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a b s t r a c t

Catalytic reduction reactio
plexes with N,N-dimethy
donor ligands such as 2,2
tive catalysts. In the case o
of palladium(II)- and nick

1. Introduction

Sodium borohydride is commonly used as reducing agent

for reduction of carbonyl compounds. Its efficacy and selec-
tivity towards reduction reactions can be enhanced by var-
ious metal catalysts [1–9]. The main problem in borohy-
dride reduction is its slow degradation. It also forms insol-
uble borides when reacted with different metal salts. For
these reasons, organoboranes are used as alternative reduc-
ing agents in many organic reactions [10]. Boranes may have
also versatile reactivities; for example, palladium-catalysed
reactions of borane [11–20] are used for borylation of aryl
halides [21]. Boranes in the form of ammonia–borane are of
interest, as they have high densities of replaceable hydro-
gens [19,20]; hydrogen release can be controlled by thermal
or catalytic [21] means. We report here the reactivity of
nickel and palladium complexes-catalysed hydrogenation reac-
tions of N,N-dimethylammine borane with various unsaturated
carbonyl compounds. For catalytic reactions the complexes
[Ni(bpy)Cl2] [21], [Ni(TMEDA)Cl2], [Pd(TMEDA)Cl2] [22] and
[Pd(bpy)Cl2] (where bpy = 2,2′-bipyridine and TMEDA = N,N′-
tetramethylethylenediamine) are used.
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�,�-unsaturated carbonyl compounds by palladium(II) and nickel(II) com-
ine borane are studied. Palladium and nickel complexes with nitrogen
ridine (bpy) and N,N′-tetramethylethylenediamine are found to be effec-
bpy)Cl2] selective double bond reduction is observed. Comparative results
catalysed reactions are presented.

© 2008 Elsevier B.V. All rights reserved.

2. Experimental

The �,�-unsaturated carbonyl compounds were prepared by
standard procedures. The N,N-dimethylammine borane was pur-
chased from Sigma–Aldrich and used as obtained. The [Ni(bpy)Cl2]
[21] and [Pd(TMEDA)Cl2] [22] were prepared by reported pro-

cedures. The complexes [Ni(TMEDA)Cl2] and [Pd(bpy)Cl2] were
prepared by refluxing corresponding metal chlorides with 1 equiv.
of ligand in methanol (dry) for 2 h followed by removal of solvent
under reduced pressure.

2.1. Reduction of ˛,ˇ-unsaturated carbonyl compounds

In a typical reaction, to a well-stirred solution of �,�-
unsaturated carbonyl compound (1 mmol) and [Ni(bpy)Cl2] (25 mg,
0.1 mmol) in methanol (2 ml) Me2HNBH3 (90 mg, 1.5 mmol) was
added in small portions. The reaction mixture was kept in an oil
bath at 70 ◦C for 9 h. The course of the reaction was monitored by
checking TLC of the reaction mixture from time to time. After 9 h the
reaction was stopped and the solvent was removed under reduced
pressure. To the paste obtained water was added and the mixture
was extracted with diethylether. Diethylether was removed from
the crude product and the product was then purified by column
chromatography [silica gel, eluent used was hexane/ethylacetate].
The compounds A, B, and C as in Scheme 1 were characterized by
recording GC–mass spectra and comparing their 1H NMR and IR
spectra with those of authentic samples.
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Similar reactions were carried out with palladium catalyst
by using 1 mol% of catalyst with respect to the �,�-unsaturated
carbonyl compound (1 mmol) with Me2HNBH3 (1.5 mmol). The
reaction conditions and time are optimized by monitoring the reac-
tions through TLC by varying time, temperature, and the amount of
the catalysts.

3. Results and discussion

3.1. General discussion

Reduction reaction of �,�-unsaturated carbonyl compounds
[21] can occur in different ways as illustrated in Scheme 1. It may
lead to different products such as (i) allylic alcohol (A), result-
ing from attack of a hydride on the carbonyl group, (ii) saturated
carbonyl compound (B), resulting from the hydrogenation of the
double bond and (iii) saturated alcohol (C) resulting from the reduc-

tion of double bond as well as the carbonyl group [7]. We have
studied these reactions of �,�-unsaturated carbonyl compounds
by Me2HNBH3 in the presence of nickel, palladium, and copper
catalysts. The results are discussed under different sections.

3.2. Nickel-catalysed hydrogenation reactions

It is already observed that these products formation are affected
by solvent, metal ion and type of hydrogenation agent used [21].
In the present study we have found that �,�-unsaturated car-
bonyl compounds [22] react with N,N-dimethylammine borane in
the presence of a catalytic amount of [Ni(bpy)Cl2]. The reaction
does not take place without the metal catalyst under compara-
ble condition. For example 3-phenylprop-2-ene-1-al reacted with
N,N-dimethylammine borane in the presence of [Ni(bpy)Cl2] to
give corresponding saturated and unsaturated alcohols as shown
in Scheme 2.

The reaction is applicable to �,�-unsaturated ketones and it is
found that in these reactions saturated ketones are formed exclu-
sively (Scheme 3).

Scheme

Scheme
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Several �,�-unsaturated compounds were reduced by N,N-
dimethylammine borane and a catalytic amount of [Ni(bpy)Cl2].
The results are listed in Table 1.

3.3. Palladium-catalysed hydrogenation

In a similar way to nickel-catalysed hydrogenation reactions,
catalytic hydrogenation reaction of �,�-unsaturated carbonyl
compounds by [Pd(TMEDA)Cl2] and [Pd(bpy)Cl2] is studied. 3-
Phenyl-2-propenal reacts with N,N-dimethylammine borane in the
presence of 1 mol% of [Pd(TMEDA)Cl2] to give corresponding sat-
urated and unsaturated alcohols. A series of palladium-catalysed
reduction reactions of �,�-unsaturated carbonyl compounds was
done and the results along with the reaction conditions are
listed in Table 2. The reaction of cinnamyl alcohol with N,N-
dimethylammine borane with catalytic amount of [Pd(TMEDA)Cl2]
gives exclusively 3-phenylpropanol. The reaction of 1-phenyl-3-

naphthylprop-2-en-1-one with N,N-dimethylammine borane and a
catalytic amount of [Pd(TMEDA)Cl2] gives the saturated ketone. It is
also observed that the [Pd(bpy)Cl2] can cause similar catalytic reac-
tions and reduction of chalcone with N,N-dimethylammine borane
in the presence of 1 mol% of [Pd(bpy)Cl2] gives exclusively double
bond reduced product (type B in Scheme 1). Similar carbon–carbon
double bond reduction is observed with a few other substrates
listed in Table 2.

3.4. Copper(II)-catalysed hydrogenation

The borohydrides and boranes are known to reduce palla-
dium(II) and nickel(II) salts to their zero oxidation states [21].
The Pd(0) and Ni(0) has d10-electronic configuration and are
effective hydrogenation catalysts. Thus, a metal complex having
d10-electronic configuration may be suitable for hydrogenation
reactions. The copper(II) formate complexes with borohydrides are
good reducing agents for carbonyl compounds including carbon
dioxide [23]. In such reactions copper(II) undergoes reduction to
copper(I); and copper(I) has d10-electronic configuration, being an
active catalyst. Reduction reactions of few �,�-unsaturated car-

1.

2.

3.
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Table 1
Reduction of �,�-unsaturated carbonyl compound by N,N-dimethylammine borane and by [Ni(bpy)Cl2] as catalyst (10 mol%) at 70 ◦C

Entry number Substrate Time (h) Ratio of A:B:C (as in Scheme 1) Isolated yield (%)

1 R1 = C6H5, R2 = H 9 50:0:50 94

ane

ime (h
2 R1 = C6H5, R2 = C6H5 8
3 R1 = C10H7, R2 = C6H5 9
4 R1 = p-OMe-C6H4, R2 = CH3 9
5 R1 = p-OMe-C6H4, R2 = p-OMe-C6H4 9

Table 2
Reduction of �,�-unsaturated carbonyl compounds with N,N-dimethylammine bor

Entry number Substrate T

1 R1 = C6H5, R2 = H 9
2 R1 = C6H5, R2 = C6H5 8
3 R1 = C10H7, R2 = C6H5 9
4 R1 = p-OMe-C6H4, R2 = p-OMe-C6H4 9
5 R1 = C6H5, R2 = C6H5 6
6 R1 = C10H7, R2 = C6H5 6

In all cases 1 mol% of Pd(TMEDA)Cl2 at 70 ◦C was used unless stated.
a 1 mol% of [Pd(bpy)Cl2] catalyst was used.

bonyl compounds by N,N-dimethylammine borane in the presence
of copper(II) salts are studied in the expectation that a copper
hydride complex will be formed and would catalyse the reduc-
tion reactions. It is found that the reaction of cinnamaldehyde with
N,N-dimethylammine borane with CuCl2 gives the corresponding
unsaturated alcohol in poor yield (∼40%). The reaction is shown
in Scheme 4. The reaction is found to be limited to aromatic �,�-
unsaturated aldehydes. To confirm that copper(I) complexes are

formed in such reactions, copper(II)nitrate is allowed to react with
N,N-dimethylammine borane in the presence of triphenyl phos-
phine. This reaction led to the formation of [Cu(PPh3)2NO3]3H2O
with evolution of hydrogen gas. The complex [Cu(PPh3)2NO3]3H2O
can be alternatively prepared by the reaction of copper(II) nitrate
with excess of triphenyl phosphine in alcohol without the borane
[24].

3.5. Comparison of reduction reactions by amine borane with
different metal catalysts

Significant differences are observed in the reactivity between
[Ni(bpy)Cl2] and [Pd(TMEDA)Cl2]. For example the reaction
of cinnamaldehyde with N,N-dimethylammine borane in the
presence of a catalytic amount of [Pd(TMEDA)Cl2] gives satu-
rated:unsaturated alcohols in a 75:25 ratio; whereas a similar
reaction with [Ni(bpy)Cl2] as catalyst gives saturated:unsaturated
alcohols in a 50:50 ratio. The catalytic reduction reactions by
[Pd(bpy)Cl2] are comparable in selectivity with [Ni(bpy)Cl2];
but the former catalyst is more active, giving a high yield
under mild conditions. The reaction of cinnamyl alcohol with

Scheme 4
0:100:0 86
0:100:0 88
0:100:0 98
0:100:0 74

) Ratio of A:B:C (as in Scheme 1) Isolated yield (%)

25:0:75 85
0:0:100 80
0:100:0 96
0:0:100 71
0:100:0 96a

0:100:0 94a

N,N-dimethylammine borane in the presence of [Ni(bpy)Cl2] or
[Pd(TMEDA)Cl2] gives 3-phenylpropanol. For this reaction only
1 mol% of [Pd(TMEDA)Cl2] catalyst is required as against 10 mol%
of nickel catalyst. The reaction of �,�-unsaturated ketone with
N,N-dimethylammine borane in presence of [Ni(bpy)Cl2] cata-
lyst, only the carbon–carbon double bond is reduced. So it is a
good catalyst for the hydrogenation of the carbon–carbon double
bond of �,�-unsaturated ketones. A control experiment showed

that 1,5-bis-(4-methoxyphenyl)penta-1,4-dien-3-one (1 mmol) on
reaction with N,N-dimethylammine borane (3 mmol) in the pres-
ence of [Ni(bpy)Cl2] (10 mol%, 70 ◦C, 6 h), only one double bond
is reduced to give 1,5-bis-(4-methoxyphenyl)pent-1-en-3-one,
whereas this reaction with [Pd(bpy)Cl2] led to reduction of
1,5-bis-(4-methoxyphenyl)penta-1,4-dien-3-one in an unspecific
manner. The reduction of �,�-unsaturated ketones with N,N-
dimethylammine borane in the presence of [Pd(TMEDA)Cl2] is
found to be substrate dependent. In the catalytic reactions by
[Pd(TMEDA)Cl2] either saturated carbonyl compound or a mix-
ture of saturated carbonyl compound and saturated alcohol is
formed. As far as the selectivity is concerned, both Ni and Pd has
advantages as well as disadvantages. Multiple numbers of prod-
ucts are formed in the case of [Pd(TMEDA)Cl2] as catalyst, whereas
[Ni(TMEDA)Cl2] gives selective products. However, [Pd(bpy)Cl2]
is more effective and selective also. These reactions are limited
to �,�-unsaturated carbonyl compounds; substrates such as ace-
tophenone, cinnamyl esters, cyclo-octenes are not reactive towards
all the catalysts studied here, except [Pd(bpy)Cl2]. [Pd(bpy)Cl2] acts
as catalyst for reduction of acetophenone, benzophenone and cin-
namyl ester to the corresponding alcohols in varying yields from

.
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30 to 80%. In the case of aromatic aldehyde [Pd(bpy)Cl2] is an
excellent catalyst for transformation to benzylic alcohols; for exam-
ple 1 mol% [Pd(bpy)Cl2] can convert 4-butylbenzaldehye (1 mmol)
with N,N-dimethylammine borane (1 mmol, 70 ◦C, 6 h) to 4-tert-
butylbenzyl alcohol in a quantitative yield. Aliphatic aldehyde such
as nonanaldehyde reacts with N,N-dimethylammine borane in the
presence of [Pd(bpy)Cl2] catalyst in refluxing methanol to give the
corresponding alcohol in a poor yield. Thus, the product selectivity
and cost effectiveness are to be carefully chosen to achieve selective
hydrogenation reactions.
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