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Abstract—The first application of palladium(II) catalyzed homogenous transfer hydrogenations in ionic liquids is described.
Cinnamic acid and its derivatives were reduced in high yields under mild conditions using ammonium formate as hydrogen donor.
� 2005 Elsevier Ltd. All rights reserved.
Catalytic transfer hydrogenation is an important syn-
thetic method for the reduction of organic com-
pounds.1–3 Such reactions can generally be performed
in various organic solvents, but in some cases water
can serve as solvent.4–6 Bertold and co-workers were
the first to report the application of ionic liquids7–11 in
heterogeneous transfer hydrogenation.12 In their process
the catalyst was Pd/C, the solvent was [bmim][PF6] and
the reaction took place under microwave irradiation.
Geldbach and Dyson reported the asymmetric transfer
hydrogenation of acetophenone with a ruthenium com-
plex in 2-methyl-[bmim][PF6], using triethylammonium
formate as the hydrogen donor.13 Very recently, Ohta
and co-workers published the transfer hydrogenation
of ketones with a modified ruthenium complex in ionic
liquids.14 In both cases ionic liquids were not only the
solvents of the reactions, but they also had a role in
stabilization of the ruthenium complexes.
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Scheme 1.
We have found that ionic liquids are suitable solvents
for the palladium(II) catalyzed homogenous transfer
hydrogenation of a,b-unsaturated carboxylic acids
(Scheme 1).

Cinnamic acid 1a was reduced in high yield under mild
conditions using a catalytic amount of palladium(II)
acetate or palladium(II) chloride and ammonium for-
mate as hydrogen donor in different ionic liquids (Table
1).

Both Pd(OAc)2 and PdCl2 were found to be effective cat-
alysts for the transfer hydrogenation. Of the ionic liq-
uids studied, [bmim][BF4], ECOENGTM-212 and
ECOENGTM-500 were the most effective, resulting in
>99% hydrogenated product. In contrast, ionic liquids
containing the [PF6

�] anion furnished only 2% product
and in typical organic solvents such as ethanol, toluene
adium(II) acetate; Palladium(II) chloride.
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Table 2. Pd(OAc)2 catalyzed transfer hydrogenation in [bmim][BF4]

Compound 1 R1 R2 R3 R4 Yield of 2a (%)

a H H H H >99
b OMe H H H >99
c OH OH H H 69
d OMe OMe H H 98
e H H Me H >99
f H H Ph H >99
g H H NHCOCH3 H 52
h H H –NCH(CH3)– 46
i H H H Me >99

aHPLC yield.

Table 1. Pd(OAc)2 catalyzed transfer hydrogenation of 1a in various
ionic liquids using HCO2NH4 as the hydrogen donor

Entry Solvent Yielda (%)

A [bmim][BF4] >99
B [bmim][Cl] 46
C [bmim][PF6] 2
D [emim][PF6] 2
E ECOENGTM-212b >99
F ECOENGTM-500b >99

aHPLC yield.
b Solvent-innovation GmbH.15
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and chloroform low yields or no reactions were ob-
served. With either sodium formate or triethylammo-
nium formate as hydrogen donor, the reactions
occured with similar yields as when using ammonium
formate. The reduction of cinnamic acid 1a gave the best
results at 65 �C for 5 h in [bmim][BF4] using 10 mol % of
catalyst and 4 equiv of ammonium formate as hydrogen
donor.16,17

After the successful reduction of 1a under these condi-
tions, the method was extended to a variety of a- and
aryl-substituted cinnamic acids (Table 2). Aryl-substi-
tuted compounds bearing methoxy (1b), dihydroxy
(1c) or dimethoxy (1d) groups were reduced in good
yields. Of the a-substituted derivatives investigated, the
a-methyl (1e) and a-phenyl (1f) substituted examples
provided the corresponding hydrogenated products in
good yields. The a-acetamido (1g) derivative and the
readily available azalactone (1h) were converted directly
to the N-acyl derivatives in moderate yields. The methyl
ester of cinnamic acid (1i) was also hydrogenated in
excellent yield.

In conclusion, we have found a new application of ionic
liquids in the homogenous transfer hydrogenation of
a,b-unsaturated carboxylic acids with commercially
available, nonpyrophoric palladium(II) catalysts. This
method offers an efficient and attractive alternative to
currently available procedures.
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