
NEW VOICES IN CHEMISTRY

T
he weekend i wrote this essay

was the weekend following the
scientific publication of two ver-
sions of the human genome. Sci-
entists are poised to capture this

genetic information and put it to use in
creating new treatments for a variety of
human ailments. They face numerous
challenges, but many previous scientific
advancements will make the rapid devel-
opment of new treatments more likely.
Rational drug design, high-throughput
synthesis, and high-throughput screening
are a few of the innovative technologies
merging to create a new paradigm in early-
stage drug discovery. Driving this is the
promise of thousands of new targets as
scientists unlock the secrets of the human
genetic code. If this is happening
today, how will the drug discovery
process evolve in the next 5 to 10
years, and what role does combina-
torial chemistry play in solving the
challenges ahead?

Evolution of the entire drug dis-
covery process is a topic much too
complex to discuss here. Instead, this
essay focuses on current and future
developments in the way combinato-
rial chemists conduct early-stage drug
discovery efforts. The role of the
combinatorial chemist has tradition-
ally been to expand a corporation’s
collection of drug-like molecules for
high-throughput screening. Drug-like
compounds have typically been
defined as those having physical prop-
erties within certain limits first
described by Christopher Lipinski in 1997
and known today as the rule of five.

The rule of five is a predictive tool used
to estimate the solubility and absorption
of compounds through tabulation of a
compound’s properties such as molecular
weight, hydrogen bond acceptors/donors,
and log P. Today, more sophisticated com-
putational tools are available to estimate a
compound’s human bioavailability. 

One such tool is the iDEA (in vitro
determination for the estimation of
ADME [absorption, distribution, metab-

olism, and excretion]) simulation system
developed by scientists at Trega. In addi-
tion to estimating human oral absorption
from in vitro data, the iDEAsuite of prod-
ucts also has a model that uses compound
structure as the input. The structure-based
iDEA model helps chemists at Trega cre-
ate better lead generation libraries and con-
duct lead optimization studies. 

The software is accessed through a user-
friendly Web-based interface, and the
computation runs quickly providing the
chemist almost immediate feedback. At
Trega, chemists screen virtual compounds
in silico using the iDEA model, and this
profiling activity occurs at several stages
of library development and drug discovery.
In this way, the actual compounds pre-

pared are biased toward favorable ADME
characteristics, potentially speeding up
lead optimization after hits are identified.
This bias toward favorable ADME prop-
erties addresses, at an early stage, phar-
macokinetic issues that usually arise in the
preclinical stage of the drug discovery
process. Although it is important to
address ADME concerns early, potency
and selectivity are vital components. That
being the case, how can the combinatorial
chemist bias a library to have compounds
that preferentially bind to a specific recep-

tor or family of receptors with only a small
amount of information to go on? This is a
significant challenge for the combinator-
ial chemist, especially considering the ava-
lanche of new protein targets cascading
out of the Human Genome Project.

Using information generated from the
Human Genome Project, companies and
institutions such as the National Insti-
tutes of Health are gearing up to compute
or directly measure (through high-
throughput X-ray crystallography) thou-
sands of three-dimensional protein
structures. The next big challenge for
combinatorial and computational chem-
ists involves designing directed or biased
libraries using this three-dimensional
structural information.

If successful, lead compounds from
these biased libraries should serve a dual
purpose. First, pharmacologists often use
selective ligands to help establish the phys-
iological function of a new protein. Sec-
ond, medicinal chemists need lead com-
pounds to begin to optimize for potency,
selectivity, and ADME properties.

Computational methods existing today
such as high-throughput docking pro-

grams will certainly be useful in
designing biased libraries. However,
the computational tools used in the
future will undoubtedly be even more
sophisticated as suggested by the
large investment in computational
chemistry today and the continued
improvement in data-handling soft-
ware and hardware.

Some of the questions clouding the
horizon include how accessible the
“thousands” of new protein structures
will be to the general scientific com-
munity, and what the quality (resolu-
tion) of these protein structures will be.
Also, is the prediction of “thousands”
of new structures too optimistic?

Despite these lingering questions,
combinatorial chemists and the com-
panies that employ them should be

prepared to design compound libraries
biased toward these new targets using all
available information. Companies that
invest now and prepare to handle the im-
pending deluge of information will distin-
guish themselves in the post-genomic era.
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