Available online at www.sciencedirect.com

sc.ENCE@D.RECT@

Bioorganic &
Medicinal
Chemistry

ELSEVIER Bioorganic & Medicinal Chemistry 13 (2005) 1185-1194

QSTR with extended topochemical atom indices. Part 5:
Modeling of the acute toxicity of phenylsulfonyl carboxylates to
Vibrio fischeri using genetic function approximation™

Kunal Roy* and Gopinath Ghosh
Drug Theoretics and Cheminformatics Lab, Division of Medicinal and Pharmaceutical Chemistry,
Department of Pharmaceutical Technology, Jadavpur University, Kolkata 700 032, India

Received 11 October 2004; revised 8 November 2004; accepted 9 November 2004
Available online 26 November 2004

Abstract—In continuation of our recent efforts to model the acute toxicity of 56 phenylsulfonyl carboxylates to Vibrio fischeri using
principal component factor analysis, the present paper deals with modeling of the same data set with extended topochemical atom
(ETA) indices using genetic function approximation (GFA) as the statistical tool. The statistical quality of the best model using ETA
descriptors is as follows: n = 56, Q2 =0.771, Ri =0.861, R =0.935, F=69.0 (df5,50), s = 0.172, AVRES = 0.128. This equation was
better in statistical quality than that obtained previously using principal component factor analysis as the data-preprocessing step.
An attempt was also made to model the data set with different nonETA parameters (topological indices including Wiener, Hosoya
Z, molecular connectivity, kappa shape, Balaban J and E-State parameters apart from physicochemical parameters like Alog P98,
MolRef and H_bond_acceptor) and the best model showed the following quality: n =56, Q*=0.805, R? =0.820, R=10.913,
F =535 (df4,51), s =0.196, AVRES = 0.136. An attempt to use both ETA and nonETA parameters lead to an equation which
is marginally better than the best ETA model: n = 56, 2 =0.779, Rfl =0.865, R=0.937, F=71.7 (df5,50), s=0.169,
AVRES = 0.127. Use of the ETA indices suggested negative contributions of steric bulk, functionality of C,, volume of substituents
on Cig and functionalities of chloro and nitro substituents at X; position and positive contributions of functionalities of C4 and C,
and presence of substituents with electronegative atoms, especially at R, and R; positions. Furthermore, absence of substituents at
R, and Rj positions decreases toxicity. This study corroborates the results obtained from principal component factor analysis and
suggests that ETA parameters are sufficiently rich in chemical information to encode the structural features contributing signifi-
cantly to the acute toxicity of phenylsulfonyl carboxylates to V. fischeri.

© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Accumulating evidences suggest that humans and
domestic and wildlife species have suffered adverse
health consequences from exposure to environmental
chemicals.! Animal testing is still considered essential
to the support of risk assessment, but is often too costly
and time consuming to be applied to the full range of
chemicals for which some level of toxicological screening
is necessary and desired.? Faced with the task of screen-
ing a large number of chemicals, for an increasing array
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of toxicity endpoints, using limited resources, quantita-
tive structure-activity relationships (QSARs) have been
used in many diverse problem settings as a complement
to experimental data.> QSARs have emerged as an indis-
pensable tool for predicting ecotoxicological hazard of
new chemicals. The regulatory agencies have to rely on
QSAR techniques as these can rapidly predict potential
ecotoxicological hazard at minimum cost.*> The US
Environmental Protection Agency (EPA) designed
ASTER (Assessment Tools for Evaluation of Risk),
which is an integration of AQUIRE (database of aqu-
atic toxicity) and QSAR (database of physicochemical
properties and QSAR models) to assist regulators in
producing assessments.* Apart from prediction of eco-
logical and human health effects, QSARs are being used
to help industry design safer chemicals for commercial
use.2 QSARSs have also been used in exploring the mech-
anism of toxic actions of chemicals.’
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Different QSAR methods have been used for ecotoxico-
logical risk assessment. A QSAR model based on atom
type E-state index has been reported for the prediction
of toxicity of fathead minnow for a diverse set of 140
organic chemicals.® The toxicity of organic chemicals
to Chlorella wvulgaris was modeled using multiple
linear regression and k-nearest neighbours methods.”
Different classification techniques like discriminant
analysis, quadratic discriminant analysis, regularized
discriminant analysis, etc., have been used for toxi-
city prediction.® The toxicity of diverse aromatic com-
pounds to Tetrahymena pyriformis was modeled using
partial least squares and Bayesian regularized neural
network.”1 3-D QSAR studies on toxicity of chloro-
phenols have been reported using the CATALYST
software.!!

We have recently introduced'> !> extended topochemi-
cal atom (ETA) indices as an extension of the TAU
concept in the valence electron mobile (VEM) environ-
ment,'®2® and modeled different toxicity data (phenol
toxicity,'? fish toxicity!® and nitrobenzene toxicity'4) to
establish the utility of ETA indices in modeling studies.
Very recently, we have reported!> modeling of the acute
toxicity of 56 phenylsulfonyl carboxylates to V. fischeri
using principal component factor analysis and principal
component regression analysis. The present paper deals
with modeling of the same toxicity data of phenylsulf-
onyl carboxylates using ETA indices applying genetic
function approximation (GFA).

GFA,?"?® a powerful new technique, automates the
search for QSAR models by combining genetic algo-
rithm with statistical modeling tools. It rapidly produces
a population of statistically valid structure—activity
models, rather than a single model. Thousands of candi-
date models are created and tested during evolution,
where only the superior models survive, which are then
used as ‘parents’ for the creation of the next generation
of the candidate models. The predictiveness of GFA
candidate models is estimated using Friedman’s lack-
of-fit (LOF) error measures, which uses least square
error, number of samples in the data set and number
of terms in the model. The frequency of use of a partic-
ular descriptor in the population of equations may
indicate the relevance of the descriptor in the prediction
of the response variable.?’

The statistical qualities of the best regression equations
obtained from GFA in the present study were compared
to those of the equations obtained previously using prin-
cipal component factor analysis as the data pre-process-
ing step.!> Attempt has also been made to develop
models using selected nonETA indices and compare
these to the ETA models. Finally, models were devel-
oped using both ETA and nonETA descriptors.

2. Materials and methods

Definitions of some of the basic parameters used in the
ETA scheme are given below.

2.1. The core count ()

The core count [¢] for a nonhydrogen vertex was defined

3.512

zZ-7" 1

SR O N m
In Eq. 1, PN stands for period number. Hydrogen atom
being considered as reference, o for hydrogen is taken to
be zero. The a values of different atoms (which are com-
monly found in organic compounds) have high correla-
tion (r=0.946) with (uncorrected) van der Waals
volume.'? Thus, >« values of all nonhydrogen atoms

of a molecule (instead of vertex count Ny) may be taken
as a gross measurement of molecular bulk.

2.2. The electronegativity measure (g)

We defined a term ¢ as a measure of electronegativity in
the following manner:!2

e=—a+037". (2)

It was found'? that ¢ has good correlation (r = 0.937)
with Pauling’s electronegativity scale.

2.3. The VEM count f

The VEM count f of the ETA scheme was defined as'?

ﬁ:va+Zyn+5. (3)

In the above equation, x is the contribution of a sigma
bond having values of 0.5 for two bonded atoms of
similar electronegativity (Ae < 0.3) and 0.75 for two
bonded atoms of different electronegativity (Ae > 0.3).
Again, in the case of pi bonds, contributions (y) are
considered depending on the type of the double bond:
(1) for pi bond between two atoms of similar electrone-
gativity (Ae < 0.3), y is taken to be 1; (ii) for pi bond
between two atoms of different -electronegativity
(Ae>0.3) or for conjugated (nonaromatic) pi system,
y is considered to be 1.5; (iii) for aromatic system, y is
taken as 2. J is a correction factor of value 0.5 per atom
with lone pair of electrons capable of resonance with
aromatic ring (e.g., nitrogen of aniline, oxygen of phe-
nol, etc.).

For a given part (substructure) of a molecular graph,
> By and > f,s may be calculated considering all
bonds (sigma bonds for the former and pi bonds
and lone pair of electrons for the latter) in the substruc-
ture. Y B (defined as [>_BJ/Ny, Ny being the vertex
count) may be taken as a relative measure of number
of electronegative atoms in the substructure while
> B, (defined as [ fns]/Ny) may be taken as a relative
measure of electron-richness (unsaturation) of the
substructure.

2.4. The VEM vertex count y

The VEM vertex count 7, of the ith vertex in a molecular
graph was defined as'?
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a.
y, = —. 4
=g (4)
In the equation above, o, stands for o value for the ith
vertex and f; stands for VEM count considering all
bonds connected to the atom and lone pair of electrons
(if any).

2.5. The composite index

The composite index n was defined in the following

manner:!?
0.5
] : (5)

In Eq. 5, r; stands for the topological distance between
ith atom and jth atom. Again, when all heteroatoms in
the molecular graph are replaced by carbon and multiple
bonds are replaced by single bond, corresponding
molecular graph is considered as the reference alkane
and the corresponding composite index value is desig-
nated as ng.'?

-3 |4

i<j ij

2.6. The functionality index ng

Considering functionality as the presence of heteroa-
toms (atoms other than carbon or hydrogen) and
multiple bonds, functionality index ng was calculated'?
as nr—#. To avoid dependence of functionality on
vertex count or bulk, another term 5 was defined as
nelNy.

2.7. The atom level index

The contribution of a particular position or vertex to
functionality can be determined in the following
manner:'?

=" [”] ~ (6)

J#i Tij
In Eq. (6), [5]; stands for contribution of the ith vertex to
n. Similarly, contribution of the ith vertex [nr]; to 7r can
be computed. Contribution of the ith vertex [yg]; to
functionality was defined'?> as [#r]; — [#]; To avoid

dependence of this value on Ny, a related term [i}],
was defined'? as [ng]/Ny.

2.8. The local index 5"

When only bonded interactions are considered (r; = 1),

tllle ?orresponding composite index may be written as
oca.
n .

nlocal _ Z (%‘Vj)o's' (7)

i<jrij=1

In the similar way, i for the corresponding reference
alkane may also be calculated. Local functionality con-
tribution (without considering global topology), nioc!,
may be calculated as nigel — plocal,

2.9. The branching index ng

Branching is calculated with respect to n value of the
corresponding normal alkane (straight chain compound
of same vertex count obtained from the reference
alkane), 79! which may be conveniently calculated
as (for compounds having Ny > 3):!2

noe = 1.414 + (Ny — 3)0.5. (8)

Branching index #xg can Dbe calculated as
nigedl — plecal 4 0.086Ng, where Ny stands for the number
of rings in the molecular graph of the reference alkane.
The Ny term in the branching index expression repre-
sents a correction factor for cyclicity. To calculate
branching contribution in comparison to the molecular
size, another term # was defined!? as ng/Ny.

2.10. The shape indices

The terms like (3 o0),/> o, O-o)y/D> o and (D a)x/> o
can be used as the shape parameters. (3 o), (O %)y
and (> o)x stand for summation of o values of the
vertices that are joined to one, three and four other
nonhydrogen vertices respectively in the molecular
graph.

In the present communication, utility of ETA parame-
ters is demonstrated through a Quantitative Structure—
Toxicity Relationship (QSTR) study taking acute toxi-
city of phenylsulfonyl carboxylates to V. fischeri®® as
the model data set (Table 1). The definitions of impor-
tant ETA parameters are given in Table 2. Genetic
Function Approximation (GFA) was used as the statis-
tical tool for generating the multiple regression equa-
tions. The study was done using the GFA module
under QSAR + environment of CERIUS2 software®! All
default settings were used for the analysis (number of
crossovers = 5000, linear terms, smoothness factor =1,
mutation probability for adding new term = 50%).

The nonhydrogen common atoms of the compounds
were so numbered that these maintain same serials in
all the models (Fig. 1). The calculations of #, g, 1,
B, Mocal and contributions of different vertices to ng
were done, using distance matrix and VEM vertex
counts as inputs, by the GW-BASIC programs KRE-
TA1 and KRETA2 developed by one of the authors.3?
We have also modeled the toxicity data using other se-
lected topological and physicochemical variables and
compared the ETA models with nonETA ones. The val-
ues for the nonETA topological descriptors and physi-
cochemical variables for the compounds have been
generated by QSAR +and Descriptor + modules of
the Cerius2 version 4.8 software.3! The various topolog-
ical indices calculated are Wiener,>* Hosoya Z>* Bal-
aban J?° connectivity indices (°y, 'y, %% 31ps 2%y dens
O A e e 1) Kappa shape  ind-
ices (', %k, *k, 'k, Kkn k)% E-state para-
meters.*!**> Among the physicochemical variables,
molar refractivity (MolRef), hydrophobicity (Alog P98)
and H_bond_acceptor®® were considered. Finally



Table 1. Observed, calculated and predicted toxicity of phenylsulfonyl carboxylates to V. fischeri

o
OXS/ o /Rl

o)

R3

X

1-56
SIL. Structural features® Toxicity to V. fischeri (pC)

R R, R; X, X, Obsd® Calced® Pred® Calcd® Pred? Calcd® Pred®

1 CHj; [CH,]»— H H 2.28 2.13 2.12 2.20 2.19 2.21 2.20
2 CHj; [CH;,]5— H H 2.12 1.92 1.90 1.86 1.83 1.83 1.80
3 CH; [CH,]4— H H 1.91 1.73 1.72 1.75 1.73 1.75 1.74
4 CHj; [CH;]s— H H 1.81 1.56 1.55 1.64 1.63 1.67 1.66
5 CH; [CH,]»- H NO, 2.12 2.03 2.01 1.97 1.96 2.00 1.98
6 CH(CH3;), [CH;]»— H NO, 1.78 1.84 1.84 1.83 1.83 1.84 1.85
7 CH(CH,), [CHa]5- H NO, 1.81 1.66 1.65 1.48 1.47 1.46 1.44
8 CH(CH3), [CH;]s— H NO, 1.45 1.37 1.37 1.27 1.26 1.29 1.28
9 CH(CH3), [CH;]6— H NO, 1.05 1.24 1.24 1.15 1.16 1.21 1.21
10 CHj; [CH,]»- H Br 1.89 1.87 1.87 2.03 2.05 2.00 2.01
11 CH, [CH)s— H Br 1.76 1.69 1.69 1.69 1.69 1.63 1.61
12 CHj; [CH;]4— H Br 1.60 1.53 1.52 1.58 1.58 1.55 1.54
13 CHj; [CH,]5— H Br 1.31 1.38 1.38 1.47 1.48 1.47 1.49
14 CHj; [CH,]»— H Cl 1.96 2.03 2.04 2.06 2.07 2.07 2.08
15 CH; [CH,]5- H Cl 1.92 1.83 1.82 1.72 1.70 1.70 1.68
16 CH(CH3), [CH;]— H Cl 1.86 1.83 1.83 1.90 1.91 1.91 1.92
17 CH,(CH,),CH; [CH,]»— H Cl 1.70 1.74 1.75 1.72 1.72 1.83 1.84
18 CH(CH3), [CH;]4— H Cl 1.51 1.49 1.49 1.45 1.45 1.46 1.46
19 CH(CH3), [CH,]s— H Cl 1.32 1.35 1.35 1.34 1.34 1.38 1.38
20 CH(CH3), [CH,]6— H Cl 0.90 1.22 1.23 1.23 1.24 1.29 1.32
21 CH(CH3), [CH,]»— H CHj; 1.96 1.81 1.80 1.92 1.92 1.87 1.86
22 CH(CHs), [CH,]5— H CH; 1.46 1.63 1.64 1.58 1.58 1.49 1.50
23 CHj; [CH;]— H CHj; 222 2.01 2.00 2.08 2.07 2.02 2.00
24 CH,CH; [CH,]»- H CHj; 1.92 1.90 1.90 1.97 1.97 1.95 1.95
25 CH,CH; [CH,]5— H CHj; 1.68 1.71 1.72 1.63 1.62 1.57 1.56
26 CH(CH3), [CH,]4— H CH; 1.22 1.47 1.49 1.47 1.48 1.41 1.43
27 CH(CH3), [CH;]5— H CHj; 1.09 1.33 1.35 1.36 1.37 1.34 1.36
28 CHj; [CH,]s— H CHj; 1.40 1.48 1.48 1.52 1.53 1.49 1.50
29 CHj; H H H NO, 1.29 1.42 1.45 1.37 1.37 1.52 1.56
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30
31
32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56

CH(CHj3),
CH,
CH(CHj3),
CH;
CH(CHj3),
CH,
CH(CHj3),
CH;

CH3

CH;

CH3

CH;
CH2CH3
CH2CH3
CH2CH3
CH2CH3
CH(CHj3),
Cyclohexyl
CH3
CH(CHj3),
CH(CHj3),
CH;
CH2CH3
CH(CHj3),
CH,CH(CHj;),
CH(CHj3),
CH(CHa),

%IEIEIEIE

CH,CH;
CH,(CH,),CH3;
CH,Ph
CH,(CH;),CH3;
CH,

CH3

CH,
CH,(CH,),CH3
H

H
H
CH,CO,CH,CH;

TIITTZTZTTT

CH,
CH3
CH,CH;
CH,(CHy), CH;
CH,Ph
CH,(CH;),CH3
CH,Ph
CH2CH=CH2
CH,-1-Naph
CH,(CH;),CH3
CH,
CH,CO,CH,CHj3;
CH,CO,CH(CH,),
CH,CO,CH,CH,

=CHPh

=CHPh

=CHPh

=CHPh

=CHPh

=CHPh

Cl
Cl
NO,

Z
&

NO,

Z
N
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NOZ
NO,
N02

Cl

Cl

NO,
N02
NO,
NOZ
NO,
NOZ
NO,
N02
NO,
NOZ
NO,
N02
NO,
NOZ
NO,
NOZ
NO,
NOZ
CH;
Cl

1.28
0.44
1.13
1.49
1.34
1.33
1.45
1.48
1.42
1.36
1.10
0.60
1.08
0.98
1.12
0.83
1.05
1.19
1.00
0.92
0.66
0.82
0.75
0.64
0.66
0.89
0.80

1.26
0.81
0.72
1.42
1.26
1.37
1.23
1.46
1.83
1.53
1.00
0.51
0.95
1.05
1.45
0.68
0.90
1.23
1.07
0.86
0.84
0.83
0.79
0.75
0.71
0.68
0.71

1.26
1.28
0.37
1.41
1.25
1.38
1.18
1.45
1.86
1.53
0.99
0.47
0.94
1.05
1.46
0.64
0.88
1.24
1.08
0.85
0.88
0.83
0.79
0.76
0.71
0.64
0.70

1.21
1.22
1.07
1.37
1.22
1.22
1.08
1.52
1.61
1.36
0.88
0.83
0.76
1.11
1.31
0.91
0.74
1.17
1.06
0.93
0.69
0.87
0.75
0.74
0.51
0.88
0.85

1.21
1.28
1.07
1.36
1.22
1.21
1.05
1.53
1.63
1.36
0.86
0.86
0.73
1.12
1.32
0.91
0.70
1.17
1.08
0.93
0.70
0.87
0.75
0.74
0.48
0.88
0.85

1.38
0.81
0.72
1.50
1.37
1.35
1.22
1.59
1.58
1.41
1.06
0.72
0.98
1.05
1.29
0.83
0.90
1.30
1.10
0.87
0.48
0.84
0.77
0.69
0.62
0.72
0.76

1.39
1.26
0.38
1.51
1.37
1.36
1.21
1.60
1.60
1.41
1.06
0.73
0.97
1.06
1.30
0.84
0.88
1.31
1.10
0.86
0.44
0.84
0.77
0.70
0.61
0.67
0.75

#In cases of compounds 1-28, R, and R; substituents correspond to alicyclic rings of different size.

®Obsd = observed (Ref. 30); Caled = calculated, Pred = predicted (leave-one-out).
°From Eq. 9.

9 From Eq. 13.
¢From Eq. 15.
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Table 2. Definitions of important ETA parameters used in exploring QSAR of toxicity of phenylsulfonyl carboxylates

Parameter Definition
>Sa Sum of « values of all nonhydrogen vertices of a molecule
Doy Sum of « values of all nonhydrogen vertices each of which is joined to four other vertices of the molecule
Doalp Sum of o values of all nonhydrogen vertices each of which is joined to only one other vertex of the molecule
(2= oldg, Sum of « values of all nonhydrogen vertices of R; position
el Functionality for carbon atom at 1 position
an Functionality for carbon atom at 4 position
ZAm Functionality for carbon atom at 10 position
el Functionality for oxygen atom at 13 position
M¥lx,—a Functionality for chlorine substituent at X; position in the phenyl ring
[zn:’F] x1-NO; Frzn:cti(]);lality for nitro substituent at X; position in the phenyl ring
/}s = [j’s NV
> Bilsub Sum of 3" B values of substituents (R, and R3) on Cio; > 8. is defined as [Y" B,]/Ny for nonhydrogen substituent(s); in case,
hydrogen is present in the substituent position, the value for that position is taken as zero
> Bislsun Sum of ) B values of substituents on Cyo; 3. 8, is defined as [} B, /N, for nonhydrogen substituent(s); in case, hydrogen

is present in the substituent position, the value for that position is taken as zero

9,012

O
\S// /Rl
7N\0/11 0
13
Ry R
Xl
1-56

Figure 1. General structure of phenylsulfonyl carboxylates: the com-
mon atoms have been numbered 1-13.

attempt was made to use both ETA and nonETA
descriptors in modeling of the toxicity data.

The statistical quality of the equations** was judged by
the parameters like explained variance (R2, i.e., adjusted
R?), correlation coefficient (r or R), standard error of
estimate (s) and variance ratio (F) at specified degrees
of freedom (df). PRESS (leave-one-out) statistics*>4
were calculated and leave-one-out cross-validation R

Table 3. List of selected GFA-derived equations

(0%, predicted residual sum of squares (PRESS),
standard deviation based on PRESS (Sprgss),
standard deviation of error of prediction (SDEP) and
average absolute predicted residual (Pres,,) were
reported. Finally, ‘leave-many-out’ cross-validation
was applied on the final equations. All the accepted
equations have regression constants and F ratios signif-
icant at 95% and 99% levels, respectively, if not stated
otherwise.

3. Results and discussion
3.1. Results with ETA indices

Three best equations for the ETA descriptors were se-
lected from the population of equations generated based
on the values of LOF as well as adjusted R* values (R?)
(shown in Table 3). From these equations the follo-
wing was chosen as the best one based on statistical

Type of variables Equation No. Equations Statistics
LOF R R? R
ETA El pC =9.001[>" ol /> o+ 3.873% f, — 4.726[n]y, ¢ 0.039 0.873 0.861 0.935
—0.126[3" algyp, + 0.362[X ] sup — 1.943
E2 pC =8.938[3al/ > o —3.371 gy, o1 + 05111 Bilsuy 0.039 0.873 0.860 0.934
+27.046[ng]; + 0.194[> " o], — 2.867
E3 pC =6.503[3 0l /> o+ 0.819Y Bilgy, — 0.136 o 0.039 0.861 0.850 0.928
+0.966[n:]x, no, +1.512
NonETA NEI1 pC = 09423y —0.118"1%,—0.200S_sssCH 0.048 0.833 0.820 0913
—0.272 S_ssssC + 2.930
NE2 pC = 1.5133 ¢y + 0.0298 _ssO + 0.0425 sCH; — 0.229%y" 0.051 0.834 0.817 0913
+0.2673 ) + 2.500
NE3 pC = 1.5593 3¢ +0.044S sCH; — 0.207%%" + 0.2403 ), 0.053 0.829 0.812 0911

—0.064S_dsCH + 2.524
pC = 1179 0y — 5.5020n ]y, oy + 793700, — 8.861[nk],, 0035  0.878  0.865  0.937

ETA + NonETA ENEI1
—0.079'x + 2.604

ENE2 PC = 0.9443 10y + 7401 o] / 3 o — 48500k, o1 0.035 0873 0863 0935

—0.013MolRef + 1.483

ENE3 pC = 0.8243 10y +9.245[Y o],/ S ot — 5.065[k ],y 0036 0871 0860  0.933

—0.107[3 oJgy, + 0.469
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significance of the regression coefficients and intercorre-
lation among predictor variables.

pC = 9.001(£2.302) [Z aL/ D

+3.873(£4.154) > Bl — 4.726(£2.509) i, ey
—0.126(£0.045) {Z ocL i
+0.362(££0.305) {Z ﬁ;} —1.943,

Sub
n=56, 0> =0.771, R* = 0.861,
R*=0.873, R =0.935, s =0.172,
F = 69.0(df5,50), AVRES = 0.128,
PRESS = 2.674, SDEP = 0.219,
Spress = 0.231, Pres,, = 0.153.
9)

The 95% confidence intervals are shown within paren-
theses. The regression coefficient of >_ B is significant
at 90% level. The intercorrelation (|r|) matrix among
the predictor variables is given in Table 4. The positive
coefficient of the shape parameter [ o],/ > o indicates
that X type branching (e.g., atom 10) is a conducive
factor for the toxicity. This implies that presence of
hydrogen at R, and Rj3 positions will reduce toxicity.
We may recall here an equation obtained in the previous
communication'?, which is given below:

pC = —1.232(£1.273) [Z ocL/Z "

+40.358(£8.588) 1], — 3.266(£2.799) [l oy
+0.776(£0.279) [Z ﬁ;] ”

— 0.635(£0.168) [Z /3;5} .
n=156, O° =0.704, R? = 0.826,
R*=0.842, R = 0918, 5 = 0.192,
F = 53.3(df5,50), AVRES = 0.139,
PRESS = 3.464, SDEP = 0.249,
Spress = 0.263, Presy, = 0.168.

~ 2212,
b

(10)

As is seen in Eq. 10 that [> o],/ " « bears a negative
coefficient, presence of primary (pendant) type vertex
will reduce the toxicity. This means that presence of
branching as well as absence of primary vertex increases

Table 4. Intercorrelation (|r|) matrix

the toxicity. This is clearly indicative of favoring contri-
bution of an alicyclic ring at R, and Rj positions to the
toxicity. Again the negative coefficient of [>"af , in
Eq. 9 clearly indicates that size of the alicyclic ring
or substituents at R,/R; positions contributes nega-
tively to the toxicity. The negative coefficients of > f.
and [Y Bl in Eq. 9 suggest that presence of electro-
negative atoms, especially at R, and Rj3 positions
increases the toxicity. The negative coefficient of
[Mely,_ in Eq. 9 indicates that the toxicity decreases
as functionality value of Cl substituent at X, position
increases.

Other two equations obtained from ETA descriptors
and listed in Table 3 show positive coefficients of [1%],,
[>_olg, and [nE]y, _yo, and negative coefficients of 3 a.
These indicate positive contributions of the functionality
at position 1, size of R, substituent, functionality contri-
bution of nitro substituent at X position while negative
contribution of the overall molecular bulk. As the
volume of R,/R; positions shows negative contribution
while the size of R; substituent shows positive contribu-
tion to the toxicity, opposite contributions of these
volume terms explain the negative parabolic relation
with respect to overall volume obtained in the previous
communication:'?

pC = —3.761(£2.689) (1], ¢, — 6.511(3.469) 1],
+0.656(+£0.289) |3 B~ 0.588(0.327) >«

Sub

+0.017(£0.015) [Z a} * 45,630,

n=56, 0> =0.726, R> = 0.837,

R*=10.852, R =0.923, s =0.186,

F = 57.4(df5,50), AVRES = 0.136,

PRESS = 3.207, SDEP = 0.239,

Spress = 0.253, Pres,, = 0.163.

(11)

Such negative parabolic relations with respect to volume

and lipophilicity have also been reported by other
authors.*/:48

Eq. 11 was the best equation obtained in the previous
communcation'® based on factor analysis as the pre-pro-
cessing step and considering R? as the statistical measure

oo,/ e s [ZA] [ Bdsw (elo  Ikly, o Crem ks S_ssssC  S_sssCH
[ aly/> e 1.000
> odsub 0.355 1.000
DA 0.033 0.502 1.000
A 0.451 0.371 0301 1.000
AN 0.092 0.640 0.719 0.560 1.000
o 0.569 0.221 0.309 0.556 0.438 1.000
[’7HX|_C1 0.159 0.254 0.272 0.444 0.306 0.229 1.000
*ycn 0.533 0.316 0.262 0.443 0.066 0.165 0.090 1.000
'k, 0.644 0.794 0.342 0.008 0.470 0.130 0.066 0.446 1.000
S_ssssC 0.633 0.373 0.282 0.583 0.398 0.845 0.268 0.215 0.145 1.000
S_sssCH 0.449 0.022 0.151 0.006 0.038 0.012 0.029 0.167 0.329 0.359 1.000
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of comparison. When leave-one-out crossvalidation R>
was considered, the following was the best equation:!>

pC = —3.831(£2.758) 0]y, ¢ + 0.493(40.299) [Z [3;}
— 9.457(£3.907) ], + 26.236(£3.646)[1,],+

Sub

— 0.006(£0.002) [Z a} ’
n=56, 0> =0.732, R> = 0.826,
R>=0.839, R = 0916, s = 0.192,
F =613.6(df5,51), AVRES = 0.142,
PRESS = 3.135, SDEP = 0.237,
Spress = 0.250, Pres,, = 0.166.

(12)

It is clear that the best equation obtained in this
communication based on genetic function algorithm is
better than equations 11 and 12 obtained previously

based on factor analysis considering both R? and 0’
values.

3.2. Results with nonETA indices

While working with nonETA descriptors, three best
equations were selected from the population of gener-
ated models (Table 3). From these equations the follow-
ing was chosen as the best one based on statistical
significance of the regression coefficients and intercorre-
lation among predictor variables.

pC = 0.942(40.652)* sy — 0.118(£0.021)'c,,
—0.200(£0.121)S_sssCH
—0.272(£0.084)S_ssssC + 2.930,
n =56, 0" =0.805, R* =0.820, R* = 0.833,
R=00913, s =0.196, F = 63.5(df4,51),
AVRES = 0.136, PRESS = 2.276, SDEP = 0.202,
SPRESS = 0211, Presav =0.147.
(13)
The intercorrelation (|r|) matrix among the predictor
variables is given in Table 4. Eq. 13 shows importance
of connectivity, kappa shape and E-state parameters.
When compared to Eq. (9), it is observed that adjusted
R? value of Eq. 13 is lower in comparison to that of
Eq. 9. However, Q° value of the Eq. 9 is somewhat lower
than that of Eq. 13. The best equation obtained from

nonETA indices in the previous communication'> based
on factor analysis was the following:

pC = —0.021(£0.004)MolRef + 1.240(£0.675)* 1%y,
— 0.179(0.088)S_ssssC + 0.257(+0.194)S_ddsN
— 0.022(+0.025)S_sCl + 2.885,
n=56, 0*=0.763, R> =0.798, R*> = 0.816,
R =0.903, s=0207, F=44.3(df5,50),
AVRES = 0.139, PRESS = 2.769,
SDEP = 0.222, Spress = 0.235, Pres,, = 0.156.
(14)

Eq. 13 is superior to Eq. 14 with respect to both equa-
tion statistics and crossvalidation statistics.

3.3. Results with ETA and nonETA indices

While working with both ETA and nonETA descrip-
tors, three best equations were selected from the popula-
tion of models generated (Table 3). From these
equations the following was chosen as the best one
based on statistical of the regression coefficients and
intercorrelation among predictor variables.

pC = 1.179(40.545) 3oy — 5.502(£2.314) ]y, 1
4 7.937(4+4.931) 1], — 8.861(£2.993)[1t:],,
—0.079(£0.015)"« + 2.604,
n=56, 0 =0.779, R* = 0.865, R* = 0.878,
R =0937, s =0.169, F = 71.7(df5, 50),
AVRES = 0.127, PRESS = 2.585,
SDEP = 0.215, Spress = 0.227, Pres,, = 0.153.
(15)

The intercorrelation (|Jr|) matrix among the predictor
variables is given in Table 4. When Eq. 15 is compared
to Eq. 9, it is observed that there is marginal improve-
ment in equation statistics and cross-validation statistics
on using nonETA parameters with ETA ones. This
shows that the ETA parameters are sufficiently rich in
chemical information to encode the structural features
contributing significantly to the acute toxicity of phen-
ylsulfonyl carboxylates to V. fischeri. When Eq. (15) is
compared to Eq. 13 involving different nonETA para-
meters, the adjusted R” value in the former case is found
to be higher though Q7 value in the latter case is some-
what larger.

The best equation obtained in the previous communica-
tion'® involving both ETA and nonETA descriptors
using factor analysis as the data-preprocessing step
was the following:

pC = —0.151(£0.026)"y" + 1.202(£0.546)* 7%
— 10.872(£2.963) ], — 4.532(£2.382) [} ]y, ¢t
— 0.296(£0.297) [, no, + 4-000,
n=56, 0> =0.779, R* = 0.861, R* = 0.874,
R =0.935,5 = 0.172, F = 69.4(df5, 50),
AVRES = 0.127, PRESS = 2.589, SDEP = 0.215,
Spress = 0.228, Pres,, = 0.152.
(16)

On comparison, it is found that adjusted R* value of Eq.
15 is slightly higher than that of Eq. 16 while Q* values
of both are the same.

Leave-20%-out crossvalidation was applied on Egs. 9,
13 and 15 and the results are shown in Table 5. Cross-
validation statistics indicate robustness of the formul-
ated models.
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Table 5. Results of leave-20%-out cross-validation applied on Eqs. 9, 13 and 15 Model equation, pC =3 f.x; + «

Key Eq. no. Number of cycles Average regression coefficients (standard deviations) Statistics O* (Average Pres)

9 5¢ 9.073 (0.268) [>- o]/ > o0+ 4.116(0.471) 3 i — 4.604(2.622) 1% ]y, 0.784 (0.146)
—0.125(0.004)[>" o], + 0.358(0.046) [>° ﬂg]Sub —2.098

13 5% 0.939(0.091)%1c—0.118(0.002) ' 1¢,—0.200(0.024)S_sssCH 0.817 (0.143)
—0.272(0.018)S_ssssC + 2.927(0.060)

15 5% 1.174(0.088)% ycn — 5.403(2.446)[ng]x, ¢ +8.079(1.081) [, 0.788 (0.147)

—8.844(0.522)[}:] 0 — 0.079(0.002) 'k + 2.595(0.081)

07 denotes cross-validated R%. Average Pres means average of absolute values of predicted residuals.
# Compounds were deleted in five cycles in the following manner: (1,6,11,16, ... ,51,56), (2,7,12,17, ...,47,52), ...,(5,10,15,20, . .. ,50,55).

4. Conclusion

This study corroborates the results obtained from prin-
cipal component factor analysis!> and suggests that
ETA parameters are sufficiently rich in chemical infor-
mation to encode the structural features contributing
significantly to the acute toxicity of phenylsulfonyl carb-
oxylates to V. fischeri. This study also indicates the
potential of genetic function approximation technique
in developing statistically valid models when a large
number of descriptors are available.
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