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Asymmetric hydrogenation of 2-arylacrylic acids catalyzed by
immobilized Ru-BINAP complex in 1-z-butyl-3-methylimidazolium
tetrafluoroborate molten salt
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Abstract:  The [RuCly-(S)-BINAP]>.NEt3 catalyst precursor dissolved in 1-n-butyl-3-
methylimidazolium tetrafluoroborate molten salt is able to hydrogenate 2-arylacrylic acids
(aryl=Ph or 6-MeO-naphthyl) with enantioselectivities similar or higher than those obtained
in homogeneous media. Moreover, the hydrogenated products can be quantitatively
separated from the reaction mixture and the recovered ionic liquid catalyst solution can be
reused several times without any significant changes in the catalytic activity or selectivity.
© 1997 Elsevier Science Ltd. All rights reserved.

The asymmetric hydrogenation reaction of C=C bonds catalyzed by transition metal complexes is
one of the most studied reactions of homogeneous catalysis.! For example, chiral ruthenium catalysts
have been successfully used in the enantioselective synthesis of 2-arylpropionic acids?, which represent
an important class of anti-inflammatory> and analgesic drugs. In this respect, (S)-Naproxen was readily
obtained in 92% yield and 97% ee from the asymmetric hydrogenation of &x-(methoxy-naphthyl)acrylic
acid catalyzed by [(S)-BINAP]Ru(OAc),]. However, in these homogeneous catalytic reactions, the
recovery of the catalyst and the separation of the products from the reactants are still troublesome. One
approach to solve this basic problem is the immobilization of water soluble organometallic complexes
in a thin aqueous (SAPC=supported aqueous phase catalysis)* or organic hydrophilic (SLP=supported
liquid phase catalysis)’ film on a high-surface area hydrophilic support such as silica or controlled-pore
glasses. The resulting catalyst is placed in contact with a water—immiscible liquid phase containing the
substrate, however, this technique needs a ligand modification such as sulfonation of BINAP. We® and
others’ have recently introduced another approach to the immobilization of homogeneous catalysts
by the use of room temperature molten salts. In most of the cases, the transition metal complexes
are soluble in these ionic liquids and the organic substrates are immiscible. In this paper, we present
results from the asymmetric hydrogenation of 2-arylacrylic acids in a system constituted of 1-n-butyl-
3-methylimidazolium tetrafluoroborate salt (BMI.BF4) and isopropanol with the ruthenium catalyst
precursor immobilized in an ionic liquid phase (Table 1). Moreover, the hydrogenated product can
be quantitatively separated from the reaction mixture with enantioselectivities similar or higher than
those obtained from a homogenous system.

* Corresponding author. Email: dupont@if.ufrgs.br

177



178 A. L. MONTEIRO et al.

Table 1. Asymmetric hydrogenation of 2-phenylacrylic acid giving 2-phenylpropionic acid®*

Entry catalyst cosolvents Subs/Cat P (atm) Conv. (%) % ee (conf.)
1 in situ Ru-(S)-BINAP MeOH 40 35 100 62 (S)
2 [RuCl~(S)-BINAP]..NEt; MeOH 80 25 100 83 (S)
3 [RuCl-(S)-BINAP]..NEt; i-PrOH 80 25 100 64 (S)
4 in situ Ru-(R)-BINAP MeOH / MBL.BF, 40 25 100 86 (R)
5 in situ Ru-(R)-BINAP i-PrOH / MBI.BF, 80 35 99 69 (R)
6 recycle of entry 5 i-PrOH / MBIL.BF; 80 22 99 72 (R)
7 recycle of entry 6 i-PrOH / MBI.BF, 80 25 99 77 (R)
8 recycle of entry 7 i-PrOH / MB1L.BF, 80 25 99 70 (R)
9  [RuClL-(S)-BINAP]..NEt; i-PrOH/MBILBF, 20 50 100 78 (S)
10 recycle of entry 8 i-PrOH / MB1.BF, 20 75 100 84 (S)
11 recycle of entry 9 i-PrOH / MBI.BF, 20 25 90 79 (S)
12 recycle of entry 10 i-PrOH / MBL.BF, 20 100 95 67 (S)
13 [RuCl-(S)-BINAP],.NEt;  i-PrOH / MBILBF, 400 25 100 72 (S)

* For reaction procedures and analysis see 8. Reaction conditions : [Ru]= 0.034 mmol; ROH= 30 mL;
MBI.BF,= 3 mL; time= 20 h.
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CO,H > *~CO,H
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In order to obtain a simplified system, the hydrogenation reaction has been performed with an in situ
formation of catalyst by mixing [Ru(COD)CI;], BINAP and NEt3 in cosolvents under H pressure9.
Under these homogeneous conditions, the reaction in methanol affords (S)-2-phenylpropionic acid
with 62% ee (entry 1). However, under the same reaction conditions, the preformed commercially
available [RuCl,-(S)-BINAP],.NEt3 (Strem) in methanol gives the hydrogenated product with 83%
ee (entry 2) and, in isopropanol, 64% ee (entry 3).

The mixture of methanol with BML.BFs improves the enantioselectivity (86%, entry 4) but a
homogeneous phase is formed at the end of the reaction. However, in isopropanol/MBLBF4 (entry 5)
a two-phase mixture is obtained at the end of the reaction with similar enantioselectivities. Practically,
all the hydrogenated products have been found in the isopropanol phase that was separated by simple
decantation. Furthermore, the recovered ionic liquid phase containing the catalyst can be reused several
times without any significant changes in the catalytic activity and enantioselectivity (entries 6-8).

The extent of asymmetric induction has often been found to depend on the hydrogen pressure or
concentration in catalyst solution!®, Under the conditions studied here, however, such effects were
not observed (entries 9—12). In almost all cases, there are no significant differences in the catalytic
activity and selectivity between in situ and preformed Ru-BINAP catalyst offering several practical
and economical advantages.

This catalytic system was also successful applied to the hydrogenation reaction (75 atm, RT, 20 h)
of 2-(6-methoxy-2-naphthyl)acrylic acid to give quantitatively (S)-Naproxen in 80% ee.
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In summary, our results show that the asymmetric hydrogenation of 2-arylacrylic acids can be
performed in presence of in situ or preformed Ru-BINAP catalyst precursors immobilized in an ionic
liquid phase with similar or slightly increased optical yields in comparison with the homogeneous
reaction. At the end of the reaction the hydrogenated 2-arylpropionic acid in isopropanol can be
separated by simple decantation and the ionic catalyst solution can be recycled without significant
changes in activity and selectivity. A detailed study about the optimization and the extension to
hydrogenations of other prochiral unsaturated substrates are in progress.
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