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Hydrogen-transfer reduction of carbonyl compounds catalysed
by nickel nanoparticles

Francisco Alonso *, Paola Riente, Miguel Yus *

Departamento de Quı́mica Orgánica, Facultad de Ciencias, and Instituto de Sı́ntesis Orgánica (ISO), Universidad de Alicante,

Apdo. 99, 03080 Alicante, Spain

Received 7 November 2007; revised 21 January 2008; accepted 23 January 2008
Available online 30 January 2008
Abstract

We report for the first time the hydrogen-transfer reduction of carbonyl compounds catalysed by well-defined nickel(0) nanoparticles.
The nickel nanoparticles could be reutilised several times in a very simple reaction medium composed of the nickel nanoparticles,
isopropanol and the substrate, without any added base.
� 2008 Elsevier Ltd. All rights reserved.
Hydrogen-transfer reactions1 are advantageous with
respect to other reduction methods because of several rea-
sons: (a) the hydrogen donor is easy to handle (no gas con-
tainment or pressure vessels are necessary), cheap and
environmentally friendly (e.g., isopropanol), (b) possible
hazards are minimised, (c) the mild reaction conditions
applied can afford enhanced selectivity, (d) catalytic asym-
metric transfer hydrogenation can be applied in the pre-
sence of chiral ligands.2 The transfer hydrogenation of
ketones has been mostly accomplished using isopropanol
as hydrogen donor under homogeneous conditions in the
presence of noble metal complexes (such as those of Ru,
Rh and Ir).3 In this field, ruthenium complexes have been
by far the most studied catalysts, especially for the asym-
metric transfer hydrogenation of aromatic ketones4 and
from the mechanistic point of view.5 It is worthwhile, how-
ever, developing new heterogeneous catalysts6 that, gener-
ally, can (a) simplify the catalytic system, (b) use cheaper
transition metals, (c) simplify the purification step and (d)
be recycled and reused without significant loss of activity.

In this sense, nickel appears as a potential alternative to
the above expensive transition metal complexes but very
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less studied in hydrogen transfer reactions with isopro-
panol. It has been used either under homogeneous (NiBr2–
NaOH7 and a macrocyclic nickel complex–NaOH8) or
heterogeneous conditions (NiCl2-i-PrOLi,9 Ni-stabilized
zirconia–KOH10 and mesoporous NiMCM–KOH11)
mainly for aromatic substrates. In all these cases, the addi-
tion of an external base was mandatory for the reaction to
take place. More recently, an excess of Raney nickel in
refluxing isopropanol containing a trace of HCl reduced
a series of aliphatic aldehydes and ketones to the corres-
ponding primary and secondary alcohols, respectively.12

We discovered recently that nickel(0) nanoparticles
(NiNPs), prepared from nickel(II) chloride, lithium powder
and a catalytic amount of DTBB,13 can promote readily
the transfer hydrogenation with isopropanol of a variety
of aromatic and aliphatic ketones and aldehydes in the
absence of any added base at 76 �C.14 Modest to high yield
of the corresponding alcohols was obtained, depending on
the functional groups and/or the structure of the substrate.
The reducing system showed to be diastereoselective for
most of the cyclic ketones studied and superior to other
forms of nickel under the same reaction conditions. More-
over, the nickel nanoparticles could be reutilised several
times maintaining a high activity in a very simple reaction
medium composed of the nickel nanoparticles, isopropanol
and the substrate, without any added base. The reaction
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Table 2
Transfer hydrogenation of aromatic ketones and aldehydes catalysed by
NiNPsa
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was demonstrated to proceed through a dihydride-type
mechanism.

The main drawback of this methodology was that it
involved stoichiometric amounts of nickel. In fact, very
low yield of the expected product was obtained in the reduc-
tion of acetophenone at room temperature by using 10 or
20 mol % NiNPs. In these cases, 10 and 20 mol % NiNPs
aliquots were taken from a pre-formed 20 mL suspension
of NiNPs and reacted with 1 mmol of acetophenone. In
principle, this result practically ruled out the possibility of
using the NiNPs in catalytic amounts for the title reaction.
However, more recently we have observed that the reaction
seems to be sensitive to the concentration and that it is pos-
sible to use catalytic NiNPs for a substrate scale larger than
1 mmol. To the best of our knowledge, this is the first time
that well-defined and characterised nickel nanoparticles
have been applied to the catalytic transfer hydrogenation
of carbonyl compounds.

The NiNPs were generated from anhydrous nickel(II)
chloride, lithium powder and a catalytic amount of DTBB
(4,40-di-tert-butylbiphenyl, 5 mol %) in THF at room tem-
perature. The presence of isopropanol at 76 �C was shown
to have a beneficial effect in the generation of the NiNPs as
regards their size and uniformity. Spherical, monodi-
spersed and highly uniform nanoparticles were obtained
(0.75–2.88 nm, ca. 1.75 ± 1.00 nm), most of them with
diameters <2 nm (ca. 75%).14

A preliminary study was carried out using 3-methoxy-
acetophenone as a model substrate in order to optimise
the amount of catalyst (Table 1). A 1:5 NiNPs/substrate
molar ratio (20 mol % Ni) showed to be the most effective
with complete conversion into the product 1-(3-methoxy-
phenyl)ethanol (entry 1). Although the reaction with a
1:10 NiNPs/substrate molar ratio (10 mol % Ni) led to
the product in a relatively short time and moderate yield,
further progress of the reaction from this point was not
observed (entry 2). Surprisingly, no product was formed
when using a 1:20 NiNPs/substrate molar ratio (5 mol %
Ni). It is noteworthy that under the same conditions as in
Table 1
Transfer hydrogenation of 3-methoxyacetophenone catalysed by different
nickel catalysts

Ni catalyst

O

isopropanol, 76 ºC

OH

OMe OMe

Entry Ni catalyst/substrate (mmol) t (h) Yielda (%)

1 NiNPs 1:5 4 100
2 NiNPs 1:10 2b 58
3 NiNPs 1:20 24 0
4 Raney Ni 1:5 4b 41c

5 Ni/Al2O3 1:5 4b 0

a GLC yield.
b No change in yield was observed after this time.
c 3-Ethylanisole (20%) and ethylbenzene (38%) were also obtained.
entry 1, Raney nickel led to a mixture of the expected alco-
hol (41%), 3-ethylanisole (20%) and ethylbenzene (38%),
whereas Ni/Al2O3 showed no catalytic activity in this
reaction.

Under the optimised reaction conditions, a series of aro-
matic carbonyl compounds were reduced to the corres-
ponding alcohols in modest to good yields and in
relatively short reaction times (Table 2).15 The reduction
of substituted acetophenones was shown to be very depen-
dent on the electronic character and position of the substi-
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a Substrate (5 mmol), NiNPs (1 mmol) in THF (2 mL), isopropanol
(4 mL), 76 �C.

b Isolated yield after column chromatography (hexane/EtOAc).
Conversion is given in parentheses.



Table 4
Reutilisation of NiNPs in the hydrogen transfer reduction of
acetophenone

Run 1 2 3 4 5

Yielda (%) 87 89 87 70 77

a GLC yield after 1 h.
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tuent. In general, the presence of an electron-withdrawing
group at the para position (entry 2) or electron-donating
groups at the meta position (entries 4 and 6) facilitated
the ketone reduction. On the other hand, acetophenones
bearing electron-donating substituents at the para position
were more reluctant to react (entries 3 and 5). Butyrophe-
none was reduced in moderate isolated yield (entry 7) while
chalcone led to the corresponding saturated alcohol (entry
8). The conversion of benzaldehyde into benzyl alcohol was
rather modest (entry 9).

In general, better yields were obtained when aliphatic
ketones were subjected to the NiNPs-catalysed transfer
hydrogenation (Table 3). Dialkyl ketones such as 6-
Table 3
Transfer hydrogenation of aliphatic ketones catalysed by NiNPsa
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a Substrate (5 mmol), NiNPs (1 mmol) in THF (2 mL), isopropanol
(4 mL), 76 �C.

b Isolated yield after column chromatography (hexane/EtOAc). Con-
version is given in parentheses.

c Isolated yield of the trans stereoisomer. Diastereomeric ratio: trans/cis

78:22.
d Diastereomeric ratio: trans/cis 66:34.
e Diastereomeric ratio: exo/endo 80:20.
undecanone and 4-phenyl-2-butanone were transformed
into the corresponding alcohols in good yields (entries 1
and 2). As regards cyclic ketones, 2-adamantanone
furnished 2-adamantanol in good isolated yield (entry 3)
whereas some other cyclic ketones furnished a mixture of
diastereomeric alcohol products. In the case of 4-tert-butyl-
cyclohexanone, the thermodynamically more stable equa-
torial alcohol trans-4-tert-butylcyclohexanol (70% yield)
was the major product (eq/ax 78:22) (entry 4). The reduc-
tion of trans-decalone provided an ax/eq 66:34 ratio of
the corresponding epimeric alcohols (entry 5), while
(±)-norcamphor led mainly to the most stable of the two
possible norborneol stereoisomers: exo/endo 80:20 (entry
6). The stereoselectivity achieved with the catalytic NiNPs
is somewhat lower than that achieved with stoichiometric
NiNPs.14 The a,b-unsaturated ketone 2-cyclohexenone
led to cyclohexanol in a much lower conversion than the
other ketones (entry 7).

We also studied the possibility of reutilisation of the
NiNPs using acetophenone as a substrate. For each cycle,
the NiNPs were decanted and the supernatant was
removed, followed by the addition of more isopropanol
and the substrate. The NiNPs could be reused during three
consecutive runs (1 h reaction time each) without any
apparent loss of activity (Table 4). A decrease in activity
was observed for the fourth and fifth runs albeit the yields
were still reasonably good.16 At any rate, no byproducts
(such as those formed when using Raney Ni) arose in these
experiments. It is worthy to note that this reusable catalytic
system is very simple, composed of only the NiNPs and iso-
propanol, with no base.

In conclusion, we have reported for the first time the
application of catalytic nickel(0) nanoparticles to the trans-
fer hydrogenation with isopropanol of a variety of car-
bonyl compounds in the absence of any added base at
76 �C. The reducing system showed to be superior to other
forms of nickel and could be reutilised several times in a
very simple reaction medium composed of the nickel nano-
particles, isopropanol and the substrate.
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Vol. 8, Chapter 1.3; (c) Bäckvall, J. E. J. Organomet. Chem. 2002, 652,
105–111; (d) Hydrogen Transfer Reactions; Hynes, J. T., Klinman, J.
P., Limbach, H. H., Schowen, R. L., Eds.; Wiley-VCH: Weinheim,
2007.

2. For reviews, see: (a) Ohkuma, T.; Noyori, R. In Comprehensive

Asymmetric Catalysis; Jacobsen, E. N., Pfaltz, A., Yamamoto, H.,
Eds.; Springer: Berlin, 1999; Vol. I, pp 227–246; (b) Gladiali, S.;
Mestroni, G. In Transition Metals for Organic Synthesis; Beller, M.,
Bolm, C., Eds.; Wiley-VCH: Weinheim, 2004; Vol. 2, Chapter 1.3.

3. See for instance: (a) Nindakova, L. O.; Shainyan, B. A.; Belogonova,
L. N. Russ. J. Org. Chem. 2003, 39, 1484–1488; (b) Enthaler, S.;
Jackstell, R.; Hagemann, B.; Junge, K.; Erre, G.; Beller, M. J.

Organomet. Chem. 2006, 691, 4652–4659; (c) Wu, X.; Liu, J.; Li, X.;
Zanotti-Gerosa, A.; Hancock, F.; Vinci, D.; Ruan, J.; Xiao, J. Angew.

Chem., Int. Ed. 2006, 45, 6718–6722.
4. For reviews, see: (a) Noyori, R.; Hashiguchi, S. Acc. Chem. Res. 1997,

30, 97–102; (b) Ikariya, T.; Murata, K.; Noyori, R. Org. Biomol.

Chem. 2006, 4, 393–406; (c) Gladiali, S.; Alberico, E. Chem. Soc. Rev.

2006, 35, 226–236.
5. (a) Noyori, R.; Yamakawa, M.; Hashiguchi, S. J. Org. Chem. 2001,

66, 7931–7944; (b) Clapham, S. E.; Hadzovic, A.; Morris, R. H.
Coord. Chem. Rev. 2004, 248, 2201–2237; (c) Samec, J. S. M.;
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