
NEW VOICES IN CHEMISTRY

S
ynthetic chemists are

work-ing toward a future in
which synthesis goals will be
achieved with exquisite effi-
ciency. Many new chemical cat-

alysts will be invented that are superior in
reactivity to most enzymes. Chemical syn-
theses will be conducted with new and
improved transformations that provide
structurally complex compounds with
incredibly high selectivity, so those prod-
ucts are obtained without significant gen-
eration of waste or undesired by-products.
Automated methods will be further devel-
oped and regularly applied to syntheses of
many classes of compounds.

One bold prediction for the future is the
synthesis of many types of chemical com-
pounds by molecular duplication technol-
ogy, inspired by the polymerase chain reac-
tion (PCR) developed late in the 20th
century but currently limited to DNAam-
plification. If a more general “molecular
copier” could be developed, this invention
would revolutionize basic and applied syn-
thetic chemistry. Imagine producing any
reasonably stable organic, inorganic, or poly-
meric compound in macroscopic quanti-
ties simply by amplifying a tiny amount of
the substance, or perhaps merely selecting
the structure of a target chemical entity and
running an automated synthetic chemistry
machine. The process of making many
copies of a specific compound might be ac-
complished with a few specific templating
components developed for a target family
of compounds and a supply of appropriate
feedstock reagents. The details of molecu-
lar duplication technology probably would
be considerably different from the method
used for PCR. For example, the chemist
might develop high-fidelity multidimen-
sional imprinting techniques for synthesiz-
ing many structurally complex compounds.

The future will demand much greater
efficiency in synthetic chemistry. Feed-
stock chemicals—particularly nonrenew-
able resources such as hydrocarbons, which
may become too valuable to be consumed
as fuel—will be less abundant. Routine use
of solvents in chemical processes will be

curtailed or decreased because the disposal
of used solvents will become unacceptable
for reasons of conservation and environ-
mental preservation.

Despite these constraints, the future
power of synthetic chemistry to produce
virtually any stable chemical entity regard-
less of complexity will provide many new
therapeutic chemical agents for the ad-
vancement of human health. For instance,
biologically interesting compounds might
be discovered by a process of rapid chem-
ical evolution in response to various bio-
logical stimuli, providing new chemical enti-
ties with desired therapeutic activity and
almost no toxicity. The result will be the
eradication of many infectious diseases as
well as the effective prevention, control, or
reversal of the effects of cancer and most
genetic and degenerative diseases. Impor-
tant biomedical advances will not be limited
to new drugs obtained by the synthesis of
organic compounds or biomolecules but
will include more durable and highly bio-
compatible materials for repairing and re-

placing many human organs. Accidental
injury and death from travel—on land or
sea, in the air or even in space—will become
less common due in part to new and safer
materials for use in vehicles.

The quality of human life and continu-
ation of the industrial and technological
revolution also will require the synthesis
and fabrication of new electronic materi-
als for information storage and transfer as
well as efficient capture, storage, and trans-
mission of energy, particularly solar energy. 

Within a few decades, scientific con-
tributions to improvements in human
health will increase the average worldwide
life expectancy to 100 years or more. How-
ever, the developments described here will
be impossible without the efforts of many
scientists around the world, including
those trained as synthetic chemists.
Advances initiated by today’s scientists
will continue only if society nurtures new
generations of scientists. The general pop-
ulation must become more scientifically
literate, and scientists must be portrayed
much more positively by popular culture,
commensurate with our value to society.
Today’s children and their progeny must
be raised with an appreciation for the
wonders of science and nature; they should
be encouraged to become scientists,
explorers, and inventors. Education in sci-
ence for all children must begin at the ear-
liest grades, and the sophistication of sci-
ence education in middle school and high
school should be greatly increased.

Society and our governments must com-
mit generous support to science education
and research activities by providing attrac-
tive salaries and a safe, intellectually stimu-
lating atmosphere for science educators and
researchers at all levels. Leaders of chemi-
cal corporations must reallocate significant
resources from marketing and admin-
istration to basic and applied research, con-
sistent with their claims that product costs
primarily support research into the next
generation of products. Government fund-
ing of science education and research in aca-
demia and in government agencies can
increase significantly if the public will is
mustered for greater investment in science.
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TOWARD A NEW
SYNTHETIC WORLD
Superior catalysts, molecular duplication,
increased efficiency, improved human health await

PATH TO PROGRESS Fulfilling
science’s myriad promises for a
better future, McDonald says,
depends on raising new generations
with an appreciation for the wonders
of science and nature.


