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Palladium nanoparticles-catalyzed chemoselective
hydrogenations, a recyclable system in water
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Abstract—Chemoselective hydrogenation of double bonds in the presence of various functional groups occurred in high yields using
water or toluene as solvent, and Pd nanoparticles as catalyst. Up to nine recyclings were achieved in water without decrease of the
catalyst activity.
� 2007 Elsevier Ltd. All rights reserved.
Chemoselective reduction of a double bond in the pres-
ence of a functional group is of great interest in synthetic
organic chemistry. The well-known Pd/C catalyst leads
to poor selectivities, but associated to additives such as
amines, ammonia, pyridine, ammonium acetate or sul-
fides, it mediates the chemoselective reduction of olefins
without concomitant reduction of benzyl groups,1a–f

aromatic carbonyls,1e,f aromatic halogens,1e,f N-Cbz
groups1d–g and epoxides.2 Recently, silk-fibroin sup-
ported palladium catalyst also showed chemoselectivity
in hydrogenation of olefins.3 However, all catalytic sys-
tems are used in organic media, and the recycling of the
catalyst has only been performed over few number of
cycles.1g,2

Water is an attractive alternative to traditional organic
solvents because it is inexpensive, non-flammable, non-
toxic and environmentally sustainable. However, most
organic substrates are hydrophobic and, consequently,
sparingly soluble in water. To overcome this problem,
a cosolvent4 or a micellar system5 is often used, but
products separation from crude reaction mixtures con-
taining surfactants can be difficult because these systems
readily form emulsions during standard work-ups.6 The
often requirement of water-soluble ligands for metallic
catalysis under aqueous conditions is also an obstacle
to general applications. In our opinion, nanoparticles
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have great potential as catalysts since they could com-
bine high reactivity and selectivity, simple preparation
and easy catalyst recovery by association with non-usual
media. Only few studies have been devoted to chemo-
selective hydrogenations with nanoparticles, especially
in pure water. Dendrimer-encapsulated Pd nanoparti-
cles and Pd–Rh bimetallic clusters have been used in
alcohol/water mixtures for the size-selective hydrogena-
tion of allylic alcohols7 and the partial hydrogenation of
1,3-cyclooctadiene, respectively.8 Hydrogenation of
allylic alcohols and alkenes in aqueous mixtures have
been carried out using nano-size Pd catalysts generated
in multilayer polyelectrolyte films,9 or Pd nanoparticles
stabilized by either polymers10 or alkylated branched
polyethyleneimines.11 Selective reductions of 2-butyne-
1,4-diol into 2-butene-1,4-diol, and dehydrolinalool into
linalool have been performed in alcohol/water, with Pd
nanoclusters and Pd nanoparticles formed in micelles,
respectively.12 The catalytic systems used for the hydro-
genation of 1,3-cyclooctadiene,8 sterically hindered
alkenes11 and olefinic alcohols9b are recyclable.
Recently, we found that particles, namely, PdOAc,N, eas-
ily prepared from a mixture of n-Bu4NBr, n-Bu3N and
Pd(OAc)2, are efficient catalysts for (i) the selective
hydrogenation in methanol, toluene and ionic liquids
of olefins in the presence of O-benzyl protective
groups,13 and (ii) the regioselective hydrogenolysis in
water of benzylic epoxides.14 Our continuing interest
in the use of aqueous media15 led us to examine the
catalytic potential of PdOAc,N as a chemoselective and
recyclable catalyst in water for the hydrogenation of
C@C bonds of the functionalized alkenes.
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Table 1. PdOAc,N-catalyzed hydrogenations in water and toluenea

R
FG

PdOAc,N (1%)

H2, solvent

R
FG

1 2,3

Entry Substrate Time (h) Product Yieldb (%)

H2O PhMe

1 O

O Ph
1a

4
O

O Ph
2a

98 80c

2 24 97 99

3
1b

O Ph
4

2b

O Ph
54c 10c

4 24 93 70c

5

O

1c

4

O

2c

94 96
6 24 93 99

7

O

H
1d

4

O

H
2d

98 95c

8 24 98 96

9

OH

1e

4

OH

2e

78c 99
10 24 93 99

11
CN

1f
4

CN

2f
93 99

12 24 92 99

13

Cl

O
1g

4

Cl

O
2g

90 96
14 24 92 97

15

Br

1h

4

Br

2h

81 70c

16 24 62 90

17

NO2

O
1i

4

NO2

O
2i

75 99

18 24

NH2

O
3i

98 d

19 O
6

1j
4 O

6

2j
92 94

20 24 91 94

a Substrate (1 mmol), PdOAc,N (0.01 mmol), solvent (2 mL), H2 (gas bag), rt.
b Isolated yield.
c Uncompleted reaction, NMR yield.
d A mixture of 2i/3i (91/9) was obtained.
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The hydrogenation of benzyl acrylate (1a) has been
firstly examined. The use of a catalytic amount of
PdOAc,N in water and a gas bag filled with hydrogen
led, in 4 h at room temperature, to benzyl propionate
in 98% yield (Table 1, entry 1). Prolonging the reaction
time to 24 h led to a similar yield (entry 2) indicating the
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Graph 1. Recycling of the catalyst in water (substrate (1 mmol), PdOAc,N (0.01 mmol), water (2 mL), H2 (gas bag), rt, 4 h). The product was extracted
with Et2O (5 · 5 mL). The next reaction was carried out using the crude aqueous phase as both catalyst and solvent. aPerformed over 24 h.
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high chemoselectivity of the process. To compare, the
reaction has been carried out in toluene: the reaction
rate decreased but high selectivities were also obtained
(entries 1 and 2). These results are particularly interest-
ing because benzyl esters are widely used in organic syn-
thesis, but are hydrogenolyzed with Pd/C as the
catalyst.1,16,17 Benzyl ethers are also commonly used to
protect alcohols. While cleavage of the O-benzyl bond
of cinnamyl benzyl ether (1b) was observed with
PdOAc,N in methanol,13 the selective reduction of its
double bond proceeded in high yield in water (entry
4). The sluggish reaction observed in toluene (entries 3
and 4) illustrates in this case the clear advantage of
water as the solvent. The C@C bond of 4-phenylbut-3-
en-2-one (1c), cinnamaldehyde (1d) and (E)-4-phenyl-
but-3-en-2-ol (1e) has been effectively and selectively
hydrogenated, the reaction of 1e being, however, slower
in water than in toluene (entries 5–10). It has to be noted
that other nanocatalysts used for the hydrogenation of
1c and 1d in water required larger amounts of catalyst
or high pressures of hydrogen.18 The reduction of the
nitrile group has been reported over Pd/C,19 but the
hydrogenation of cinnamonitrile (1f) with PdOAc,N as
the catalyst led to 3-phenylpropanenitrile (2f) in
92–99% yield (entries 11 and 12).20 The discrepancy of
reactivity between aromatic halogens and olefins was
examined with 1-(allyloxy)-4-chlorobenzene (1g) and 4-
bromostyrene (1h). High yields of 1-chloro-4-propoxy-
benzene (2g) were isolated from the hydrogenation of
1g in water as in toluene (entries 13 and 14). In contrast,
some hydrogenolysis of the C–Br bond of 1h occurred,
particularly in water (entries 15 and 16). Nevertheless,
1-bromo-4-ethylbenzene (2 h) has been isolated in 81%
yield in water when the reaction time was limited to
4 h. These results illustrate the advantage of PdOAc,N

as catalyst over Pd/C in terms of chemoselectivity.21,22

The reduction of the double bond of 1-(allyloxy)-4-
nitrobenzene (1i) is more selective in toluene than in
water (entry 17). In fact, both the nitro and the olefinic
groups have been quantitatively reduced in water over
24 h (entry 18). Although the chemoselective reduction
of a C@C bond in the presence of an epoxy ring function
is generally difficult,2,23 this occurs in high yield from 1j
over the PdOAc,N catalyst (entries 19 and 20).

Given the above results, water is a good solvent to carry
out chemoselective PdOAc,N-catalyzed hydrogenations.
As observed for the regioselective hydrogenolysis in
water of benzylic epoxides,14 the dispersion of the nano-
particles in a water–oil system led to the formation of
‘black aqueous droplets’ in which palladium is probably
adsorbed on the surface. This urged us to perform
recycling experiments, and 1a,c,e–g and 1i have been
successively hydrogenated in water with the same batch
of catalyst. Up to 10 cycles were achieved without
decrease of the catalyst activity (Graph 1) and with
results similar to those obtained using new batches of
catalyst (Table 1). In toluene, the catalyst is supported
by the Teflon� magnetic stirring bar and the surface of
the reaction flask. Recycling experiments have shown a
decrease in the activity after the 4th cycle.24

In conclusion, palladium nanoparticles, PdOAc,N, easily
obtained from Pd(OAc)2 and an unsophisticated ammo-
nium salt, constitute a chemoselective hydrogenation
catalyst of olefins, in water, under mild reaction condi-
tions. This efficient and environmentally sustainable cat-
alytic system combines the advantages of homogeneous
and heterogeneous catalysts.
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