
NEW VOICES IN CHEMISTRY

W
hen I imagine the com-

pany I work for—BASF—
20 years from now, it will
still be known for its Ver-
bund—its strategy of

total integration. There will be large inte-
grated Verbund sites in all important mar-
kets around the world exchanging expe-
riences in a worldwide know-how
Verbund. At our site in Ludwigshafen,
Germany, you will still find several hun-
dred plants connected by an intricate net-
work of pipes, with one plant using its
neighbor’s byproducts as raw materials
and excess heat. A network of value-
adding production chains will still exist,
giving rise to thousands of different prod-
ucts. Besides classic basic chemicals such
as butanediol and high-performance

products like superabsorbents, BASF will
be producing catalysts for low-emission
fuel-cell cars and crops with an elevated
content of vitamins. However, some of
the chemical processes in our plants will

be very different from today’s; they’ll be
more efficient and selective and will con-
sume much less energy.

I see highly selective and effective cat-
alysts as an important way of improving
processes and achieving better selectivity,
yields, and carbon economy. Here,  we
will make use of the results of natural
evolution: Microorganisms host a tre-
mendous reservoir of enzymes whose
sheer variety has by no means been fully
explored. These biocatalysts are capable
of bringing about virtually any chemical
reaction. The challenge is to discover
what nature has already perfected and
adapt it to the demands of chemical pro-
duction plants. The rewards will be not
only smart and ecoefficient processes but
also new products.

I am currently working on one such
highly selective biocatalyst: a nitrilase iso-
lated from a bacterium in BASF’s strain
collection that catalyzes the enantioselec-
tive synthesis of (R)-mandelic acid. Clas-
sical crystallization techniques yield both
enantiomers of this chiral substance, but
by combining biotechnology, chemistry,
and engineering know-how, we are now
able to obtain the (R)-form alone in high
chemical and optical purity. The new prod-
uct is used as a pharmaceutical intermedi-
ate and resolution agent. (R)-Mandelic acid
is part of BASF’s growing portfolio of opti-
cally active intermediates—trademarked
ChiPros—that are intended for the pro-
duction of pharmaceuticals and agro-
chemicals in particular.

In synthesizing (R)-mandelic acid with
nitrilase, we exploit two core competen-
cies of BASF that seem at first glance to be
diametrically opposed. On the one hand,
there is hydrogen cyanide chemistry, a tra-
ditional domain of the company that
provides access to cyanhydrins as raw
materials. On the other hand, there is state-
of-the-art biotechnology. Using existing
product lines and synthesis capabilities at
BASF, nitrilase also offers a new approach
to various other chiral hydroxy- and
aminocarboxylic acids: “Chemistry meets
biotechnology.” However, for a biocatalytic

process to be preferred over chemical syn-
thesis steps, it must offer better process
economics: cheaper starting materials,
lower energy costs, smaller amounts of
waste products, and simpler logistics.

Hydrolases, mainly lipases, already
have a leading position in the race to cat-
alyze enantioselective synthesis. The chal-
lenge is to introduce new classes of indus-
trial biocatalysts. For example, take the
oxidoreductases, the largest group of the
approximately 25,000 enzymes found in
nature. At present in industrial biocatal-
ysis, enzymes that catalyze redox reac-
tions account for only a small percentage.
This imbalance is due to low product con-
centrations, insufficient enzyme stabil-
ity, and expensive regeneration of cofac-
tors. To use nature’s huge natural potential
of enzymatic resources for industrial oxi-
doreductions will be an important focus
of biocatalysis research. Because con-
ventional reactions often require high
pressure and temperature, a biocatalytic
process at normal pressure and room tem-
perature would amount to an impressive
saving in resources.

Speed throughout the whole innovation
chain is a prerequisite for future success.
There is no shortage of good ideas wher-
ever well-trained chemists and biologists
are working on biocatalysis. However, the
ability to convert ideas into products
quickly is crucial. Experience and confi-
dence grow with each new process intro-
duction. When I visualize BASF in 20
years, I see a Verbund of chemical and bio-
logical catalysts working in a highly effi-
cient manner inside the thousands of reac-
tion vessels. I imagine new products that
can be easily produced in high purity and
with a reduction in byproducts down to
the amount given by reaction stoichiom-
etry. I would not be surprised to see a fur-
ther major reduction in emissions from
chemical production as a result of the con-
sumption of fewer resources—a great step
toward sustainable development and
responsible care.
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