
NEW VOICES IN CHEMISTRY

T
he rapid evolution of syn-

thetic chemistry since the
19th century has provided
societies with the tools to gen-
erate products that are impor-

tant in many ways, that often
are essential, and that some-
times make life easier. By the
second half of the 20th cen-
tury, however, governments
began to acknowledge the
impact of chemical produc-
tion on ecology and the
environment.

Today, a commitment to
sustainable development—
which takes into account
ecology, economy, and so-
ciety—forms an integral
part of the corporate poli-
cies of most major chemical
producers. The search for
inherently benign synthetic
methodologies represents a
key strategy for the devel-
opment of clean and cost-
effective processes. Indeed,
this quest for green chemistry challenges
fundamental research in chemical science
and engineering.

Homogeneous catalysis is at the core of
this development because
it permits the activation
of substrates under mild
conditions and controls
the chemo-, regio-, and
stereoselectivity of their
transformations by using
small amounts of chemi-
cal multiplicators. Over
the past four decades, the
use of transition-metal
complexes as catalysts for
chemical synthesis has led
to staggering progress in
the production of fine
chemicals, commodities, and even bulk
chemicals. And the number of applications
in each of these areas keeps growing.

The well-defined structure of an or-
ganometallic catalyst allows, at least in
principle, the elucidation of its function
on a molecular level. Based on funda-
mental knowledge from organometallic

chemistry and supported by empirical
rules and models, such mechanistic infor-
mation aids in the design of new or
improved catalysts. Combinatorial and
high-throughput techniques will further

add to the expanding number of highly
efficient catalytic systems, although the
fast and reliable generation of structural
diversity is still difficult for many impor-

tant classes of transition-
metal catalysts.

Of course, the stimu-
lating interplay of these
approaches not only op-
timizes known processes
but also points the way to
entirely new synthetic
procedures. The direct
functionalization of car-
bon-hydrogen bonds, se-
lective oxidation with
molecular oxygen, and
the use of carbon dioxide
are just some of the high-

ly desirable transformations that are not
yet included in the toolbox of practical
syntheses.

Ironically, the molecular and homoge-
neous nature of the active species is prob-
ably the most severe limitation to their
application in organometallic catalysis.
Large amounts of potentially hazardous

organic solvents are frequently required
to dissolve and stabilize the catalytic active
species. Isolation of pure product under
catalyst recycling is often tedious, if not
impossible. Therefore, catalytic methods
that use ecologically benign reaction
media and innovative separation schemes
are key to future developments. Research
in this field is particularly exciting if the
alternative media are sufficiently differ-
ent from organic solvents to exploit some
of their specific features for reaction tun-

ing—or even new chemistry.
Carbon dioxide—at tem-

peratures and pressures
beyond its critical point
(Tc=31.0 ˚C, Pc=73.8 bar)—
is one of the options dis-
cussed in this context. There
is an existing technology
platform for the use of
supercritical carbon dioxide
(scCO2) in the food industry,
based on the pioneering
work of Kurt Zosel at the
Max Planck Institute for
Coal Research in the 1960s.
A growing number of com-
mercial-scale operations and
pilot-plant activities in the
U.S. and Europe also are
demonstrating the eco-
nomic viability of scCO2 for
other technical applications,

including chemical reactions.
The unique properties of scCO2, which

may be described in a first approximation
as a hybrid between the liquid and the
gaseous state, allow for enhanced reaction
rates and improved selectivity in several
cases. A similar situation is encountered
for catalysis in ionic liquids, which are at
the other extreme of the polarity and
volatility scale for new reaction media.
New opportunities will emerge rapidly as
we learn how to implement organometal-
lic catalysis and to catalyze separation in
these and other new reaction media.

Organometallic catalysis is at a fortu-
itous but challenging point. An almost
infinite number of chemical transforma-
tions and many innovative ways to achieve
them are possible—but they have yet to
be discovered.
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