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6. Subhash C. Basak presented a seminar "Computational chemical graph theory and its 
practical applications" in the Scientific Computing Seminar Laboratory for Intelligent 
Systems - ECE Dept, and CSc Dept., University of Minnesota, Duluth on January 29, 
1997.

7. Subhash C. Basak, Brian D. Gute and Greg D. Grunwald presented an invited paper 
entitled "Use of nonempirical structural descriptors in QSAR" in the session 
"Mathematical approaches to QSAR and predictive toxicology" of the 11th International 
Conference on Mathematical and Computer Modelling and Scientific Computing in 
Washington, DC, March 27-April 3,1997.

8. Subhash C. Basak, Brian D. Gute, and Greg D. Grunwald presented an invited paper 
entitled "Use of theoretical molecular descriptors in structure-property and structure- 
activity studies" at the 7th International Conference on Mathematical Chemistry and 3rd 
Girona Seminar on Molecular Similarity, Girona, Spain, May 26-31,1997.

9. Subhash C. Basak presented an invited lecture entitled "Prediction of physicochemical 
and toxicological properties of chemicals using theoretical molecular descriptors" at 
Moscow State University, Moscow, Russia, June 30, 1997.

10. Subhash C. Basak, Brian D. Gute, and Greg D. Grunwald gave an invited lecture 
entitled "Predicting bioactivity of chemicals from structure: a hierarchical QSAR 
approach" to the Department of Biochemistry, University of Calcutta, Calcutta, India, 
July 30, 1997.

B. Consultative and Advisory Functions

Subhash C. Basak was invited to become a member of the National Advisory Board of the
Association of Ayurvedic Doctors of India (AADI).

C. Transitions

1. Computational methods were applied in the design of new anti-epileptic compounds in 
cooperation with Professor Alexandru T. Balaban, Vice President, Rumanian Academy 
of Sciences.

2. Applied similarity and QSAR methods in the design of novel and benign deicing agents 
working in cooperation with Professor George Mushrush, Department of Chemistry, 
George Mason University, Washington D.C.

�(��� �������������$����������

1. Hierarchical QSAR research using topostructural, topochemical, and geometrical 
parameters showed that the first two classes of parameters explain most of the variance 
in the data of toxicological and physicochemical properties.

2. It was observed that similarity spaces derived from topostructural and topochemical 
parameters have distinct analog selection characteristics.
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T able I. D irect M easurem ents o f  L og  P

Compound
Analog

No.

Shake-Flask Method
Sample Number 

Standard o f 
Deviation Determin- 

Log P in Log P ations
3,5-dihydroxytricyclo[2.2.1,0(2,6)]heptane 1

2,7-norbomanediol 11 0.40 0.02 4
analog #10 10

cis-exo-2,3-norbomanediol 12 0.47 0.01 4
5-norbomen-2-ol (endo) 30 0.991 0.004 4
5-norbomen-2-ol (exo) 30 1.243 0.009 4
dicyclopropyl carbinol 16 1.07 0.01 4

nortricyclenone-3 4 0.80 0.01 4
(+/-)-exo-norbomeol 18 1.35 0.07 2

(+/-)-endo-norbomeol 17 1.45 0.01 4
2-norbomane methanol (exo & endo) 1.99 0.01 4

exo-2,3-epoxynorbomane 5 1.575 0.001 2
bicyclohepta-2,5-diene 80 2.67 0.01 2

quadricyclane 0 2.90 0.03 8
nortricyclyl bromide 2

norbomylene 60 3.24 0.01 2
(+/-)-exo-2-chloronorbomane 15

exo-2-bromonorbomane 14
norbomane 23 3.79 0.02 4

T able II. Indirect M easurem ents o f  L og  P

Compound
Analog

No. LogP
Standard

Error CLOGP
"* analog #10 10 0.4 0.2 -0.21

nortricyclyl bromide 2 3.1 0.2 2.28
(+/-)-exo-2-chloronorbomane 15 3.3 0.2 2.94

exo-2-bromonorbomane 14 3.6 0.2 3.08



Stirring Method
Sample Number 

Standard o f 
Deviation Determin- 

Log ���� in Log P ations LogP

�� �� �� �� �� �� ����

Sample 
Standard 
Deviation 
in Log ��

Number
of

Determin­
ations , N CLOGP

Note
Number

-0.42 0.05 3 -0.42 0.05 3 -1.87
0.40 0.02 4 . -1.07

-0.21 1,5
0.47 0.01 4 -0.21

0.998 0.002 3 0.994 0.004 7 • 0.54 2
1.242 0.006 3 1.243 0.007 7 0.54 2

1.07 0.01 4 0.96
0.81 0.01 3 0.81 0.01 7 -0.18
1.39 0.07 3 1.37 0.06 5 1.02

1.45 0.01 4 1.02
1.99 0.01 4 1.64 3

1.580 0.006 3 1.578 0.005 5 0.40
2.67 0.01 3 2.67 0.01 5 2.11

2.90 0.03 8 1.50
2.28 4,5

3.25 0.01 3 3.24 0.01 5 2.63
2.94 4,5
3.08 4,5

3.78 0.04 3 3.78 0.03 7 3.11

General Notes:
In cases in which both the stirring method and the shake-flask method were used, 
the approach to equilibrium was monitored for both methods. In this way we are 
confident that equilibrium is attained for those cases in which the shake-flask 
method alone (with no monitoring o f the approach to equilibrium) is used. The 
values o f CLOGP are calculated with release 4.51 o f the Daylight Software. 
Specific Notes:
1. Analog 10 is 2,3-norbomanediol; the configuration o f the hydroxy groups is 
uncertain (cis-endo or trans?) -- see next compound. 2. The assignment o f "endo" 
and "exo" needs confirmation -- compare the results for exo- and endo-norbomeol. 
3. 2-norbomane methanol (exo and endo) was added to the set; it fills in a gap 
around Log P =2. 4. The halogenated compounds hydrolyse rapidly; this makes 
direct measurements impractical. 5. Estimates o f measured Log P values are 
provided here using the retention time method (Indirect Method) in which the 
calibration compounds are those for which Log P was measured directly here.
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Table 2 presents estimates o f pIQo for each similarity method at each K-level (K =  1-5). The 
atom pair, method gave the best overall results. The AP standard errors fell within the range o f the 
PC standard errors, and the correlations were all 10% to 25%  higher. The best correlation for the 
atom pair method was 0.878 for K = l .  It should be noted that results for K o f 1, 2  , and 3 were 
all very close, within 0.013 units for correlation and standard errors o f within 0.01 -log units.

Table 5 reports the correlation and standard errors o f pIC^ estimates with observed values 
for both the atom pair (AP) and the principal component (P Q  methods. Each line o f the table 
represents a different K level. The standard, error for estimation was at its minimum o f 0.17 -log 
units for the PC method with K = 5 .  The correlation, however, was at its maximum o f 0.878 using 
the AP method with K = l .

Table 5. -Log IQ , estimation for alkanols by K-nearest neighbors using atom pair (AP) and 
Euclidean distance (ED) sim ilarity approaches

K
A P M ethod 

T SE
ED Method 

r SE

1 0.878 0.26 0.661 0.36
2 0.865 0.27 0.707 0.30
3 0.871 0.26 0.595 0.23
4 0.855 0.29 0.566 0.19
5 0.811 0.34 0.638 0.17

r: Correlation 
SB: Standard error.

D is c u s s io n

The objective o f this study was to investigate the utility o f  nonempirically based molecular similarity 
methods in estimating the inhibitory potency (pICjo) o f  a group o f aliphatic alcohols for microsomal 
p-hydroxylation o f aniline. The result shows that the atom pair method o f quantifying similarity 
gives a reasonable estimate o f pICjo values o f alkanols (Table 2 ). -

It is evident from an analysis o f  results in Table 5 that the AP method is superior to the ED 
method in predicting p IQ , values. This is true for K =  1-5. This indicates that atom pairs quantify 
structural aspects o f alkanols, relevant to inhibition o f aniline p-hydroxylation by microsomal 
cytochrome P4J0, better than the Euclidean space derived from the calculated numerical graph 
invariants. Further work is in progress to determine the relative effectiveness o f AP vis-a-vis ED 
methods in estimating physicochemical as well as toxicological properties o f chemicals.
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A  perusal o f approaches used in carcinogenic risk assessment and in environmental and- 
ecotoxicological hazard estimation indicates , that the candidate chemical is compared with known 
toxicants, using structural or functional criteria^ Experts often select these analogs .(structurally 
related chemicals) based on their individual judgements and a selected set o f structural features..

Chemical analogs can be selected using empirical descriptors or theoretical molecular descriptors 
(Basak and Grunwald, In Press). The paucity o f available experimental data for environmental 
pollutants makes it desirable to develop methods for selecting chemical analogs, using nonempirical 
variables, which are computed directly from  molecular structure (Basak and Grunwald, In Press).

In recent years, we have developed several- methods for quantifying intermolecular similarity. 
Such methods are based On topological indices (TIs) and substructural variables, like atom pairs. 
TIs are numerical graph invariants that encode information like size, shape, branching pattern, 
symmetry and certain aspects o f stereo-electronic factors associated with molecules (see T I symbols 
and definitions in Table 3 .) Topological parameters can be useful in predicting physicochemical as 
well as biological properties o f many different congeneric sets o f molecules (Basak 1988; Basak 
and Grunwald 1993; Basak etal. 1982, 1983, 1984, 1986, 1987a, 1987b, 1990, 1991; K ierand 
Hall 1986; Niemi eta l. 1992; Randid 1975). M olecular similarity methods based on substructures 
and TIs, have been used successfully in selecting analogs, in discovering novel drugs active against 
human immunodeficiency virus (H IV), and in estimating different physicochemical and toxicological 
properties (Basak et al. .1988, 1994, In Press b; Basak and Grunwald 1994, 1995a, 1995b, 
1995c, 1995d, In Press a; Lajiness 1990; Wilkins and Randid 1980).

In this paper, similarity methods based on topological indices and atom pairs have been used 
to estimate the inhibitory effects (pICJ0)  o f  a set o f 19 aliphatic alcohols on m icrosom al 
p-hydroxylation o f anilines by cytochrome P450.

�$ �	 �� �	 �� �	 �� ��

Experimental pICjo values for inhibition o f microsomal cytochrome P450 p-hydroxylation o f anilines 
by nineteen alkanols are in Table 2  (Cohen and Mannering 1973). The original set contained 20 
compounds; one, methanol, was deleted. Because o f its single, unique atom pair, similarity of 
methanol to other compounds cannot be computed using the atom pair method.

�%�� �� �� �! �� �	 �� ���� �� ���� �� ���� �	 �� �	 �� �� �� �� �� ��

Topological Indices

The 64 U s in this study were calculated using POLLY 2.3 (B ible 4 ), which can calculate 98 U s 
from  SMILES line notation input o f  chemical structures (Basak et al. 1988a). TIs include Wiener 
index (Wiener 1947), connectivity indices (Kier and Hall 1986, Randid 1975), information theoretic 
indices defined on distance matrices o f  graphs (Bonchev and Trinajstic 1977, Raychaudhuty et al. 
1984), parameters derived on  the neighborhood com plexify o f  vertices in hydrogen-filled molecular 
graphs (Basak 1987, Basak and Magnuson 1983, Basak et al. 1980, Roy et al. 1984), path lengths, 
and Balaban’ s J indices (1982, 1983, 1986).

Methods for calculating a few TIs used in this paper follow. The Wiener index W, the first 
topological index reported in the chemical literature, may be calculated from  the distance matrix 
D (G ) o f a hydrogen-suppressed chemical graph G as the sum o f the entries in the upper triangular 
distance submatrix. The distance matrix D (G ) o f a nondirected graph G  with n vertices is a 
symmetric nxn matrix with elements dg equal to the distance between vertices V; and Vj in G. Each
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Table 3 . Topological index sym bols and definitions.
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E

I?

W

ID

Hv

HD

IC

O

ÔRB

OoRB

M ,

M2

IC,

SICr

CICr

hx

bX c

bXpc

�.

%

������
APC

Ph

J

JX

JY

Information index for the magnitudes o f distances between all possible pairs o f vertices of a graph 

Mean information index for the magnitude of distance

Wiener index =  half-sum of the off-diagonal elements of the distance matrix o f a graph 

Degree complexity 

Graph vertex complexity 

Graph distance complexity

Information content of the distance matrix partitioned by frequency of occurrences of distance h

Order of neighborhood when ICr reaches its maximum value for the hydrogen-filled graph

Information content or complexity of the hydrogen-suppressed graph at its maximum neighborhood of 
vertices

Maximum order of neighborhood of vertices for Iqrj within the hydrogen-suppressed graph 

A Zagreb group parameter =  sum of square of degree over all vertices

A Zagreb group parameter =  sum of cross-product o f degrees over all neighboring (connected) vertices

Mean information content or complexity of a graph based on the r^ (r =  0-4) order neighborhood of 
vertices in a hydrogen-filled graph

Structural information content for r1*1 (r =  0-4) order neighborhood of vertices in a hydrogen-filled graph

Complementary information content for xJh (r =  0-4) order neighborhood o f vertices in a hydrogen-filled 
graph

Path connectivity index o f order h =  0-6 

Cluster connectivity index of order h =  3-5 .

Path-cluster connectivity index o f order h =  4-6 

Valence path connectivity index o f order h =  0-6 

Valence cluster connectivity index o f order h =  3-5 

Valence path-cluster connectivity index o f order h =  4-6 

Number of paths of length h =  0-7 

Balaban’s J index based on distance 

Balaban’s J index based on relative electronegativities 

Balaban’s J index based on relative covalent radii
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�,�3�% ���&���&���"��������� ���������"�+�&�+�"������������������������������ �,�-�+���- �2�'���- �+�2���-
�,�3�3 ���&�+�&�+�"��������� ���������"���&���&�%�&�%�"������������������������������������ �5�+���- �5�5���3 �"�2 ���3
�,�3�' �%�&�%�&�%�"��������� ���������"���&���&���&�+�&�+�"������������������������������������ �2�-���' �6�5���3 �"�, �6���5
�,�3�/ ���&���&�+�"��������� ���������"���&�+�"������������������������������ �5�2���2 �2�3���- �+�%���2
�,�3�2 ���&���&�%�"��������� ���������"�%�&�%�"������������������������������ �,�-�2���6 �2�-���% �%�2���'
�,�3�6 �%�"��� ���������"���&���&���&�%�&�%�"������������������������������������ �+�6���3 �/�%���2 �"�%�' ���%
�,�3�5 �+�"��� ���������"���&���&���&�%�&�%�&�%�"� ���)���������������������������� �,�'���' �+�-���% �"�3 ���6
�,�'�- �%�"��� ���������"���&���&���&�+�&�+�&�%�&�%�"� ���������������������������������� �"�+���' �,�'���- �"�, �2���'
�,�'�, �%�"��� ���������"���&���&���&�+�&�+�&�%�"� ���)���������������������������� �+�-���- �+�+���+ �"�+ ���+
�,�'�+ �,�&�,�"������� ���������������������� �6�6���, �5�,���6 �"�%���2
�,�'�% �,�&�+�"������� ���������������������� �5�/���- �5�-���% �'���2
�,�'�3 �,�&�%�"������� ���������������������� �,�+�-���6 �,�-�'���3 �,�'���3
�,�'�' ���&�+�"������� ���������"�+�"�������������������������� �6�6���/ �'�2���' �%�,���,
�,�'�/ �,�&�+�"������� ���������"���"�������������������������� �5�%���- �/�3���6 �+�6���+
�,�'�2 ���&���"������� ���������"�+�&�+�"������������������������������ �2�5���- �6�-���% �"�, ���%
�,�'�6 ���&�%�"������� ���������"���&���"������������������������������ �6�-���6 �2�5���/ �,���+
�,�'�5 ���&���"������� ���������"���&�+�&�+�"�������������������������������� �/�-���+ �/�+���3 �"�+ ���+
�,�/�- �%�&�%�"������� ���������"���&���&���"�������������������������������� �2�+���3 �6�,���% �"�6 ���5
�,�/�, ���&�+�"������� ���������"���&���&�+�"�������������������������������� �'�'���/ �/�%���, �"�2 ���'
�,�/�+ �+�&�%�"������� ���������"���&���&���"�������������������������������� �2�/���2 �5�5���/ �"�+�+���5
�,�/�% �,�&�%�"������� ���������"�,�&�,�&�+�&�+�"������������������������������������ �/�6���+ �2�,���6 �"�%���/
�,�/�3 �+�&�%�"������� ���������"���&���&���&�%�&�%�"������������������������������������ �'�-���3 �2�-���% �"�+�- ���-
�,�/�' �+�&�%�"������� ���������"���&���&���&�+�&�%�&�%�"� ���)���������������������������� �%�3���2 �3�-���- �"�' ���%
�,�/�/ ���&�+�&�%�"��������� ���������"���&���"������������������������������ �,�,�3���% �,�-�+���- �,�+���%
�,�/�2 ���&���&���"��������� ���������"�%�&�%�&�%�"�������������������������������� �5�'���, �,�-�5���/ �"�, �3���'
�,�/�6 ���&���&�+�"��������� ���������"�%�&�%�&�%�"�������������������������������� �,�-�/���6 �,�-�%���- �%���6
�,�/�5 �+�&�%�&�%�"��������� ���������"���&���&���&�%�"������������������������������������ �6�2���+ �5�,���3 �"�3 ���+
�,�2�- ���&���&�%�"��������� ���������"���&�+�&�+�&�%�"������������������������������������ �5�-���' �,�-�5���/ �"�, �5���,
�,�2�, �,�&�,�&�,�&�%�"������������� ���������������������� �,�'�6���- �,�3�+���/ �,�'���3
�,�2�+ �,�&�,�&�+�&�%�"������������� ���������������������� �,�6�-���- �,�'�/���/ �+�%���3
�,�2�% ���&���&���&�+�"������������� ���������"�+�"�������������������������� �,�%�5���/ �,�,�%���' �+�/���,
�,�2�3 �,�&�,�&�+�&�+�"������������� ���������"���"�������������������������� �,�%�'���- �,�,�3���3 �+�-���/
�,�2�' ���&���&���&�%�"������������� ���������"�%�&�%�"������������������������������ �,�%�+���- �,�,�+���, �,�5���5
�,�2�/ ���&���&���&�+�"������������� ���������"�%�&�%�&�%�"�������������������������������� �,�+�'���, �,�3�,���3 �"�, �/ ���%
�,�2�2 ���&���&�+�&�%�"������������� ���������"���&�%�&�%�"�������R���������������������� �,�+�6���2 �,�,�,���5 �,�/���6
�,�2�6 ���&���&�%�&�%�"������������� ���������"�+�&�+�&�%�"�������������������������������� �,�+�2���- �,�-�'���/ �+�,���3
�,�2�5 ���&���&�+�&�%�"������������� ���������"���&�+�&�%�&�%�"������������������������������������ �,�,�+���' �5�2���- �,�'���'
�,�6�- �,�"���O���������������������������������� �"�+���% �+�3���2 �"�+�2���-
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181 octafluoropropane -38.0 -0.5 -37.5
182 2,2-dilluoropropane -0.5 11.3 -11.8
183 1,1,1,3-tetrafluoropropune 29.4 23.3 6.1
184 1,1,1,3,3,3-hexalluoropropane 0.8 18.2 -17.4
185 1,1,1,2,2,3,3-heptatluoropropane -17.0 11.7 -28.7
186 1-chloro-l-fluoropropane 48.0 74.8 -26.8
187 3-chloro- X, 1,1-tri tluoropropane 45.1 65.1 -19.0
188 2-chloro-l,l-ditluoropropane 52.0 74.7 -22.7
189 2-chloro-l,l,l-tritluoropropane 30.0 47.7 -17.7
190 l-fluorobutane 32.2 66.7 -34.5
191 2-iluorobutane 24.7 46.3 -21.6
192 1,1,1,2,2,4,4,4-octafluorobutane 18.0 59.5 -41.5
193 1,1,2,2,3,3,4,4-octalluorobutane 43.0 38.1 4.9
194 1,1,1,2,2,3,3,4,4-nonalluorobutane 14.0 55.4 -41.4
195 decalluorobutane -2.0 43.0 -45.0
196 1-chlorobutane 78.5 90.1 -11.6
197 2-chlorobutane 68.5 58.6 9.9
198 l-chloro-4-fluorobutane 115.0 109.7 5.3
199 l-chloro-l, 1-diiluorobutane 55.5 56.1 -0.6
200 3-chloro-l,l,l-trifluorobutane 66.0 72.3 -6.3
201 l-chloro-l, 1,3,3-tetrafluorobutane 70.5 78.0 -7.5
202 2-chloro-l,l,l,3,3,3-hexatluorobutane 51.0 74.2 -23.2
203 4-chloro-l,l,l,2,2,3,3-heptatluorobutane 54.0 49.3 4.7
204 4-chloro-l,l,l,2,2,3,3,4,4-nonatluorobutane 30.0 45.0 -15.0
205 1,1-dichlorobutane 115.0 145.0 -30.0
206 1,2-dichlorobutane 123.5 150.2 -26.7
207 1,3-dichloro butane 133.0 140.8 -7.8
208 1,4-dichlorobutane 155.0 130.8 24.2
209 l,3-dichloro-l,l,3-trifluorobutane 129.0 80.9 48.1
210 3,4-dichloro-l,l,l,2,2,3-hexatluorobutane 72.0 78.5 -6.5
211 1,4-dichloro-l, 1,3-trilluorobutane 118.5 97.5 21.0
212 2,3-dichloro-l,l,l,4,4,4-hexalluorobutane 78.0 71.9 6.1
213 4,4-dichloro-l,l,l,2,2,3,3-heptafluorobutane 76.5 72.0 4.5
214 4,4-dichloro-l,l,l,2,2,3,3,4-octatluorobutane 62.8 71.1 -8.3
215 3,4-dichloro-l,l,l,2,2,3,4,4-octafluorobutane 66.0 70.6 -4.6
216 1,4-dichloro-l, 1,2,2,3,3,4,4-octalluorobutane 64.0 71.3 -7.3
217 2,2-dichloro-l,l,l,3,3,4,4,4-octalluorobutane 64.0 70.5 -6.5
218 2,3-dichloro-l ,1,1,2,3,4,4,4-octalluorobutane 64.0 76.3 -12.3
219 1,1,1-trichlorobutane 133.5 137.9 -4.4
220 1,1,2-trichlorobutane 156.8 143.5 13.3
221 1,1,3-trichlorobutane 153.8 143.3 10.5
222 1,1,4-trichlorobutane 183.S 133.3 50.5
223 2,2,3-trichloro-l,l,l,4,4,4-hexalluorobutane 104.0 107.7 -3.7
224 4,4,4-trichloro-l, 1,1,2,2,3,3-heptalluorobutane 96.5 85.4 11.1
225 l.S^-trichloro-l.l^^S.^d-heptafluorobutane 99.0 91.3 7.7
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226 2,2,3-trichloro-l,l,l,3,4,4,4-heptafluorobutane 97.4 77.7 19.7
227 1,1,4,4-tetrachlorobutane 200.0 148.7 51.3
228 l,2,4,4-tetrachloro-l,l,2,3,3,4-hexatluorobutane 134.0 92.6 41.4
229 l,2,3,4-tetrachloro-l,l,2,3,4,4-hexailuorobutane 134.0 85.2 48.8
230 l,l,2,3,4,4-hexachloro-l,2,3,4-tetrailuorobutane 208.0 113.2 94.8
231 1-chloroisobutane 68.3 60.5 7.8
232 2-chloroisobutane 50.7 38.5 12.2
233 1-chloro- 1-fluoroisobutane 82.5 109.8 -27.3
234 1,1-dichloroisobutane 105.0 ■ 107.4 -2.4
235 1,2-dichloroisobutane 106.5 99.1 7.4
236 1,3-dichloroisobutane 136.0 134.6 1.4
237 1,1-dichloro- 1-fluoroisobutane 107.0 116.1 -9.1
238 1,2,3-trichloroisobutane 163.0 146.0 17.0
239 1,1,2,3-tetrachloroisobutane 191.0 185.2 5.8
240 l,2,3-trichloro-2-chloromethylpropane 211.0 183.3 27.7
241 l,l,2,3-tetrachloro-2-chloromethylpropane 227.0 204.3 22.7
242 1-fluoroisobutane 16.0 56.1 -40.1
243 2-fluoroisobutane 12.0 38.1 -26.1
244 1,1,1,3,3,3-hexafluoroisobutane 21.5 25.5 -4.0
245 l,l,l,3,3,3-hexafluoro-2-fluoromethylpropane 40.0 18.9 21.1
246 l,l,l,3,33-hexailuoro-2-difluoromethylpropane 33.0 20.3 12.7
247 l,l,l,3,3,3-hexafluoro-2-trifluoromethylpropane 12.0 6.0 6.0
248 decattuoroisobutane -0.3 3.6 -3.9
249 3-chloro-l,l,l,3,3-pentafluoroisobutane 59.0 68.6 -9.6
250 l,l,l,3,3,3-hexafluoro-2-chloromethylpropane 58.0 39.6 18.4
251 2,3-dichloro-l,l,l-trifluoroisobutane 93.5 101.0 -7.5
252 2,3-dichloro-l,l,l,3,3-pentafluoroisobutane 75.3 91.2 -15.9
253 2,3-dichloro-l,l,l,3,3-pentafluoro-2-trifluoromethylpropane 65.0 65.8 -0.8
254 1,1,2-trichloroisobutane 163.0 143.1 19.9
255 l,2,3-trichloro-l,l-di(luoroisobutane 132.0 114.7 17.3
256 2,3,3-trichloro-l,l,l-trifluoroisobutane 123.7 124.6 -0.9
267 l,l,l,3,3,3-hexailuoro-2-trichloromethylpropane 107.0 106.7 0.3
258 l,l,l,2-tetrachloro-3,3,3-trifluoroisobutane 148.5 148.7 -0.2
259 1,1,1,2,3-pentachloroisobutane 211.0 201.3 9.7
260 l-chloro-l,l,2,2-tetrafluoropropane 19.9 27.5 -7.6
261 1,1,1-trichloropropane 104.0 99.6 4.4
262 2,3-dichlorobutane 116.0 105.2 10.8
263 2,2,3-trichlorobutane 143.0 152.3 -9.3
264 1,2,3-trichlorobutane 166.0 141.7 24.3
265 1,4-difluorobutane 77.8 122.0 -44.2
266 2,2-difluorobutane 30.9 40.0 -9.1
267 1,2-diiluoroethane 26.0 40.7 -14.7
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�������������0�* Properties Necessary for Risk Assessment of Chemicals
Physicochemical Biological

Molar volume 
Boiling point 
Melting point 
Vapor pressure 
Aqueous solubility 
Dissociation constant (pKa) 
Partition coefficient 

Octanol-water (log P) 
Air-water 
Sediment-water 

Reactivity (electrophile)

Receptor binding (K&) 
Michaelis constant 
Inhibitor constant (£j) 
Biodegradation' 
Bioconcentration 
Alkylation profile 
Metabolic profile 
Chronic toxicity 
Carcinogenicity 
Mutagenicity 
Acute toxicity 

LDjo
LCjb
ECjo

submitted yearly to the U.S. Environmental Protection Agency for the premanufacture 
notification process, more than 50% have no experimental data, less than 15% have 
empirical mutagenicity data, and only about �	 % have experimental ecotoxicological 
and environmental fate data������ Also, limited data are available for many of the over 
700 chemicals found on the Superfund list o f hazardous substances.

In the face o f this massive unavailability o f experimental data for the vast majority 
of chemicals, practitioners in drug discovery and hazard assessment have developed 
the use o f nonempirical parameters to estimate molecular properties�� ������������������������ ���� By 
�������������������������� we mean those parameters that can be calculated directly from molecu­
lar structure without any other input o f experimental data. Topological indexes (TTs), 
substructural parameters defined on chemical graphs, geometrical (3D or shape) 
parameters, and quantum-chemical parameters fall in this category���������������!�"�������	�#������������ �	��

A large number o f quantitative structure-activity relationships (QS ARs) pertain� ����

mg to chemistry, pharmacology, and toxicology have used these nonempirical parame� ����

ters. QSARs are mathematical models that relate molecular structure to their����
physicochemical, biomedicinal, and toxic properties. Two distinct processes are 
involved in the derivation o f nonempirical parameters for a chemical: ( ��) defining the 
model object called “structure”  which represents the salient features o f the architecture����

of the chemical species and (�� ) calculating structural quantifiers from a selected set of' 
critical features o f the model object���������	�� Figure 2 depicts the process of experimental 
determination o f properties vis-h-vis prediction o f properties using descriptors.

Figure 2 represents an empirical property as a function a:C - »  R which maps the 
set C o f chemicals into the real line R. A  nonempirical QSAR may be regarded as a 
composition o f a description function, pj:C - »  D, mapping each chemical structure of 
C into a space o f nonempirical structural descriptors (D) and a prediction function,, 
P^D - »  R, which maps the descriptors into the real line. When [a(C) -  foPiCC)] is, 
within the range o f experimental errors, we say that we have a good nonempirical!
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�������������)�* (Continued)

���������	
symbol Definition

Y  Valence path connectivity index of order �����'  0-6
Y c Valence cluster connectivity index of order �� = 3-6
Y h  Valence chain connectivity index of order �� = 3-6
hXpc Valence path-cluster connectivity index of order �� = 4-6
X, Total structure index
n-MCI Orthogonal molecular connectivity indexes
x Branchedness indexes
k Shape indexes

Flexibility indexes
A3 Half-sum of the cube of the adjacency matrix

Polarity number: number of third neighbors 
�(��  Gordon-Scantlebury index: number of second neighbors
�� ��  Number of paths of length ��  = 0-10
�)  Balaban's �)  index based on distance
�) �* Balaban’s �)  index based on multigraph bond orders
�) �+ Balaban’s �)  index based on relative electronegativities
yY Balaban's �) index based on relative covalent radii
�, �!�- �. �/  Balaban’s information-based indexes on distance sums
AZV Local vertex invariant based on the adjacency matrix, atomic numbers, and vertex degrees
��  Mean distance topological index for any graph
��  | Mean distance topological index for acyclic graphs
�0 Hosoya index
HB, Hydrogen bonding potential of molecule
ID Molecular identification numbers
Vw Volume of molecule
3D WH 3D Wiener number Including hydrogens
�����1  3D Wiener number without hydrogens

4.2.1. Physicochemical Properties

4.2.1.1. Boiling Point o f  Alkanes

Needham �������� �� ���) used U s  to develop a regression equation to predict the normal 
boiling point (BP) for 74 alkanes:

(1) BP =  -9 .6  +  m i C Y  -  4 9 .0 ( lA )  +  5.7 A pc) -  94.5(Xt) +  8 . 4 ^ )

�I �? �%= 7 4 , r = 0 .9 9 9 , s =  1.86, �D =  9030)

Subsequently, Basak and Grunwald78 derived the following equation:

(2) BP a  -2 6 3  +  237(‘x ) +  18.6(CIC2)

�/ �� �:  74, �� �: 0.997, s =  3.83, �D =  5287)
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( ! 6) Az = 3.13 -4.07(SIC ,)

�8�"�5�1� �� �� ��5 0.92, � � = 0.20, F = 36)

4.2.2.4. Hill Reaction Iiihibitory Potency o f Triazinones6

(17) pljo = -13.36 + 71.15(SICi) -  63.64(SICj)2

�8�" = 11, � � = 0.937, s = 0.316, � ��5 28.6)

4.2.2.5. Complement Inhibition by Benzamidines80

( 18) l/lo g 10 C = -1.125 + 0.487(ID) + 0.01.1(0)

�8�"�5 105, � ��5 0.941,5 = 0.020, � �� ��5 391)

4.2.2.6. Binding o f Barbiturates to Cytochrome P450

Basak43 used several TIs to correlate the binding o f barbiturates to cytochrome
f w

(19) � .� � = 27.79 -  36.78(ICo) + 12.17aCo)2 

�8�"�5 10, � �=0.99, s = 0.01, � ��5 156.1)

(20) � .� � = 5.94 -  41.26(SIC0) + 71.84(SIC0)2 

�8�"�5 10, � �� ��5 0.99, s = 0.01, � � �5224.3)

(2 1) �.�����5���A�<�*�?�B -  18.45(fl°) + 2.38(fl®)2 

�8�"�5 10, ��=0.98, s = 0.01, F = 94.6)

4.2.3. Toxicological Properties

4.2.3.1. Nonspecific Narcotic Activity o f Alcohols

Basak and Magnuson81 correlated the nonspecific narcotic activity ���,��50����of 
alcohols using TIs:

(22) log LC50 = 1.979 -  1.896(CIC|)

�8�"�5 10, �����5 0.989, s = 0.323, �� �5355.3)

4.2.3.2. Nonspecific Toxicity o f Esters to �����������	��������������������������41

(23) log LC50 = -0.774 -  0.364(CICj) -  0.774(‘xv)

�8�" = 15, r = 0.965, r = 0.194, ��  = 81.1)
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4.3. TO PO LO G IC A L APPROACH ES TO  M O LE C U LA R  
SIM ILA R ITY

One important application o f  TIs and substructural parameters has been in the 
quantification o f  molecular similarity. In practical drug design and risk assessment, 
good-quality QSARs o f  specific classes o f  chemicals, if  available, are the best option. 
However, class-specific QSARs are often not available. In such cases, one selects 
analogues o f  the chemical o f  interest (lead or toxicant), and uses the property o f

Neighbor 4 Neighbor5

Figure 3. Target chemical and five selected analogues using ED method from the set of 3692 chemicals.
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selected analogues for the estimation o f  the biomedicinal/toxic potential o f  the 
chemical.

4.3.1. Quantification o f Similarity Using Path Numbers
Path numbers Ph ���� = 1 , 2 , . . .) and weighted paths bave been used by Randid and 

co-workers in determining partial orderings relating dopamine agonist properties for 
2-aminotetralins,105 physicochemical properties o f  decanes,106 therapeutic potential o f  
diverse compounds,40 and antitumor activity o f  phenyldialkyltriazines.107 RandiC66 has 
also reviewed the use o f  path numbers and weighted paths as they are applied in 
molecular similarity approaches to property optimization. The results show that the 
ordering o f  molecules by path numbers reflects the pattern o f  activity reasonably well.

43.2. Quantification o f Similarity Using Topological Indexes
Basak �������� �� �J used TIs to compute intermolecular similarity o f  chemicals. Ninety 

TIs were calculated for a set o f  3692 chemicals with diverse structures. Principal 
component analysis (PCA) was used to reduce the 90-dimensional space to a 10- 
dimensional subspace which explained 93% o f  the variance. In the 10-dimensional PC 

space, the intermolecular similarity o f  chemicals were quantified in terms o f their 
Euclidean distance (ED). Ten chemicals were then chosen at random from the set o f 

3692 structures and their analogues were selected using the Euclidean distance as the 
criterion for nearest-neighbor, selection. Figure 3 gives one example o f  a probe 
chemical and its five chosen neighbors using this method. The results show that the 

probe and its selected analogues have a reasonable degree o f  structural similarity.

4.33. Quantification of Intermolecular Similarity Using Substructural 
Parameters

43.3 .1 . Atom  Pairs (APs)

Carhart �������������K developed the AP method o f  measuring molecular similarity. An 
AP is defined as a substructure consisting o f  two nonhydrogen atoms �� and �< and their 
interatomic separation:

(atom descriptor,- )-(separation)-(atom descriptor; )

where (atom descriptor;) encodes information about the element type, number o f  
nonhydrogen neighbors, and number o f  ��  electrons. Interatomic separation o f  two: 
atoms is the number o f  atoms traversed in the shortest bond-by-bond path containing 
both atoms.

For two molecules, M ; and M,-, AP-based similarity is defined as:

�;�5�:�= ���(���: �������F�/�+�����L ���+�<�>
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Estimated log ��

�� ���=�������?�2 (Continued)

No. Chemical name Obsd. log �� Eq. (46) Eq. (47)

34 propylbenzene 3.72 3.37 3.30

35 isopropylbenzene 3.66 3.35 3.30

36 butylbenzene 4.26 3.82 3.82

37 r-butylbenzene 4.11 3.76 3.71

38 p-cymene 4.10 3.85 3.78

39 fluorobenzene 2.27 2.37 2.00

40 chlorobenzene 2.84 2.37 2.42

41 bromobenzene 2.99 2.37 2.65

42 iodobenzene 3.25 2.37 3.15

43 o-dichlorobenzene 3.38 2.97 3.12

44 1,3-dichlorobenzene 3.60 2.97 3.15

45 p-dichlorobenzene 3.52 2.89 3.03

46 1,2,3-trichlorobenzene 4.05 3.71 3.92

47 1,2,4-trichlorobenzene 4.02 3.56 3.74

48 1,3,5-trichlorobenzene 4.15 3.66 3.95

49 1,2,3,4-tetrachlorobenzene 4.64 4.34 4.55

50 1,2,3,5-tetrachlorobenzene 4.92 4.32 4.57

51 1,2,4,5-tetrachlorobenzene 4.82 4.31 4.56

52 pentachlorobenzene 5.17 5.15 5.40

53 hexachlorobenzene 5.31 6.05 6.27

54 o-dibromobenzene 3.64 2.97 3.52

55 p-dibromobenzene 3.79 2.89 3.48

56 o-chlorotoluene 3.42 2.87 2.88

57 m-chlorotoluene 3.28 2.87 2.90

58 p-chlorotoluene 3.33 2.79 2.83

59 ethyl ether 0.89 1.23 1.21

60 dipropyl ether ���2�;�� 2.12 2.15

61 dibutyl ether 3.21 2.91 2.96

62 tetrahydrofuran 0.46 1.82 1.50

63 ethyl vinyl ether 1.04 1.25 1.09

64 anisole 2.11 2.08 1.91

65 o-methylanisole 2.74 2.70 2.58

66 m-methylanisole 2.66 2.69 2.59

67 p-methylanisole 2.81 2.59 2.50

68 4-chloroanisole 2.78 2.36 2.39

69 phenetole 2.51 2.50 2.41

70 phenyl propyl ether 3.18 2.95 2.88

71 formic acid, propyl ester 0.83 1.16 0.92

72 acetic acid, methyl ester 0.18 0.72 0.18

73 acetic acid, ethyrester 0.73 1.04 0.70

74 propionic acid, ethyl ester 1.21 1.49 1.23

'75 acrylic acid, methyl ester 0.80 1.03 0.50

76 methacrylic acid, methyl ester 1.38 1.35 0.91

77 benzoic acid, methyl ester 2.12 2.29 2.08
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No.

"122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

Chapter 4

�+���	�������' �� (Continued)____________________
Estimated log?

Chemical name

aniline
0- toluidine 
m-toluidine 
p-toluidine 
m-chloroaniline 
p-chloroaniline 
m-bromoaniline 
p-bromoaniline 
m-fluoroaniline 
p-fluoroaniline 
benzidine 
a-naphthylamine 
fi-naphthylamine 
N.N-dimethylaniline 
N.A'-dimethyl-p-toluidine 
N,N-diethylaniline 
MN-dimethylbenzylamine 
pyridine
3-methylpyridine
3-chloropyridine
3- bromopyridine
4- bromopyridine 
acetonitrile 
propionitrile 
butyronitrile 
benzonitrile 
phenylacetonitrile 
benzylacetonitrile 
acrylonitrile 
nitromethane 
nitroethane
1- nitropropane
1-nltrobutane
1- nitropentane 
nitrobenzene 
m-nitrotoluene 
p-nitrotoluene
2- chloro- 1-nitrobenzene
3- chloro-l:nitrobenzene
4- chloro- 1-nitrobenzene
3- bromo-l-nitrobenzene
4- bromo- 1-nitrobenzene 
m-dinitrobenzene 
p-dinitrobenzene

Obsd. log? Eq. (46) Eq. (47)

0.90 0.71 0.89
1.32 131 1.51
1.40 1.31 1.54
1.39 1.23 1.43
1.88 1.12 1.46
1.83 1.04 1.38
2.10 1.12 1.69
2.26 1.04 1.62
1.30 1.12 1.05
1.15 1.04 0.97
1.34 1.37 1.94
2.25 2.20 2.39
2.28 2.16 2.31
2.31 2.45 2.47
2.81 2.95 2,96
3.31 3.40 3.44
1.98 2.90 2.94
0.65 1.45 1.46
1.20 1.69 1.65
1.33 1.67 1.81
1.60 1.67 2.07
1.54 1.67 2.08

-0.34 0.45 0.24
0.16 0.93 0.84
0.53 1.27 1.21
1.56 2.17 2.01
1.56 2.54 2.40
1.72 2.96 2.93
0.25 1.19 0.99

-0.35 -0.37 -1.01
0.18 0.47 0.10
0.87 0.75 0.52
1.47 1.21 1.03
2.01 1.57 1.45
1.85 1.64 1.38
2.45 2.13 1.99
2.37 2.02 1.87
2.24 2.12 2.02
2.41 2.12 2.07
2.39 2.01 1.98
2.64 2.12 2.30
2.55 2.01 2.20
1.49 1.71 1.43
1.46 1.63 1.38
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/C=-E �&�� log2 �&��
1=1

The logarithm is taken at base 2 for measuring the information content in bits. The total 

information content of the set ��  is then ��  x � �(��

To account for the chemical nature of vertices as well as their bonding pattern, 

Sarkar �� ������ ���� [32] calculated information content of chemical graphs on the basis of an 

equivalence relation where two atoms of the same element are considered equivalent if 

they possess an identical first-order topological neighborhood. Since properties of 

atoms or reaction centers are often modulated by stereo-electronic characteristics of 

distant neighbors, ������ ���� neighbors of neighbors, it was deemed essential to extend this 

approach to account for higher-order neighbors of vertices. This can be accomplished 

by defining open spheres for all vertices of a chemical graph. If r is any non-negative 

real number and vis a vertex of the graph G, then the open sphere �� �>������ �	�= is defined as 

the set consisting of all vertices v(- in �.  such that �� �A�� ���� �=�� �D�� �	�� Therefore, S(v, 0) = �0�E�� S(v, 

�	�= = vfor 0 < �	 ���D 1, and �� �>�� �����= is the set consisting of vand all vertices v, of G situated at 

unit distance from v, if 1<r<2.

One can construct such open spheres for higher integral values of �	�� For a 

particular value of r, the collection of all such open spheres �� �A�� ���	�=�� where vruns over 

the whole vertex set �<�� forms a neighborhood system of the vertices of G. A suitably 

defined equivalence relation can then partition 1/into disjoint subsets consisting of 

vertices which are topologically equivalent for �%���� order neighborhood. Such an
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where the cyclomatic number p (or number of rings in the graph) is p = q-n+1, with ��  

edges and ��  vertices and s, is the sum of the distances of atom / to all other atoms and 

���@ is the sum of the distances of atom �@to all other atoms [27]. Variants were proposed 

by Balaban for incorporating information on bond type, relative electronegativities, and 

relative covalent radii [28-29].

2.3 CLASSIFICATION OF THE INDICES

The set of 101 TIs was partitioned into two distinct subsets: topostructural 

indices and topochemical indices. Topostructural indices encode information about the 

adjacency and distances of atoms (vertices) in molecular structures (graphs) 

irrespective of atom type or factors such as hybridization states and number of core/ 

valence electrons in individual atoms. Topochemical indices quantify information 

regarding specific chemical properties of the atoms comprising a molecule as well as 

the topology (connectivity of atoms). Topochemical indices are derived from weighted 

molecular graphs where each vertex (atom) is properly weighted with selected 

chemical/physical properties. These subsets are shown in table 1.

2.4 STATISTICAL METHODS AND COMPUTATION OF SIMILARITY

�" �� ���� �� �2 �� �� �� �� ������ ��

Initially, all TIs were transformed by the natural logarithm of the index plus one. 

This was done since the scale of some TIs may be several orders of magnitude greater 

than other TIs.
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(1) 0.01 (2) 0.02 (3) 0.02 (4) 0.02 (5) 0.03
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c h ��
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Cl

( 1) 0.01 ���0�����8�3�8�0 (3) 0.02 (4) 0.03 (5) 0.03





Table 1. Symbols, definitions and classifications of topological parameters._______
Topostructural

l^ Information index for the magnitudes of distances between all possible 
pairs of vertices of a graph

Ip Mean information index for the magnitude of distance

W Wiener index = half-sum of the off-diagonal elements of the distance matrix 
of a graph

lD Degree complexity

Hv Graph vertex complexity

�� �� Graph distance complexity

IC Information content of the distance matrix partitioned by frequency of 
occurrences of distance h

O Order of neighborhood when ICr reaches its maximum value for the 
hydrogen-filled graph

A Zagreb group parameter = sum of square of degree over all vertices
M2 A Zagreb group parameter = sum of cross-product of degrees over all 

neighboring (connected) vertices

hX Path connectivity index of order h = 0-6

hX Cluster connectivity index of order h = 3-6

hXPC Path-cluster connectivity index of order h = 4-6

hXch Chain connectivity index of order h = 3-6
Ph Number of paths of length h = 0-10

J Balaban's J index based on distance

Topochemical

l0RB Information content or complexity of the hydrogen-suppressed graph at its 
maximum neighborhood of vertices

ICr Mean information content or complexity of a graph based on the rth (r = 0-6) 
order neighborhood of vertices in a hydrogen-filled graph

SICr Structural information content for rth (r = 0-6) order neighborhood of vertices 
in a hydrogen-filled graph

CICr Complementary information content for rlh (r = 0-6) order neighborhood of 
vertices in a hydrogen-filled graph
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�,�' ���������������N������ �%���+�' �%���-�6 �%���/�6 �%���/�6 �6�6�h �,�&�3�"����������� �(��������������� �����������(������� ���)�������� �3���3�- �3���,�6 �3���-�% �3���,�,
�,�/ �,�"������� �(��������������� �����������(������� ���)�������� �3���-�3 �3���,�6 �3�+�- �3���+�3 �6�5 ���������(�������� �,���2�2 �,���%�6 �,���'�5 �,���2�,
�,�2�h ����� ������ �,���6�, �-���2�- �,���'�- �,���3�2 �5�- ���(������� ���)������ �+���6�/ �+���'�' �+���2�+ �+���2�3
�,�6 �+�&�%�P�"������ �'���-�+ �3���2�, �3���5�5 �3���5�2 �5�,�h ������� �(����� �����������N������ �+���2�3 �%���+�6 �%���-�+ �+���5�2
�,�5 ���(�������������������� �%���-�- �+���,�5 �+���%�' �+���%�2 �5�+ ������� �(������������������ ���'�, �-���2�- �-���'�2 �-���'�%
�+�- ����� �(����� ������������ �,���3�% �,���%�6 �,���3�6 �,���'�+ �5�% �(�"��� �����(�����������(�������������� �%���5�- �%���2�%�3���-�/ �3���-�/
�+�, �+�"��� �����(����� ������� ������ �%���2�3 �%���6�6 �3���-�, �%���5�/ �5�3 �+�&�%�&�3�P�"������ �'���3�+ �3���6�5 �'���,�- �'���,�-
�+�+ ��������� ��������������������������� ������ �+���'�% �+���+�- �+���%�3 �+���+�5 �5�'�h ������������������������� �����������(������� ���)������ �%���,�5 �3���,�6 �%���6�2 �%���6�5
�+�%�h�������������������� �-���/�3 �,���6�' �-���'�2 �-���3�+ �5�/ �,�&�+���%�&�'�"������������� ���������������N������ �3���5�+ �%���5�, �3���-�6 ���� �3���-�3
�+�3 ����������� �(�������������������� �,���2�2 �+���+�+ �,���'�2 �,�%�5 �5�2 �+�&�+�P�"������ �3���5�- �3���/�' �3���6�- �3���6�+
�+�'�b �������������� �+���%�/ �,���%�6 �,���5�2 �+���-�, �5�6 �,�"������������ �+���3�- �+���+�+ �,���5�/ �+���-�'
�+�/ � ���)��������� �(���������N������ �'���,�, �3���,�6 �3���5�3 �3���5�2 �5�5�h �,�&�%�"����������� �(��������� ��� ���������� �3���3�+ �3���+�5 �3���3�% �3���3�/
�+�2 ��������������� ������ �+���+�6 �+���6�- �+���6�, �+���6�2 �,�-�-�h �,�&�2�"����������� �(��������� ��� ���������� �3���3�3 �3���+�% �3���3�% �3�3�'
�+�6�h��������� �(���������������� �,���5�' �+���6�- �+���/�6 �+���/�2 �,�-�,�h �,�"������� �(��������� ��� ���������� �%���6�2 �%���5�' �3���-�6 �3���-�2
�+�5 ���(������� ���)������ �%���3�3 �+���'�' �+���6�% �+���6�2 �,�-�+ �+�&�/�"������ �3���5�% �3���2�- �3���6�% �3���6�'
�%�-�?������� �����(�������������������� �3���3�, �3���/�+ �3���'�2 �3���'�% �,�-�%�h���"������������������������ �+���5�+ �%���+�6 �%���3�2 �%���3�+
�%�, ���"�������������������N�(����� ������������ �+���2�2 �%���'�' �+���5�' �+���5�5 �,�-�3 �+�&�+�&�&�%�P�"��������� ��������������� �����(�� �'���%�, �3���6�5 �'���+�+ �'���+�-
�%�+ �,�"��� ���������������������� �+���-�3 �+���+�+ �,���5�+ �,���5�2 �,�-�' � ���)���������������������N������ �+���+�+ �3���,�6 �%���+�- �+���5�2
�%�%�+�&�3�"������� ���������������N�(����� ������������ �%���6�+ �3���-�, �%���/�2 �%���/�5 �,�-�/�h �%�"������������� ������� ������ �+���/�+ �+���3�5 �+���2�% �+���2�+
�%�3 ���"��� ���������������������� �%���+�6 �%���'�6 �%���%�- �%���%�3�,�-�2�h �,�&�+�&�%���'�"����������������� �(���������N������ �3���,�2 �%���5�, �3���+�2 �3���%�+
�%�'�b������������ �+���6�5 �+���+�+ �+���%�5 �+���3�%�,�-�6 � ��������� ������ �+���%�- �%���-�, �+���,�/ �+���,�5
�%�/ �,�&�+�&�%�"������������� �(���������N������ �%���/�/�� �%���/�- �%���6�5 �%���5�%�,�-�5 �+�&�3�&�/�"������ �'���3�2 �3���5�2 �'���-�+ �'���-�3
�%�2 �,�&�,�"��������������������� �(�������� �,���+�3 �,���6�' �-���2�+ �-���2�5 �,�,�- �,�&�,�"������� ������������� �(�������� �+���,�% �,���6�' �,���6�5 �,���5�2
�%�6�b�,�"��� �������������������� �+���/�3 �+���6�- �+���/�2 �+���2�- �,�,�, ���"���������������������N������ �%���/�3 �%���+�5 �%���5�3 �%���6�6
�%�5 �+�&�%�"����������������� ������� ������ �%���'�% �+���5�6 �%���+�+ �%���+�%�,�,�+ �,�&�+�&�3�&�'�"����������������� �(���������N������ �3���-�- �%���6�+ �3���+�3 �3���+�5
�3�-�? ������������������������� �(���������N������ �%���%�/ �%���+�3 �%���,�' �%���,�6 �,�,�% �,�"� ���)������ �%�%�5�%���+�' �%���,�2 �%���+�,
�3�,�h �,�&�+�&�3�&�'�"���������������������������N������ �'���,�% �%���6�+ �'���-�/ �3���5�3 �,�,�3�h �������������������� �%���,�, �+���+�- �%���,�+ �%���+�6
�3�+ ���"������� ���������������N������ �%���%�6�%���+�5 �%���,�5 �%���,�5 �,�,�' ��� ���������������� �,���5�2 �,���6�' �+���,�, �+���-�/
�3�%�h�,�&�+�&�%�&�3�"������������� ���������������N������ �3���/�3 �%���6�, �3���-�, �%���5�2 �,�,�/�h �,�"������������������������ �+�'�6 �+���6�- �+���,�' �+���+�-
�3�3�h��������������������� ������ �%���+�- �+���/�% �%���%�2�%���+�/ �,�,�2�h ���(�������� �3���6�6 �'���3�/ �3���5�- �3���6�6
�3�' �������������� �%���%�5�+���6�- �%���-�, �%���-�%�,�,�6 ���&���"������� ���������"�+�&�+�"������� �����(������� �������� �3���'�,�3���5�' �3���6�6 �3���5�3
�3�/�h ������������������ �+���2�/ �,���6�' �+���/�, �+���2�, �,�,�5�h �������������(�������� �+�%�3 �,���6�' �+���3�2 �+���/�,
�3�2�h���������) �'���+�6 �'���,�- �'�+�/ �'���,�6 �,�+�- ������� �����(��������� ������ �3���,�3 �3���3�- �3���'�, �3���'�3
�3�6�h �,�&�%�"������� ���������������N������ �%���/�- �%���'�6 �%���+�3 �%�+�%�,�+�, ���������������(���������N������ �%���/�/ �%���%�' �%���/�+ �%���/�2
�3�5�h �,�&�+�"����������� �(��������� ��� ���������� �3���%�, �3���+�' �3���3�, �3���3�%�,�+�+�h ������� ��� ���������� �%�%�- �%���3�%�%���%�6�%���%�3
�'�-�h �+�"����� �(��������� ��� ���������� �3���%�6 �3���%�+ �3���+�% �3���+�3 �,�+�%�h�,�"� ������������ �%���5�5 �%���6�/ �%���3�6 �%�'�-
�'�,�h ���(������� �������������������� �+���/�% �%���'�5 �+���2�3 �+���2�3 �,�+�3 �+�&�+�"����������� �(�������������� �%���6�+ �+���6�6 �%���3�' �%���'�'
�'�+�h �%�"��� ��������������� �����(�� �3���'�6 �3���3�+ �3���/�' �3���/�3 �,�+�' �,�"�������������������������� �+�%�%�%���+�' �+���2�5 �+���6�+
�'�%�h�%�"����� �(����� ������� ������ �+���6�+ �%���+�- �+���2�+ �+���2�' �,�+�/�h ���"�)�(�������� �%���,�+ �%���+�5 �%���3�3 �%���3�5
�'�3 �,�&�%�&�'�"�����������������������N������ �3���'�, �3���-�- �3���'�3 �3���3�6 �,�+�2�h ����� �(���������N������ �%���,�' �%���+�6 �%���+�' �%���+�/
�'�'�h �Y�"��� �����(������� �(����� ������������ �+���5�' �%���'�- �%���%�, �%���%�%�,�+�6�h ��������� ��������������� �(����� �����������N������ �%���2�6 �%���'�/ �%���'�5 �%���/�,
�'�/ ������������� ��� ������ �%���5�+ �3���3�5 �%���5�3 �%���5�' �,�+�5�h ��� ������� ������ �,���6�, �+���,�5 �,���/�3 �,���/�+
�'�2 ���"���������������������N������ �%���2�' �%���'�6 �3���-�/ �%���5�6 �,�%�- ������������� ��������������� ������ �,���3�, �,���%�6 �,���3�5 �,���3�2
�'�6 ������� ������������������������������� ������ �+���,�/ �+���+�- �,���6�6 �,���6�% �,�%�,�h �,�+�"������� ����������������������������������� ������ �+���6�+ �+���/�% �+���2�, �+���/�'
�'�5 �������������� �+���2�% �%���-�6 �%���-�3 �%���-�' �,�%�+�h�+�"��� ��������������� �����(�� �3�%�6 �3���3�% �3���/�' �3���/�'
�/�-�h ������� ������������ �3���3�' �3���6�' �3���/�+ �3���'�5 �,�%�% �+�&�3�&�"������� ��������������� �����(�� �'���,�- �3���/�6 �3���6�6 �3���6�2
�/�,�h � ���)����� �����������(�������������������������� �'���-�3 �3���-�- �3���5�5 �3���6�/ �,�%�3�h�,�&�%�&�'�"��������� ���������������N������ �3���,�' �3���-�- �%���3�6 �%���'�-
�/�+ �%�"��� �����(���"���,�"��� ���������������������� �%���'�' �%���2�%�%���'�/ �%���'�6 �,�%�' �,�"������������ �3�'�2 �3���-�3 �%���2�2 �%���2�6
�/�%�h�����������N�(�� �3���2�5 �3���/�+ �3���/�5 �3���2�, �,�%�/ �&��������� �(���������������� �,���,�5 �-���2�- �,���+�% �,���-�2
�/�3�h �,�"��� ��������� ������������ �3���,�' �3���-�3 �%���2�+ �%���2�, �,�%�2�h��� �����(������� �(���������������� 320 �%���'�- �%���%�2�%���%�/
�/�'�h �+�&�3�"������� ���������������������� �3���+�3 �%���/�' �%���/�- �%���/�3 �,�%�6 ���"����� �(���"�+�"������� �(���������N������ �%�'�% �%���'�3 �%���6�, �%���6�3
�/�/�h �,�&�,�"������� ������������� ������ �,���2�5 �,���6�' �,���5�% �+���-�+ �,�%�5�h���������(���������N������ �%���2�+ �%���'�- �%���'�/ �%���'�6
�/�2�h �.�8�'�0�"�������N������� ������� ������ �%���,�+ �%���,�' �%���+�3 �%���,�2 �,�3�-�h ������������ �%���,�6 �%���,�' �%���-�/ �%���-�3
�/�6�h �+�"������������� ������� ������ �+���2�' �+���3�5 �+���/�+ �+���/�, �,�3�, �+�"��� ���������������������� �,���5�- �,���6�' �+���+�+ �+���%�%
�/�5 ��� ������������������������������� ������ �,���-�6 �,���6�' �-���2�' �-���2�' �,�3�+�h��� �����(�����N������ �+���'�5 �%���'�- �+���6�% �+���6�6
�2�-�h ������������� ���������������N������ �'���,�2 �3���-�+ �3���/�+ �3���'�+ �,�3�% �+�&�3�"��������������������������� �����������(������� ���)�������� �%���5�6 �3���,�6 �3���+�' �3���+�5
�2�, �5�&�,�-�"����� �(������������� ������������ �3���+�' �3���6�' �3���%�, �3���%�3 �,�3�3�h ������������� ������������� �(�������� �%���3�- �%���-�, �%���/�5 �%���'�+
�2�+ ���&�%�"�.�������"��� ��������������� �(���0�������N�������� �+���2�+�%���6�' �%���3�5 �%���'�, �,�3�' �,�"������������ �'���,�' �3���+�2 �%���5�2 �%���5�6
�2�% ��� ���������������N������ �+���6�3 �%���-�6 �+���5�- �+���5�- �,�3�/ �+�&�%�"����������� �(�������������� �%���6�' �%���-�, �%���3�, �%���'�-
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ABSTRACT

Four classes of theoretical structural parameters, viz., topostructural, topochemical, 

geometrical and quantum chemical descriptors, have been used in the development of 

quantitative structure-activity relationship (QSAR) models for a set of sixty-nine 

benzene derivatives. None of the individual classes of parameters was very effective in 

predicting toxicity. A hierarchical approach was followed in using a combination of the 

four classes of indices in QSAR model development. The results show that the 

hierarchical QSAR approach using the algorithmically derived molecular descriptors can 

estimate the LC50 values of the benzene derivatives reasonably well.
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parameters; aquatic toxicity; benzene derivatives
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