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The enantioselective hydrogenation of (E)-2-(4-methoxy-3-(3-methoxypropoxy)-benzylidene)-3-meth-
ylbutanoic acid (1) to (R)-2-(4-methoxy-3-(3-methoxypropoxy)-benzyl)-3-methylbutanoic acid (2)—a
key intermediate in the synthesis of the pharmacologically important renin inhibitor Aliskiren—is
described. The stereochemistry of the catalytic transformation has been studied using a number of homo-
geneous chiral Rh(I) and Ru(II) complexes bearing ferrocene-based phosphine ligands. The highest
enantioselectivity for the homogeneous hydrogenation of 1 (up to 95% ee) was achieved with a
[Rh(NBD)2]BF4 pre-catalyst (substrate/catalyst ratio 100:1, 10 bar H2, 40 �C, in MeOH). To bring the
enantioselectivity to perfection an effective method for the isolation of the enantiopure carboxylic acid
is suggested likewise.

� 2008 Elsevier Ltd. All rights reserved.
Aliskiren (trade-names Tekturna�, Rasilez�) represents the first
drug on the market being constituent of a novel class of renin
inhibitors with a huge potential for treatment of hypertension
and related cardiovascular diseases.1 Renin is an important en-
zyme at the beginning of the renin angiotensin system (RAS), one
of the key regulators of blood pressure. Efficient renin inhibitors
decrease the plasma renin activity and reduce the production of
angiotensin I from angiotensinogen. In this view, Aliskiren is a
highly efficient, nonpeptidic, orally administered drug. Currently,
the development of more efficient and alternative methods for
the synthesis of this compound is in the focus of several pharma-
ceutical companies. One of the key steps is the stereoselective
generation of the enantiopure building block A.
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In this connectivity, herein we describe our results for the
production of enantiopure (R)-2-(4-methoxy-3-(3-methoxyprop-
oxy)-benzyl)-3-methylbutanoic acid (2) by asymmetric hydro-
genation of (E)-2-(4-methoxy-3-(3-methoxypropoxy)-benzylidene)-
3-methylbutanoic acid (1) (Scheme 1). The chiral acid can be
employed for the synthesis of Aliskiren. The hydrogenation was
already investigated by some other research groups.2,3 In best cases
up to 95% ee at S/C ratios of >5000 were reported. However, the
broad application of these protocols is hampered by the inaccessi-
bility of some chiral ligands used. Moreover, the frequently faced
problem how to proceed with hydrogenation products of low
enantioselectivity is not clear.

In order to identify efficient hydrogenation conditions we
screened the reaction in the presence of a set of rhodium and
ruthenium catalysts bearing several commercially available chiral
ferrocene-based phosphine ligands (I–XII). The results of the
hydrogenation are summarized in Table 1. Most reactions were
conducted by using a commercially available [Rh(NBD)2]BF4 com-
plex as a precursor. It was mixed with 1.2 equiv of the chiral
diphosphine prior to the hydrogenation.

The hydrogenation catalyzed by these Rh-catalysts proceeded
smoothly at 40 �C in MeOH with an initial H2-pressure of 10 bar.
Remarkably, other Rh-precursors like [RhI2(p-cymene)]2 or related
Ru-complexes provided low ee (<42%). Moreover, catalysts were
less active. The most efficient system for the production of
optically pure (R)-2-(4-methoxy-3-(3-methoxypropoxy)-benzyl)-
3-methylbutanoic acid was noted in the reaction with a Rh-
complex based on (R)-(R)-PPPhFCHCH3P((3,5-CF3)2Ph)2 (I) as chiral
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Scheme 1. Asymmetric hydrogenation and kinetic resolution.
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Table 2
Enantiomeric enrichment of acid 2

ee of the crude hydrogenation
product (%)

Times of
recrystallizationa

Yield after
recrystallization (%)

95 1 90
90 2 75
70 3 38

a In order to achieve >99% ee.

Table 1
Asymmetric hydrogenation of (E)-2-(4-methoxy-3-(3-methoxypropoxy)-benzylidene)-3-methylbutanoic acid according to Scheme 1

Ligand Metal complex Metal:ligand:substrate ratio Pressure (bar) Conc. (mol/l) Conv.a (%) eeb (%), Conf.

I [Rh(NBD)2]BF4 1:1.2:25 10 0.1 100 91(R)
I [Rh(NBD)2]BF4 1:1.2:100 10 0.1 100 94(R)
I [Rh(NBD)2]BF4 1:1.2:500 10 0.1 100 94(R)
I [Rh(NBD)2]BF4 1:1.2:100 10 0.2 100c 95(R)
I [Rh(NBD)2]BF4 1:1.2:100 10 0.5 100 90(R)
I [Rh(NBD)2]BF4 1:1.2:500 10 0.2 72 77(R)
II [Rh(NBD)2]BF4 1:1.2:100 10 0.1 100 90(R)
III [Rh(NBD)2]BF4 1:1.2:100 10 0.1 100 94(S)
IV [Rh(NBD)2]BF4 1:1.2:100 10 0.1 66 27(R)
V [Rh(NBD)2]BF4 1:1.2:100 10 0.1 100 3(R)
VI [Rh(NBD)2]BF4 1:1.2:100 10 0.1 24 68(R)
VII [Rh(NBD)2]BF4 1:1.2:100 10 0.1 22 49(S)
VIII [Rh(NBD)2]BF4 1:1.2:100 10 0.1 100 69(R)
VIII [Rh(NBD)2]BF4 1:1.2:100 10 0.2 24 61(R)
IX [Rh(NBD)2]BF4 1:1.2:100 10 0.1 100 66(R)
X [Rh(NBD)2]BF4 1:1.2:100 10 0.1 100 65(S)
XIc [Rh(NBD)2]BF4 1:1.2:100 10 0.1 100 61(R)
XII [Rh(NBD)2]BF4 1:1.2:100 10 0.1 24 8(R)
VIII [RhI2(p-cymene)]2 1:1.2:25 10 0.1 62 16(S)
VIII [RhI2(p-cymene)]2 1:1.2:25 50 0.1 100 42(S)

a Conversion was detected by 1H NMR.
b Ratio of enantiomers was estimated by using HPLC.
c The reaction was completed within 1 h.
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ligand. At a preparative substrate/catalyst ratio of 100:1 an ee by
up to 95% was achieved, and the reaction was complete within
1 h.4

In order to enhance the optical purity of the reaction product
the crude hydrogenation product was recrystallized with (S)-(�)-
a-methyl benzylamine as a base.5 Already one crystallization is
sufficient to provide the free carboxylic acid 2 with >99% ee (Table
2) after acidification of the salt derived from a hydrogenation prod-
uct of 95% ee. Two crystallizations are required for a mixture of 90%
ee of stereoisomers 2 in order to obtain perfect enantioselectivity,
for a hydrogenation product of 60–70% ee three crystallizations
were required.6 The acidification reaction with hydrochloric acid
proceeded fast, smoothly, and without prior purification of the
salt.7

In conclusion a new protocol for the preparation of enantio-
meric pure (R)-2-(4-methoxy-3-(3-methoxypropoxy)-benzyl)-3-
methylbutanoic acid was found based on the enantioselective
Rh-catalyzed hydrogenation or/and the subsequent enantiomeric
enrichment of a product with poor enantioselectivity.
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