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Abstract—The effectiveness of cyclooctadiene and norbornadiene precatalysts of the type [Rh(DuPHOS)(diolefin)]BF4 in catalytic
asymmetric hydrogenation of various prochiral olefins has been examined. In some of the systems studied, the NBD complex gave
rise to the catalytically active species more rapidly than the corresponding COD complex, as expected. However, as catalyst
loadings were reduced to levels more conducive to economic manufacture, the difference between the use of COD and NBD
precatalysts became increasingly insignificant. This was conveniently highlighted by the formation of low enantiomeric excess
products upon using an equimolar mixture of (S,S) and (R,R) precatalysts, bearing COD and NBD respectively. With other
substrates, the system displayed no induction time for either precatalyst and identical reaction profiles were observed. © 2001
Elsevier Science Ltd. All rights reserved.

Cationic complexes of rhodium bearing the chiral
diphosphine ligand DuPHOS 1 are industrially impor-
tant for the asymmetric hydrogenation of many prochi-
ral olefins.1 The precatalysts are typically of the
composition [Rh(DuPHOS)(diolefin)]BF4, the active
catalysts being generated by the removal of the diene
ligand (e.g. cyclooctadiene or norbornadiene) via
hydrogenation. It has recently been reported by Heller
et al.2,3 that the removal of cyclooctadiene (COD) takes
considerably longer than norbornadiene (NBD). Fur-
thermore, at a molar substrate to catalyst ratio (S/C) of
100, a significant amount of the expensive COD precat-

alyst remained unreacted at the end of the reaction. It
was consequently suggested that the use of COD com-
plexes cannot be regarded as economical.3

Owing to the ready availability of the COD complexes
and our use of such precatalysts in industrial applica-
tions, for example towards the synthesis of Candoxa-

tril,4 we undertook a comparison of COD and NBD
precatalysts under conditions more representative of
industrial hydrogenations. In particular, we sought to
investigate the use of lower catalyst loadings, since with
expensive catalysts this is a critical parameter for pro-
cess economy.

Four substrates were chosen for our study, methyl
acetamidoacrylate 2, methyl acetamidocinnamate 3,
dimethyl itaconate 4 and the Candoxatril precursor 5.
The precatalysts [(R,R)-Me-DuPHOS Rh (NBD)]BF4,
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(R,R)-7a, and [(S,S)-Et-DuPHOS Rh (NBD)]BF4,
(S,S)-7b, were prepared according to literature
procedures.2

Hydrogenation of methyl acetamidoacrylate 2 with
(R,R)-7a, at 1000/1 molar substrate/catalyst (S/C) ratio
was very fast and reactions were complete in less than
10 minutes giving (R)-methyl N-acetylalanine in >99%
e.e. (3 bar H2 pressure, room temperature).5 Under the
same conditions, (S,S)-6a, gave (S)-methyl N-acetylala-
nine in >99% e.e. Competition reactions were carried
out in order to gain a measure of the relative productiv-
ity of the two precatalysts. These experiments involved
using an equimolar mixture of (S,S)-6a and (R,R)-7a in
the same reaction. Since the precatalysts have opposite
enantiomers of ligand, then the closer the overall pro-
ductivity given by the NBD and COD precatalysts, the
closer the product will be to racemic. At a total S/C of
1000, the (R)-isomer of product was obtained with 46%
e.e., reflecting a faster activation of the NBD precata-
lyst. However, at S/C=10,000 the reaction was >95%
complete after 60 min and the product was obtained in
only 15% e.e. (R).

Methyl acetamidocinnamate 3 was used in a more
detailed study6 and allowed direct comparison with
earlier reported work.2,3 The hydrogenation reactions
were performed with a S/C=2000 of the Rh-Et-
DuPHOS catalyst in methanol at 26°C and 3 bar H2

pressure.7 In the case of (R,R)-6b, we observed an

induction period qualitatively consistent with Heller’s
data (Fig. 1). Thereafter, both reactions proceeded at
the same rate giving products of >99% e.e. The differ-
ence in the overall reactions times (�15 min for (S,S)-
7b and �20 min for (R,R)-6b) is due to the induction
time observed for the COD precatalyst. In a competi-
tion experiment with a 1:1 mixture of (R,R)-6b and
(S,S)-7b, the product was obtained in 23% e.e. (S)-iso-
mer, which is produced by the catalyst generated from
the NBD complex, (S,S)-7b. When the same experi-
ment was repeated at S/C=5000, the product was
obtained after 50 min in 7% e.e. (S), indicating that at
lower catalyst loadings the two precatalysts tend
towards equal effectiveness.

Dimethyl itaconate 4 is a very reactive substrate
towards hydrogenation and complete conversion is
achievable at low catalyst loadings. With a Rh-
MeDuPHOS precatalyst at S/C=10,000 in methanol at
25°C and 5 bar H2 pressure, we observed no significant
difference in the rates over the course of reaction
between COD and NBD precatalysts (Fig. 2).8 In both
cases the reactions were complete in 50 min with enan-
tiomeric excesses in the range 97.4–98.0%. Moreover,
there was no evidence of any induction period and
competition experiments with 1:1 (S,S)-6a and (R,R)-
7a gave essentially racemic product (<3% e.e). It would
appear that, under these conditions, the active catalyst
is formed with equal facility from either the COD or
NBD pre-catalyst.9

The Candoxatril precursor 5 was chosen as a substrate
for which we had already developed a multi-kilogram
hydrogenation process.4 As for dimethyl itaconate, no
induction time was seen and both precatalysts, (S,S)-6a
and (R,R)-7a, gave practically identical reaction profiles
(S/C=4200, 5 bar H2 pressure, MeOH, 26°C) (Fig. 3).10

The reactions were complete in 20 min. It is worth
noting that under less efficient stirring conditions, the
reaction took 90 min to go to completion.11 This
implies that for this type of hydrogenation, the reaction
rate is dependent on the hydrogen mass transfer into
solution.12

Figure 1. Hydrogenation of 3 comparing (a) (R,R)-6b, (b)
(S,S)-7b and (c) 1:1 mixture of (R,R)-6b, and (S,S)-7b.

Figure 3. Hydrogenation of 5 comparing (a) (S,S)-6a, (b)
(R,R)-7a, (c) (S,S)-6a with less efficient stirring and (d)
(R,R)-7a with less efficient stirring.

Figure 2. Hydrogenation of 4 comparing (a) (S,S)-6a, (b)
(R,R)-7a and (c) 1:1 mixture of (S,S)-6a, and (R,R)-7a.
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In conclusion, we have confirmed that NBD precata-
lysts can give faster initial reaction rates than the
corresponding COD precatalysts. However, as catalyst
loadings are reduced to levels more conducive to eco-
nomic manufacture, the difference between the use of
COD and NBD precatalysts becomes increasingly
insignificant. Furthermore, with certain substrates and
conditions we see no induction period with the COD
precatalyst. We suggest that generally the more readily
available COD precatalysts are appropriate for use
under industrial conditions, at least in the case of
rhodium-DuPHOS catalysts. For other rhodium–bis-
phosphine–diolefin precatalysts, it is possible that an
unacceptable induction period could occur with the
COD precatalyst3 such that appropriate comparative
characterisation is recommended. The absence or pres-
ence of any induction period depending on the sub-
strate or conditions may be associated with effects of
hydrogen availability at the catalyst and in particular
by the rate of uptake of hydrogen by the COD pre-cat-
alyst relative to that of the substrate–catalyst complex.
This aspect is currently being explored further.
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