Metathesis key in production
of pharmaceuticals, plastics
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JONESBORO — This year’s No-
bel Prize in chemistry was
awarded for the discovery
and application of a little
known but tremendously im-
portant chemical reaction —
metathesis — and thjs is how
it works.

Organic compounds, chem-
icals based on the element
carbon, are of tremendous

.importance. Not only are

they the basis forlife on earth
but they are also the ones we
use to produce pharmaceuti-
cals, dyes, plastics, and other
substances in the manufac-
turing industry. What makes
these compounds so vital is
the great ability of the carbon
atom to form strong bonds
not only with other carbon
atoms but also with hydro-
gen, oxygen, halides such as
chlorine, and sulfur. Because
those bonds can be single,
double and even triple, they
can form chains of molecules
with branched structures
and rings of different forms
and sizes.

This gives these molecules
a fremendous versatility and
that is one of the reasons life
is based on organic com-
pounds.

However, carbon com-
pounds can also be pro-
duced in the laboratory
through a process called or-
ganic synthesis. A key
chemical reaction in which
the bonds between different
gtoms are broken and new
ones are formed is called
metathesis, a word that lit-
erally means “change pla-
ces.” This process was dis-
covered almost by accident
in the 1950’s.

In olefin metathesis (olefin
is another name for alkene, a
compound containing a car-
bon-carbon double bond), the
double-bonding atom groups
will change places with one
another. In this way one can
produce new substances just
by changing the way atoms
are bound. A key component
for this reaction is a catalyst,
that is, achemical that makes
possible the reaction by in-
creasing its rate and reduc-
ing the amount of energy that
is necessary for the reaction
to take place while the cata-
lyst itself is left unchanged
by the reaction itself so it can
be used again and again. En-
zymes, for example, act as
catalysts.

The three winners of the
2005 Nobel Prize in Chem-

istry played a major role in
understanding and applying
metathesis as a chemical re-
action. Yves Chauvin, of the
French Petroleum Institute,
discovered in 1971 how met-
athesis reactions function
and what types of metal com-
pound act as catalysts in the
reactions. With the “recipe”
now in hand, Richard R.
Schrock of the Massachu-
setts Institute of Technology
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and Robert H. Grubbs of the
California Institute of Tech-
nology were able to produce
in the early 1990’s an effi-
cient metal-compound cata-
lyst for metathesis.

Today metathesis reactions
are used daily in the chemical
industry for the production
-‘of pharmaceuticals and plas-
tics. With this method the
chemical reactions devel-
oped by the Nobel laureates
allow for a simpler processin
terms of the number of reac-
tions required, fewer chemi-
calsneeded and fewer wastes
produced, safer procedures
because the reactions can
take place in air at normal
temperatures and pressures,
and environmentally friend-
lier because it uses harmless
solvents and produces lesser
amounts of hazardous by
products.

Because of this, many hope
that further understandmg

-and development of this

process will lead to what has
been labeled as “green chem-
istry,” that is, chemical pro-
cedures that are harmless to
humans and the environ-
ment, which is of great im-
portance anywhere from rel-
atively small teaching labs in
schools to the large opera-
tions of the chemical indus-
try.

For more information con- .

tact the ASU Dept. of Biolog-
ical Sciences at blology@as-
tate.edu.
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