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The selective hydrogenation of the o,p-unsaturated aldehyde citral (3,7-dimethyl-2,6-octadienal) was
investigated with nano-sized silver particles on silica (Ag/SiO,). The catalysts were synthesized from
the precursors silver nitrate and silver 2-[2-(2-methoxyethoxy)ethoxy]acetate [AgO,C(CH,OCH;)3H],
respectively, and a mean particle diameter in the range of 4-8 nm could be detected via TEM. The results
show that these catalysts are selective for C=0 hydrogenation of citral (Syo. = 71-77% at X = 50%) even at

high conversion levels. In addition, the silver carboxylate [Ag0,C(CH,0CH;)sH], soluble in water as well
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as in polar organic solvents, offers a straightforward preparation route for nano-sized silver particles
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1. Introduction

The selective catalytic hydrogenation of o,B-unsaturated alde-
hydes to allylic alcohols and/or saturated aldehydes is of commer-
cial relevance, for example, in the production of fine chemicals,
pharmaceuticals or perfumes. This topic was recently reviewed
by Gallezot and Claus [1-3]. Generally, the latter hydrogenation
reaction can be carried out with most group VIII metal atoms [4]
in gas and liquid phase, respectively. There are numerous different
factors affecting the chemoselectivity in selective hydrogenations,
including type of metal, size and morphology of metal particles,
use of 2nd metal, electronic and steric influence of the support,
metal-support interactions with partially reducible supports
(SMSI), steric effects of substituents at the conjugated double bond,
reaction conditions, and use of additives or promoters (Lewis acids
or bases). In these reactions the reduction of the C=C group is ther-
modynamically favoured over the C=0 group and hence, one has
to design a catalyst which guarantees the kinetic control for the
hydrogenation of the carbonyl group. The effect of different sol-
vents on activity and selectivity in citral hydrogenation was re-
cently described by Vannice et al. [5] with a silica supported
platinum catalyst in organic solvents and by Hardacre et al. for cin-
namaldehyde and citral with supported palladium catalysts in or-
ganic solvents as well as ionic liquids [6]. The group of Vannice
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reported that the solvents did not significantly influence the prod-
uct distributions, whereas a distinct effect on the resulting activi-
ties was observed [5]. However, the variation in specific activity
did not correlate with either the permittivity or the dipole moment
of the solvent. In contrast, Hardacre et al. could achieve increased
selectivities to citronellal (close to 100%) when using a Pd/C cata-
lyst in ionic liquids instead of organic solvents [6].

The reaction network of citral hydrogenation is shown in Fig. 1
and it is obvious that it implies a great challenge to obtain a cata-
lyst which matches all the terms (high selectivity towards C=0
reduction, suppression of parallel and consecutive reaction, and
decarbonylation) to reach high selectivities to the unsaturated
alcohols geraniol and nerol (most desired products) even at high
conversion levels.

Silver [7-9] and gold catalysts [10-12] are proper for hydroge-
nation of the C=0 group of the two simplest o,B-unsaturated alde-
hydes acrolein und crotonaldehyde. The exceptional properties of
Ag/SiO, in the gas phase hydrogenation of acrolein could be attri-
buted to subsurface O which can create electropositive sites under
reaction conditions [13]. These sites can now coordinate the C=0
group and facilitate the hydrogenation to allyl alcohol, resulting
in overall activity and selectivity increase. Furthermore, subsurface
O promotes the dissociation of molecular hydrogen, which could
be confirmed by recent DFT studies [14]. In the case of gold the
edges of single crystalline gold clusters were identified as the
active sites for the hydrogenation of the carbonyl group [12]. These
results could be confirmed by van Bokhoven et al. [15] in the
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Fig. 1. Reaction network of the citral hydrogenation.

selective reduction of cinnamaldehyde over alumina supported Au
catalysts. It was concluded that the higher selectivity to C=0 com-
pared to C=C arises from the higher number of d electrons of small
Au clusters compared to bulk gold which promotes C=0 adsorp-
tion. For both metals, Ag and Au, another effect has to be consid-
ered, namely the weaker interaction with hydrogen in
comparison to conventional hydrogenation metals like Pd or Rh.
It is well-known that catalysts with low hydrogen chemisorption
capacities show high selectivities to unsaturated alcohol formation
[2,15].

Recently, we have shown [16] that the bimetallic catalysts
Rh-Sn/SiO, and Ag-In/SiO, are highly active and selective towards
C=0 hydrogenation of citral and comparable to technical Ru-Fe/C
catalysts which need a basic additive (trimethylamine) [17].

Moreover, De Vos et al. could successfully carry out the hydro-
genation of citral to geraniol/nerol with polyvinylpyrrolidone-sta-
bilized Ag® nanocolloids in both alcohol and amide solvents (for
example, N,N-dimethylacetamide) and thus, the high potential of
silver as hydrogenation catalyst was demonstrated [18]. For the re-
use of the colloids a nanofiltration techniques was used [18].

Silver(I) carboxylates of general type [AgO,CR],, whereby n is
responsible for the aggregation grade (depending on R), have been
well-known for quite some time and hence, there exist a versatile
number of literature regarding their synthesis, reaction chemistry,
structures and ligand properties [19-21]. Recently, such com-
pounds became of considerable interest in transition metal coordi-
nation chemistry because they can be used as representative
model compounds in the fundamental study of electron-transfer
and photo-induced energy-transfer processes [22-24], and offer
diverse applications in the field of new materials, for example,
smart system integration, including materials for micro- and nano-
systems, nanostructures and devices [25-28]. In contrast, less is
known about ethyleneglycol-functionalized silver(I) salts such as
[AgO,C(CH,0CH;)3H] [29].

Ha
3,7-dimethyl-2-octenol
Hp
DHC
dlhydrocnronellal
Hz
| OH OH
COL DMO
citronellol 3,7-dimethyloctanol
(o]
(o] jeol
Ag )k/o o \A
-~ n
\0 \/\o/\/ N g\\
n \o\ /o

Fig. 2. Structures of [AgO,C(CH,0CH;)sH] in the solid state (left) and in solution
(right).

We here describe our results for the use of monometallic silver
(Ag/Si0,) catalysts in the liquid phase hydrogenation of citral. As
precursors silver nitrate and, for the first time, the silver(I)
carboxylate [AgO,C(CH,OCH,;)sH] were used.

Complex [AgO,C(CH,0CH,;)sH] (Fig. 2) could be synthesized by
the reaction of [AgNO3] with HO,C(CH,OCH,)3H in presence of tri-
ethylamine dissolved in a mixture of ethanol-acetonitrile (20:1, v/
v) at room temperature. To obtain pure [AgO,C(CH,OCH,)sH] it is
necessary to add an excess of the carboxylic acid (Experimental).

2. Experimental
2.1. Synthesis of [AgO,C(CH,OCH,)sH]

To 20 g (118 mmol) of [AgNOs] dissolved in 15 mL of acetoni-
trile and 200 mL of ethanol was added a solution of 26.73 g
(150 mmol, 23.04 mL) of 2-[2-(2-methoxyethoxy)ethoxy]acetic
acid, 13.15 mL (130 mmol) of triethylamine and 300 mL of ethanol
over a period of 5 min. After 10 min of stirring the reaction solution
was cooled to 0°C, whereby the title complex [AgO,
C(CH,0CH,;)3H] precipitated. The reaction mixture was stirred for
45 min at this temperature and was than cooled to —30 °C for
4 h. Colorless [AgO,C(CH,OCH,)sH] was collected by using a
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