
NEW VOICES IN CHEMISTRY

M
edicinal chemists today

are surrounded by techno-
logical innovations that
promise to revolutionize the
drug discovery process for

the pharmaceutical and biotechnology
industries. Headlines announce new and
faster tools to sequence and analyze genes,
screen compound libraries, speed chemi-
cal syntheses and purification, and even
predict and optimize a broad range
of molecular properties by com-
puter. With the emergence of these
technologies, a clear challenge to
future medicinal chemists will be to
determine which of these new tools
will ultimately help us discover new
medicines. I believe that two tech-
nological areas have the greatest
potential to affect the identification
of novel therapeutics and deserve
the focus of medicinal chemists: the
use of genomics in target selection,
and the development of predictive
in vitro toxicity tools.

The revolution in genetics and
genomics will bring about the dis-
covery of more molecular targets
and will help determine their asso-
ciation with disease. Such discov-
ery has increased the number of
potential drug targets for the phar-
maceutical industry to assess from
the hundreds to the thousands. Cer-
tainly, it is not possible or desirable to ini-
tiate research efforts against even a fraction
of them. Thus, chemistry will play a prin-
cipal role in target assessment. Classifica-
tion of the products of targeted genes will
help categorize them into those with track
records of identifying chemically tractable
leads and those with high historical failure
rates. Such strategic risk assessment is
essential if we are to lower preclinical rates
of attrition. However, a balanced portfo-
lio of high- and low-risk projects based on
target class will be most desirable if we are
to achieve the even greater challenge of
broadening our scope of what is currently
considered tractable. In addition, we need
to allow opportunities for chance and

serendipity to play their important role in
the future of drug discovery.

Several new technologies have appeared
in the past decade with the promise to
speed the identification and optimization
of leads. They include the creation of large
chemical libraries through combinatorial
methods, ultra-high-throughput screen-
ing, computational (virtual) screening, and
nuclear magnetic resonance and biostruc-

tural approaches. Even though these
approaches have increased our ability and
efficiency in identifying leads, converting
them into marketed drugs still requires a
tremendous amount of fine-tuning of their
pharmacokinetic and biological proper-
ties by medicinal chemists.

Chemistry has come a long way in the
past millennium at being able to build com-
plex structures, but we still have quite a
way to go at being able to predict the bio-
logical properties of these molecules. Fail-
ures in the clinic often are associated with
previously unknown molecular features
related to metabolism, bioavailability,
drug/drug interactions, and toxicity. Recog-
nition of the root of such clinical failures

has inspired researchers to develop tools
for screening for these characteristics early
in the discovery process to try to increase
the probability of a molecule making it to
the market. Whereas many efforts to
develop tools to accurately predict bio-
physical properties, metabolic behaviors,
and drug interactions have been evaluated,
a greater focus on the development of tools
to predict toxicity is required.

The complexities of the biological
pathways now chosen for therapeutic
intervention—such as intracellular signal-
ing—have dramatically increased the like-
lihood of toxicity due to specificity-related
issues. Currently, these problems are often
not identified before lengthy and expensive
in vivo toxicity studies. Even worse, when
an undesired effect is discovered, the
molecular basis for the toxicity is seldom

understood. This is really the crux
of medicinal chemistry today: We
must invest in identifying the
mechanisms of the most com-
monly observed side effects such
that high-throughput predictive in
vitro tools can be identified. Some
novel approaches currently under
investigation include toxicoge-
nomics, proteomics, and metabo-
nomics. The impact of these tech-
nologies has yet to be determined,
but their potential to speed dis-
covery and improve our clinical suc-
cess rate is tremendous.

Discovering medicines, in my
opinion, has not become any easier
in the 21st century. The sophisti-
cation of the methods we use to aid
the discovery of new medicines has
certainly increased, and the entire
process is now driven by technol-
ogy. With the emphasis on speed,
chemists will need to differentiate

the technologies that generate predictive
data to help identify molecules with greater
chances of becoming marketed drugs from
those that simply generate more informa-
tion. Only the former will live up to the
lofty expectations of enhancing the effi-
ciency and success rate of discovering new
medicines; the rest will fall far short.
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TECHNOLOGY
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Future of drug discovery depends on medicinal
chemists’ ability to choose the right tools 

MARVELOUS MOLECULES Now more than ever,
Goldstein believes, medicinal chemists are needed
to identify new chemical entities that can be
commercialized as drugs.


