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Catalytic Asymmetric
Hydrogenation in the
Manufacture of d-Biotin and
Dextromethorphan

René Imwinkelried*

Abstract. Two enantiomerically pure products, (+)-biotin and dextromethorphan, have
been chosen to illustrate the acquisition, development, and implementation of the
catalytic asymmetric hydrogenation technology at Lonza Fine Chemicals. Taking
advantage of the recently developed Ciba-Geigy ferrocenyl-type phosphine ligands,
processes for the stereoselective hydrogenation of a C=C- and a C=N bond, respective-
ly, have been developed and successfully scaled up.

Introduction

As the leading manufacturer of fine
chemicals for the life science industries,
Lonza is continuously enlarging and ex-
tending its technological capabilities. To
position ourselves in the fast growing
market segment of enantiomerically pure
intermediates, we have acquired and de-
veloped a range of new chemical and
biochemical technologies. In view of its
broad application potential, its high chemo-
selectivity, and its minimal environmental
impact, catalytic asymmetric hydrogena-
tion is one of the most valuable tools for
industrial application. Over the last five
years, we have developed large-scale
asymmetric hydrogenations for the syn-
thesis of d-biotin and dextromethorphan.
The vitamin d-(+)-biotin has found wide-
spread application in the growing food/
feed market. The alkaloid dextromethor-
phan s an established antitussive. The pres-
ence of three contiguous stereogenic cent-
ers is common to both molecules.

Lonza d-(+)-Biotin Process: Hetero-
geneously Catalyzed Hydrogenation

A considerable number of total synthe-
ses of d-Biotin have been carried out and
new ones continue to be published [1].
The Lonza process as outlined in Scheme
1 starts from our raw material tetronic acid
(1) which is readily available from dike-
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tene. The strategy chosen for the setting-
up of the relative configuration consists of
two stereoselectively controlled hydro-
genations of the intermediates 3 and §,
respectively. The absolute configuration
is controlled by the sacrificial group (R)-
a-methylbenzylamine.

Electrophilic amination using a diazo-
nium salt followed by condensation with
the chiral auxiliary (R)-o-methylbenzyl-

_amine were chosen as method for intro-

ducing the N-containing substituents at
the tetronic acid (1). With the correct sub-
stitution pattern in place, the diaminated
lactone 2 is transformed into the critical
bicyclic intermediate 3 through heteroge-
neously catalyzed hydrogenation and sub-
sequent urea formation with phenyl chlo-
roformate.

For the original manufacturing pro-
cess a heterogeneously catalyzed hydro-
genation using Rh metal on Al,O; was
used. The diastereoisomericratio achieved
under the directing influence of the (R)-a-
methylbenzylamino group was 70:30.
Under optimized conditions, we were able
toisolate the desired single diastereoisomer
4in 58% yield after crystallization. Given
the unsatisfactory yield due to the low
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stereoselectivity a second generation ap-
proach, namely homogeneously catalyzed
asymmetric hydrogenation, was un-
dertaken (see below).

Preceding the introduction of the side
chain, the N-atom is benzylated and the
lactone is transformed into a thiolactone
using potassium thioacetate as a sulfurat-
ing agent. The most efficient tool for the
introduction of the side chain on an indus-
trial scale is the di-Grignard reagent pre-
pared from 1,4-dichlorobutane. Under
carefully controlled conditions, the result-
ing intermediate mono-Grignard substrate
can be trapped by carbon dioxide giving,
after elimination of water, the unsaturated
carboxylic acid §. Catalytic hydrogena-
tion of the exocyclic double bond sets up
the correct relative configuration at the
stereogenic center adjacent to the S-atom.
After removal of both benzylic groups,
enantiomerically pure d-(+)-biotin is ob-
tained.

Lonza d-(+)-Biotin Process: Homoge-
neously Catalyzed Asymmetric
Hydrogenation

The rather unsatisfactory result ob-
tained with the Rh/Al,0;-catalyzed hy-
drogenation of the bicyclic intermediate 3
initiated an intensive research program on
the application of chiral, non-racemic cat-
alysts. To achieve a high enough yield, we
set the ambitious target of > 95% stereose-
lectivity. Exploratory experiments were
carried outatourresearch labsusing known
homogeneous catalysts based on commer-
cially available ligands. The reaction was
found to proceed with homogeneous Rh-
based catalysts; the best selectivity was,
however, a modest 83:17, achieved by
using a modified diop derivative.

To accelerate the research program,
we chose a different tactic: technology
acquisition through partnership. We ap-
proached the Catalysis Group of the former
Ciba-Geigy in order to assist us. Having a
large number of catalysts at their disposal,
they were able to perform a screening
within a short period of time. Selected
results of the ligand screening are listed in
Scheme 2.
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Surprisingly, Rh-binap or Ir complex-
es did not function as catalysts, the highly
substituted double bond was simply not
reduced. In terms of activity, Rh-diphos-
phine complexes are the catalysts of choice
with little difference between neutral or
cationic complexes [2]. The reduction with
the achiral bppf ligand gave a selectivity
of44:561n favor of the unwanted diastereo-
isomer. The chiral acetoxyethyl-substitut-
ed bppf derivative led to a selectivity of
60:40. To our surprise, the Ciba-proprie-
tary bis(diphenylphosphino) derivative 6
was unable to act as a catalyst. The real
breakthrough was finally achieved when
the more basic diphosphine 7, bearing a
dialkylphosphino group, was employed.
The selectivity jumped up to 94:6. An
even better ratio of > 99:1 was attained
using the corresponding di(ters-butyl) de-
rivative 8. After a short period of optimi-
zation, the results were successfully veri-
fied on an industrial scale. The isolated
yield of the desired diastereoisomer 4 in-
creased from 58 to 95%.

Lonza Dextromethorphan Process:
Resolution of Enantiomers

The dextromethorphan process is out-
lined in Scheme 3. Starting from 2-cy-
clohexen-1'-ylethylamine and 4-methoxy-
phenylacetic acid the critical hexahydroi-
soquinoline intermediate 9 is obtained via
aBischler-Napieralsky reaction. The C=N
bond of this rather unstable derivative is
reduced by NaBH,, leading to the racemic
octahydroisoquinoline. The racemic mix-
ture is then resolved by fractional crystal-
lization of the corresponding (—)-mandel-
ic-acid salt.

This is a very tedious, resource-inten-
sive (labour, equipment) low-yielding step.
A more efficient process was highly desir-
able (see below). Through a series of trans-
formations including a Grewe cyclization,
the morphinane derivative dextromethor-
phanis finally obtained in enantiomerical-
ly pure form.

Lonza Dextromethorphan Process:
Homogeneously Catalyzed Asymmet-
ric Hydrogenation

The most obvious way to avoid the
resolution mentioned would be the substi-
tution of the NaBH, reduction by an asym-
metric hydrogenation of 9. In contrast to
the rather well established asymmetric
hydrogenations of C=0 and C=C bonds,
the corresponding reduction of C=N bonds
is much less developed [3]. Taking advan-
tage of the knowledge and experience
gained in the d-(+)-biotin case, we quickly
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Scheme 3
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realized that ferrocenyl-type ligands would
again do the best job!

It was found that the very sensitive
hexahydroisoquinoline 9is best used as its
phosphoric-acid salt to ensure reliable
quality for the hydrogenation step [4]. Of
the various metals tested, Ir' complexes
performed best. A selection of the ferro-
cenyl-type ligands tested is depicted in
Scheme 4.

The activity and the selectivity of the
corresponding [1r(cod)(ferrocenyldiphos-
phine)]BF, complexes can easily be tuned
through simple variation of the groups R!
and R? at the P-atoms illustrating the tre-
mendous power and versatility of this type
of ligands which were developed by Togni
and Spindler [5]. In terms of activity and
selectivity, the best result was achieved
with the tert-butyl/4-methoxy-3,5-dime-
thylphenyl derivative. The final level of
89% enantioselectivity was attained only
after careful optimization of the reaction
conditions. The nonhomogeneity of the
reaction mixture makes the choice of the

optimal reactor geometry an important
factor for the upscale process. Due to in-
sufficient mass transport in a BUSS-type
loop reactor, the activity of the Ir catalyst
dropped by a factor of 2, although the se-
lectivity remained unchanged. No differ-
ence was noticed between a 30-liter batch-
type reactor and a laboratory reactor.
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