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Abstract—The phenolic activity (log1/C) of a large series of phenols against L1210 leukaemia cells was modelled using physico-
chemical parameters other than conventional electronic and steric parameters. Attempts have also been made to examine need or
otherwise of the hydrophobic parameter, log P, in such studies. The results have shown that contribution of log P in modelling

log1/C is favourable.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Recently Hansch group' has published an excellent
review on chem-bioinformatics and QSAR in that they
critically reviewed QSAR lacking positive hydrophobic
terms. Hansch is the first chemist to introduce the con-
cept and technology of QSAR. His main approach is to
use the electronic and steric parameters together with
hydrophobic parameters based on octanol/water parti-
tion coefficient (log P) for developing QSAR models. In
the referred review! it was stated “it is timely to examine
those instances where hydrophobic terms are not signifi-
cant”. Consequently, different cases were critically
examined and discussed in this review.' The parameters
of Hansch interest were log P, © (hydrophobic), Es, MR,
MV, 5, (electronic and steric); By, Bs, L (sterioneal
parameters) and ¢ parameters. However, in the review!
QSAR study using parameters other than those men-
tioned here are not discussed.

Consequent to above, we introduce yet another study in
that we have used parachor (Pc), surface tension (ST),
density (D), polarizability (Pol) parameters. Also, we
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have included molar refraction (MR), molar volume
(MV), index of refraction () and hydrophobic para-
meter (log P) for comparison. The parameter log P fol-
lowing the view of Hansch,' has been particularly used
to investigate the need or/otherwise of hydrophobic
parameter (log P) in QSAR studies. In the present study,
we have used log1/C activity against the L1210 leu-
kaemia cells, which are available in the literature.?

The present study is carried out under the following
headings: (i) regression analysis using all the 69 com-
pounds; (ii) further analysis depending upon the results
obtained from the regression analysis and (iii) effect of
ortho-substitution.

2. Results and discussion

The original set of 69 phenols,'? their activity (log1/C),
log P and indicator parameters used are given in Table 1.
Other physicochemical parameters used are presented in
Table 2. The correlation of the parameters and their
correlation with log 1/C is presented in Table 3.

A perusal of Table 1 shows that none of the parameters
used singly correlates with the phenolic activity
(log1/C). That is, no simple regression equation is
possible for modelling the activity (log1/C). The results
(Table 3) show that all the three physicochemical
parameters (MR, MV, Pc) are mutually correlated.
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Table 1. Structural details, observed biological activity (log1/C), log P Table 1 (continued)
and indicator parameters used in present study Comp. Substituent (X) logl/C logP 1, L I, Ir Iy
OH no.
57 Equilin 4.10 2.90 o 1 1 0 0
58 Estriol 4.01 245 o 1 1 0 0
X 59 Equilenin 4.60 3.12 o 1 1 0 0
60 2-Naphthol 3.82 2.70 o 1 1 1 0
61 2-1* 3.95 0 0O 0 0 0 O
; 62 2-SMe 3.70 0 1 0 0 0 0
I(ll(i)mp. Substituent (X) logl/C logP I L L Iy Iy 63 2.CHMe, 350 0 L 0 0 0 o
’ 64 2-CH,CHMe, 3.90 0 1 0 0 0 O
1 4-OMe 4.48 1.34 o 0 1 0 0 65 2-CH,OH 2.70 0 1 0 0 0 O
2 4-OC,H; 4.64 1.81 0 0 1 0 0 66 2-C3H; 3.49 0 1 0 0 0 O
3 4-OC3H;, 4.85 2.33 o 0 1 0 0 67 2-CF;* 322 0 1 0 0 0 O
4 4-OC4Hy 5.20 2.90 6 0 1 0 O 68 2-NHCONH,* 3.50 0 1 0 0 0 0
5 4-OC¢Hy3 5.50 4.22 0 0 1 0 0 69 2-OC,Hs 3.25 0 1 0 0 0 O
6 H 3.27 1.47 0 0 0 0 O . . . - .
7 4-NO,? 345 1.91 0 0 1 0 0 I = subst{tut%on at second pogtlon, I, = substitution at third p951t10n,
3 4-CJ 4.29 239 00 1 1 0 L= sub§t1tut10n a.t fourth position, Iy = halogen group as substltugnts,
9 41 386 291 0 0 1 1 0 Iy =amide S}lbstltuents, logP:. octanol/water part.mon coeflicient,
10 4-CHO 3.08 1.35 0 0 1 0 0 'l‘og l/C:Iacthty Qf phenol.s against 17121.0 leukaemia cells.
11 4-F 383 1.77 0 0 1 1 0 “Data points not included in calculation in Egs. 1 and 3.
12 4-NH, 5.09 0.04 0 0 1 0 1
13 4-OH 4.59 0.59 0 0 1 0 o0
14 4-Me 3.85 1.94 0 0 1 0 0 Table 2. Structural parameters for phenol derivatives used in present
15 4-C,H; 3.86 2.47 0 0 1 0 o0 study
16 4-NHCOMge* 3.73 0.51 0 0 1 0 0
17 4-CN# 3.44 1.60 0 0 1 0 0 Comp. MR MV Pc n ST D Pol
18 4-OC4Hs 4.97 335 0 0 1 0 0 no.
19 BisphenolA 4.07 3.32 0 0 1 0 o0 1 3481 111.8 2789 1.534 38.6 1.109 13.80
20 4-Br* 4.20 2.59 0o 0 1 1 0 2 39.44 1283  318.7 1.526 38.0 1.076 15.63
21 4-CMe; 4.09 3.31 0 0 1 0 0 3 4407 1448 3585 1.520 37.5 1.050 17.47
22 3-NO,* 3.48 2.00 0 1 0 0 0 4 48.71 161.3 3983 1.515 37.1 1.029 19.31
23 3-NHCOMe 2.65 0.73 0O 1 0 0 0 5 57.97 1943 4778 1508 36.5 0.999 22.98
24 3-CI 3.87 2.50 0 1 0 1 0 6 28.13 87.80 2222 1.553 409 1.071 11.15
25 3-CMes 3.88 3.05 0 1 0 0 0 7 34.67 99.70 2777 1.612 60.2 1.395 13.74
26 3-Me 3.54 1.96 0 1 0 0 0 8 33.02 99.80 258.1 1.575 447 1.287 13.09
27 3-OMe 3.71 1.58 0 1 0 0 0 9 41.04 109.9 297.8 1.669 539 2.001 16.27
28 3-NMe,? 4.11 1.56 0 1 0 0 1 10 34.88 99.50 267.3 1.618 520 1.226 13.83
29 3-C,H; 3.71 2.40 0 1 0 0 0 11 28.12 92.00 2294 1.523 385 1.217 11.15
30 3-Br* 3.82 2.63 0 1 0 1 0 12 32.37 90.10 248.1 1.637 574 1210 12.83
31 3-CN 3.11 1.70 0O 1 0 0 0 13 30.01 86.20 2373 1.612 57.1 1.275 11.89
32 3-F 3.46 1.93 0 1 0 1 0 14 3295 104.1 259.9 1.545 38.8 1.038 13.06
33 3-OH 3.46 0.80 0 1 0 0 0 15 37.68 120.6  298.8 1.536 37.6 1.012 14.93
34 3-NH,?* 4.11 0.21 0o 1 0 0 1 16 4240 1209  326.0 1.618 52.8 1.249 16.81
35 2-Me 3.52 0 1 0 0 0 O 17 32.84 97.20 2682 1.590 57.8 1.220 13.02
36 2-Cl 3.22 0 1 0 0 1 0 18 54.57 1584 4134 1.605 463 1.175 21.63
37 2-F 3.20 0 1 0 0 1 0 19 68.16 199.5 519.7 1.598 46.0 1.143 27.02
38 2-OMe 3.78 0 1 0 0 0 O 20 3582 104.0 2727 1.604 472 1.662 14.20
39 2-C,H; 3.75 0 1 0 0 0 O 21 46.52 1545 3703 1.513 329 0.971 18.44
40 2-OH 4.92 0 1 0 0 0 O 22 34.67 99.70 277.7 1.612 60.2 1.395 13.74
41 2-OH.4-Me 5.03 0 1 0 1 0 0 23 4240 1209 3260 1.618 52.8 1.249 16.81
42 2-NH, 5.16 0 1 0 0 0 1 24 33.02 99.80 258.1 1.575 447 1.287 13.09
43 2-CN# 3.30 0 1 0 0 0 O 25 46.52 1545 3703 1.513 329 0.971 18.44
44 2-NO,* 3.34 0 1 0 0 0 O 26 3295 104.1 259.9 1.545 38.8 1.038 13.06
45 2-Br* 3.44 0 1 0 0 1 0 27 3481 111.8 2789 1.534 38.6 1.109 13.80
46 2-CMe; 4.00 0 1 0 0 0 0 28 4244 1258 3243 1.589 44.0 1.089 16.82
47 4-C3H, 4.04 3.00 0 0 1 0 o0 29 37.68 120.6  298.8 1.536 37.6 1.012 14.93
48 4-C4Hy 4.33 3.64 0 0 1 0 o0 30 3582 104.0 2727 1.604 472 1.662 14.20
49 4-CsHy, 4.47 4.06 0O 0 1 0 0 31 32.84 97.20 2682 1.590 57.8 1.220 13.02
50 4-CgHy, 4.62 5.68 0 0 1 0 o0 32 28.12 92.00 2294 1.523 38.5 1.217 11.15
51 4-CONH,* 2.48 0.33 0 0 1 0 o0 33 30.01 86.20 2373 1.612 57.1 1.275 11.89
52 4-SO,NH, 2.50 0.06 0 0 1 0 o0 34 32.37 90.10 248.1 1.637 574 1.210 12.83
53 4-C;H;;s 4.49 5.15 0 0 1 0 0 35 3295 104.1 2599 1.545 38.8 1.038 13.06
54 4-CoH)o 4.75 6.21 0 0 1 0 o0 36 33.02 99.80 258.1 1.575 44.7 1.287 13.09
55 Diethyl- 4.68 5.07 0 0 1 0 o0 37 28.12 92.00 2294 1.523 385 1.217 11.15
stilbesterol 38 3481 111.8 2789 1.534 38.6 1.109 13.80
56 a-Estradiol 4.34 4.01 o 1 1 0 0 39 37.68 120.6 298.8 1.536 37.6 1.012 14.93
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Comp. MR MV Pc n ST D Pol
no

40 30.01 86.20 2373 1.612 571 1275 11.89
41 34.84 102.5 2749 1.594 51.6 1210 13.81
42 32.37 90.10 248.1 1.637 574 1210 12.83
43 32.84 9720 2682 1590 57.8 1.220 13.02
44 34.67 99.70 277.7 1.612 602 1395 13.74
45 35.82 1040 2727 1.604 472 1.662 14.20
46 46.52 1545 3703 1.513 329 0971 18.44
47 4231 137.1  338.6 1.529 37.1 0992 16.77
48 4694 153.6 3784 1.522 367 0977 18.61
49 51.58 170.2 4182 1518 364 0964 20.44
50 6548 219.7 5375 1507 358 0939 2595
51 37.06 106.5 296.7 1.612 60.1 1.286 14.69
52 40.71 116.8 3282 1.614 623 1482 16.14
53 60.84 2032 4978 1.510 36.0 0946 24.12
54 70.11  236.2 5773 1.505 35.6 0932 27.79
55 83.22 2422 631.8 1.603 46.2 1.107 32.99
56 79.50 2326 6154 1599 489 1.170 31.51
57 7747 218.7 590.6 1.626  53.1 1220 30.71
58 81.09 229.6 622.1 1.624 53.8 1255 32.14
59 79.39 2142 5829 1.662 547 1242 3147
60 4597 1219 3261 1.677 51.0 1.181 1822
61 41.04 1099 297.8 1.669 539 2.001 16.27
62 4092 1174 3112 1.613 492 1.190 16.22
63 4231 1379 3373 1.525 357 0987 16.77
64 4690 154.0 3758 1.520 354 0975 18.59
65 3458 101.6 2758 1.595 54.1 1220 13.71
66 4231 1379 3373 1.525 357 0987 16.77
67 33.11  121.3 2794 1457 28.1 1335 1312
68 4130 108.1 3152 1.689 723 1407 16.37
69 39.44 1283 3187 1.526 38.0 1.076  15.63

MR =molar refractivity, MV =molar volume, Pc=parachor, n=
refractive index, ST = surface tension, D = density, Pol = polarizability.

Thus, if any two of them or all the three are present in
the regression expression then the model may suffer

from the defect due to colinearly. However, their
occurrence will be dealt with according to the recom-
mendations made by Randic.?

No mutual correlation exists between molecular
descriptors (MR, MV, Pc) and the indicator parameters
used. It means that use of indicator parameters along
with MR, MV and Pc will not result into models having
co-linearity defect. However, model containing any
two of the parameters MR, MV and Pc will suffer from
the defect due to colinearity. Such cases will be
dealt with following the recommendation made by
Randic.’

The above discussion recommended to undertake
multiple regression analysis for yielding statistically
significant models for modelling the phenolic activity
(log1/C). Selassie et al.> considered only 52 phenols
from the data set for modelling the activity. Our results
support such a selection of 52 compounds.

The preliminary regression analysis made by us indicates
that the data set of 69 compounds needs to be divided
(split) into two or more sets. The preliminary regression
analysis indicated division of 69 compounds in two sets
(categories). One of these categories contains 52 com-
pounds and other one 17 compounds. We are not in a
position to provide any structural evidence for such
splitting. However, out of all probabilities the splitting
may be because of their different mechanism of action.
Such type of division into different sets is reported ear-
lier by Rouvray and El-Basil,* Dais> and also by us.*!2
We have, therefore, carried out regression on these di-
vided sets. Stepwise regression analysis gave a penta-
parametric model containing 51 compounds with
significant statistics (one compound 12 has to be deleted
being outlier):

Table 3. Correlation table- of various parameters and biological activity (log1/C)*

logl/C MR MV Pc n ST D Pol
logl/C 1.0000
MR 0.3851 1.0000
MV 0.4193 0.9694 1.0000
Pc 0.3926 0.9935 0.9871 1.0000
n —-0.1009 0.0431 —-0.1924 —0.0465 1.0000
ST -0.2114 —0.0949 —-0.2973 —0.1488 0.8936 1.0000
D —0.2416 —-0.2181 —0.3669 —-0.2790 0.6549 0.5815 1.0000
Pol 0.3850 1.0000 0.9694 0.9935 0.0431 —-0.0949 —-0.2180 1.0000
A —-0.2124 —0.2587 —0.259%4 —0.2687 0.0269 0.0144 0.0887 —-0.2587
L —-0.1374 0.1434 0.0686 0.1107 0.2216 0.1431 0.0375 0.1433
L 0.4517 0.4432 0.4434 0.4567 -0.0172 -0.0113 —-0.0863 0.4432
Iy —-0.1253 —0.2584 —-0.2876 —-0.2899 0.1068 —-0.0394 0.4563 —0.2582
Iy 0.2619 —-0.1376 —-0.1797 —-0.1579 0.2464 0.2088 —-0.0202 -0.1377
logP 0.4687 0.6523 0.7067 0.6755 —-0.2185 —-0.3096 —-0.2641 0.6523
Il 12 13 1)( IN IOgP
I 1.0000
L —-0.3356 1.0000
L —-0.6121 -0.3214 1.0000
Iy 0.0418 0.1019 —-0.1124 1.0000
Iy —-0.0366 0.1350 —-0.1204 —-0.1080 1.0000
log P —0.6585 0.1655 0.5644 0.0245 —0.1880 1.0000

#The neutral correlation of the parameters is in term of r value.
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log1/C = —9.53 (£1.49) + 0.07 (£0.01) MV
—0.02 (40.0043) Pc +8.03 (£1.58)y
+0.39 (£0.07)15 4 0.44 (£0.14) Iy

n=51, Se=0.1893, r=09084, F =42481,
0 = 4.7987

(1)
This model still contained two outliers (8,24), the
removal of which gave improved statistics:

log1/C = —0.90 (£1.12) 4 0.06 (£0.01) MV
—0.02 (40.0040) Pc + 7.65 (£1.46)
+0.36 (£0.06)7; 4 0.46 (£0.06)1y

n=49, Se=0.1742, r=09246, F =50.691,
0 =5.3077

2
No other higher parametric models, other than the
above model (Eq. 2) gave improved statistics. Before
discussing the model expressed by Eqgs. 1 and 2 it is
necessary to provide explanation why MV and Pc,
which exhibits mutual correlation, are used in deriving
the equations. Such situations are well discussed by
Randic."”* He has shown that selection of descriptors to
be used in QSAR, QSPR and QSTR studies should not
be delegated solely to the computers, although the sta-
tistical criteria will continue to be useful for preliminary
screening of descriptors taken from large pool. Often in
an automated selection of descriptors, descriptors will
be discarded because it is highly correlated with another
descriptor already selected, but what is important is not
two descriptors parallel to one another, that is duplicate
much of the same structural information, but whether
they in those parts that are important for QSAR, QSPR
and QSTR correlations. If they differ in the domains,
which are important for the activity, property or toxicity
considered, both descriptors should be retained. If they
differ in parts that are not relevant for the correlation of
considered property, activity or toxicity then one of
them can be discarded. Furthermore Randic'® has stated
that one should preliminary be aware of a common fit
all in regression analysis in describing descriptors that
are highly inter-correlated. He stated that by discarding
one of the descriptor, which commonly duplicates an-
other we may be discarding a descriptor that neverthe-
less may carries useful structural information in the
parts in which it does not parallel with the another de-
scriptors. If the regression equation (model) containing
highly mutually correlated descriptors have respective
coefficients higher than their standard deviation then
they are considered statistically significant. In view of
these recommendations the presence of MV and Pc,
which have high mutual correlation, can be used in
deriving Eqgs. 1 and 2 as above.

The above results shows that the first category gave
pentaparametric model having MV, Pc, 5, I3 and Iy as
the correlating parameters and ultimately containing 49
compounds. Egs. 1 and 2 show that the phenolic activity
(log1/C) is mainly governed by the various modes of
substitution and the parameters MV and Pc.

The coefficients of indicator parameters (/3 and Iy) in
Eq. 2 are positive. This indicates that substitution at 2,3
and 4 positions are favourable for the exhibition of the
phenolic activity.

With regards to other parameters involved in Eq. 2, it is
interesting to record that both of them (MV and Pc) are
linearly correlated and that MV is contained in the
definition of Pc.!* In the present case once again we have
to argue for the highly mutual correlation between MV
and Pc. The problems caused by multi-colinearity, and
how to deal with them, continue to be of prime concern
to theoretical satisfaction. From a discussion maker’s
view point, one should be aware of that multi-colin-
earity can exist and recognize the basic problem it can
cause. Some of the most obvious problems and indica-
tion of highly mutual correlation are as follows:

(1) incorrect signs on the coefficients
(ii) change in the values of the previous coefficient
when a new variable is added in the model and
(iii) an increase in the standard error of the estimation
when a variable is added to the model.

The negative coefficient of Pc in Eq. 2 is therefore,
because of the high mutual correlation between Pc and
MV.

Basically, both these parameters (MV and Pc) account
for the polarizability effect. Their positive coefficients in
models (Egs. 1 and 2) indicate that polarizability is
responsible for the exhibition of phenolic activity
(log1/C).

In order to investigate the role of hydrophobic effect
(log P) in the exhibition of log 1/C we have used log P as
an addition correlating parameters. Now, the parame-
ters used being: MV, Pc, 5, I3, Iy and log P. Successive
regression analysis using these six parameters ultimately
resulted into the following statistically significant model:

log1/C = — 6.6 (£1.46) +0.05 (£0.01) MV
—0.02 (40.0043)Pc + 0.048 (+0.03) log P
+6.15 (£1.49)7 + 0.30 (40.08)/5
+0.75 (£0.13)Iy
n=52, Se=02005 r=09107,
0 = 4.5421

F = 36.401,

3)
This model (Eq. 3) contains three outliers (9,12,28), the
deletion of which resulted into following regression
model:

log1/C = —8.63+0.06 (£0.01) MV
—0.02 (40.0038)Pc + 0.08(+0.02) log P
+7.47 (£1.38)n + 0.22 (+0.07)15
+0.53(£0.17)Iy
n=49, Se=0.1646,
0 =567

r=0.9340, F =47.819,

4)
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This shows that statistics (Eq. 2) is improved by the
addition of hydrophobic parameter(log P). This led us to
conclude that in the case considered, that is, for the first
category containing 52 compounds, the introduction of
hydrophobic term is beneficial for QSAR modelling.
Hence, the positive hydrophobic term (logP) is a
favourable requirement for the exhibition of log 1/C. In
other words, in addition to polarizability, hydropho-
bicity is favourable for exhibiting phenolic activity

(log1/0).

We now discuss the results obtained for the category
second containing 17 compounds. All these compounds
taken together result into a model according to the
following equation:

log1/C =431 (£1.25) + 0.14 (£0.03) MV
—0.06 (£0.02) Pc+0.99 (£0.51)7,
n=17, Se=0.7904, r=0.7440, F =5371,
0 =0.9413

(5)

No other regression resulted into a better regression
expression than the above (Eq. 5).

Once again, for investigating the need of hydrophobic
term in QSAR we have used log P as additional corre-
lating parameter for obtaining model for this set of 17
compounds.

Addition of log P to above model (Eq. 5) gave signifi-
cant improvement in the statistics yielding the following
regression expression:

log1/C = 4.72 (£1.83) +0.10 (£0.05) MV
—0.04 (0.02)Pc + 0.48 (+0.31)log P
+1.38 (£0.55)];

n=17 Se=0.516,
0 =1.0542

r=10.7910, F = 5.050,

(6)

For a data set of 17 compounds, this model (Eq. 6) is a
marginal case of rule of thumb. Furthermore, on pass-
ing from (Eq. 5) to (Eq. 6), the adjusted R? is increased
from 0.4504 to 0.5031. This shows that use of log P term
in Eq. 6 is well justified statistically. The physicochem-
ical significant attached to models expressed by Egs. 5
and 6 is similar to those discussed above.

The results obtained indicate that the compounds
belonging to second category has poor statistics; this
may be attributed to different mechanism of action of
the compounds belonging to this category.

We now discuss the effect of ortho-substitution on the
exhibition of log 1/C. In the present study, there are 21
ortho-substituted phenols. The regression study on these
21 ortho-substituted compounds after deleting com-

pounds 40 and 65 gave the following statistically sig-
nificant model for modelling log 1/C:

log1/C = 2.19 (£0.73) + 0.04 (+0.01) MR
+1.60 (£0.21)1; + 1.82 (£0.21)Iy

n=19, Se=0.1987, r=0.9449, F =41.076,

0 =4.755
(7)

Introduction of log P term in the above model (Eq. 7)
did not show any appreciable improvement in the sta-
tistics. The results (Eq. 7) show that when all the 21
ortho-substituted compounds are considered as a sepa-
rate class, then there is no need of hydrophobic term
(log P) for the exhibition of phenolic activity (log1/C),
that is, QSAR modelling related to phenolic activity.
This may be attributed to be due to ortho-effect. This is
in favour of earlier results,'> which also favoured that
an ortho-substitution did not require log P for modelling
the activity.

The predictive power of the proposed models is dis-
cussed by calculating quality factor Q.'%! The QO value
that is, R/Se indicates that the predictive power goes on
increasing with increase in the R and decrease in Se. The
same is followed in the models discussed above and
shows that predictive powers follows the statistical
qualities.

Table 4. Estimated biological activity (log1/C) from various models
discussed in the text

Comp. logl/C logl/C* logl/C® logl/C® logl/C¢
no.

1 4.48 3.83¢ 3.74¢ 4.51 5.03¢
2 4.68 3.90¢ 3.84¢ 4.66 5.19¢
3 4.85 3.40° 3.95¢ 4.84 5.36°
4 5.20 4.10¢ 4.07¢ 5.05 5.52¢
5 5.50 4.33¢ 4.36° 5.54 5.85¢
6 3.27 3.38 3.48 4.62¢ 3.19¢
7 3.45 3.67 3.68 3.65¢ 5.03¢
8 4.29 3.85¢ 3.87¢ 4.71 4.97¢
9 3.86 4.29¢ 4.35¢ 4.27¢ 5.25¢
10 3.08 3.94¢ 3.89¢ 3.80 5.03¢
11 3.83 3.61 3.59 4.87¢ 4.79¢
12 5.09 4.39¢ 4.32¢ 3.07¢ 6.77¢
13 4.59 3.73¢ 3.65¢ 3.40 4.86°
14 3.85 3.85 3.83 4.84¢ 4.96°
15 3.86 3.95 3.94 5.06¢ 5.13¢
16 3.73 3.96 3.83 3.01¢ 5.30¢
17 3.44 3.56 3.54 3.66¢ 4.96°
18 4.97 4.25¢ 4.28¢ 4.34 5.73¢
19 4.07 4.37 4.36 3.85¢ 6.22¢
20 4.20 4.00 4.03 4.60° 5.07¢
21 4.09 4.30 4.29 5.76¢ 5.45¢
22 3.48 3.30 3.46 3.69¢ 3.42¢
23 2.65 3.59¢ 3.62¢ 3.12 3.70¢
24 3.87 3.48° 3.65 4.76° 3.36°
25 3.88 393 4.05 5.63¢ 3.84¢
26 3.54 3.49 3.61 4.85¢ 3.36°
27 3.71 3.46 3.54 4.62¢ 3.43¢
28 4.11 4.19 4.33¢ 4.06° 5.52¢

(continued on next page)
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Table 4 (continued)

Comp. logl/C logl/C* logl/C® logl/C® logl/C?
no.
29 3.71 3.58 3.71 5.03¢ 3.53¢
30 3.82 3.64 3.81 4.62¢ 3.46°
31 3.11 3.19 3.33 3.70° 3.36°
32 3.46 3.25 3.38 4.94¢ 3.19¢
33 3.46 3.37 3.44 3.50° 3.25¢
34 4.11 4.02 4.11 3.15¢ 5.16°
35 3.52 3.49 3.46 5.30° 3.36
36 3.22 3.48 3.46 4.96° 3.36
37 3.20 3.25 3.23 5.41° 3.19
38 3.78 3.46 3.42 5.25¢ 343
39 3.75 3.58 3.53 5.27¢ 3.53
40 4.92 3.37¢ 3.38¢ 4.51 3.25¢
41 5.03 3.77° 3.62¢ 4.51 5.03
42 5.16 4.02¢ 4.10¢ 4.43 5.16
43 3.30 3.19 3.20 4.28° 3.36
44 3.34 3.30 3.31 4.12¢ 342
45 3.44 3.64 3.61 4.75¢ 3.46
46 4.00 3.93 3.82 5.57¢ 3.84
47 4.04 4.03 4.04 5.25¢ 5.30°
48 4.33 4.12 4.16 5.48¢ 5.46°
49 4.47 4.23 4.28 5.63° 5.63°
50 4.62 4.57 4.68 6.20° 6.12¢
51 2.48 3.66° 3.55¢ 2.76 5.11°
52 2.50 3.61° 3.47¢ 2.31 5.24¢
53 4.49 4.45 4.54 6.01° 5.96°
54 4.75 4.69 4.82 6.38¢ 6.29¢
55 4.68 4.56 4.64 4.13¢ 6.75°
56 4.34 4.29 4.32 3.38° 6.62°
57 4.10 4.17 4.15 2.54¢ 6.55°
58 4.01 4.13 4.06 2.06° 6.68¢
59 4.60 4.34 4.33 2.53¢ 6.62¢
60 3.82 4.47¢ 4.49° 4.15 5.43°
61 3.95 3.93 3.91 2.89¢ 3.65
62 3.70 3.68 3.64 4.44¢ 3.64
63 3.50 3.72 3.64 5.34¢ 3.69
64 3.90 3.83 3.72 5.29¢ 3.86
65 2.70 3.34¢ 3.34¢ 4.39 3.42¢
66 3.49 3.72 3.64 5.34¢ 3.69
67 3.22 3.48 3.40 6.16¢ 3.36
68 3.50 3.56 3.57 3.36° 3.66
69 3.25 3.54 3.48 5.18° 3.59

?From Eq. 2.

°®From Eq. 4.

°From Eq. 6.

9From Eq. 7.

¢ Data points not included in the corresponding models.

In order to confirm our findings, we have calculated
predictive correlation coefficient (Rfm) by correlating
estimated phenolic activity with the experimental activ-
ity. The data needed for such calculations are presented
in Table 4 and used in Figures 1-4. The obtained pre-
dictive correlation coefficients R?: 0.8549, 0.8724 and
0.8928 respectively for correlations demonstrated by
Figures 1-4, and the closeness of estimated activity with
the observed one confirms our findings discussed above.

Finally it is worthy to compare our results with those
reported earlier.'? The exact comparison is not possible
as different parameters are used by us and by the earlier
workers. For the ortho-substituted compounds our
model is better than the earlier model, particularly
because the number of compounds involved in our
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Figure 1. Correlation between observed and estimated activities
(log1/C) using Eq. 2.
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Figure 2. Correlation between observed and estimated activities
(log1/C) using Eq. 4.
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Figure 3. Correlation between observed and estimated activities
(log1/C) using Eq. 6.

model is 19 as compared to 14 compounds used earlier.
Furthermore, the earlier report concern with 52 com-
pounds only and that they have not attempted QSAR
for the remaining set of 17 compounds. That is, earlier,
out of 69 compounds only 52 compounds were used for



M. Thakur et al. | Bioorg. Med. Chem. 12 (2004) 2287-2293 2293

5.5
°
5 [}
Q 451
(=2
o
W47
oo
as{ ° .  °
: % °
°
3 ; ; ; ; .
3 35 4 45 5 5.5
Obs.log1/C

Figure 4. Correlation between observed and estimated activities
(log1/C) using Eq. 7.

QSAR analysis. Our report on the other hand consid-
ered all the 69 compounds under split condition. How-
ever, for the set of 52 compounds, our statistics
(r =0.934) is slightly worse than the earlier statistics
(r = 0.959).

3. Conclusion

From results and discussion made above we conclude
that:

1. It is not possible to model the log 1/C activity of all
the 69 phenols taken together; for obtaining statisti-
cally significant models the data set has to be split (di-
vided) into two different categories (sets).

2. The compounds belonging to the separated data set
requires a positive hydrophobic term (log P) for exhi-
bition of their phenolic activity (log1/C).

3. When ortho-substituted compounds are grouped as a
separate class, then there is no need of any hydropho-
bic term (logP) for the exhibition of the activity
(log1/C).

4. Experimental

Activity—The phenolic activity (log1/C) of the phenols
against L1210 leukaemia cells as well as hydrophobicity
(log P) were adopted from the literature.!?

Molar volume (MYV) and parachor (Pc)—The molar
volume (MV) and parachor (Pc) for the set of phenols
were calculated from ACD Lab software.'

Indicator parameters—These are the dummy parameters
sometimes used for accounting those structural feature
not covered in any molecular descriptor used. They as-
sumed only two values 1 or 0. If the assumed structural
feature is present; then the indicator parameters is 1
otherwise it is 0. The details of such parameters, used in
the present study are already given in the Result and
Discussion section (ref. Table 1).

Statistical analysis—Maximum R?> method together with
stepwise regression'” was carried for arriving at statis-
tically significant models.
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