1 Introduction

Rigorous analysis and fine-tuning of indepen-
dent variables has led to an expansion in de-
velopment of molecular and atom-based de-
scriptors, as well as descriptors derived from
quantum chemical calculations and spectros-
copy (2). The improvement in high-through-
put screening procedures alows for rapid
screeningdf large numbers of compounds un-
der similar test conditionsand thusminimizes
the risk of combining variable test datafrom
many Sources.

The formulation of thousands of equa-
tions using QSAR methodology attests to a
validation of its concepts and its utility in
theelucidation of the mechanism of action of
drugsat the molecular level and a more com-
plete understandingof physicochemical phe-
nomena such as hydrophobicity. It is now
possible not only to develop a model for a
system but also to compare models from a
biologica database and to draw analogies
with models from a physical organic data-
base (3). This process is dubbed model min-
ing and it providesasophisticated approach
to the study of chemical-biological interac-
tions. QSAR has clearly matured, although
it still has away to go. The previous review
by Kubinyi has relevant sections covering
portions of thischapter as well asan exten-
sive bibliography recommended for a more
complete overview (4).

1.1 Historical Development of QSAR

More than a century ago, Crum-Brown and
Fraser expressedtheideathat the physiologi-
cd action of asubstance wasafunction of its
chemical composition and constitution (5). A
few decadesl ater, in 1893, Richet showed that
the cytotoxicitiesof adiverseset of simpleor-
ganicmoleculeswereinverselyrelated totheir
corresponding water solubilities (6). At the
turn of the 20th century, Meyer and Overton
Independently suggested that the narcotic (de-
pressant) action of a group of organic com-
pounds paralleled their olive oil/water parti-
tion coefficients (7, 8). In 1939 Ferguson
introduced a thermodynamic generalization
to the correlation of depressant action with
the relative saturation of volatile compounds
inthevehicleinwhichthey wereadministered
(9). Theextensivework of Albert,and Bell and
Roblin established the importance of ioniza

tion of bases and weak acidsin bacteriostatic
activity (10-12). Meanwhile on the physical
organicfront, great strideswerebeingmadein
the delineation of substituent effects on or-
ganic reactions, led by the seminal work of
Hammett, which gaveriseto the"sigmarho"
culture (13, 14). Taft devised away for sepa
rating polar, steric, and resonance effectsand
introducingthefirst steric parameter, £ (15).
The contributions of Hammett and Taft to-
gether laid themechanistic basisfor thedevel-
opment of the QAR paradigm by Hansch and
Fyjita. In 1962 Hansch and Muir published
their brilliant study on the structure-activity
relationships of plant growth regulators and
their dependency on Hammett constants and
hydrophobicity (16). Using the octanol/water
system, awholeseries of partition coefficients
were measured, and thus a new hydrophobic
scale was introduced (17). The parameter a,
which istherelative hydrophobicity of a sub-
stituent, wasdefined in amanner analogousto
the definition of sigma (18).

wx = log Px — log Py (1.1)
P, and P represent the partition coefficients
of a derivative and the parent molecule, re-
spectively. Fujitaand Hansch then combined
these hydrophobic constants with Hammett's
electronicconstantstoyieldthelinear Hansch
equation and its many extended forms (19).

Log 1/C =ao + bw + ck (1.2)
Hundreds of equationslater, thefailured lin-
ear eguations in cases with extended hydro-
phobicity rangesled tothe development of the
Hansch parabolicequation (20):

Log1/C =a.logP

(1.3)
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Thedelineation of these modelsled to explo-
sive development in QSAR analysis and re-
lated approaches. The Kubinyi bilinear
model isarefinement of the parabolic model
and, in many cases, it has proved to be supe-
rior (21).





