivatives

3.2.7.1. Inhibition of PDGFR (platelet-derived growth
factor receptor) phosphorylation in MG63 cells and in the
presence of plasma by 4-piperazinylquinazolines XI. Data
from Pandey et al.3® (Tables 11a and b).

PR
. Y

H3;CO NN
_
X\/\O N)

XI

We derived the following two QSAR equations 11a and
11b from the data of Pandey et al.®
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Table 10a. Biological and physicochemical constants used to derive QSAR equation 10a for the inhibition of Kvl.3 (voltage-gated potassium
channel) in CHO cells by benzamide derivatives (XAa-XAi and XBa-XBk)

No. X log1/C (Eq. 10a) ClogP CMR
Observed Calculated A
XAa NHCH;(trans) 7.24 7.11 0.12 3.72 11.24
XAb NHCH(CHa3),(trans) 7.12 7.11 0.01 4.56 12.17
XAc NHCH,CH,CHj(trans) 7.30 7.15 0.15 4.78 12.17
XAd NHCH,CH=CH,(trans) 7.15 7.11 0.05 4.49 12.14
XAe NH(2-CHj3-allyl)(trans) 7.05 7.02 0.02 4.89 12.61
XAf NHCH,CH,CH,CHjs(trans) 7.05 7.03 0.02 5.31 12.63
XAg NH(CH,),OH(trans) 6.51 6.58 —0.07 3.15 11.86
XAh NH(CH,),OCHjs(¢rans) 6.85 6.86 —0.01 3.92 12.32
XAi NH(CH,);OCHj(trans) 6.84 6.83 0.01 4.23 12.78
XBa NH(cis) 6.92 6.94 —0.02 3.17 10.78
XBb NHCH,CH,CHj3(cis) 7.00 7.15 —0.15 4.78 12.17
XBc NHCH,C(CH3)=CH5(cis) 6.92 7.02 -0.10 4.89 12.61
XBd NHCH,CH,CH,CHj5(cis) 6.85 7.03 -0.17 5.31 12.63
XBe NH(CH,),OCHj(cis) 6.85 6.86 —0.01 3.92 12.32
XBf NH(CH,);OCHj(cis) 6.89 6.83 0.06 4.23 12.78
XBg NHC¢Hs(cis) 6.92 6.80 0.12 5.49 13.29
XBh NHCH,CgHjs(cis) 6.61 6.65 —0.04 5.49 13.75
XBi NH(CH,),C¢Hjs(cis) 6.38 6.45 0.07 5.82 14.21
XBj NH(CH,);C¢Hs(cis) 6.27 6.19 0.08 6.20 14.68
XBk N(CH,CH=CH,),(cis) 6.69 6.67 0.02 5.86 13.51

Table 10b. Biological and physicochemical constants used to derive QSAR equation 10b for the inhibition of Kvl.3 (voltage-gated potassium
channel) in CHO cells by benzamide derivatives (XAj-XAl and XBI-XBq)

No. X log1/C (Eq. 10b) CMR
Observed Calculated A
XAj N(CH;)CH,CH=CHy(trans) 6.49 6.56 —0.06 12.61
XAk NHCH,CgHs(trans) 5.77 5.90 —0.13 13.75
XAl N(CH,CH=CH,),(trans) 6.08 6.04 0.04 13.51
XBI NHCHj(cis) 6.82°% 7.34 —0.51 11.24
XBm NHCH(CH3),(cis) 6.89 6.81 0.08 12.17
XBn NHCH,CH=CH,(cis) 6.89 6.82 0.06 12.14
XBo N(CH;3)CH,CH=CH(cis) 6.84 6.56 0.28 12.61
XBp NH(CH,),OH(cis) 7.02 6.99 0.04 11.86
XBq OCH,CH=CHy(cis) 6.64 6.95 —0.31 11.93

4 Data point not included in the derivation of Eq. 10b.

Table 11a. Biological and physicochemical constants used to derive QSAR equation 11a for the inhibition of PDGFR (platelet-derived growth factor
receptor) phosphorylation in MG63 cells, and in the presence of plasma by 4-piperazinylquinazolines XIa—XIp

No. X Y logl/C (Eq. 11a) ClogP
Observed Calculated A4
Xla OCH; CN 6.10 597 0.13 2.92
XIb Morpholin-1-yl CN 5.90 6.14 —0.24 3.15
Xle Piperidin-1-yl CN 7.01 7.04 —0.03 4.36
XId 4-OH-piperidin-1-yl CN 5.49 5.49 0.00 2.28
Xle 4-Oxo-piperidin-1-yl CN 6.22 6.09 0.13 3.09
XIf Thiomorpholin-1-yl CN 6.52 6.69 —0.17 3.89
XlIg Pyrrolidin-1-yl CN 6.69 6.63 0.06 3.81
XIh OCH; OCH(CHs;), 6.67 6.57 0.10 3.73
XIi Morpholin-1-yl OCH(CH;), 6.75 6.74 0.01 3.96
XIj 1,2,3-Triazol-1-yl OCH(CH3), 6.42 6.21 0.21 3.24
XIk 11,2,3-Triazol-2-yl OCH(CH;), 6.28 6.49 —0.20 3.62
X1 1,2,3-Triazol-1-yl CN 5.33 5.61 —0.28 2.44
XIm 1,2,3-Triazol-2-yl CN 5.66 5.89 —0.23 2.81
XIn 1,1-Di-oxide-thiomorpholin-1-yl CN 5.53 5.42 0.11 2.18
Xlo 1,1-Di-oxide-thiomorpholin-1-yl OCH(CH3), 6.17 6.02 0.15 2.99
XIp Tetrazol-2-yl OCH(CH3), 6.46 6.21 0.25 3.25
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Table 11b. Biological and physicochemical constants used to derive QSAR equation 11b for the inhibition of PDGFR (platelet-derived growth
factor receptor) phosphorylation in MG63 cells, and in the presence of plasma by 4-piperazinylquinazolines XIq—XIw

No. X Y log1/C (Eq. 11b) CMR
Observed Calculated A
XlIq 1,4-Dioxa-8-aza-spiro[4.5]dec-8-yl CN 6.65 6.71 —0.05 15.49
XIr Piperazin-1-yl CN 5.11% 5.86 —0.76 14.34
XIs 4-CHj;-piperazin-1-yl CN 6.18 6.20 —0.02 14.80
XIt Imidazol-1-yl CN 5.29 5.36 —0.08 13.65
XIu Pyrrol-1-yl CN 5.60 5.52 0.09 13.87
XIv Piperidin-1-yl OCH(CH;), 6.77 6.72 0.05 15.50
XIw Tetrazol-1-yl OCH(CH3), 5.84 5.83 0.01 14.30

#Data point not included in the derivation of Eq. 11b.

log1/C = 0.75(£0.16)Clog P + 3.79(-£0.52)
n=16, r*=0881, ¢*=0852, s=0.178 (lla)

log1/C = 0.73(£0.11)CMR — 4.65(1.60)

n=6, »=0989, ¢ =0969, s=0070 (11b)

outlier: XIr

3.2.8. 5-Chloroindolyl derivatives

3.2.8.1. Inhibition of glycogen phosphorylase A (GPA,
EC 2.4.1.1) by 5-chloroindolyl derivatives XII. Data from
Wright et al.?® (Tables 12a and b).

cl
[ w9
N N\)J\N/\/OH
H o X
XII

The data of Wright et al.?® were divided into two sub
data sets on the basis of outliers (Fig. 1), resulting in
two QSAR equations 12a and 12b.

log1/C = 0.62(£0.13)Clog P + 4.10(+1.10)CMR
— 0.23(£0.06)CMR? — 13.03(5.60)

n=20, ”»=0881, ¢*=0.819, s=0.172 (12a)

optimum CMR = 8.92(8.48-9.25)

log1/C = —1.52(£0.39)Clog P + 0.38(=£0.10)C log P>
+7.74(£0.32)

n=7 r=0967, ¢*=0926, s=0.131 (12b)

inversion point for Clog P =2.00(1.85-2.18)

outlier: XIIw

3.2.9. 6-Substituted-9-(4-methylbenzyl)-2-trifluoromethyl-
9 H-purines

3.2.9.1. Plaque inhibition in M-HeLa cells by 6-X-9-(4-
methylbenzyl)-2-trifluoromethyl-9 H-purines XIII. Data
from Kelley et al.3” (Tables 13a and b).

Table 12a. Biological and physicochemical constants used to derive QSAR equation 12a for the inhibition of glycogen phosphorylase A (GPA) by

S-chloroindolyl derivatives (XIIa—XIIt)

No. X log1/C (Eq. 12a) Clog P CMR
Observed Calculated A4
XIla Cyclopentyl 7.24 7.04 0.20 3.11 9.72
XIIb Cyclononyl 7.09 7.08 0.01 5.34 11.47
XIle Cycloheptyl 7.52 7.19 0.33 4.23 10.65
XIId Cyclooctyl 7.49 7.23 0.27 4.79 11.01
Xlle Cyclohexyl 7.00 7.17 —0.16 3.67 10.18
XI1If Cyclodecyl 6.68 6.83 —0.15 5.90 11.93
XIIg Phenyl 6.92 6.83 0.09 3.04 10.09
XIIh n-Butyl 6.92 7.20 -0.28 3.22 9.43
XIIi Cyclobutyl 6.89 6.81 0.07 2.55 9.26
X1Ij n-Propyl 6.82 6.93 —0.11 2.69 8.97
XIIk Cyclopropylmethyl 6.80 6.85 —0.05 2.61 9.30
X1 Cyclopropyl 6.70 6.64 0.06 222 8.83
XIIm i-Propyl 6.68 6.79 -0.12 2.47 8.97
XIIn (2-Furyl)methyl 6.59 6.62 —0.04 2.46 9.77
XIIo Benzyl 6.49 6.68 —-0.19 3.29 10.55
XIIp 3-Tetrahydrothiophenyl 6.47 6.60 —0.14 2.65 10.06
XIIq Methyl 6.24 6.10 0.15 1.64 8.04
XIIr Cyclododecyl 6.02 6.04 —0.02 7.02 12.86
XIIs (3-Pyridyl)methyl 5.96 5.90 0.06 1.79 10.34
XIIt 3-Sulfolanyl 5.89 5.87 0.01 2.50 10.94
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Table 12b. Biological and physicochemical constants used to derive QSAR equation 12b for the inhibition of glycogen phosphorylase A (GPA) by

5-chloroindolyl derivatives (XITu-XIlab)

No. X log1/C (Eq. 12b) ClogP
Observed Calculated A4
XIu CHJ[(CH,),],S0, 7.92 7.92 0.00 —0.11
XIlv 1-(2,3-Dihydro)indanyl 7.31 7.33 —0.02 3.70
XIIw 3-Tetrahydrofuryl 7.26% 6.22 1.04 1.98
XIIx i-Butyl 6.74 6.68 0.07 3.09
Xlly CH[(CH,),],0 6.60 6.43 0.18 1.27
Xllz t-Butyl 6.54 6.51 0.02 2.87
Xllaa (2-Imidazolyl)methyl 6.37 6.52 —0.15 1.12
XIIab (2-THF)methyl 6.26 6.36 —0.10 2.60

#Data point not included in the derivation of Eq. 12b.

Table 13a. Biological and physicochemical constants used to derive QSAR equation 13a for the plaque inhibition in M-HeLa cells by 6-X-9-(4-

methylbenzyl)-2-trifluoromethyl-9 H-purines (XIIIa—XIIIl)

No. X log1/C (Eq. 13a) ClogP
Observed Calculated A
XIIla NHCH; 6.25 6.34 —0.09 3.60
XIIIb H 4.96 4.92 0.04 2.70
XIIIc SCH3; 6.22 6.57 —0.35 391
XIIId N(CH3)CH,CH; 7.00 6.66 0.34 4.18
XIlIle N(CHj3)CsHs-cyclo 7.00 6.67 0.33 4.23
XIIIf N(CH53)CH,CH,CH; 6.52 6.56 ~0.04 4.70
XIIIg N(CH;)CH,CH=CH, 6.52 6.66 —0.14 442
XIITh N(CH53)CH,SCH; 6.52 6.55 ~0.03 3.88
XIIIi N(CH;)CH,CH,CH,CH3; 6.15 6.08 0.08 5.23
XIIIj N(CH;)CgHs 5.72 5.82 ~0.10 542
XIIIk N(CH;)CH,CH,OH 543 5.35 0.08 291
X111 N(CH;)CH,COOCH; 6.05 6.16 ~0.11 3.43

Table 13b. Biological and physicochemical constants used to derive QSAR equation 13b for plaque inhibition in M-HeLa cells by 6-X-9-(4-

methylbenzyl)-2-trifluromethyl-9 H-purines (XIIIm—XIIIr)

No. X log1/C (Eq. 13b) CMR
Observed Calculated A
XIIIm N(CH3), 7.52 7.26 0.26 8.42
XIIIn NH-C;Hs-cyclo 5.45 5.80 —-0.36 8.74
XIIIo N(CH;)CH,COOH 4.68 4.35 0.34 9.07
XIIIp N(CH;)OH 5.05% 8.65 -3.60 8.11
XIIIq N(CH;3)OCHj; 6.52 6.58 —0.05 8.57
XIIIr N(CH;)C(0)CH, 4.84 5.03 —0.19 8.92

#Data point not included in the derivation of Eq. 13b.

X
YT
F3C)\N/ N)

XIIT CH,3

This data set was also divided into two sub data sets on the
basis of outliers (see Fig. 1) to derive QSAR equations 13a
and 13b.
log1/C = 5.86(%1.61)Clog P — 0.68(40.20)C log P*
—5.91(£3.22)
n=12, r*=0.897,

7 =0843, s=0214 (13a)

optimum ClogP =4.30(4.17-4.47)

log1/C = —4.46(+2.07)CMR — 44.83(18.13)

n=>5 =0940, ¢*=0.765 s=0.340 (13b)

outlier: XIIIp

3.2.10. Kynurenic acid derivatives

3.2.10.1. Apparent dissociation constant of X-kynurenic
acid XIV with NMDA receptor. Data from Leeson et al.3®
(Tables 14a and b).

N~ "COOH
H

XIV

From the data of Leeson et al.,*® we derived the following
two QSAR equations 14a and 14b on the basis of Figure 1:
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Table 14a. Biological and physicochemical constants used to derive QSAR equation 14a for the apparent dissociation constant of X-kynurenic acid
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(XIVa—XIVaa) with NMDA receptor

No. X log 1/KB (Eq 14a) ox LX,5 BIX-S le_7 BSX_7
Observed Calculated A
XIVa H 3.81 3.80 0.01 0.00 2.06 1.00 1.00 1.00
XIVb 5-F 4.39 4.0 0.38 0.34 2.65 1.35 1.00 1.00
XIVe 5-Cl 4.43 4.54 —0.11 0.37 3.52 1.80 1.00 1.00
XIvd 5-Br 4.70 4.70 0.00 0.39 3.82 1.95 1.00 1.00
XIVe 5-1 5.12 4.97 0.15 0.35 423 2.15 1.00 1.00
XIVf 5-CF; 4.46 493 —-0.47 0.43 3.30 1.99 1.00 1.00
XIVg 5-Me 4.68 4.56 0.12 -0.07 2.87 1.52 1.00 1.00
XIVh 5-C3H; 3.40 3.84 —0.45 —0.06 4.92 1.52 1.00 1.00
XIVi 5-C4Hyg 3.31 343 —-0.12 —0.08 6.17 1.52 1.00 1.00
XIVj 7-F 4.49 4.20 0.30 0.34 2.06 1.00 1.35 1.35
XIVk 7-Cl 5.15 5.02 0.14 0.37 2.06 1.00 1.80 1.80
X1Vl 7-Br 5.10 5.28 —0.19 0.39 2.06 1.00 1.95 1.95
XIVm 7-Me 4.47 4.48 —0.01 —0.07 2.06 1.00 1.52 2.04
XIVn 7-C,H5s 3.82 3.74 0.09 —0.07 2.06 1.00 1.52 3.17
XIVo 7-CH=CH, 3.58 3.90 —-0.32 0.06 2.06 1.00 1.60 3.09
XIVp 7-NO, 4.11 4.09 0.03 0.71 2.06 1.00 1.70 2.44
XIVq 5,7-Cl, 5.52 5.76 —-0.23 0.74 3.52 1.80 1.80 1.80
XIVr 5,7-Br, 5.80 6.19 -0.39 0.78 3.82 1.95 1.95 1.95
XIVs 5-Br,7-Me 5.68 5.39 0.29 0.32 3.82 1.95 1.52 2.04
XIVt 5-Br,7-C,Hs 4.72 4.64 0.08 0.32 3.82 1.95 1.52 3.17
XIVu 5-Me,7-Br 5.59 6.05 —0.46 0.32 2.87 1.52 1.95 1.95
XIVv 5-C,Hs,7-Br 5.74 5.62 0.13 0.32 4.11 1.52 1.95 1.95
XIVw 5,7-Me, 5.15 5.24 —0.09 —0.14 2.87 1.52 1.52 2.04
XIVx 5-1,7-Me 6.00 5.66 0.34 0.28 4.23 2.15 1.52 2.04
XIVy 5-C,H;s,7-Cl 6.00 5.35 0.65 0.30 4.11 1.52 1.80 1.80
XIVz 5-CL,7-C>H5 4.42 4.48 —0.06 0.30 3.52 1.80 1.52 3.17
XIVaa 5-1,7-Cl 6.39 6.19 0.20 0.72 4.23 2.15 1.80 1.80

3.2.11. Amino acids

Table 14b. Biological and physicochemical constants used to derive
QSAR equation 14b for the apparent dissociation constant of
X-kynurenic acid (XIVab-XIVag) with NMDA receptor

No. X log1/KB (Eq.14b) ClogP
Observed  Calculated 4
XIVab 5-C,Hs 5.26% 3.73 1.53  1.20
XIVac 7-1 4.33 3.95 0.37 1.32
XIVad 7-CF; 3.52 3.56 -0.04 1.11
XIVae 7-SMe 2.67 2.88 -0.21  0.74
XIVaf 5-Me,7-1 5.05 4.88 0.17 1.82
XIVag 5-Cl,7-1 5.00 5.29 -0.29 2.04

#Data point not included in the derivation of Eq. 14b.

— 0.66(£0.24)BSx_; — 0.75(+0.68)0x
— 0.35(£0.19)Ly-s + 0.85(=£0.74)
n=27, ”»=0892, ¢*=0.831, s=0308 (l4a)
log 1 /KB = 1.85(£0.95)Clog P + 1.51(%1.40)

n=>5 r=0928 ¢ =0.756, s=0.315

(14b)
outlier: XIVab

Sterimol parameters Blx.s, Blx.7, B5x.7, and Lx_s fol-
lowed by ox, are the important parameters for QSAR
14a. On the other hand, Eq. 14bis alinear correlation with
ClogP.

3.2.11.1. Displacement of [*H]glutamate binding of
compound XV to ACPD-sensitive glutamate receptor.
Data from Ornstein et al.>° (Tables 15a and b).

COOH

NH,
COOH

XV

The data of Ornstein et al.>* were divided into two sub
data sets on the basis of outliers (see Fig. 1), which gave
the following QSAR:

log 1/C = 1.03(£0.29)Blx-3 + 0.59(40.36)B1x-s
—0.21(£0.09)Lx-3 — 0.28(40.14)MR x4
+0.79(££0.19)7 + 5.38(£0.43)

n=36 »=0869, ¢ =0.807, s=0.172 (15a)

log 1/C = 0.64(20.24) Lx-3 + 4.59(+0.72)

n=17r=0904, ¢ =0812, s=0200 (15b)

outlier: XVan
Sterimol parameters Blx.3, Blx.s, and Lx._; are the most

important parameters for QSAR 15a, following the
MRx_4. The indicator variable I takes the value of 1
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Table 15a. Biological and physicochemical constants used to derive QSAR equation 15a for the displacement of [*H]glutamate binding of
compounds (XVa-XVaj) to ACPD-sensitive glutamate receptor

No. X IOg 1/C (Eq 153.) Lx_3 Bl)(_3 MR)(_4 le_5 1
Observed Calculated A4

XVa H 6.49 6.54 —0.04 2.06 1.00 0.10 1.00 0
XVb 2-F 6.51 6.54 —0.03 2.06 1.00 0.10 1.00 0
XVe 3-F 6.80 6.78 0.02 2.65 1.35 0.10 1.00 0
XVvd 4-F 7.66 7.33 0.33 2.06 1.00 0.09 1.00 1
XVe 2-Cl 6.59 6.54 0.05 2.06 1.00 0.10 1.00 0
XVf 3-Cl 7.00 7.06 —0.06 3.52 1.80 0.10 1.00 0
XVg 4-Cl 6.39 6.40 —0.01 2.06 1.00 0.60 1.00 0
XVh 3-Br 7.16 7.15 0.01 3.82 1.95 0.10 1.00 0
XVi 4-Br 6.17 6.32 —0.15 2.06 1.00 0.89 1.00 0
XVij 2-Me 6.24 6.54 —0.29 2.06 1.00 0.10 1.00 0
XVk 3-Me 7.05 6.90 0.15 2.87 1.52 0.10 1.00 0
XVl 4-Me 6.23 6.41 —-0.18 2.06 1.00 0.56 1.00 0
XVm 2-CF; 6.32 6.54 —0.22 2.06 1.00 0.10 1.00 0
XVn 3-C;H, 6.24 6.48 —0.24 4.92 1.52 0.10 1.00 0
XVo 3-CgHs 6.29 6.40 —0.11 6.28 1.71 0.10 1.00 0
XVp 4-C¢Hs 5.82 5.87 —0.04 2.06 1.00 2.54 1.00 0
XVq 2-OMe 6.77 6.54 0.23 2.06 1.00 0.10 1.00 0
XVr 2-OH 6.66 6.54 0.12 2.06 1.00 0.10 1.00 0
XVs 3-OH 6.82 6.76 0.07 2.74 1.35 0.10 1.00 0
XVt 4-OH 6.52 6.49 0.04 2.06 1.00 0.29 1.00 0
XVu 2-OC¢Hs 6.44 6.54 —0.09 2.06 1.00 0.10 1.00 0
XVv 3-OC¢H5 6.66 6.39 0.26 4.51 1.35 0.10 1.00 0
XVw 3-SO,Me 6.96 7.17 —0.21 4.11 2.03 0.10 1.00 0
XVx 4-COOH 6.43 6.37 0.06 2.06 1.00 0.69 1.00 0
XVy 3-NH, 6.70 6.75 —0.05 2.78 1.35 0.10 1.00 0
XVz 2,3-F, 6.89 6.78 0.11 2.65 1.35 0.10 1.00 0
XVaa 2,4-F, 7.20 7.33 -0.13 2.06 1.00 0.09 1.00 1
XVab 2,5-F, 6.54 6.74 —0.20 2.06 1.00 0.10 1.35 0
XVac 3,4-F, 7.47 7.57 —0.10 2.65 1.35 0.09 1.00 1
XVad 3,5-F, 7.68 7.77 —0.09 2.65 1.35 0.10 1.35 1
XVae 2,4-Cl, 6.66 6.40 0.26 2.06 1.00 0.60 1.00 0
XVaf 3,4-Cl, 7.17 6.92 0.25 3.52 1.80 0.60 1.00 0
XVag 3,5-Cl, 7.54 7.53 0.01 3.52 1.80 0.10 1.80 0
XVah 2,5-(OMe), 6.77 6.74 0.03 2.06 1.00 0.10 1.35 0
XVai 3,4-(OMe), 6.34 6.31 0.02 3.98 1.35 0.79 1.00 0
XVaj 3,5-(OMe), 6.96 6.71 0.25 3.98 1.35 0.10 1.35 0

Table 15b. Biological and physicochemical constants used to derive Y

QSAR equation 15b for the displacement of [*H]glutamate binding of /©/

compounds (XVak-XVar) to ACPD-sensitive glutamate receptor HN
No. X log1/C (Eq. 15b) Ly NN

Observed  Calculated 4 x—! —X
= N

XVak  3-CF; 6.85 6.72 0.14 330 N
XVal 3-OMe 7.03 7.16 —0.13 398 XVI
XVam 4-OMe 5.85 5.92 —0.07  2.06
XVan  3-SMe 6.39% 7.36 —0.98 4.30
XVao  3-SOMe 5.62 5.92 —-0.30  2.06 This data set was divided into two sub data sets accord-
XVap  3-COOH 7.11 7.11 0.00 391 ing to Figure 1, which gave QSAR equations 16a and
XVaq 2,345,6-Fs 643 6.30 0.13  2.65 16b.
XVar  2,6-Cl, 6.15 5.92 023  2.06

? Data point not included in the derivation of Eq. 15b. logK = 5.69(£1.76)CMR — 0.25(i0.08)CMR2

+0.40(=£0.17)7 — 25.96(+9.79)

. n=17, »=0.873, ¢*=0773, s=0.154 (16a)
for X = 4-F or 3,5-F,. On the other hand, Eq. 15b is a

linear correlation with Lx.s. optimum CMR = 11.47(11.29-11.71)
3.2.12. 9-Anilinoacridine derivatives log K = —0.33(£0.10)Clog P + 8.39(%0.53)
3.2.12.1. Association constant of 9-anilinoacridine deriv- n=10, r»=0873, ¢ =0765 s=0.121 (16b)

atives (XVI) to DNA poly(dA—dT) in 0.01 M ionic strength
buffer. Data from Baguley et al.*° (Tables 16a and b). outliers: XVIr, XVIv
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Table 16a. Biological and physicochemical constants used to derive QSAR equation 16a for the association constant of 9-anilinoacridine derivatives

(XVIa-XVIq) to DNA poly(dA—dT) in 0.01 M ionic strength buffer
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No. X Y logK (Eq. 16a) CMR 1
Observed Calculated A
XVIa H NHCOCH; 6.30 6.16 0.14 10.07 0
XVIb 3-NH, NHCOPH 6.71 6.78 —0.08 12.48 1
XVIe H NHSO,CH3 6.18 6.38 —0.21 10.44 0
XVId 3-NH, NHSO,CH; 6.76 6.93 —0.17 10.81 1
XVle 3-NHCOCH; NHSO,CHj; 6.72 6.62 0.10 11.77 0
XVIf 3-CH; NHSO,CHj; 6.52 6.56 —0.05 10.90 0
XVIg 3-OCHj3; NHSO,CH3 6.57 6.60 —0.03 11.06 0
XVIh 2-NH, NHSO,CHj; 6.76 6.54 0.23 10.81 0
XVIi 4-NH, NHSO,CHj; 6.71 6.54 0.17 10.81 0
XVIj 3,6-(NH,), NHSO,CHj3 7.02 7.02 0.00 11.18 1
XVIk H NHSO,PH 6.20 6.38 —0.18 12.49 0
XvIl 3-NH, NHSO,PH 6.71 6.56 0.15 12.85 1
XVIm H SO,NH, 5.96 6.09 —0.13 9.97 0
XVIn 3-NH, SO,NH, 6.61 6.73 —0.11 10.34 1
XVIo 3,6-(NH,), SO,CHj3; 6.99 6.93 0.06 10.81 1
XVIp H NO, 5.48 5.53 —0.05 9.34 0
XViq 3-NH, NO, 6.43 6.28 0.15 9.71 1

Table 16b. Biological and physicochemical constants used to derive QSAR equation 16b for the association constant of 9-anilinoacridine derivatives

(XVIr-XVIac) to DNA poly(dA—dT) in 0.01 M ionic strength buffer

No. X Y logK (Eq. 16b) ClogP
Observed Calculated A
XVIr H H 5.85% 6.47 —0.62 5.86
XVIs 3-NH, H 6.49 6.65 —0.16 5.31
XVIt 3,6(NH,), H 6.89 6.83 0.06 4.76
XVIu H CH3 6.28 6.30 —0.03 6.36
XVIv H NH, 6.30% 6.87 —0.57 4.64
XVIw 3-NH, NH, 7.08 7.05 0.03 4.08
XVIx 3,6-(NH,), NH, 7.06 7.23 —0.17 3.53
XVIy H NHCOPH 6.18 6.30 —0.13 6.37
XVlIz 3-NHCH; NHSO,CHj3; 6.87 6.78 0.09 4.90
XVIaa 3-NHCOOCHj3; NHSO,CH3 7.00 6.87 0.13 4.65
XVIab 3-Cl NHSO,CH; 6.63 6.59 0.04 5.48
XVIac 3-Br NHSO,CH3 6.67 6.54 0.13 5.63

?Data points not included in the derivation of Eq. 16b.

Eq. 16a is a parabolic correlation with molar refrac-
tivity, which suggests that the activity of compounds
(XVIa—XVlIq) first increases with an increase in molar
refractivity to an optimum CMR of 11.47 and then
decreases. The indicator variable /=1 for those com-
pounds having X = 3-NH, group. Positive coefficient
of I suggests that the presence of X =3-NH, group
in the molecules is favorable. Eq. 16b is a linear cor-
relation with negative ClogP, which suggests that the
activity of compounds (XVIr-XVIac) decreases with
the increase of their hydrophobicity. The results of
Egs. 16a and 16b suggest that these two subsets of
compounds must be interacting DNA with two differ-
ent mechanisms.

3.2.13. Camptothecin derivatives

3.2.13.1. Inhibition of growth of PC-3 human prostate
carcinoma cells by camptothecin derivatives XVII. Data
from Manikumar et al.*! (Tables 17a and b).

This data set was also divided into two sub data sets

XVII

according to Figure 1, which gave QSAR equations
17a and 17b with good statistics.

log1/C = 0.71(£0.16)Clog P — 1.39(+£0.52)
x log(f x 1027 4 1) 4 6.18(+0.33)

n=11, ”» =095, ¢*=0.920, s=0.099 (17a)

optimum ClogP = 3.38
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Table 17a. Biological and physicochemical constants used to derive QSAR equation 17a for the inhibition of growth of PC-3 human prostate

carcinoma cells by camptothecin derivatives (XVIIa-XVIIk)

No. X Y log1/C (Eq. 17a) ClogP
Observed Calculated A
XVIIa H H 6.85 6.81 0.04 0.90
XVIIb C,H5 10-OH 7.45 7.55 —0.10 1.97
XVIlc C,H; H 7.45 7.52 —0.07 1.93
XVIId C,H; 10-OCH,0O-11 8.00 7.84 0.16 2.44
XVlle Cy-CsHo 10-OCH,0O-11 8.05 8.13 —0.09 348
XVIIf Cy-CeHyp; 10-OCH,0O-11 7.94 7.98 —0.04 4.04
XVIig C¢Hs 10-OCH,0-11 8.09 8.14 —0.04 3.30
XVIIh 4-CH;-Cc¢Hy 10-OCH,0-11 8.08 8.07 0.01 3.80
XVIIi 4-Cl-C¢Hy4 10-OCH,0O-11 8.09 7.99 0.10 4.02
XVIIj 4-F-C¢H, 10-OCH,0O-11 8.20 8.14 0.06 3.45
XVIIk 4-CF3-C¢Hy 10-OCH,O-11 7.87 791 —0.04 4.19

Table 17b. Biological and physicochemical constants used to derive QSAR equation 17b for the inhibition of growth of PC-3 human prostate

carcinoma cells by camptothecin derivatives (XVIII-XVIIp)

No. X Y log1/C (Eq. 17b) ClogP
Observed Calculated A

XVIII n-C4Hy H 7.31 7.30 0.01 2.98

XVIIm sec-C4Ho H 6.77 6.88 —0.11 2.85

XVIIn tert-C4Hg H 6.51 6.46 0.05 2.72

XVIlo CH,C4Hj H 7.29 7.24 0.05 2.96

XVIIp H 10-OCH,0-11 8.09° 2.22 5.87 1.42

#Data point not included in the derivation of Eq. 17b.
logf = —-3.37
log 1/C = 3.24(£1.97)Clog P — 5.68(£2.37)

n=4 r=0962, ¢*=0734, s=0.095
outlier: XVIIp

(17b)

The hydrophobicity of the molecules correlates with their
inhibitory activity in a bilinear fashion in Eq. 17a, whereas
there is a linear correlation in Eq. 17b for the compounds
(XVIIa-XVIIk) and (XVIII-XVIIp), respectively.

3.2.14. Quinolone derivatives

3.2.14.1. Inhibition of topoisomerase II by quinolone
derivatives XVIII. Data from Stanton et al.** (Tables
18a and b).

Ry, O O
Ron OH
B8
XVIII

This data set was also divided into two sub data sets

according to Figure 1 that gave QSAR equations 18a

and 18b with good statistics.*?

log1/C = 12.38(+4.11)CMR — 0.65(£0.22)CMR?
—0.91(£0.21)1 — 57.63(£19.51)

n=18, »=0901, s=0.167, ¢*=0.847 (18a)

optimum CMR = 9.48(9.35-9.60)

I=1 for the presence of piperazine substituent at posi-
tion —7.

log1/C = —2.33(£1.01)ClogP — 1.33(£0.88)
n=6 r»=0910, s=0281, ¢*=0.800 (18b)

By comparing Eqs. 18a and 18b, it is clear that these two
subsets of quinolone derivatives XVIIIa—XVIIIr and
XVIIs-XVIIIx may be interacting with the receptor in
two different modes.

3.2.15. Sulfonamide derivatives

3.2.15.1. Inhibition of human carbonic anhydrase I
isozyme (hCA 1) by sulfonamide derivatives XIX (Fig. 2).
Data from Vullo et al.’° (Tables 19a and b)

The following two QSAR were obtained with good sta-
tistics by splitting this data set into two sub data sets
according to Figure 1:

log 1/K; = 0.36(£0.13)Clog P — 0.24(£0.05)CMR

+ 7.43(40.35)
n=17, »=0872, ¢ =0833, s=0.140 (19)
log 1/K; = 0.19(+0.09)NVE — 15.63(%:10.96)
n=4, »=0974, ¢*=0830, s=0315 (19b)

outlier: XIXr

Egs. 19a and 19b are for the sulfonamide derivatives
XIXa-XIXq and XIXr-XIXv. NVE is another approach
to understanding polarizability.
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Table 18a. Biological and physicochemical constants used to derive QSAR equation 18a for the inhibition of topoisomerase II by quinolone
derivatives (XVIIIa-XVIIIr)

No. R, R, R; X log1/C (Eq. 18a) CMR I
Observed Calculated A
XVIIIa H F HN  N— CH ~0.18 ~0.26 0.08 8.72 1
__/
XVIIIb H F \,CN_ N 0.35 0.42 ~0.07 8.50 0
HoN®
XVIIIe CH, F \J:)N_ N 0.94 0.87 0.07 8.97 0
HoN®
XVIIld F H \‘CN_ CF 0.54 0.67 ~0.13 8.73 0
HoN
H,N
XVIlle H F N CF 0.96 0.98 ~0.03 9.20 0
XVIIIf H H HN  N— CF ~0.08 ~0.26 0.17 8.72 1
N
, CHs
XVIIIg NH, H HoN CF 0.97 0.85 0.12 10.01 0
N_
XVIITh H F E — CF 0.94 0.79 0.15 8.86 0
HO-, 7
N
H, CHs
XVIITi H F HsCsyy C(OCHs) 0.00 0.02 ~0.01 10.72 0
H N—
XVIITj H F \‘DN_ CH 0.52 0.66 ~0.14 8.72 0
H,N®
HoN
XVIIIk H F N— CH 1.06 0.98 0.08 9.18 0
1 CHs
XVIII H F HN™ CH 0.78 1.02 —0.24 9.64 0
N_
H, O
XVIIIm H H H N C(Cl) 0.73 0.77 ~0.04 10.12 0
N_
XVIIIn H H HN  N— C(Cl) 0.06 0.07 ~0.01 9.19 1
__/
XVIIo H H HzN/\:\N— c(c 0.96 1.01 ~0.05 9.66 0
XVIIIp H F HN  N— C(OCH,) ~0.14 0.11 ~0.25 9.33 1
_/
XVIII H2N
q NH, H N CF 0.95 1.03 ~0.08 9.55 0
H CHs
XVIIIr H H HN™ CF 1.38 1.02 0.36 9.64 0
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Table 18b. Biological and physicochemical constants used to derive QSAR equation 18b for the inhibition of topoisomerase II by quinolone
derivatives (XVIIIs-XVIIIx)

No. R, R, R; X log1/C (Eq. 18b) ClogP
Observed Calculated A

HsC-

XVIIIs H F HEN_ CF 0.67 0.90 ~0.23 —0.96

XVIIIt H F \‘CN_ c(Cl —0.04 ~0.34 0.30 —0.42
HoN®
H,N

XVIIIu H H N CF 1.54 1.59 ~0.05 ~1.26

XVII HoN

v F H N— CF 1.56 1.24 0.32 —1.11
H, CH
XVIIIw H F HoN C(OCHS) —0.19 ~0.10 ~0.09 ~0.53
N_

XVIIIx H H \‘CN_ c(Cl —0.24 0.01 —0.24 ~0.57

HoN®

Table 19a. Biological and physicochemical constants used to derive QSAR equation 19a for the inhibition of human carbonic anhydrase I isozyme
(hCA 1) by sulfonamide derivatives (XIXa-XIXq) (Fig. 2)

No. Compound log1/K; (Eq. 19a) Clog P CMR
Observed Calculated A
XIXa Acetazolamide (IVs) 6.05 5.97 0.07 —0.98 4.65
XIXb Methazolamide (IVa) 6.11 6.17 —0.06 0.09 5.42
XIXc Dichlorophenamide (IVc) 5.92 6.05 —0.13 0.24 6.15
XIXd IVe 5.82 6.00 —0.18 0.92 7.37
XIXe IVo 5.77 6.00 —0.23 0.92 7.37
XIXf IVp 6.01 6.00 0.01 0.92 7.37
XIXg IVq 6.01 591 0.10 0.98 7.84
XIXh IVu 6.05 5.84 0.20 1.11 8.30
XIXi IVv 6.12 5.87 0.25 0.56 7.39
XIXj vt 5.97 5.87 0.10 0.88 7.86
XIXk Vg 5.73 5.84 —0.11 1.00 8.15
XIXI1 IVh 6.57 6.50 0.07 243 7.53
XIXm Vi 5.20 5.35 —0.15 1.61 11.12
XIXn IVj 5.21 5.19 0.03 1.47 11.59
XIXo IVk 5.22 5.19 0.03 1.80 12.05
XIXp vl 6.07 6.09 —0.03 1.74 8.21
XIXq IVm 6.12 6.10 0.03 2.07 8.67

Table 19b. Biological and physicochemical constants used to derive QSAR equation 19b for the inhibition of human carbonic anhydrase I isozyme
(hCA 1) by sulfonamide derivatives (XIXr-XIXv) (Fig. 2)

No. Compound log1/K; (Eq. 19b) NVE
Observed Calculated A4

XIXr Ethoxzolamide (IVb) 7.60% 0.35 7.25 86

XIXs Dorzolamide (IVd) 4.30 4.44 —0.14 108

XIXt E7070 (IVt) 7.51 7.78 -0.27 126

XIXu IVr 6.60 6.30 0.31 118

XIXv IVw 7.89 7.78 0.10 126

#Data point not included in the derivation of Eq. 19b.

3.2.15.2. Inhibition of human carbonic anhydrase IX This data set was split into two sub data sets on the basis
isozyme (hCA IX) by sulfonamide derivatives XX (Fig. 3). of outliers (see Fig. 1), which gave two QSAR equations
Data from Garaj et al.** (Tables 20a and b) 20a and 20b with good statistics.



4618 R. P. Verma, C. Hansch | Bioorg. Med. Chem. 13 (2005) 4597-4621

SO,NH; C,HsHN
ch\ -
o3 LI
H3CCON’/\S)\SOZNH2 cl SO,NH, HaC O’/S‘\O S SO,NH,
XXa cl
XXb XXc Cl
oo N=
C,HsHN NH, N—{ N
= H,NO,S R HoNO,S n N4
HsCO(CHp)Y” >SS NH XXe; n =0 XXh; n =0
3CO(CHR)™ 12854 'S™  "SONH, XXf: n= XXp: n =
XXg; n=2 XXq; n=2

XXd

HZNOZS—Q—M

XXi; n=1, X=NHMe
XXj; n=2, X =NHMe
XXk; n =0, X = OEt
XXI; n=1, X=OEt
XXr; n=0, X =0H
XXs; n=1,X=0H

X
N-N N
4 . oW
N— _/<N H3000HN/<S)\302NH2 EtO S)\SOzNHZ
n N

X XXm XXn
XXw; n =1, X = OMe |

HN_3024©7802NH2
XXx; n=2, X =0Me al

XXy; n=2, X =OEt XXo

XXt; n=2, X=0H
XXu; n=0, X=NHMe H
XXv; n=0, X = OMe N

Figure 3. Structure of sulfonamide derivatives (XXa-XXy) used in the derivation of QSAR equations 20a and 20b.

Table 20a. Biological and physicochemical constants used to derive
QSAR equation 20a for the inhibition of human carbonic anhydrase
IX isozyme (hCA IX) by sulfonamide derivatives (XXa-XXl) (Fig. 3)

Table 20b. Biological and physicochemical constants used to derive
QSAR equation 20b for the inhibition of human carbonic anhydrase
IX isozyme (hCA IX) by sulfonamide derivatives (XXm-XXy) (Fig. 3)

Compound log1/K; (Eq. 20a) ClogP Compound log 1/K; (Eq. 20b) ClogP
Observed Calculated A4 Observed Calculated A4
XXa 7.57 7.61 —0.04 0.09 XXm 7.60 7.60 0.00 —0.98
XXb 7.30 7.75 —0.45 0.24 XXn 7.47 7.24 0.23 2.05
XXec 7.28 7.14 0.14 —0.43 XXo 7.62 7.50 0.12 2.37
XXd 7.43 7.84 —0.41 0.33 XXp 6.91 6.69 0.22 0.74
XXe 6.53 7.01 —0.48 —0.57 XXq 6.86 6.81 0.05 1.38
XXf 6.99 6.85 0.14 —0.74 XXr 6.85 6.78 0.07 1.31
XXg 7.48 7.16 0.32 —0.40 XXs 6.44 6.69 —0.24 0.76
XXh 9.82 8.70 1.13 1.27 XXt 6.26" 8.11 —1.85 1.41
XXi 8.89 8.58 0.30 1.15 XXu 6.82 6.99 -0.17 1.69
XXj 8.96 9.18 -0.22 1.80 XXv 6.82 7.06 —0.24 1.80
XXk 9.92 10.16 —0.23 2.86 XXw 6.81 6.76 0.05 1.26
XXI 9.47 9.66 -0.19 2.32 XXx 6.79* 8.55 —1.76 1.91
XXy 7.92 8.0 —0.08 2.97

log 1/Ki = 0_92(;‘:0.26)C10gp + 7_53(i0_35) #Data points not included in the derivation of Eq. 20b.

n=12, »=0.856, ¢*=0809, s=0473 (20a)
3.2.15.3. Inhibition of human carbonic anhydrase IX
o isozyme (hCA IX) by sulfonamide derivatives XXI (Fig.
log 1/K; = ~0.73(+0.34)Clog P+ 1.61(0.57) 4). Data from Cecchi et al.*> (Tables 21a and b).
x log(f x 10787 4 1) 4 6.88(+0.25)
P2 =0873, ¢*=0804, s=0.198 (20b) We derived two QSAR equations 21a and 21b from this
data set by splitting it into two sub data sets on the basis

of outliers (Fig. 1):
log 1/K; = 0.06(+0.01)CMR + 7.07(+£0.15)
n=12, »=0.900, ¢°=0869, s=0.091 (2la)

n=11,

inversion point for Clog P = 0.84;
logff = —0.92;

outliers: XXt, XXx
log 1/K; = 0.44(£0.31)MgVol + 6.95(+0.82)

Egs. 20a and 20b are for the sulfonamide derivatives
XXa—XXI and XXm-XXy. QSAR 20b is an allosteric
bilinear correlation with Clog P being similar as given
in Egs. 4a and 8b.

P =0870, ¢*=0.719, s=0.193 (21b)

Eqgs. 21a and 21b are for the sulfonamide derivatives
XXTa-XXIl and XXIm-XXIq.

n=>35,
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Figure 4. Structure of sulfonamide derivatives (XXIa-XXIq) used in the derivation of QSAR equations 21a and 21b.

Table 21a. Biological and physicochemical constants used to derive
QSAR equation 21a for the inhibition of human carbonic anhydrase
IX isozyme (hCA IX) by sulfonamide derivatives (XXIa-XXIl) (Fig. 4)

Compound logl/K; (Eq. 21a) CMR
Observed Calculated A
XXIa 7.47 7.41 0.05 6.30
XXIb 7.30 7.41 —0.11 6.15
XXlIe 7.62 7.58 0.04 9.29
XXId 7.38 7.46 —0.08 7.07
XXlIe 7.42 7.48 —0.06 7.44
XXIf 7.64 7.54 0.10 8.62
XXIg 7.89 7.70 0.19 11.39
XXIh 7.72 7.74 —0.02 12.29
XXTi 7.74 7.71 0.03 11.69
XXITj 7.70 7.74 —0.04 12.12
XXIk 7.74 7.84 —0.09 13.98
XX 8.34 8.36 —0.02 23.34

Table 21b. Biological and physicochemical constants used to derive
QSAR equation 21b for the inhibition of human carbonic anhydrase
IX isozyme (hCA IX) by sulfonamide derivatives (XXIm-XXIq)
(Fig. 4)

Compound log1/K; (Eq. 21b) MgVol
Observed Calculated A
XXIm 7.60 7.54 0.06 1.34
XXIn 7.57 7.60 —0.03 1.48
XXIo 8.00 8.28 —0.28 3.00
XXIp 8.49 8.36 0.14 3.18
XXIq 8.52 8.42 0.10 3.33
4. Overview

The present review on the problem of outliers contains
21 biological data sets for various types of molecules.
These data sets were split into 46 sub data sets on
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the basis of outliers (Fig. 1), resulting in the develop-
ment of 46 individual QSAR and surprisingly 28 of
them have the most important factor, that is, the
hydrophobic parameter. We obtain bilinear ClogP
term in three QSAR (Egs. la, 5a, and 17a). Optimum
Clog P for these QSAR is 2.30, 4.13 and 3.38, respec-
tively. Parabolic ClogP term was obtained in four
QSAR (Egs. 2b, 8a, 10a, and 13a). Optimum ClogP
for these QSAR is 3.34, 5.31, 5.17 and 4.30, respec-
tively. Four QSAR (Egs. 2¢, 11a, 17b, and 20a) are lin-
ear in ClogP with positive coefficient, whereas six
QSAR (Egs. lc, 3b, 4b, 9b, 16b, and 18b) are linear
in ClogP with negative coefficient. The hydrophobic
parameter for the substituents (m) is present in two
QSAR (Egs. 6a and 6b). It is interesting that three
QSAR (Egs. 4a, 8b, and 20b) are bilinear allosteric,
whereas one QSAR (Eq. 12b) is an allosteric parabolic
in terms of ClogP. Inversion point of ClogP for these
QSAR is 0.84, 4.70, 0.84, and 2.00, respectively.

The second important parameter for this review is
CMR and is present in 16 QSAR. The role of CMR
is brought out by four of the QSAR (Egs. 9a, 12a,
16a, and 18a) where we obtain a parabolic CMR term.
Optimum CMR for these QSAR is 10.13, 8.92, 11.47
and 9.48, respectively. Three QSAR (Eqgs. 7b, 1l1b,
and 2la) are linear in CMR with positive coefficient,
whereas two QSAR (Egs. 10b and 13b) are linear in
CMR with negative coefficient. It is interesting to note
here that three QSAR (Egs. 1b, 2a, and 3a) bring out
an allosteric reaction in terms of CMR. Inversion point
of CMR for these QSAR is 12.76, 12.38 and 4.75,
respectively.

MgVol term is present in four QSAR (Egs. 3c, 4c, 7a,
and 21a). Sterimol steric terms Bl, B5 and L also appear
in four QSAR (Eqgs. 6a, 14a, 15a, and 15b). NVE is a
parameter that was found to be another approach to
understanding polarizability and is present in one
QSAR (Eq. 19b). Hammett electronic parameters o
and ¢ are also present in two QSAR (Eqs. 14a and
5b). Indicator variables appear in four QSAR (Egs.
Sb, 15a, 16a, and 18a).

5. Conclusion

In this review, 21 biological data sets for various types
of molecules were divided into two or three subsets, as
described in Figure 1, resulting in the formulation of
46 QSAR. We found that the QSAR results of the
split subsets for a particular data set are always differ-
ent in nature, which suggests that congeners associated
with these QSAR may be acting by a different mech-
anism or interacting with the receptor in different
modes.

In conclusion, we can say that the outliers may be acting
by a different mechanism or interacting with the receptor
in different modes. Thus, QSAR of the outliers should
be considered before the synthesis of the next
derivatives.
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