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the, at that time novel, Heck arylation
reaction [J]. The study revealed the now-
adays widely recognized applicability of
the above-mentioned reaction. Since aryl
bromides or iodides are in many cases not
readily available as starting materials, the
research group started to explore other
leaving groups [2] in order to generate the
Pd-aryl species prerequisite to the inser-
tion of the olefin ligands.

Konrad Gertie, at that time member of
the 'Catalysis Research' group explored
the so-called Matsuda [3] reaction (Scheme
1). This reaction type starts from the dia-
zonium salts of aromatic amines as a pre-
cursor for the Pd-aryl species. He realized
the very broad scope of this reaction and,
after optimization of the reaction condi-
tions, synthesized a broad variety of sub-
stituted styrenes. This is exemplified by a
series of ortho-substituted benzenesulfonic
acids (Table) obtained from substituted
olefins by arylation with 2-diazonioben-
zenesulfonate.

1. Introduction 2. Discovery of an Useful Intermediate 3. Invention of a New Herbicide

v.l.n.r. P. Baumeister, H. Steiner, K. Oertle, W. Meyer, G. Seifert

Industrial R&D in contrast to research in
academia is directed to generate added
value for the company and their custom-
ers, either by discovery of products with
outstanding properties or by finding new
and more economic ways to produce these
goods. The story to tell is about how catal-
ysis as a Technology can facilitate both,
the discovery of a new product and the
development of a new and economic pro-
cess.
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In the early eighties in the catalysis
group of Ciba-Geigy's Central Research
Laboratories, a program was induced in
order to exploit the synthetic potential of

At the same time, Willy Meyer, achem-
ist in R&D of Ciba's 'Crop Protection
Division', worked on a project in the field
of sulfonylurea herbicides, a field well
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Crucial to the overall economy of the
process was the economy of the palladi-
um-metal cycle. The productivity, meas-
ured in turnovers (TON: number of sub-
strate molecules reacted per atom of Pd),
and the activity, measured in turnovers per
hour (turnover frequency TOF), of the

ii) to have good solvating properties for
the olefin in order to avoid the olefin
from being stripped of the reaction
medium by the nitrogen formed. Thus
avoiding the use of pressure equip-
ment;

iii) to be nontoxic and easy to regenerate.
Pentan- I-01 showed the above proper-

ties to a high degree. Although the com-
patibility with the arylation step was not
obvious, since Matsuda [7] stated alco-
hols to be unsuitable solvents.

5. Economy of the Palladium-Metal
Cycle
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publication of R.A. Sheldon [6], the so-
called E-Factor (kg by-products or other
wastes/kg product).

The task was to develop a highly selec-
tive process integrated over as many steps
as possible using a minimum of chemicals
not directly involved in the stoichiometry
of the reaction. This task was mastered by
our colleagues working in the 'Chemical
Process Development Department Agro'.
The process, starting with 2-aminoben-
zenesulfonic acid and ending with sodium
2-(3,3,3 -tri fluoropropy I)benzenesulfona-
te, produces only 2 kg wastes/kg product
over the three consecutive synthetic steps
equal to an E-Factor of 2. Moreover, the
yield over these three steps is 93%, i.e., an
average of 98% per step.

One of the important parameters to
adjust was it to chose a suitable solvent for
the reaction. This solvent was expected to
fulfill the following three requirements:
i) to be compatible with three different

chemical reactions;

0) Yield of isolated sulfonamide after derivatization by known methods.
b) 42% bisarylated product.
C) Yield after hydrogenation of double-bond isomers.
d) Mixture of isomers.

Table. Styrenes by Matsuda Arylation with 2-Diazoniobenzenesulfonate

Scheme I. Matsuda Arylation

The invention of a new and useful
product is only the first, albeit a necessary
step to innovation. To develop an eco-
nomically sound process out of a laborato-
ry procedure is in many cases a long way
to go. At the beginning of the development
work, the willingness to use a hitherto
unknown technology in the production
was not too widespread in our company
and, if a more classical synthesis, e.g.
Friedel-Crafts alkylation of benzenesul-
fonic acid, would have proven feasible
this route would be chosen. But this way,
after considerable work, in accordance to
[5], proved to be not effective.

In the agrochemical business manu-
facturing costs play an important role in
the pricing of the product and therefore in
the sales volume expected. These manu-
facturing costs are driven by three factors
closely linked to selectivity:
i) Loss of valuable intermediates in a

multistep synthesis due to poor selec-
tivity and the need of supplementary
purification steps.

ii) Necessity to use protecting.groups adds
as a consequence two supplementary
steps to a synthetic route.

iii) Use of reagents and auxiliary chemi-
cals (solvents, acids, bases) that are not
or only partly incorporated in the final
molecule are causing waste problems.
Unless they are recyclable, they must
further be treated to bring them in a
disposable form.
A simple way to quantify the efficien-

cy of a synthesis is, according to a recent

4. From a Laboratory Procedure to
an Economically Feasible Process

covered by patents from various compa-
nies. Long-standing informal contacts be-
tween the two chemists facilitated the trans-
fer of know-how and ideas, and since
fluorine-containing building blocks seem-
ed to be of particular interest, they agreed
to synthesize a series of sulfonylureas. It
turned out that several of these sulfonyl-
ureas formed a class of potent and highly
selective herbicides. The hitherto unknown
building blocks available by the newly
developed arylation technology made it
easy to patent the intermediates and the
herbicides found [4]. The sodium 2-(3,3,3-
trifluoropropenyl)benzenesulfonate was
obtained in good yield from the reaction of
2-diazoniobenzenesulfonate with 3,3,3-
trifluoroprop-I-ene (Scheme 2). Further
lead optimization revealed even better
properties for the saturated compound eas-
ily obtainable by catalytic hydrogenation
SJfthe styrene intermediate.
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an end. A lot of work by competent people
in production, logistics, and marketing is
still needed to complete the success story
of a product and at the end, the product
must still be accepted by the customer.

catalytic system in the arylation step is
rather low (TOF 30-50; TON: 100-200).
To attain complete conversion in a reason-
able time, the loading of the catalyst pre-
cursor is rather high (e.g. 0.5-1.5 mole%).
There are in principle two different ap-
proaches to optimize the economy of the
catalyst usage:
i) To make the catalyst more active or

more productive, i.e., to either find
better precursors forming a catalyst
species with higher intrinsic activity,
finding ligands providing a better en-
vironment for the catalytic entity, or to
prevent deactivation of the catalytic
species.

ii) To optimize not only the in-process
performance of the catalyst, but to save
costs in all the relevant steps from
purchasing of the Pd-compound from
the Pd-refinery to the recovery of the
Pd from the spent catalyst.
The cost-relevant steps for the two

catalytic steps in our process are:
Pd-Salt: The price of the Pd-compound

purchased from the supplier of precious-
metal compounds.

Pd-Precursor: The costs to manufac-
ture a suitable Pd-precursor from the Pd-
compound bought.

Separation: The costs for the separa-
tion of the homogeneous Pd-complex from
the reaction mixture.

Hydrogenation catalyst: The price for
the hydrogenation catalyst.

Separation: The separation costs for
the hydrogenation catalyst.

Pd-Recovery: The recovery costs for
the Pd-metal out of the spent catalyst sent
for workup to the refinery.

Pd-Losses: The costs to replace the Pd-
metal lost in the process and during Pd-
recovery.

Capital costs: The value of the total
Pd-inventory, necessary to aliment the
supplying and consumptive cycle, must
be treated as an interest-bearing capital
investment.

Lacking better alternatives, we did
chose the second approach of optimiza-

tion to bring catalyst usage costs to an
acceptable level, namely:

Pd-Salt: The cheapest form is a solu-
tion of H2PdCl4 in water, available in
various .concentrations as a commodity.

Pd-Precursor: Pd(dbah proved to be a
good precursor for our reaction and could
easily be synthesized without any Pd-loss
in analogy to the literature [8][9].

The costs for the separation of the
homogeneous catalyst and the additional
costs for the hydrogenation catalysts could
be eliminated by a simple observation.
After the completion of the arylation step,
the addition of an amount of charcoal to
the reaction mixture and stirring under a
hydrogen atmosphere generated in situ a
Pd-on-charcoal catalyst active to bring
about the subsequent hydrogenation step.
At the end of the hydrogenation, virtually
all the Pd was bound to the charcoal and
could be filtered offrom the reaction mix-
ture. A simple solution for an otherwise
quite complex problem.

Pd-Recovery: The Pd is recovered by
the same operation as usual for a used Pd-
on-charcoal catalyst.

Pd-Losses: The Pd-metallosses to be
replaced are ca. 5% of the amount cycled
through the whole process. These losses
may be considered reasonable regarding
processing in a 'multipurpose plant'.

Capita/costS: Can be influenced only
to the extent that the time lag between the
ordering of the Pd-salt and the termination
of the workup of the spent catalyst is
minimized.

The result of this integrated cost-sav-
ing approach are catalyst costs that are by
no means low, but in an acceptable range
regarding the value of the product. The
whole production process was finally pat-.
ented [10].

6. Production and Commercialization

It is absolutely clear, that after a suc-
cessful development of a process in the
laboratory the story of innovation is not at

7. Conclusions

This case study tells the story of both,
product and process innovation brought
about by the application of catalytic tech-
nology.
i) The accessibility of an intermediate,

not available economically by more
conventional synthetic methods, has
been changed by the application of a
novel catalytic method. This cleared
the way for a rare example of technol-
ogy-driven product discovery.

ii) The skillful combination of different
catalytic and noncatalytic steps to a
high-performing process is exempli-
fied in the present work.

The authors are well aware that the success of
the project depended to a high degree on valuable
contributions made by colleagues not explicitly
named in this article and on the continuous en-
couragement by peers. In particular we would
like to thank H. Lamlert and B. Jau for their
skillful experimental work done on the Matsuda
arylation and the synthesis of the sulfonylurea,
U. Siegrist for contributing in the initial devel-
opment of the arylation step, R. Lang for coach-
ing the team in the early development stage. K.
Coers, H.-D. Schneider. J. Kulka, D. Borer. A.
Semadeni for their outstanding contributions to
develop the process to the plant scale.
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