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Palladium on pumice: new catalysts for the stereoselective
semihydrogenation of alkynes to (Z)-alkenes
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Abstract—High selectivities (93–99%) and excellent stereoselectivities (>99%) in the semihydrogenation of C�C triple bonds were
achieved using palladium on pumice with a metal loading of 0.5, 1.5 or 3.0% wt as catalyst. The reactions were carried out in
ethanol or tetrahydrofuran with only 2.5% of ethylenediamine allowing a self-terminating semihydrogenation independently on
the C�C triple bond. © 2001 Elsevier Science Ltd. All rights reserved.

Catalytic semihydrogenation of alkynes to (Z)-alkenes
constitutes a very important process in organic chem-
istry.1,2 Indeed, the production of highly pure (Z)-alke-
nes is often a key-step during the synthesis of important
substances such as pheromones3 or other natural prod-
ucts.4 Among the catalysts reported as being efficient in
performing selective semihydrogenations of alkynes, the
most common is the well-known Lindlar palladium5

(used in the presence of quinoline) and P-2 nickel6 (used
in the presence of ethylenediamine). In addition to
these, new catalysts have been developed such as palla-
dium foil,7 interlamellar montmorillonite–diphenyl-
phosphinepalladium(II) complexes,8 Pdc9 (used in the
presence of quinoline) and, as recently reported, Pd or
nickel boride on borohydride exchange resin10 and Pd
colloidal catalysts.11 In a previous communication12 we
have reported several examples of efficient semihydro-
genation of the C�C triple bond using palladium on
pumice with a metal loading of 3.0% wt as catalyst.
Here we report new examples of the semihydrogena-

tion of the C�C triple bond using other two new
Pd/pumice catalysts with a different metal loading (1.5,
0.5%).13

Preliminary investigations were carried out with com-
pound 1a, by using absolute ethanol or tetrahydrofuran
as solvent and checking how the other parameters such
as metal loading, hydrogen flow, molar ratio substrate/
Pd, stirring rate, nitrogen base (pyridine, triethylamine,
or ethylenediamine in 2.5–20% with respect to the
substrate) may influence the selectivity (Scheme 1). The
best results, without base, were obtained when we used
a hydrogen flow of 40 N mL/min,14 a stirring rate of
1300 rpm15 and a molar ratio substrate/Pd equal to
110.16 However, these results were not satisfactory
because the selectivity17 was not excellent (ca. 80%),
whereas the stereoselectivity was found to be high
(93–96%). In EtOH good results were obtained with
10% of ethylenediamine (eda) using Pd/pumice 0.5%
(Table 1, entry 1).

Scheme 1.
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Table 1. Reaction times and selectivities for the hydrogenation of 1a with Pd/pumice

Entry Cat. (% Pd)a Base (%) Solvent t (min) 2 (%) 3 (%) 4 (%)

Eda 10 EtOH 12 96 0 41 0.5
Eda 10 EtOH 2001.5 962 0 4
Eda 10 EtOH 2003 03.0 0 0
Eda 10 THF 800.5 994 0 1
Eda 2.5 THF 60 99 05 10.5
Py 2.5 THF 150.5 626 1 37

a (% Pd) refers to different metal loading.

Pd/pumice (3%) did not catalyze the reaction (Table 1,
entry 3). The different behavior of the three catalysts
(Table 1, entries 1–3) is, in our opinion, ascribed to the
different dispersion of the metal particles on the sur-
face. Palladium/pumice with the highest metal content
(3.0%), shows a very low dispersion (Dx=8%)18 as a
consequence of the low specific surface area (5 m2/g)12

of pumice that determines the growth of large metal
particles, producing a few neighboring catalytic sites.
Using the latter catalyst the nitrogen base will cover all
the catalytic sites blocking the adsorption of the alkyne.
Palladium/pumice (1.5 and 0.5%) have a higher disper-
sion (25 and 40%, respectively)18 and so nitrogen base is
not able to cover all the catalytic sites and competes
only with the re-adsorption of the alkene, blocking or
displacing it. In tetrahydrofuran excellent results were
obtained when we added 10% ethylenediamine (Table
1, entry 4). The reaction was slower than those carried
out in ethanol, probably because in the less polar
solvent (THF) the nitrogen base competes more
efficiently for the catalytic sites. In order to achieve
high selectivity with shorter reaction times we added
only 2.5% of base (Table 1, entry 5). We were delighted
by the excellent results. It must be noted that hydro-
genation reaction with Pd/pumice (0.5%) in tetra-
hydrofuran with 2.5% pyridine was not selective and it
could not be stopped at the semihydrogenation stage
(Table 1, entry 6). The different behavior between
pyridine and ethylenediamine is probably due to the
presence of two nitrogen atoms that interact more
efficiently with the catalytic sites.

On the basis of these results we then carried out the
hydrogenation reactions on substrate 1b–g (Table 2).
Diphenylacetylene (1b) was selectively and stereoselec-
tively hydrogenated in ethanol with 2.5% base (Table 2,

entry 1). With tetrahydrofuran as solvent the reaction
was too slow. Hydrogenation of compound 1c was
stopped at the semihydrogenation stage when we used
Pd/pumice (1.5%) in tetrahydrofuran (Table 2, entry 2).

The addition of a larger amount of base did not
improve the selectivity (Table 2, entry 3). Using the less
active Pd/pumice (3.0%) with 2.5% ethylenediamine we
also obtained a good selectivity (Table 2, entry 4).
Compounds 1d–g were excellently hydrogenated with
Pd/pumice (0.5%) in tetrahydrofuran with 2.5% base
(Table 2, entries 5–8). The results obtained in the
semihydrogenation of alkynes with Pd/pumice catalysts
are comparable and in some cases better than those
reported in the literature.7a,8,9,19 Moreover, they are
quite interesting since by an appropriate choice of the
metal dispersion in the catalyst, solvent and nitrogen
base added, high selectivities (93–99%) and stereoselec-
tivities (>99%) can be achieved. The best concentration
of ethylenediamine is 2.5% for any substrate. When the
substrate is less reactive, such as 1b, the most dispersed
metal catalyst, Pd/pumice (0.5%), in ethanol gives the
best results. For slightly more reactive substrates
change of the solvent is sufficient to give good selectiv-
ity (1a, 1d–g). When reactive substrate like 1c are used,
the less active Pd/pumice (1.5 or 3.0%) catalysts in tet-
rahydrofuran are preferred to achieve good selectivity.

In contrast with several literature reports5,6,9 where the
nitrogen base is used in large amounts, in the hydro-
genation of C�C triple bonds on the Pd/pumice cata-
lysts only a catalytic amount of base is necessary,
allowing a self-terminating semihydrogenation. Finally
Pd on pumice catalysts, differently from other cata-
lysts,8,9 do not need any reduction pretreatment, due to
their stability to oxidation.

Table 2. Reaction times and selectivities for the hydrogenation of 1b–g with Pd/pumice

3 (%)2 (%) 4 (%)Entry t (min)Cat. (%Pd)a Solvent Base (eda%)

93 01 1b 0.5 EtOH 2.5 90 7
0 62 941c 301.5 THF 2.5

30 93 1 63 1c 1.5 THF 10
93 04 1c 3.0 THF 2.5 50 7

0985 21d 1000.5 THF 2.5
50 99 06 1e 0.5 THF 12.5

0 27 1f 0.5 THF 2.5 30 98
30 98 08 1g 0.5 THF 22.5

a (% Pd) refers to different metal loading.
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