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Quantitative structureproperty relationship (QSPR) and quantitative structaivity relationship (QSAR)

studies use statistical models to compute physical, chemical, or biological properties of a chemical substance
from its molecular structure, encoded in a numerical form with the aid of various descriptors. Structural
indices derived from molecular graph matrices represent an important group of descriptors used in QSPR
and QSAR models; recently, their utilization was extended to molecular similarity and diversity, in database
mining and virtual screening of combinatorial libraries. Initially defined from the distance matrix, the Wiener
index W was the source of novel graph descriptors derived from recently proposed molecular matrices and
of the Wiener graph operator. In this work we present a comparative study of several Wiener-type descriptors
computed for vertex- and edge-weighted molecular graphs, corresponding to organic compounds with
heteroatoms and multiple bonds. The acute toxicities towatdahymena pyriformisf 47 nitrobenzenes

are modeled with multilinear regression equations, using as structural descriptors the hydrophobicity (corrected
for ionization) and various Wiener-type indices, with better results than a comparative molecular field analysis
model.

INTRODUCTION graphs the Wiener indeéW = W(G) of a graphG is defined

- . with the formula
The success of the statistical models used in QSPR

(quantitative structureproperty relationships) and QSAR W(G) = NN (1)
(quantitative structureactivity relationships) approaches can v

be explained by the possibility of estimating the properties

of new chemical compounds without the need to synthesizewhere the summation goes over all edges from the edge set
and test them. The main assumption in QSPR and QSARE(G), g; € E(G). Hosoya gave a graph theoretic formula for
studies is that all properties (physical, chemical, and biologi- the Wiener index and extended the original definition to
cal) of a chemical substance can be computed from its cyclic compounds with the aid of the distance mafix?
molecular structure, encoded in a numerical form with the

aid of various descriptors, such as constitutional, graph 1NN

theoretic and topological indices (Tls), and geometrical, W(G) ZEZ Z[D(G)]ij (2)
electrostatic, quantum-chemical, and grid (field) descriptors. ==

A survey of the QSPR and QSAR equations reveals that

molecular graph descriptors and topological indices are usedwhere P(G)]; is the topological distance between vertices
with success to model various propertigsand demonstrates  u, v; € V(G). For vertex- and edge-weighted molecular
that they are valuable descriptors of chemical structu¥e.  graphs representing organic compounds containing heteroa-
The interest in developing new graph descriptors for organic toms and multiple bonds, the weighting schemes proposed
compounds revived in recent years, when topological indicesin the literature define some vertex weights that appear on
found new applications in similarity and diversity assessment, the diagonal of the distance matf$¢17232” Because eq 2

in database mining, and in the virtual screening of combi- does not consider such cases, the current definition of the
natorial libraries®>1” The use of topological indices in  Wiener index uses a slightly modified formula that will be
chemistry begins with the Wiener ind&¥;!8 this sensitive presented in the third section of this paper. The Wiener index
structural index was applied with success in modeling severalis one of the most frequently used graph descriptors in
physical properties of alkané%:2! Although the original QSAR/QSPR models, and its success stimulated the devel-
definition of Wwas not formulated with graph concepts, we opment of descriptors based on graph distahdtemvel
present here a formal mathematical definition translated from molecular matrice® and Wiener-type indice's.Elements

the calculation method proposed by Wiener. Consider an of the distance matrix were used to define distardegree
acyclic graphG = G(V,E) with the vertex se¥ = V(G) and VTl indices?® such vectormatrix invariants can generate
the edge sdt = E(G), and denote witN; andN; the number TIs with a low degeneracy. The idea to use reciprocal
of vertices situated on both sides of the edgevertexy; is distances in computing/T! indices was adopted in the
counted inN; while vertexy; is counted inN;. For acyclic definition of the reciprocal distance matifiD.?°-32 Several
distance-related matrices were defined in recent years, such
tE-mail: ivanciuc@netscape.net. as the resistance distan€g3 detourA,3* detour-distance

gjcE(G)
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A—D,** distance-valency Dval,® distance complement
DC,3¢ complementary distand@D,3” reciprocal complemen-
tary distanceRCD,* distance-path D% 4% reciprocal
distance-pathRD,,%4° edge Szege&z,**?path Szeged
Sz,442 and reciprocal SzegeRSz*4? matrices. Graph
distances were used to define the Wiener polynofii,
which is the source of novel topological indices used with
success in several QSPR mod€I3he original formula of
the Wiener inde¥ was extended to afford the computation
of the hyper-Wiener inde¥W\W*6 Because initiallyWwWwas
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for all edges along the path. The topological length of a path
pi, t(py) = t(p;,G), in a VEW graphG is equal to the number

of edges along the path. In a VEW graph, the distai{eg;
between a pair of verticeg andy; is equal to the length of
the shortest path connecting the two verticd@y); =
min(l(p;,w)). The topological distanctl; between vertices

vi and y; from a VEW graphG is equal to the minimum
topological length of the paths connecting the two vertices,
tdy = min(t(p;)), i.e., the minimum number of bonds between
vertices v; and ;. In simple (nonweighted) graphs, the

defined only for acyclic graphs, an extension was proposed distanced; and topological distanct; are equal, while in

for cyclic graph$’ and the related distaneg@ath matrixD,
was introduced®*° Recent developments in the area of
distance descriptors include the information theory topologi-
cal indiced!, V, X, andY*® and their extension to other graph
matriced%4® and three-dimensional molecular matriégs,
Wiener-related sequenc®sa multiplicative version of the
Wiener index8? and the computation of the mean Wiener
index for isomeric series of alkangs>*

In this paper we present a comparative study of a large
number of Wiener-type indices computed from various
molecular matrices, including several matrices defined in
recent years. In the second section of this study we give
definitions and examples for the computation of molecular

matrices from vertex- and edge-weighted molecular graphs;

we introduce some novel extensions of matrices previously
defined only for simple (nonweighted) graphs representing

alkanes and cycloalkanes. The third section is dedicated to

the presentation of the most important Wiener-type descrip-
tors; all definitions can be applied to both simple and
weighted molecular graphs. In the fourth section the cor-
relational ability of Wiener-type descriptors is compared in
a QSAR study of the acute toxicities towaf@étrahymena
pyriformis of 47 nitrobenzenes.

MOLECULAR MATRICES FOR WEIGHTED GRAPHS

Molecular graphs are nondirected chemical graphs tha
represent organic compountis? In the graph representation

of organic compounds, their geometrical features, such as ;
gtomi:o2?

bond lengths or bond angles, are not taken into account an

weighted graphs usually this is not true. Several procedures
(weighting schemes) for computing vertex and edge weights
in molecular graphs were proposed in the litera-
turel0.16.17.2327.5556 VEW graphs are then represented as
weighted graph matrices, which are transformed into topo-
logical indices using various mathematical operations.
Weighting SchemesIn a weighting scheme the vertex
Vw and edgeEw parameters are computed from a property
pi associated with every vertex from G, v € V(G), and
the topological bond ordd8o of all edges from the molecular
graph. The vertex parametém(w); for the vertexy; is'-2327

VW), = 1 — p/p; )

and the edge parametew(w); for the edge between vertices
v andy; is'0-23:27

Ew(w); = pcpc/Bojpip, (4)

wherep; is the atomic property of vertex, p; is the atomic
property of vertexy, andpc is the atomic property for carbon
atom. Several weighting schemes for molecular graphs were
defined by applying eqs 3 and 4 to different atomic
properties: Z, whenp is the atomic numbez;?3 A, whenp

is the atomic mas<?, whenp is the atomic polarizability;

E, whenp is the atomic electronegativityg, whenp is the
atomic radiug®16.17.2’Similar equations were used to define

tthe X andY weighting scheme#';>>¢

The AH weighting scheme uses the following equation to
define the vertex paramet®w(AH); for the non-hydrogen

the chemical bonding of atoms is regarded as being their —1_ _ A ) —
most important characteristic; each graph vertex correspondsVW(AH)' 1= Ad(A + NoHA,)

to an atom, while each edge represents a covalent bond of

the chemical compound. An organic compound containing
heteroatoms and multiple bonds can be represented as
vertex- and edge-weighted molecular grapA.vertex- and
edge-weighted (VEW) molecular grap® = G(V,E,
SyBo,Vw,Ew,w) consists of a vertex s& = V(G), an edge
setE = E(G), a set of chemical symbols for vertic8y =
Sy(G), a set of topological bond orders for ed@zs— Bo(G),

a vertex weight setw(w) = Vw(w,G), and an edge weight
setEw(w) = EwW(w,G). The elements of the vertex and edge
weight sets are computed with the weighting scheme

1—12.011/@ + 1.007NoH) (5)

g he edge parameté&w(AH); for the bond between atonns

andj is defined with the equatidh?’
EW(AH); = AcAJ/BO;(A + NOHA)(A + NoHA,) =
lZ.OlllZ.Olquj(Ai + l.OO?SNOHi)(Aj +
1.007NoH) (6)

where Ac = 12.011 is the atomic mass for carboky =
1.0079 is the atomic mass for hydrog&tgH is the number

Usually, hydrogen atoms are not considered in the molecularof hydrogen atoms bonded to the heavy aipamdNoH, is

graph, and in a VEW graph the weight of a vertex
corresponding to a carbon atom is 0, while the weight of an
edge corresponding to a carbecarbon single bond is 1.
Also, the topological bond ord&o; of an edges; takes the
value 1 for single bonds, 2 for double bonds, 3 for triple
bonds and 1.5 for aromatic bonds. In a VEW graphhe
length of a pathp; between vertices; and v, 1(pj,w) =
[(p;j,w,G), is equal to the sum of the edge parameBréw);

the number of hydrogen atoms bonded to the heavy atom

In the present study, the Wiener-type descriptors used in
the QSAR study are computed using various molecular
matrices; because from these matrices several were recently
defined and their calculation for vertex- and edge-weighted
molecular graphs was not presented previously, we give in
this section both their definitions and examples of computa-
tion.
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Adjacency Matrix. The adjacency matria(w) = A(w,G) molecular graphG with N vertices is the squarbl x N
of a vertex- and edge-weighted molecular grapkvith N symmetric matrix with real elements defined with the
vertices is the squard x N real symmetric matrix whose  equatioA®24
element A(w)];j is defined a¥

U[DW,G)]; if i=]
Vww), if =] [RD(W’G)]iiz{[D(W,G)]“ it i=} ®)
[AW,G)]; ={ Ewmw); if & €E(G) ) . : ,
0 if g OE(G) where D(w)]; is the graph distance between vertiegand

i, [D(W)]ii is the diagonal element corresponding to vertex
whereVw(w); is the weight of the vertex;, Ew(w); is the vi, andw is the weighting scheme used to compute the
weight of the edge;, andw is the weighting scheme used parameter¥wandEw. The elements of the distance matrix
to compute the parametevsv and Ew. D(P,2) are used to compute the reciprocal distance matrix

The computation of the adjacency matrix for a weighted Of phenol2:
molecular graph is presented for pherdotepresented by
the molecular graph2; we have to mention that in a

OH 07
1
6 2
5 3
4

1 2

RD(P,2)

1 2 3 4 5 6 7
0.000 1500 0750 0.500 0.750 1.500 0456
1.500 0000 1500 0750 0500 0.750 0.350
0750 1500 0000 1.500 0750 0.500 0.283
0500 0750 1.500 0.000 1500 0750 0.238
0750 0.500 0.750 1500 0000 1.500 0.283
1.500 0750 0500 0.750 1.500 0.000 0.350
0456 0350 0283 0238 0283 0350 -1.195

~N OV R N

molecular graph aromatic bonds are represented with two Distance—-Valency Matrix. A generalization of the dis-
lines, the first continuous and the second broken. Using thetance sunDS vertex invariant was proposed by introducing
polarizability weighting schemeP, obtained when the  the distance-degreeVTI descriptorg? This type of vertex
propertyp is the atomic polarizability, one computes the invariants can be obtained by applying the vertex 3¢n
following adjacency matrix for phend: operator to the distaneevalency matriced® The valency of
the vertexw;, val(w); = val(w,G);, is defined as the sum of

] 5 3 A ’i) s 5 7 the weightsEw(w); of all edgese; incident with vertexy;:
1| 0 0667 0O 0 0 0667 2195 N
20667 0 0667 O 0 0 0 _ _ -
3] o 0667 0 0667 0 0 0 val(w) = 5 Eww); = Zl [AW.G)]; =
4| o 0 0667 0 0667 O 0 &<E©) o
51 0 0 0 0667 O 0667 0 N
610667 0 0 0 0667 0 0
72195 0 0 0 0 0 -1.195 J; [AW.G)]; (10)
i
Distance Matrix. The distance matrilo(w) = D(w,G) of . o
a vertex- and edge-weighted molecular gra@hwith N wherew is the weighting scheme used to compute Hve
vertices is the symmetric squaM x N matrix with real ~ parameters. The valency of the vertex may be also
elements defined with the formut&: computed as the sum of the nondiagonal elements in the row
o i, or columni, of the adjacency matriA(w) = A(w,G), of
(DW.G)]. = dw); if i=]j ® a molecular graphG with N vertices. In alkanes and
el VWW); if i=] cycloalkanes the degree of a vertgxdeg, is identical with
the valency of that vertexal;, while for molecules contain-
whered(w); is the distance between verticgsindy;, VWww); ing heteroatoms and/or multiple bonds, represented as vertex-

is the weight of the vertex, andw is the weighting scheme  and/or edge-weighted molecular graphs, this equality is not
used to compute the paramet&fw and Ew. The distance  true. The distancevalency matrix of a vertex- and edge-
matrix of phenol2 is obtained with the vertex and edge weighted graplt@ with N vertices Dval(p,q,r,w) = Dval(p,gt,
weights from the corresponding adjacency matrix, using an w,G), is a squardN x N matrix, whose entriesval(p,q,r,

efficient algorithm that transforma into D:%10.12 w)]; are equal &35
D(,2) dw)P q ST
w)ii val(w);' val(w), if i=
1 2 3 4 5 6 7 [Dval(p,q,r,w.G]; = W)y val(w); q+r( ) "=l
1{0000 0667 1333 2000 1333 0667 2195 Vw(w); val(w); if i=]j
210667 0000 0667 1333 2000 1333 2861 11
31333 0667 0000 0667 1333 2000 3528 (11)
412000 1333 0667 0000 0667 1333 4.195 ) : :
51333 2000 1333 0667 0000 0667 3.528 whereV(w); is the weight of vertew;, d(w); is the graph
610667 1333 2000 1333 0667 0000 2861 distance between vertlcesa.ndvj, andyal(vy)i is the valency
712195 2861 3528 4195 3528 2861 -1.195 of vertexu;, all computed with the weighting scheme For

vertex- and edge-weighted molecular graphs the definition
Reciprocal Distance Matrix. The reciprocal distance of the Dval matrix was formulated in analogy with that for
matrix RD(w) = RD(w,G) of a vertex- and edge-weighted the reciprocal distance matriD, in such a way thabDval-
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(—1,0,0w,G) = RD(wW,G). In the particular case whem=
1 andq =r = 0, theDval(p,g,r,w) matrix is identical with
the distance matrido(w). From the definition of theéDval
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Reciprocal Distance-Path Matrix. The reciprocal dis-
tance-path matrix of a VEW grapl® with N vertices RD,-
(W) = RDp(W,G), is the squareN x N symmetric matrix

matrix one can see that nonsymmetric matrices can bewhose elemenftRD,(w)]; is equal to the reciprocal of the

obtained ifq = r; because Wiener-type indices are defined
only for symmetric matrices, we will investigate oriyval
matrices withq = r, although we have developed several

graph descriptors that can be calculated from nonsymmetric

matrices® The first example of a distanesvalency matrix
for phenol is computed withph = —1, g = 1, andr = 1:

Dval(-1,1,1,P,2)

corresponding distanegoath matrix element, 1Zj,(w)];, for
nondiagonal elements, and is equal [@,(w)]; for the
diagonal elements:

U[D WG if i=]

[D,W.G); if i=]j (13)

[RD,(W,G)]; = {

Using the above formula, the elements of the distarpzeh

1 2 3 4 5 6 7 matrix Dy(P,2) give the reciprocal distanegath matrix of
10000 7056 3528 2352 3528 7056 3528 phenol2:
2| 7056 0000 2667 1333 0889 1333 1023
3| 3528 2667 0000 2667 1333 0889 0829 RD,(P2)
412352 1333 2667 0000 2667 1333 0698 1 2 3 4 5 6 7
513528 0889 1333 2667 0000 2667 0829 10000 180 0643 0333 0643 1800 0285
61705 1333 0889 1333 2667 0000 1.023 211800 0000 1800 0643 0333 0643 0.181
713528 1023 0829 0698 0829 1023 -5753 3| 0643 1.800 0000 1800 0643 0333 0.125
4]0333 0643 1800 0000 1800 0643 0092
The distancevalency matrix represents a flexible gen- 510643 0333 0643 1800 0000 1800 0.125
eralization of the distance and reciprocal distance matrices, 6| 1800 0643 0333 0.643 1.800 0.000 0.181
710285 0181 0125 0092 0125 0181 0.116

which offers the possibility to generate a whole series of
related topological indices. A second example of distance
valency matrix, with negative values for all three parameters
is presented:

Dval(-2-1,-1,P.2)
3 4
0.120 0053
1.266 0316
0.000 1.266
1.266  0.000
0316 1266
0.141 0316
0.027 0019

1
0.000
0.478
0.120
0.053
0.120
0.478
0.027

2
0.478
0.000
1.266
0316
0.141
0316
0.042

5
0.120
0.141
0316
1.266
0.000
1.266
0.027

6
0.478
0316
0.141
0.316
1.266
0.000
0.042

7
0.027
0.042
0.027
0.019
0.027
0.042

—0.248

NN R W N e

Distance-Path Matrix. Diude&®3°proposed a definition
of the hyper-Wiener index based on the combinatorial
distance-pathD, matrix; this novel matrix was subsequently
used to compute several graph descriptéf8We present
here an extension for VEW graphs of the distanpath
matrix, which makes possible its computation for any organic
compound. Consider the vertex- and edge-weighted graph
G with N vertices and its distance matrix(w) = D(w,G)
computed with the weighting scheme The distance path
matrix of the weighted grapt®s, Dy(w) = Dp(w,G), is the
squareN x N symmetric matrix whose elemefid,(w)]; is
defined by the formufd

[D,(W,G)]; = [D(w,G)];([DW,G)]; +1)2 (12)

The elements of the distance matfiXP,2) are used to

compute the distanegath matrix of phenog:

Distance Complement Matrix. In the distance matri
the value of thdjth element is equal to the sum of the edge
weights Ew for the shortest path between the two graph
verticesy; andy;, and the largest contribution to the numerical
value of the Wiener indeXV arises from pairs of distant
vertices. In several recently introduced molecular matrices,
namely the reciprocal distan&D,?* 32 reciprocal distance
pathRD,,* 40 distance-valencyDval(p,q,r) with negative
p,%® complementary distandgD,?” and the reverse Wiener
RW5>" matrices, the value of the matrix elements correspond-
ing to pairs of vertices decreases when the distance between
the vertices increases. The same property is observed for
the distance complement matrixC,*¢ defined by Randic
for alkanes. Structural descriptors computed from Ei@
matrix give more weight to shorter graph distances, a
property that is consistent with the commonly accepted
theory that interactions are inversely proportional to the
distance between interacting bodies. We present here an
extension of the distance complement matrix to vertex- and
edge-weighted molecular graphs, together with the definition
of the reciprocal distance complement matROC. The
distance complement matrxC(w) = DC(w,G) of a VEW
graph G with N vertices is the squarBl x N symmetric
matrix whose elements are defined as

Vi(w), if i=j

With this formula, the elements of the distance mab®,2)
give the distance complement matrix of phegol

[DCW.G)]; = { (14)

Dy(P.2) DC(P.2)

1 2 3 4 5 6 7 1 2 3 4 5 6 7
110000 055 155 3.000 155 0.556 3.505 110000 6333 5667 5000 5667 6333 4805
21055 0000 0556 1556 3.000 1556 5.524 216333 0000 6333 5667 5000 5667 4.139
31155 0556 0.000 0556 1556 3.000 7.987 315667 6333 0000 6333 5667 5000 3472
413000 1556 0556 0000 055 1.556 10.894 415000 5667 6333 0000 6333 5667 2805
51155 3000 1556 0.556 0.000 0556 7.987 515667 5000 5667 6333 0000 6333 3472
6| 055 1556 3.000 1.556 055 0.000 5524 6| 6333 5667 5000 5667 6333 0.000 4.139
713505 5524 7987 10894 7987 5524 0.116 7 (4805 4139 3472 2805 3472 4139 -1.195
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Reciprocal Distance Complement Matrix. Using a CD(P2)

procedure similar to that employed in the computation of 1 2 3 4 5 6 7

reciprocal matrices, one can transform the distance comple- 1| 0.000 4195 3.528 2861 3.528 4.195 2.667
ment matrix into the reciprocal distance complement matrix. 2 | 4195 0000 4195 3.528 23861 3.528 2.000
The reciprocal distance complement matRDC(w) = i ggg? ;';gg 2'(1)8(5) g'égg i'?gg ‘;"gg; (1{332
RDC(w,G) of a vertex- and edge-weighted molecular graph 5 [ 3528 2861 3528 4195 0000 4.195 1333
G with N vertices is the squarll x N symmetric matrix 614195 3528 2861 3528 4195 0000 2.000
with real elements defined by the equation 742667 2000 1333 0667 1333 2000 -1.195

l/[DC(W,G)]iJ- if =] Reciprocal Complementary Distance Matrix. The re-

[RDC(w,G)]; ={ (15) ciprocal complementary distance matRCD(w) = RCD-
(w,G) of a vertex- and edge-weighted molecular graph

with N vertices is the squafé x N symmetric matrix defined

where DC(w)]; is the graph distance complement between py the equation

verticesy; andy;, [DC(w)];i is the diagonal element corre-

sponding to vertex;, andw is the weighting scheme used

to compute the vertex and edge parameterandEw. The

elements of the distance complement mali€(P,2) are

used to compute the reciprocal distance complement matrix The elements of the complementary distance m&aiXP,2)

of phenol2: are used to compute the reciprocal complementary distance

matrix of phenol2:

[DCW.G); if i=]

UV[CDW,G)]; if i=]

[cowa), it i=j 9

[RCD(W,G)]; = {

RDC(P,2)
1 2 3 4 5 6 7
0000 0.158 0176 0200 0176 0.158 0208
0.158 0000 0158 0.176 0200 0.176 0242
0.176 0.158 0000 0158 0176 0200 0288
0200 0.176 0158 0000 0158 0176 0356
0.176 0200 0.176 0158 0000 0158 0288
0.158 0.176 0200 0176 0158 0000 0242
0208 0242 0288 0356 0288 0242 -1.195

RCD(?,2)

1 2 3 4 5 6 7
0.000 0238 0283 0350 0283 0238 0375
0238 0000 0238 0283 0350 0283 0.500
0283 0238 0000 0238 0283 0350 0.750
0350 0283 0238 0000 0238 0283 1.500
0283 0350 0283 0238 0000 0238 0.750
0238 0283 0350 0283 0238 0000 0500
0375 0500 0750 1.500 0750 0.500 -1.195

BN B SRV LA S

N AW N =

. . WIENER OPERATOR AND WIENER DESCRIPTORS
Complementary Distance Matrix. The complementary

distance matrixCD is another matrix in which the value of As already emphasized in the Introduction, Wiener defined
the matrix elements corresponding to pairs of vertices W only for alkanes, and Hosoya extended the definition to
decreases when the distance between the vertices increasegycloalkanes with the aid of the distance mafdixAs one
Structural descriptors computed froBD were extensively ~ can see from eq 2, the formula proposed by Hosoya does
tested in QSPR models for six alkane properifedefined ~ not consider the diagonal elemen[, thus neglecting the
initially for alkanes and cycloalkanes, we present here the vertex weight contributions/w in the case of weighted
CD matrix definition for VEW graphs. The complementary molecular graphs. The actual definition of the Wiener index,
distance matrixCD(w) = CD(w,G) of a vertex- and edge-  presented below, can be applied to all vertex- and edge-

weighted molecular grap® with N vertices is the squang weighted molecular graphs; using appropriate weighting
x N symmetric matrix whose elements are defined as schemes, one can compute théindex for any organic
compound.
o T Wiener Index. The Wiener indexMw) = W(w,G) of a
[CD(W,G)]; = A(W)rma = AW =~ [DWG)] !f = vertex- and edge-weighted graghwith N vertices is
T Vwwy, if i=j
16 N N
4o Wiwe)= 3 3 (bW, 20)
i=1 =

where D(w)]; is theijth element of the distance matiiqw)
which is equal to the graph distance between verticaad where the distance matrib(w) is computed with the
vj, dW)max is the maximum distance between two distinct weighting schemev.

graph vertices (the graph diameter), ad@W)mi, is the Wiener Operator. Molecular graph operators were re-
minimum distance between two distinct graph vertices (equal cently proposed as an extension of topological indices and
to 1 for alkanes and cycloalkanes): graph invariant$® a graph operator applies a mathematical
equation to compute a whole class of related molecular graph
d(W) e = MaX dW);, v, v, €V(G), v, = v} (17) descriptors, using different molecular matrices and various
weighting schemes (sets of parameters for atoms and bonds).
d(W) i, = Min{ d(W)y, v, 75 € V(G), ;= v} (18) In this way, molecular graph operators introduce a system-

atization of topological indices and graph invariants by
assembling together all descriptors computed with the same

Using formula 16, the distance matrix(P,2) gives the mathematical formula or algorithm, but with different
complementary distance matrix of pheril parameters or molecular matrices. Using equations similar
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to that proposed by Hosoya, several Wiener-type indices weremolecular graplG is defined by the formufa
defined from various molecular matric&sall Wiener-type

indices can be conveniently defined and denoted using the _ N

Wiener operator. The Wiener operattfi (M, w) = Wi (M, Sqw,G) = Zl ww) + 3 Eww)nn (23)
w,G) of a vertex- and edge-weighted molecular gr&plvith = &<EG)

N vertices is

where the second summation goes over all edgesom
the edge sefE(G), g € E(G), and the numbens; andn; are

A defined by the following equations:

Wit wG) =3 5 MG, 1)
=115 n = {uvev, v, o€ V(G), g € E(G), td; < td}|  (24)

whereM (w) = _M (w,G) represents the molecu_lar matrix of n = [{vcv, o, € V(G), g € EG), td, < tdg}|  (25)

G computed with the weighting scheme Special cases of

this operator are founc_i fpr certain matrices: _fof th_e distance wheretd; represents the topological distance between vertices
matrix D the operator is identical with the Wiener index v andy;, i.e., the minimum number of bonds between vertices
from the reciprocal distance matriXD the operator gives  ,, and ;. Formula (23) conserves the equality between the
the RDSUMindex?* for the resistance distance mat®X  wienerwand Szege®&zindices for acyclic weighted graphs;
the operator yields the Kirchhoff indeKf;3® from the  for cyclic graphs the two indices have different values and
distance-path matrixD, the operator gives the hyper-Wiener only accidentally or in special cases do they show identical
index WW3840 the Szeged inde$zis obtained from the  values.

edge Szeged matri®z. 14142 As examples of descriptors The computation of the Szeged ind8XP,2) for phenol
computed withWi, we give here the values for the Wiener 2 uses the vertex and edge weights and Ew taken from
indices obtained from the molecular matrices of phehol the adjacency matrixA(P,2) presented before, and the
Wi(D,P,2) = 35.973,Wi(RD,P,2) = 15.766,Wi(Dval(— numbersy andn; taken from the nonsymmetric edge Szeged
1,1,1)P,2) = 43.474,Wi(Dval(—2,—1,—1),P,2) = 7.795, matrix Sz,t*+*20f the nonweighted grap® equivalent to
Wi (Dy,P,2) = 63.203,Wi(RD,,P,2) = 16.763,Wi(DC,P,2) the molecular graph of methylcyclohexane. Using the
= 108.638Wi(RDC,P,2) = 3.035,Wi(CD,P,2) = 63.723, algorithm proposed by Diudea it is straightforward to
andWi(RCD,P,2) = 7.360. compute the nonweighted matriz.(2), and with these
values forn;, nj, Vw, andEw, one obtains the Szeged index

Szeged IndexUsing an equation similar to that proposed S4P.2) = 59.973.

by Wiener, Gutman introduced a new index, the Szeged
index Sz%85%that can be considered another possible exten- $7,.(2)

sion of eq 1 to cycle-containing molecular graphs (other 1 23 4 5 6 7
possibilities were investigated by Hoséyand by Klein and 1{0 4 0 0 0 4 6
Randig.33 The Szeged index is defined in the following way. 213 04 0000
Let g; be an edge of the molecular gra@h connecting the 310 3 0 4 0 00
verticesy; andy; from G, v, v € V(G). Letn; be the number 4003 0300
of verticesyy of the molecular grapks, having the property 510 004030

. 6({3 0 0 0 4 0 O
tdq < tdg, and letn; be the number of vertices, of the 711 00 00 0 0

molecular graptG, having the propertydy; < tdy. When a
vertex v is situated at the same distance fro_m vgrtmes QSAR EVALUATION OF WIENER-TYPE DESCRIPTORS
andyj, i.e.,tdy = tdy;, the vertex is not counted im or in n;. ) .

For the two vertices that form the edgg, n; gives the Although a large number of Wiener-type descriptors were
number of vertices closer to vertexandn gives the number ~ defined and used in various QSAR/QSPR models, this is

of vertices closer to vertex;. The Szeged index of the the first attempt to compare their correlational ability for a
molecular graptG is : QSAR data set comprising weighted molecular graphs.

Previous comparative studies were limited to a smaller set
of descriptors and were conducted for nonweighted molecular
graphs representing alkanes and cycloalkanes. In this inves-
tigation, the acute toxicities towaftetrahymena pyriformis

) of 47 nitrobenzenes are modeled with multilinear regression
where the summation goes over all edggérom the edge  (\1_R) equations, using as structural descriptors the hydro-
setE(G), g € E(G). In acyclic graphs\i = nyandN = n phopicity (corrected for ionization) and various Wiener-type
and the Wiener and Szeged indices coincide, while for cyclic jdices.

graphs their values are usually different. The Szeged index pata. The structures of the 47 nitrobenzenes, the calculated
was initially defined for simple graphs representing alkanes octanot-water partition coefficient corrected for ionization
and cycloalkanes; its extension for weighted graphs usesat pH 7.35 (logD,.), and associated acute toxicities toward
vertex and edge weights that can be computed with variousthe aquatic ciliatd etrahymena pyriformisere taken from
weighting schemes. Consider the vertex- and edge-weightedhe literaturé®®! and are given in Table 1; the data set
graphG with N vertices whose vertex and edge parameters comprises nitrobenzene, 12 ortho-, 14 meta-, and 20 para-
Vw(w) andEw(w) are computed with the weighting scheme substituted compounds. Toxicity is expressed as logsd/IC
w. The Szeged indesq{w) = SZw,G) of the weighted the negative logarithm of the 50% growth inhibition con-

S4G) = 3 nn (22)
6;cE(G)
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Table 1. The 47 Nitrobenzenes Used in the Structtif@xicity
Model, Calculated OctanelWater Partition Coefficient Corrected
for lonization at pH 7.35 (lod.w), Their Experimental Acute
Toxicities toward the Aquatic Ciliat&@etrahymena pyriformiglog
1/ICso, the Negative Logarithm of the 50% Growth Inhibition
Concentration, in Millimoles per Liter), Calibration Residuals, and
Prediction Residuals

log 1/1Cso
substituent lodow exp resaP resoo®
H 1.885 0.350 —0.033 —0.036
2-Br 2.468 0.863 0.019 0.021
2-CgHs 3.773 1.301 —0.132 —0.207
2-CH,0OH 0.567 —0.155 —0.049 —0.051
2-CHs 2.254 0.479  —0.160 —0.168
2-CHO 1.502 0.174  —0.300 -0.314
2-Cl 2.318 0.676  —0.085 —0.091
2-CN 1.318 1.076 0.196 0.289
2-CONH, —0.010 -0.721 —0.565 —-0.611
2-COCH —3.572 —1.637 0.021 0.032
2-NH; 1.776 0.077  —0.443 —0.461
2-NG; 1.628 1.252 0.248 0.310
2-OH 1.483 0.770 0.287 0.302
3-Br 2.748 1.215 0.256 0.280
3-CeHs 3.773 1.569 0.251 0.362
3-CH,OH 0.847 —0.220 -0.134 —0.142
3-CHs 2.534 0.572  —-0.113 —0.119
3-CHO 1.502 0.140 —0.148 —0.152
3-Cl 2.598 0.836 0.005 0.006
3-CN 1.318 0.451  —0.053 —0.058
3-COCH; 1.486 0.317 —0.028 —0.030
3-CONH, 0.830 —0.193 —0.268 —0.278
3-COOH —2.042 —1.089 0.027 0.034
3-NH; 1.306 0.026 —0.134 —0.139
3-NG, 1.628 0.762 —-0.121 —0.142
3-OCH; 2.104 0.670 0.081 0.085
3-OH 1.816 0.506 0.103 0.107
4-Br 2.748 0.461  —0.290 —0.314
4-CHs 3.063 0.804 0.102 0.114
4-CHCI 2.447 1.180 0.658 0.704
4-CH,CN 1.307 0.132  —0.181 —0.188
4-CH,OH 0.847 0.101 0.249 0.271
4-CHs 2.534 0.796 0.278 0.303
4-CH=NOH 1.868 0.678 0.078 0.084
4-CHO 1.502 0.203 0.023 0.024
4-Cl 2.598 0.559  —0.086 —0.093
4-CN 1.318 0.569 0.233 0.243
4-CONH, 0.830 0.179 0.184 0.192
4-COOGH:s 2.545 0.710 —0.333 —0.399
4-COOCH 2.016 0.398  —0.317 —0.350
4-COOH —2.082 —0.862 0.340 0.427
4-F 2.028 0.253 —0.204 —0.219
4-NHCsHs 4.011 1.886 0.208 0.283
4-NG, 1.628 1.301 0.485 0.566
4-OGHs 2.633 0.829 —0.021 —0.023
4-OCyHq 3.691 1420 -0.135 -0.177
4-OCH; 2.104 0.544 0.001 0.001

aExperimental log 1/IG values taken from refs 60 and 61.
b Calibration residuals (log 1/Kgex — log 1/1Csoca) cOmputed with
the first equation from Table 3.Prediction (leave-one-out cross-
validation) residuals (log 1/I£g exp— 109 1/1Cs0 09 cOmputed with the
descriptors of the first equation from Table 3.

centration, in millimoles per liter, ofetrahymena pyriformis
in a static assay with 48-h exposure time.

IVANCIUC

steric and electrostatic descriptors failed for the complete
set of 47 nitrobenzenes as well as for the subsets of ortho-,
meta-, and para-substituted congeners, following that these
descriptors are not sufficient in structurxicity models.
Consequently, lo@, was used in addition to both CoMFA
fields in the subsequent analyses employing partial least
squares (PLS) equations. The three-dimensional (3D) QSAR
PLS model obtained with lo@., and the CoMFA steric
and electrostatic fields gave fairly good results, namély

= 0.788,r2 = 0.761, ands = 0.314; the usual leave-one-
out cross-validation technique implemented in COMFA was
used for the computation of,. These results are close but
inferior to those obtained in a multilinear regression model
based on lod.., AM1 lowest unoccupied molecular orbital
(LUMO) energy, and the absolute value of the change in
the AM1 charge on the nitro oxygen upon substitution, with
r> = 0.858,r,? = 0.826, ands = 0.255%

Structural Descriptors. The structure-toxicity models
are developed from a pool of 87 structural descriptors
consisting of (1) molecular weightJW ; (2) octanot-water
partition coefficient corrected for ionization at pH 7.35, log
Dow;%%6%(3) Kier and Hall's valence connectivity indic&g’,
bevy 27, B, 3y b? (4) 80 Wiener-type indices. With the
exception of the Szeged ind&z which is computed with
eq 23, all Wiener-type indices are computed with the Wiener
operatorWi applied to the following matrices: distante
reciprocal distanc®D, distance-pathDy, reciprocal distance
path RD,, distance complemendC, reciprocal distance
complemenRDC, complementary distandeD, reciprocal
complementary distand®CD, and distancevalencyDval-
(1,1,1), Dval(1,-1,-1), Dval(-1,1,1), Dval(—1,—-1,-1),
Dval(—2,0,0),Dval(—2,1,1), andDval(—2,—1,—1) matrices.
The Wiener-type indices are computed with the five weight-
ing schemes presented in detail under Molecular Matrices
for Weighted Graphs, nameR, E, R, A, andAH.?”

QSAR Model. All studies that develop QSAR models
from a large set of computed descriptors use a wide range
of algorithms for selecting significant descriptors. Because
the exhaustive test of all MLR equations requires too-large
computational resources, we have used a heuristic method
for descriptor selection. This heuristic algorithm starts from
the set of structural descriptors and develops strueture
toxicity QSAR models by applying the following steps:

(1) All one-parameter correlation equations are computed.
All descriptors with a correlation coefficient greater than a
threshold,|rmin] > 0.15, are selected for further use.

(2) Biparametric regression equations are computed with
all possible pairs of descriptors selected in step 1 that are
not significantly correlated. Two descriptors are considered
to be not significantly correlated if their intercorrelation
coefficientr; is lower than a thresholdl;| < 0.8. The most
significant 200 pairs of molecular descriptors were used in
the third step.

(3) To an MLR model containingn descriptors a new

This data set was previously investigated with the com- descriptor is added to generate a model with+ 1

parative molecular field analysis (CoMFA) modéf3when

descriptors if the new descriptor is not significantly correlated

the steric and electrostatic field descriptors of the molecules With the previousn descriptors.

were evaluated in 693 points from a grid large enough to

(4) The most significant 200 MLR models containing

include all aligned nitrobenzenes, using as probe ah sp + 1 descriptors are selected.

carbon cation (charge1).2° It is interesting to note that all

Steps 3 and 4 are repeated until MLR models with a certain

attempts to derive QSAR models based solely on CoMFA maximum number of descriptors are obtained.
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Table 2. Structural Descriptors and Statistical Indices for the Best  valencyDval, and reciprocal complementary distafRED
15 MLR Equations with Three Independent Variables that Model  magtrices were selected with a greater frequency, while those
th_e Acute Toxicity forTetrahymena pyriformisf the 47 computed from the complementary distai@®, reciprocal
Nitrobenzenes . . .

distanceRD, and distance pathD, matrices were found less

S, SDs r S F important for the structuretoxicity model: RD, nine times;
Wi(RCD,R)  Wi(Dval(1,1,1)P) 0.9166 0.279 753 RCD six times;Dval six times;CD three timesRD twice;
w: EEBP@ w:gg\éal(El),l,l)E) 8'8%38 8'%25 ;ig D, once. The Szeged index and Wiener indices computed
Wi(RDpE) Wi (CD‘,’A) 09126 0286 714 from the distanc®, distance complemeC, and reciprocal
Wi(RDp,E)  Wi(CD,E) 0.9125 0.286 71.3 distance complemer®®DC matrices were not included in
%1 Wi(Dval(-2,0,0)A) 09125 0286 713 the best 15 QSAR models. Until recently, the Wiener index
W:EESDS) w:gg\l:/)all_\(’)l,—l,—l),A) 8'81% 8'322 ;é'g was mainly computed from the distance matrix, but the
Wi(RCB,R) Wi(Dval(—2,0,0)P) 09120 0286 709 results from Table 2 clearly show thawi descriptors
3y Wi (RD,,A) 0.9120 0.286 70.9 computed from the novel molecular matrices are more
;A/li(Dp,P) Wi(RCD,R) 0.9117 0.287 70.6 suitable for developing relevant QSAR models. Using several
FRCDR w: gg\?éf(‘)l 1-1AH) 8-8%2 8-%32 ;8-% atomic properties, the five weighting schemes tested in this
Wi(RD,E) Wi(RCDR) 09112 0288 701 QSAR study offer the atom and bond parameters for the
Wi(RD,,P)  Wi(RD,,E) 0.9111 0.288 70.0 computation of the Wiener indices. The QSAR models from
Table 2 show that Wiener-type indices computed with atomic
“The MLR equations have the general form log 14€ a + a:SD electronegativity parameteEswere selected with a greater

+ a;SD, + asSD;s; because for these QSAR modé&B; is always log

Dow, this descriptor was not included in the table. frequency: E nine times;R seven timesp five times; A

five times; AH once.
The addition of the fourth descriptor significantly improves
RESULTS the QSAR model, as can be seen from the statistical indices
In Table 2 we present the structural descriptors and of the best 15 MLR equations with four independent
statistical indices r( correlation coefficient;s, standard variables, presented in Table 3. Similarly with the QSAR
deviation; and=, Fisher test) for the best 15 MLR equations models from Table 2, all equations with four descriptors
with three independent variables that model the toxicity contain the hydrophobicity parameter IDg., and therefore,
towardTetrahymena pyriformisf the 47 nitrobenzenes; the we did not add it in a separate column. An inspection of the
equations are arranged in the decreasing order ofFthe descriptors selected reveals that 13 out of the 15 strueture
statistics. We have to mention that, in agreement with toxicity models are derived from the best equation with three
previous QSAR studies of this data set, the hydrophobicity descriptors and contain the triplet 1&g, Wi(RCD,R), and
parameter lodD,, is necessary to obtain good correlations Wi(Dval(1,1,1)P). The best equation with four descriptors
and all MLR models from Table 2 contain this descriptor; has better statistics than both the CoMFA mé&tehd the
consequently, it was not explicitly indicated in a separate QSAR with quantum descriptofs:
column. In general, for the same database, one can find
several combinations of descriptors that provide models with log 1/1G5, = —0.829€:0.361)+

similar statistical indices; owing to the errors in the experi- 0.428¢0.186) logD,,, +
mental data that are modeled, small statistical differences 0.0533¢-0.0232Wi (RCD,R) +
between QSAR equations are not significant. The statistical 0.0004444-0.000193Vi (Dval(’l 1,1)P) —

indices of the 15 QSAR models presented in Table 2 are .
very similar, indicating that all these equations are of 0.01226¢-0.00534yVi(Dval(—1,1,1)A)
comparable statistical value, with a correlation coefficient n=47 r=09356 s=0250 F=737
between 0.9166 and 0.9111 and a standard deviation between
0.279 and 0.288. The predictive quality of the above QSAR model is
The best structuretoxicity model from Table 2 is obtained  evaluated with the leave-one-out (LOO) cross-validation
with log Doy and two Wiener indices computed from the procedure; the cross-validation statistics are good, very close
reciprocal complementary distance matRCD and the to the statistical indices obtained in calibration, nantedy
distance-valency matrixDval(1,1,1), namelyWi(RCD,R) = 0.9180 ands oo = 0.27. Again, the model that uses
andWi(Dval(1,1,1)P); the statistical indices of this equation Wiener-type indices gives better statistics than the previous
(r = 0.9166,s = 0.279,F = 75.3) are higher than those CoMFA and quantum index QSAR. However, we do not
obtained with the CoMFA field descriptof$,but slightly imply that graph indices can replace other descriptors and
lower than those from the MLR model with quantum QSAR/QSPR models should be developed only with graph
indices®! However, of the three types of descriptors, the descriptors. In fact, each class of descriptors emphasizes
graph indices used in the present study are the mostparticular aspects of the molecular structure, and a compre-
convenient in term of computational expenses, they do not hensive exploration of the structural space must contain
require the optimization of the three-dimensional molecular descriptors from all classes. The calibration and leave-one-
structure, and using properly defined weighting schemes, theyout cross-validation residuals for the 47 nitrobenzenes were
can be computed for any organic compound. computed with the first QSAR equation from Table 3. In
An analysis of the presence of different molecular matrices the CoMFA study of this data set, statistical evidence that
as a source of Wiener indices in the QSAR models from steric and electrostatic descriptors fail to model all nitroben-
Table 2 reveals several interesting tendencié/s:descriptors zenes in a single equation was presented, and separate data
derived from the reciprocal distanepathRD,, distance- sets were formed with the ortho, meta, para, and ortho plus
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Table 3. Structural Descriptors and Statistical Indices for the Best 15 MLR Equations with Four Independent Variables that Model the Acute

Toxicity for Tetrahymena pyriformisf the 47 Nitrobenzenés

IVANCIUC

SD; SDs SDy r s F

Wi(RCD,R) Wi (Dval(1,1,1)P) Wi(Dval(—1,1,1)A) 0.9356 0.250 73.7
Wi (RD,,P) Wi (RD,,E) Wi(Dval(—2,—1,—1),P) 0.9351 0.250 73.2
Wi (RCD,R) Wi (Dval(1,1,1)P) Wi(Dval(—1,1,1)AH) 0.9344 0.252 72.2
Wi(RD,P) Wi (RD,,E) Wi(Dval(—2,—1,—1),P) 0.9340 0.253 71.7
Wi(RCD,R) Wi (Dval(1,1,1)P) Wi (Dval(—1,1,1)R) 0.9333 0.254 70.9
Wi(RCD,R) Wi(Dval(1,1,1)P) Wi(Dval(—1,1,1)F) 0.9323 0.256 69.7
Wi(RCD,R) Wi (Dval(1,1,1)P) Wi(Dval(1,1,1)A) 0.9320 0.256 69.4
Wi(RCD,R) Wi(Dval(1,1,1)P) Wi(Dval(—2,1,1)A) 0.9318 0.256 69.2
Wi(RCD,R) Wi (Dval(1,1,1)P) Wi(Dval(1,1,1)AH) 0.9314 0.257 68.8
Wi(RCD,R) Wi(Dval(1,1,1)P) Wi(Dval(—2,1,1)F) 0.9311 0.258 68.5
Wi(RCD,R) Wi (Dval(1,1,1)P) Wi(Dval(—2,1,1)R) 0.9306 0.259 67.8
Wi(RCD,R) Wi(Dval(1,1,1)P) Wi(Dval(—2,1,1)AH) 0.9303 0.259 67.6
Wi(RCD,R) Wi (Dval(1,1,1)P) Wi (D,AH) 0.9301 0.260 67.4
Wi (RCD,R) Wi(Dval(1,1,1)P) Wi(D,A) 0.9299 0.260 67.1
Wi(RCD,R) Wi (Dval(1,1,1)P) Wi(DC,E) 0.9299 0.260 67.1

2 The MLR equations have the general form log 34€ ag + a;SD: + a:SD; + a;SD; + auSDs; because for these QSAR mod8&8iB; is always
log Dow, this descriptor was not included in the table.

meta groups of nitrobenzenes. The residuals from Table 1 CONCLUDING REMARKS

do not show systematic errors for the ortho, meta, or para o ] )
groups, indicating that all 47 nitrobenzenes can be included ~Structural indices derived from molecular graph matrices
in the same QSAR model. Because the absolute values of€Present an important group of descriptors used in QSPR
all calibration residuals (reg) and prediction (leave-one- and QSAR models; recently, their utilization was extended
out cross-validation) residuals (tes) are smaller than 3 10 molecular s_|m|lar|ty an_d dlve_r5|t_y, m_databgse mining and
times the corresponding standard deviation, this strueture ylrtual screening of combinatorial Ilbranes. Using the Wiener
toxicity model does not present statistical outliers. The largestindex W as a template, several Wiener-type indices were
residuals are obtained for the following four substituents: Proposed in the literature; however, their use in QSPR/QSAR
2-CONH,, 2-NH;, 4-CH,CI, and 4-NQ. Although they are ~ Models was restricted to only alkanes and cycloalkanes
not statistical outliers, their residuals are higher than for the because their definition was valid only for simple, non-
remaining set of nitrobenzenes. It is important to note that Weighted, molecular graphs. To make available such indices
for the above four chemicals both the calibration and for QSPR/QSAR testing and evaluation, we have presented
prediction residuals are high, indicating with a high prob- @ comprehensive list of molecular matrices that can generate
ability that the errors are not coming from the QSAR Wiener-type indices. All definitions include the case of
equation. We can identify several causes for these largevertex- and edge-weighted molecular graphs representing
residuals: (1) there are large errors in the experimental data;organic molecules containing heteroatoms and/or multiple
(2) there are different toxicity mechanisms than for the bonds. Using various weighting schemes, these molecular
remaining nitrobenzenes; (3) the structural descriptors do notmatrices can be employed in the Wiener graph opehatior
represent in an adequate way the structure of these comi0 generate Wiener-type indices. We have also presented an
pounds. For three substituents we can make a comparisorextension of the Szeged ind&zto weighted graphs, together
with isomers presenting the same substituent in anotherwith a detailed example for its computation. The correlational
position. The computed toxicity of the 2-COMlisomer is  ability of Wiener-type descriptors was compared in a QSAR
significantly higher than the experimental one {ses- study of the acute toxicities towafietrahymena pyriformis
—0.565 and rago = —0.611), while for 3-CONH (resa of 47 nitrobenzenes. Similar to previous investigations of
= —0.268 and rago = —0.278) and 4-CONH (resa = the same data sétf! we found that the octanelwater
—0.184 and rago = 0.192) the errors are much lower. A  partition coefficient corrected for ionization at pH 7.35, log
similar situation is encountered for 2-Mifesy = —0.443 Dow, is an essential descriptor that cannot be replaced by
and resoo = —0.461), with lower errors for 3-Nk(resa any combination of Wiener-type indices. The best strueture
= —0.134 and rago = —0.139). The computed toxicity of  toxicity model was obtained with loD,. and three Wiener-
the 4-NQ isomer is lower than the experimental one {ges type indices; the statistical indices of this model are higher
= 0.485 and rago = 0.566), but the errors for the ortho than those obtained with the CoMFA field descript®end

and meta isomers are small: 2-N®ith resy = 0.248 and guantum indice&! We have to point out that when a data
resoo = 0.310; 3-NQ with resy = —0.121 and rago = set is investigated with a large number of different descriptors
—0.142. For the 4-CKCl isomer (regy = 0.658 and raso it is possible to find several combinations of descriptors that
= 0.704) we cannot make a similar comparison, because theprovide QSAR models with similar statistics; owing to the
ortho and meta isomers are missing; its computed toxicity errors in the experimental data, small statistical differences
is significantly lower than the experimental one, and this between QSAR equations are not significant. The most
can indicate a higher reactivity for this compound. The above important thing is not to select a “best” QSAR equation
analysis demonstrates that the larger residuals observed fobetween statistically similar models, but to compare different
certain substituents are not a result of the poor descriptors,approaches to the same problem, to identify their convergent
because for the same substituents situated in other positionand divergent conclusions; for example, if a molecule is
the residuals are small. identified as outlier in two different QSAR models, this is a
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