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I. Introduction

The preparation of optically pure chiral molecules has prime
importance in the area of pharmaceuticals, agrochemicals, flavors and
fragrances. The reason is the fact that the two enantiomers of a chiral
compound interact differently with living organisms. An innocent example
is the limonene molecule, its (R)-enantiomer has lemon aroma, while the
(9-enantiomer has orange. However, in the 1960’s it was found that the
wrong enantiomer of the medicine called Contergan® had teratogen effect.

Especially this scandal helped in placing the preparation of
enantiomerically pure materials in the focus of research. Basically, there are
two different approaches in achieving this goal. One is the preparation of
racemic mixtures, then resolution, using chiral resolution agents and the
other is asymmetric synthesis. Resolution does not seem to be economic,
since half of the product is wasted, nevertheless, sometimes it still can be
economic on the industrial scale. The requirement of asymmetric synthesis
is the presence of chiral environment. Under homogenous catalytic
conditions it can be met with chiral ligands in the complex functioning as
the catalyst. Nevertheless, there are problems with these reactions, e.g., the
instability of the complex, difficult work-up procedure and expensive
reagents.

Heterogeneous catalytic asymmetric synthesis may offer the
advantage of using solid substance and catalysis. Here, enantioselectivity
can be achieved by using chiral auxiliaries. At present, two catalyst-modifier
systems are known to give higher then 95% optical yields. They are the
tartaric acid modified Raney nickel catalyst, successful in the hydrogenation
of PB-ketoesters and [-diketones, and the cinchona alkaloid modified
platinum catalyst system, performing superbly in the hydrogenation of o-

ketoesters.



The Organic Catalysis Research Group of the Hungarian Academy
of Sciences at the Department of Organic Chemistry at the University of
Szeged started to study the asymmetric hydrogenation of ethyl pyruvate in
1997. This molecule is the model compound in the research of the cinchona
alkaloid modified platinum catalyst system.

We aimed to gain deeper insight into this catalyst system through
using new cinchona alkaloids as chiral modifiers. In the light of new
experimental results we hoped to collect significant novel information

concerning the mechanism of the reaction.



I1. Experimental

The catalyst used in the hydrogenations was Engelhard 4759, a 5%
Pt/Al,0; catalyst. Hydrogenation was performed in an atmospheric batch
reactor and in a 30 ml stainless steel autoclave.

Product identification was based on mass spectra (HP 5890 GC-HP
5970 MS, 50 m long HP-1 column), while quantitative analysis including
enantiomeric separation was performed with an HP 5890 GC-FID gas
chromatograph (30 m long Cyclodex-B and Lipodex-A columns).

After the hydrogenation reactions the reaction mixtures were
analyzed with HPLC, HPLC-MS, MS, ESI-MS, ESI-MS/MS, NMR and
UV.



I11. Results and Discussion

1.

We have synthesized in one step the mixture of o-isocinchonine
(o-ICN) and B-isocinchonine (B-ICN) and the two alkaloids were
separated by repeated column chromatography. The molecules thus
prepared were used to modify the Pt/Al,O; (E4759) catalyst in the
liquid phase, in the enantioselective hydrogenation of ethyl
pyruvate (EtPy).

The effects of the modifier concentration, the temperature, and the
hydrogen pressure have been examined in the presence of these
novel catalysts. It has been found that experimental conditions
strongly affected the reaction rates as well as the optical yields.
Both reaction rates and enantioselectivities (enantiomeric excess —
ee) significantly depended on the solvent (acetic acid or toluene)
used.

In acetic acid the reaction rate decreased in the order of B-ICN >
11,12-dihydrocinchonine (DHCN) > o-ICN. Under mild experi-
mental conditions (273 K, 1 bar H, pressure) the expected (S)-ethyl
lactate ((§-EtLt) formed in excess in the presence of both
modifiers. The ee values were 82% and 62 % with o-ICN and -
ICN, respectively.

In toluene with o-ICN as modifier (S)-EtLt was formed in excess,
with 27% as the highest ee. In the presence of B-ICN, however, the
direction of optical rotation has unexpectedly changed and (R)-EtLt
has been formed with 50% ee. The inversion strongly suggests that

the reaction mechanism has changed in this solvent.



ESI-MS and ESI-MS/MS measurements revealed that under the
mild experimental conditions (273 K, 1 bar H, pressure) there were
no DHCN or its hydrogenated derivatives in solution in detectable
amounts. Thus, it may be safely stated that the o-ICN and B-ICN
are responsible for the chiral induction. This conclusion was further
supported by HPLC-MS-MS and NMR observations.
Measurements with modifier mixtures indicate that B-ICN adsorbs
more strongly than o-ICN, meaning that the adsorption through the
quinoline ring is different.

The observed inversion of optical rotation in the hydrogenation of
EtPy over the B-ICN modified E4759 catalyst prompted us to
investigate the changes in ee in acetic acid-toluene mixtures too. A
linear relationship was found between the direction of chiral
induction and the composition of the solvent mixture, indicating
changes in the mechanism.

Knowing the structures and, moreover, the conformers of the two
modifiers and using the widely accepted adsorption model, we are
confident that the structures of the intermediates responsible for the
direction of enantioselection are not the same in acetic acid and
toluene. Furthermore, these interactions are different from those

envisaged until now.
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