
NEW VOICES IN CHEMISTRY

A
s an inorganic chemistwho

focuses on aspects of organo-
metallic and bioinorganic
chemistry, I want to speculate
on what the future holds for

these areas and how they may affect soci-
ety. Both areas will experience significant
developments, but given the nature of
research, sometimes the most exciting dis-
coveries take a long time to reach
fruition.

For example, metallocene chemistry
is presently a prominent feature in inor-
ganic chemistry, but who would have
predicted that, at the time ferrocene
was discovered, related metallocene
complexes of metals such as titanium
and zirconium would play an impor-
tant role in the manufacture of poly-
mers with highly varied properties?
These polymers have made a profound
impact in recent years; the resulting
materials have applications as diverse
as cling film and car fenders.

Organometallic chemistry has also
made a major contribution to the asym-
metric hydrogenation of prochiral
olefins, exemplified by Monsanto’s syn-
thesis of L-dopa. This area was spawned by
the discovery that the simple rhodium
complex Rh(PPh3)3Cl, Wilkinson’s cata-
lyst, was an olefin hydrogenation catalyst—
but when it was first synthesized, who
would have predicted that related com-

plexes would one day be used commercially
to manufacture drugs?

Similar advances in new organometal-
lic chemistry applications will continue to
benefit society. One area chemists will pur-

sue is the selective homogeneous func-
tionalization of alkanes, an important goal
of organometallic chemistry. The com-
mercial importance of this chemistry
resides in the large reserves of hydrocar-
bons, such as methane, that are not read-
ily converted into either useful chemical
feedstocks or liquid fuels.

Similarly, the facile conversion of nitro-

gen into useful feedstocks (“nitrogen fixa-
tion”), catalyzed by transition metal com-
plexes will be achieved at some point in
the near future. Finally, because of the
increasingly stringent regulation of sulfur
impurities in crude oil, chemists will pur-

sue research in hydrodesul-
furization chemistry—the
largest scale application of
transition metal catalysis.

It is interesting to con-
sider how organometallic
chemistry will be practiced
in the future. Compound
characterization is one of the
central issues that a synthetic
organometallic chemist faces
daily. NMRspectroscopy and

single-crystal X-ray diffraction are two of
the most useful techniques for determin-
ing the structure of an organometallic com-
pound, and both have been revolutionized
in recent years.

The ability to construct high-field NMR
spectrometers and sophisticated probes,
coupled with the discovery of numerous
easily applicable pulse sequences, has
enabled organometallic chemists to obtain
in a matter of minutes structural informa-
tion that was not possible (or practical) 10
to 15 years ago. For X-ray diffraction, a typ-
ical structure determination 10 to 15 years
ago involved data collection that took sev-
eral days to a week (or more), and the struc-
ture solution and refinement would take
days to weeks. Today, with the advent of
CCD detectors and faster computers, the
entire process, in some cases, can be
reduced to a couple of hours.

One has to wonder if this is the limit.
Have we reached the speed of light for
obtaining X-ray structures? I think not, at

least in terms of technology. A bottle-
neck, however, has almost been
reached for researchers’ ability to
assimilate the information and actu-
ally think about the structures that
they have obtained. Both X-ray dif-
fraction and NMR spectroscopy are
increasingly becoming “black box”
methods. The advantage of this is that
students with little experience or
knowledge will progress more rapidly
with their research. The downside is
that the results may not always be cor-
rect! 

Computational chemistry is close
to becoming an indispensable tool for
synthetic inorganic chemists, rather
than just the province of theoretical
chemists. Calculations can now be car-

ried out routinely on large molecules;
approximations are no longer necessary to
speed up the computing time. Computa-
tional chemistry will become a means of
guiding researchers in real time, enabling
them to determine whether it would be
more productive to study one reaction or
another. The concept of “real time” is
important. If an enthusiastic synthetic
chemist had to wait more than a day or so
to study a reaction, it is unlikely that he or
she would be sufficiently patient to wait for
the outcome of the computational study—
and would do the experiment anyway!
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