
NEW VOICES IN CHEMISTRY

I
n recent years, advances in our

collective understanding of organic
reactions and medicinal chemistry
have allowed the preparation of highly
complex and remarkably selective

agents that have shown promise for use in
the treatment of a wide
range of human afflic-
tions. The potential for
making a positive impact
on people’s lives with
these latest discoveries is
continually being real-
ized through the devel-
opment of new pharma-
ceuticals. With all that we
have learned to make
possible the preparation
of small quantities of
these agents, to realize the benefit to peo-
ple there remains the challenge of discov-
ering and developing methods that are
practical for large-scale production.

The success in the total synthesis of
complex natural products over the past
20 years has inspired great confidence in
what can be achieved. It is now widely
accepted that the question is no longer
whether we can make a complex structure
but rather how well. The appearance of
new methods has fueled progress in
organic synthesis. There is, however,
much to learn about what is known
and much more that remains to be dis-
covered to solve the problems of the
future. The challenge in pharmaceuti-
cal process development comes from
recognizing the damage to the envi-
ronment from practices of the past and
the increasing demands on efficiency
and productivity that define a practi-
cal manufacturing process today. We
must measure how well we make com-
plex molecules intended for medicinal
use on these terms.

The discovery and development of
b-lactam antibiotics serves as a case in
point. These antibiotics have a long his-
tory in posing perplexing problems for
the synthetic chemist, dating back to
the early efforts to synthesize penicillin

that arose from the need for antibiotics
during World War II. It was not until 1957
that the structure succumbed to total syn-
thesis, but synthesis could not compete
with fermentation as a source of the large
quantities of penicillin required.

The demand for anti-
biotics has continued in
response to the apparent
resistance to existing
agents. In reaction to
this demand and build-
ing on advances in un-
derstanding of molecu-
lar biology, metabolism,
and pharmacokinetics,
medicinal chemists have
identified increasingly
complex antibacterial

agents. Thienamycin was the first of the
carbapenem antibiotics discovered. An
intense effort at Merck identified a thien-
amycin derivative, imipenem, as a thera-
peutically useful agent. Fermentation was
not sufficiently productive to support man-
ufacturing, and a chemical synthesis was
clearly needed. To devise a synthetic route
suitable for production, Merck chemists
had to face challenges that truly tested

ingenuity and creativity. The effort ulti-
mately resulted in a process that has been
producing imipenem for more than 16
years now.

The monumental achievement of estab-
lishing a synthetic route for the production
of imipenem was a true triumph for organic
synthesis. But as important as this accom-
plishment was, new carbapenems continue
to challenge the methods of organic syn-
thesis. More recently discovered car-
bapenems share some of the problems
solved in the imipenem process, but added
structural complexity has ensured that new
problems would appear in developing the
process for a second-generation compound.
In our early work on one of these com-
pounds, now known as ertapenem, we set
out to apply what had been learned from
the imipenem experience. However, it
became apparent that little of what was
known would be relevant. To meet current
expectations for process productivity and
efficiency, it was essential to break from
what was known. With our thinking no
longer constrained by the past, we made a
series of discoveries that led to a remarkably
efficient process. From this experience, I
realized that to limit thinking to the suc-
cesses of the past, you must be willing to
compromise expectations for the future.

It is in the nature of our being as
chemists that, as we make discoveries and
solve important problems, we raise our
expectations—raise the bar, as it were.
We need only measure our progress
against the successes of the recent past to
realize the rate of our accomplishment.
Because much of our satisfaction comes

from facing incredibly difficult prob-
lems, I believe that we can look for-
ward to the challenges of the future
and the rewards that solving these new
problems will bring. Pharmaceutical
process development continues to test
our genius, creativity, and resource-
fulness as chemists. The challenge has
led to remarkable solutions that will
advance the pace of development in
the future, making important new
therapies available more rapidly. We
truly have the opportunity to improve
the lives of many.
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EXPERIENCE INAPPLICABLE Williams
believes that it is essential to break from what
is known to achieve the highest process
productivity and efficiency.

To limit thinking
to the successes
of the past, you
must be willing
to compromise
expectations for
the future.


