
NEW VOICES IN CHEMISTRY

D
uring the past century,

major strides were made in
improving the quality of human
life through drugs and vaccines.
These discoveries have made

major differences in the quality of life of
most citizens from the Western world.
However, the majority of the world popu-
lation still suffers from diseases for which
there are relatively few effective remedies.

Cardiovascular diseases and cancer are
the major killers in industrialized coun-
tries. An estimated 10 million new cases
of cancer are diagnosed globally each year,
and some estimates expect the number to
double by 2020. Challenges are equally
great in the areas of infectious diseases,
malaria, polio, AIDS, tuberculosis, and
hepatitis B—all of which result in high
mortality rates in developing countries.
These data make the need for new vac-
cines that can provide more effective
immunization all the more urgent. As the
“World Health Report on Infectious Dis-
eases 2000” noted, “Vaccination is the
most logical and effective means to con-
tain these diseases by preventing infection
in the first place.”

For therapeutics to make a significant
impact on the global health, ways will
have to be found to make the drug
research and development (R&D) process
more cost-effective. It is now estimated

that the R&D expenditure required to
produce a new drug or vaccine is $750
million; this cost has risen by 600% over
the past 20 years. To achieve a significant
cost reduction, pharmaceuticals compa-
nies have to reengineer
their R&D process.

The challenge facing
the pharmaceutical in-
dustry is tremendous at
every step of the drug dis-
covery and development
path. The processes still
require, on average, a
decade to complete—
which means that bring-
ing a new drug to market
is extremely expensive.
Thus, the length of time
it takes for drugs to move
from invention to the marketplace needs
to be significantly compressed. Although
the early phase of the drug discovery
process requires relatively less money
investment, it requires extended time lines
because of the unpredictable nature of
research. To resolve bottlenecks in the early
phase of the process, lead generation, iden-
tification, and optimization must be
addressed in an effective manner.

The advent of combinatorial libraries
initially generated tremendous excitement,
promising to generate hundreds of leads
and greatly reduce the time for progres-
sion of drug leads to candidates for devel-
opment. However, after the dust settled,
trivial issues such as single compound ver-
sus mixtures; storage of the samples; and,
above all, the quality, identity, and purity of
libraries became important factors. Most
of the emphasis is still on the synthetic
chemical libraries. In recent years, more
emphasis has been placed on natural prod-
ucts, but major improvements are needed
to address the cumbersome lead identifi-
cation process. Understanding biosyn-
thetic pathways and harnessing natural
machinery to generate lead compounds
are excellent alternative examples. The
scope of the chemical library design needs
to be expanded to address both well-

defined protein pockets and larger inter-
action surfaces of proteins and RNA.

One of the major challenges for medic-
inal chemists is the compression of drug
optimization time scales. The ever-increas-
ing repertoire of efficient chemical meth-
ods and the adaptation of these methods to
mass produce lead analogs have improved
the optimization cycle time scales. Greater
use of computational tools, nuclear mag-
netic resonance, and X-ray crystallography
has significantly contributed to drug dis-
covery and design. There are a number of
examples in which the structure/activity
relationship cycle has used all available tools

to better optimize the
leads for ideal properties.
The careful balance of all
available tools at the
medicinal chemist’s dis-
posal ultimately will have
a significant impact on
the lead optimization
time scale. More and
more emphasis on the
early assessment of ab-
sorption, distribution,
metabolism, and excre-
tion (ADME) properties
of leads has become rou-

tine for lead optimization programs. Be-
cause accurate assessment of the energet-
ics of ligand-receptors/inhibitor-enzymes
in their natural state and conformation is
not fully understood, the good old intuition
of medicinal chemists can be helpful.

This century started with the informa-
tion technology revolution well under way;
information technology will make a
tremendous impact on every aspect of our
lives, including drug discovery and devel-
opment. Harnessing this power to define
therapeutically relevant protein architec-
tures and more accurate predictions of lig-
and-receptor binding energies will realize
the dream of the true de novo lead identi-
fication process. The ultimate challenge
will be to design clinical candidates pack-
aged with the required potency, selectivity,
ADME, and toxicity properties on a com-
puter terminal.
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