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Developing Catalysts and Catalytic
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Abstract: The catalysis group of Solvias has its roots in the Central Research Laboratories of Ciba-Geigy. Since the
early eighties its research has been focused on three areas of catalytic technology: heterogeneous hydrogenation,
coupling catalysis, and enantioselective hydrogenation. Today, these are still the catalytic methods with the greatest
industrial potential. In this overview a short description will be given how these methods have been developed fur-
ther since the spin-off of Solvias in 1999. It will be discussed which strategies were successful and what the most

important results have been in the first decade of Solvias.
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Catalysis in the Fine Chemicals
Industry — What it’s All About

Fine chemicals are still predominantly
produced using stoichiometric organic
methods.! This is in strong contrast to the
production of bulk chemicals which relies
heavily on catalysis. The difference can be
explained on the one hand by the higher
complexity of fine chemicals which makes
catalysis more demanding and on the other
hand by the fact that process chemists are
usually more familiar with sophisticated
organic synthesis. Nevertheless, the appli-
cation of selected catalytic methods has in-
creased in recent years in part because both
production costs and waste minimization are
of growing importance, even for high-value
pharmaceuticals, and also due to the new
catalytic methods developed in academic
laboratories which are now slowly finding
their way into industrial laboratories.

At Ciba-Geigy, we found that only
very few catalytic methods are actually
applied on a regular basis. The most im-
portant ones are heterogeneous hydrogena-
tion, coupling catalysis and homogeneous
enantioselective hydrogenation with the
successful methods sharing the follow-
ing properties: They have a broad scope
to make important structural moieties;
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the catalysts are easy to apply and com-
mercially available and, last but not least,
process chemists ‘believe’ in the potential
of the technology (success breeds success).
During the years as part of the Central Re-
search Laboratories, we were able to build
a substantial basis of R&D results in all
three areas and also implemented a num-
ber of significant production processes.
An important factor for this success was
the solid support by the management — not
least among them by Daniel Bellus. In the
following sections a brief outline will be
given how the three fields were developed
in the context of a small technology pro-
vider (as opposed to within a large inte-
grated company) in order to enhance their
industrial applicability. Obviously, such a
company can only survive if it succeeds in
convincing potential customers to use (and
pay for) technology when this technology
is capable of solving their problems with
some guarantee for success within a rea-
sonable time.

Heterogeneous Hydrogenation -
Revival of an Old Technology

Heterogeneous hydrogenation is the
most widely applied catalytic reaction in

the fine chemicals industry.l'2l Indeed, over
34,000 different substrates have been hy-
drogenated since the start of the hydroge-
nation laboratory in the former Geigy in
the 1930s. This technology received a new
boost when it was discovered that modi-
fication of the classical catalysts could
significantly improve their selectivity and
indeed, our research efforts was concen-
trated on this approach. We had consider-
able success for the enantioselective hy-
drogenation of activated ketones?! and the
chemoselective reduction of nitroarenes
with other reducible substituents.[3]

While the early research in the area
of the enantioselective ketone hydroge-
nation was focused on fundamental and
mechanistic aspects of the cinchona-mod-
ified platinum catalysts,*] work at Solvias
was dedicated to broadening the substrate
scope and to synthetic applications. It was
shown that besides the ‘classical’ o-keto
esters, substrates such as o-keto acetalsls!
and ethersl® can also be reduced with
high enantioselectivities, giving access to
o-hydroxy acetals and ethers which are
valuable chiral building blocks (Scheme
1).

As depicted in Scheme 2, the optimized
catalyst system was applied on a techni-
cal scale to an improved total synthesis of
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(R)-HPB ester, key intermediate for the so-
called PRIL family of ACE inhibitors!”! as
well as related chiral building blocks.[3! In
this case an o,y-diketo ester was used as
starting material which resulted in slightly
lower enantioselectivities compared to -
keto esters but since the keto hydroxy esters
could be recrystallized, products with high

optical purity could be obtained. The meth-
odology was also applied to the synthesis of
the chiral part of an experimental fungicide
where it gave comparable results to homo-
geneous hydrogenation.[!

The two modified Pt catalyst systems
developed in the mid nineties for the effec-
tive catalytic chemoselective hydrogenation

of nitroarenes with a wide variety of reduc-
ible functional groups!% were applied to
an array of customer problems. Especially
a 5% Pt/C catalyst modified with H,PO,
and promoted with vanadium compounds
proved to be very effective. The new meth-
odology is now used on a technical scale
to produce highly pure aniline derivatives
as intermediates for agrochemicals, phar-
maceuticals and electronic materials (for
selected examples see Fig. 1).

Coupling Catalysis — The Most
Elegant Approach to Substituted
Aromatics

The Pd-catalyzed C—C and C-N cou-
pling reactions are among the most im-
portant industrial methods to produce
substituted aromatic moieties. As a mat-
ter of fact, we started research in this field
already in the late seventies with the in-
vestigation of the Heck reaction and later
developed a number of production pro-
cesses for Ciba-Geigy.[!!l At Solvias, our
efforts were concentrated on the develop-
ment of easy-to-handle single-component
SK-CC catalysts (see Fig. 2) which are
able to activate cheap aryl chlorides for
Buchwald-Hartwig aminations, Heck
and Suzuki reactions, and ketone aryla-
tions.l'2l These commercially available
catalysts allow our customers to carry out
screening and development in their own
laboratories. Furthermore, in collabora-
tion with the academic groups of Beller!!3!
and Hartwigl'4! it was shown that Pd com-
plexes with selected Josiphos ligands (see
below) are extraordinarily active catalysts
for the carboxylation and amination of
aryl chlorides with turnover numbers up
to 100,000. This was quite surprising (but
very welcome) since these ligands were
originally developed due to their superior
hydrogenation properties.

Several industrial processes using Pd
catalysts were developed for our customers,
among them the synthesis of 2,4,6-trialkyl-
aryl malononitriles, key intermediates for
oxopyrazoline herbicides!'S! and 2-sulfo-
4-methoxybenzoic acid (SMBA), starting
from the very cheap 2-amino-4-methoxy-
sulfonic acid!'®! (Scheme 3).

Homogeneous Enantioselective
Hydrogenation - En Route to a
Mature Production Technology

When Nobel Prize Winner W. S.
Knowles published his results for producing
L-dopa via homogeneous enantioselective
hydrogenation in 1977,1171 it was not clear
whether this technology could really be
applied on a general basis. This doubt was
laid to rest when we succeeded in finding
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a catalyst for the production of (S)-metola-
chlor.'81 This process is currently the larg-
est enantioselective catalytic process and
Ir-Josiphos is the most active and produc-
tive enantioselective catalyst developed to

date. This achievement has motivated us to
continue to develop new chiral ligands, ef-
ficient screening methods and to apply our
knowhow to solve ‘real-world’ problems for
our customers.

While there are now literally thousands
of chiral ligands known in the literature
only very few have ever been made on a
larger scale and even fewer are available
commercially in technical volumes.['] In
recent years, Solvias has arguably devel-
oped the most comprehensive portfolio of
chiral phosphine families which are avail-
able for screening (Solvias Ligand Kit; see
Fig. 3) as well as for production purposes on
a scale up to 100 kg.[20]

Furthermore, a number of experimen-
tal ligands such as Chenphos/2!l and Feng-
phos!22l (Fig. 4) are currently under devel-
opment which are regularly included in the
HT screening for customer problems but
which up to now have only scaled to multi
grams. Another exciting development is
the finding that ligands containing second-
ary phosphine oxide and phosphine groups
have very interesting catalytic properties.[2!]
This is a new class of modular and readily
accessible ligands with an as yet unknown
industrial potential.

Screening is at the heart of any indus-
trial catalysis development. For this rea-
son, screening strategies were developed
and optimized already in the former Cen-
tral Research Laboratories. This of course
continued in Solvias and culminated at the
beginning of 2006 in the acquisition of the
Symyx HiP robot (Fig. 5). This proved to be
a huge step forward for the application of
the enantioselective hydrogenation method-
ology at Solvias.[23] The Symyx technology
with the appropriate analytics can handle up
to 96 reactions per day with pressures up to
100 bar. Together with a library of around
600 chiral ligands the new approach has
proven to be highly efficient and in the last
two years >100 projects have been carried
out. The hit rate for finding solutions has
increased from 50% to >90% since the new
equipment has been in operation, mainly
due to the ability to perform three times
more experiments compared to more clas-
sical parallel reactors.

Among the many customer projects
where Solvias catalysts have been success-
ful but which we cannot describe for con-
fidentiality reasons, two cases of efficient
production processes are presented dealing
with rather difficult substrates and which
have been implemented on multi-tonne
scales. The first example is the Rh-Josiphos
catalyzed hydrogenation of an unprotect-
ed dehydro B-amino acid as depicted in
Scheme 4 which is the key step of a new
synthesis for Sitagliptin, a DPP-IV inhibi-
tor for the treatment of type 2 diabetes, now
being marketed by Merck. To find a solution
for this unprecedented reaction the screen-
ing of dozens of ligands and additives was
required, carried out in a collaborative effort
both at Merck and Solvias.[23:24]

The second example is the Rh-Walphos
catalyzed hydrogenation of the sterically
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hindered o,B-unsaturated acid shown in
Scheme 5, a precursor of synthon A for the
total synthesis of the renin inhibitor Aliski-
ren (Speedel/Novartis) originally developed
by Solvias. The Rh-Walphos catalyst is easy
to handle and achieves high turnover num-
bers and high ee values.[?!

The last example briefly described is
the development of a pilot process for the
enantioselective hydrogenation of 3,5-bis-
trifluoromethyl acetophenone (BTMA) us-
ing a Ru-phosphine-oxazoline complex in
toluene in presence of aqueous NaOH (see
Scheme 6) carried out in collaboration with
Rohner AG.[201 Within just two months,
various reaction parameters and quality risk
factors such as ligand structure, substrate
quality, reaction conditions, thermal safety
etc. were investigated and optimized. The
reaction was carried out twice on a 140 kg
scale at 20 bar and 25 °C with substrate to
catalyst ratios of 20,000 with an enantio-
meric excess of >95%. After crystallization,
(R)-3,5-bistrifluoromethyl phenyl ethanol
(BTMP) was obtained with an ee between
97.7 and 98.6% in 70% chemical yield.

Some Final Comments

This short account shows that catalysis
is indeed a valuable technology to not only
produce simple bulk chemicals but that it
is also applicable to the synthesis of com-
plex, multifunctional molecules for the life
science industry. We are convinced that the
three methodologies described above will
be able to successfully compete against
other synthetic methods. On the other
hand, it is also clear that it will require
continuous efforts to remain competitive
in this rapidly developing area of synthetic
methodology and Solvias has every inten-
tion of doing so.
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