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Abstract: Nickel nanoparticles have been found to catalyse the re-
ductive amination of aldehydes by transfer hydrogenation with iso-
propanol at 76 °C.
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The reduction of imines is a very useful transformation in
organic synthesis since the resulting amines have wide-
spread applications in industry and in synthetic organic
chemistry. Three general methods for this reaction can be
highlighted involving the use of (a) metal hydrides, (b)
dissolving metals, and (c) catalytic hydrogenation.1 The
reductive amination of aldehydes and ketones, an impor-
tant transformation in biological systems, is, however, a
more direct and convenient route to amines.2 The reduc-
tive amination with metal hydrides3 or by catalytic
hydrogenation4 are the most practiced methods, whereas
transfer hydrogenation is more restricted to the reduction
of preformed imines.5

Hydrogen-transfer reactions6 are advantageous with re-
spect to other reduction methods for several reasons: (a)
the hydrogen donor is easy to handle (no gas containment
or pressure vessels are necessary), cheap and environmen-
tally friendly (e.g., isopropanol), (b) possible hazards are
minimized, (c) the mild reaction conditions applied can
afford enhanced selectivity, and (d) catalytic asymmetric
transfer hydrogenation can be applied in the presence of
chiral ligands.7 These reactions are mostly performed un-
der homogeneous conditions in the presence of noble-
metal complexes, whereas less attention has been paid to
processes under heterogeneous conditions or involving
non-noble metals.

In this sense, and due to our ongoing interest on the reac-
tivity of active metals,8 we have recently reported the first
application of well-defined nickel(0) nanoparticles9 to the
transfer hydrogenation with isopropanol of a variety of
carbonyl compounds in the absence of any added base at
76 °C (Scheme 1).10 It is noteworthy that, in contrast with
other transition metals, nickel has been scarcely used in
reductive aminations or in the transfer hydrogenation of

imines. Reductive aminations involving nickel were per-
formed with hydrazine using borohydride exchange res-
in–nickel acetate11 (for primary amines) or with
stoichiometric nickel boride in methanol.12 On the other
hand, the transfer hydrogenation of preformed imines was
carried out with isopropanol and excess aluminum isopro-
poxide in the presence of Raney nickel (the reaction failed
in the absence of aluminum isopropoxide),13 or with sodi-
um isopropoxide catalysed by a nickel(0)–N-heterocyclic
carbene complex.14 However, to the best of our knowl-
edge, nickel-mediated reductive amination reactions by
transfer hydrogenation have never been reported.

We want to report herein the first application of nickel, in
the form of nanoparticles, to the hydrogen-transfer reduc-
tive amination of aldehydes, using isopropanol as the hy-
drogen source in the absence of any added base.

The nickel nanoparticles (NiNPs) were generated from
anhydrous nickel(II) chloride, lithium powder, and a cat-
alytic amount of DTBB (4,4¢-di-tert-butylbiphenyl, 5
mol%) in THF at room temperature. A preliminary study
was carried out using benzaldehyde and aniline as model
substrates in order to optimise the amount of catalyst and
compare with other nickel catalysts (Table 1). A 1:1
NiNPs/substrate molar ratio showed to be very effective
with a fast and high conversion into the product N-benzyl-
aniline (entry 1). A 1:5 NiNPs/substrate molar ratio (20
mol% Ni) showed a similar conversion to that in the sto-
ichiometric reaction though longer time was needed (en-
try 2), whereas the yield dropped drastically by using a
1:10 NiNPs/substrate molar ratio (10 mol% Ni). It is note-
worthy that under the same conditions as in entry 2, the
commercially available Raney nickel (entry 4) and Ni/
Al2O3 (entry 5) led to the formation of the corresponding
imine, which did not undergo reduction at all. The imine
was also the only reaction product when the reaction was
carried out in the absence of any catalyst (entry 6). In view
of the above results, we decided that the reaction condi-
tions involving 20 mol% NiNPs were the most convenient

Scheme 1 Hydrogen-transfer reduction of carbonyl compounds ca-
talysed by nickel nanoparticles

R1 R2

O
 Ni nanoparticles (20 mol%)

i-PrOH, 76 °C R1 R2

OH

30–90%
R1 = aryl; R2 = H, alkyl, vinyl
R1, R2 = alkyl
R1–R2 = cycloalkyl fragment



1290 F. Alonso et al. LETTER

Synlett 2008, No. 9, 1289–1292 © Thieme Stuttgart · New York

to study the scope of this reductive amination (Scheme 2
and Table 2).

The optimised reaction conditions were first applied to the
reductive amination of benzaldehyde with different kinds
of primary amines (Table 2).15 Moderate-to-excellent
yields of the corresponding N-benzylanilines were ob-
tained for aniline as well as for para-, ortho- or meta-sub-
stituted anilines (entries 1–4). The primary alkyl amine
octan-1-amine led to N-benzyloctan-1-amine in high yield
(entry 5), whereas phenethylamine reacted in a modest
yield (entry 6). Two benzylic amines were also studied,
the more hindered a-methylbenzylamine (entry 8) show-
ing a better performance than benzylamine (entry 7).

Scheme 2 Reagents and conditions: aldehyde (5 mmol), amine (5
mmol), NiNPs (1 mmol), i-PrOH (10 mL), 76 °C.

R1CHO + R2NH2

NiNPs (20 mol%)

i-PrOH, 76 °C
R1 N

H

R2 Table 1 Hydrogen-Transfer Reductive Amination of Benzaldehyde 
with Aniline in the Presence of Different Nickel Catalysts

Entry Ni catalyst/substrate (mmol) Time (h) Yield (%)a

1 NiNPs 1:1 1 96

2 NiNPs 1:5 9 91

3 NiNPs 1:10 24 8

4 Raney Ni 1:5 24 0b

5 Ni/Al2O3 1:5 24 0b

6 none 24 0b

a GLC yield.
b The corresponding imine was obtained.
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Table 2 Reductive Amination of Aldehydes by Hydrogen Transfer with Isopropanol Catalysed by Nickel Nanoparticles

Entry Aldehyde Amine Time (h) Producta Yield (%)b

1 PhCHO PhNH2 9 73

2 PhCHO 10 65

3 PhCHO 12 99c

4 PhCHO 8 80

5 PhCHO 10 90c

6 PhCHO 24 43

7 PhCHO 8 77

8 PhCHO 12 92c

9 PhNH2 4 97c

10 6 85c

11 10 87

12 24 80
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We next studied the reactivity of substituted benzalde-
hydes with different amines under the above reaction con-
ditions. 4-Methylbenzaldehyde reacted nicely with
aniline (entry 9) or with the alkanamines octan-1-amine
(entry 10), 2-methylpropan-1-amine (entry 11), and phen-
ethylamine (entry 12). The reaction of this substrate with
benzylamine was, however, rather limited (entry 13). It is
noteworthy that aniline and octan-1-amine, which gave
good results in the reaction with 4-methylbenzaldehyde,
led to much lower yields in the reaction with 4-methoxy-
benzaldehyde (compare entries 9 and 10 with 14 and 16,
respectively). On the other hand, 4-methylaniline and
phenethylamine provided the corresponding secondary
amines in excellent yields (entries 15 and 17).

Some other aldehydes showed to be more reluctant to un-
dergo the title reaction. For instance, the reductive amina-
tion of furfural with octan-1-amine proceeded in rather
low yield (entry 18). A similar behaviour was observed
for linear alkyl-substituted aldehydes such as decanal (en-
try 19). In these two examples, as well as in most of the
products in which the yields were moderate to low, the
secondary amines were accompanied by variable amounts
of the corresponding precursor imines. Nonetheless, sep-
aration of the desired amine could be easily accomplished
by column chromatography. Finally, cyclohexanecarbox-
aldehyde underwent the nickel-catalysed hydrogen-trans-

fer reductive amination in good isolated yield (entry 20).
Unfortunately, any attempt to reuse the nickel nanoparti-
cles failed.16

In conclusion, we have demonstrated for the first time that
nickel, in the form of nanoparticles, can catalyse the re-
ductive amination of aldehydes by transfer hydrogena-
tion, using isopropanol as the hydrogen source in the
absence of any added base. The process is especially ef-
fective in the reductive amination of aromatic aldehydes,
most of the corresponding secondary amines being ob-
tained in good-to-excellent yields. The application to ali-
phatic aldehydes is, however, more limited. In general,
this methodology is advantageous because (a) the prepa-
ration step of the imine is avoided, aldehydes and amines
being directly used as starting materials, (b) the source of
hydrogen is isopropanol, a cheap and environmentally
friendly solvent, and (c) the nickel nanoparticles have
been shown to be superior to other nickel catalysts in this
reaction.
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13 24 40

14 PhNH2 6 44

15 8 98c

16 6 36d

17 12 99c

18 48 30

19 PhNH2 48 30d

20 PhNH2 12 70

a All isolated products were ≥ 95% pure (GLC and/or 1H NMR).
b Isolated yield after column chromatography unless otherwise stated.
c Crude yield.
d GLC yield.

Table 2 Reductive Amination of Aldehydes by Hydrogen Transfer with Isopropanol Catalysed by Nickel Nanoparticles (continued)

Entry Aldehyde Amine Time (h) Producta Yield (%)b
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