
Indium-Mediated Reduction of
Hydroxylamines to Amines
Stefano Cicchi, Marco Bonanni, Francesca Cardona, Julia Revuelta, and
Andrea Goti*

Dipartimento di Chimica Organica “Ugo Schiff”, UniVersita` di Firenze,
Via della Lastruccia 13, I-50019 Sesto Fiorentino (FI), Italy

andrea.goti@unifi.it

Received March 12, 2003

ABSTRACT

A novel and simple procedure for reduction of hydroxylamines to the corresponding amines by means of indium powder in aqueous media
is reported. Applicability to one-pot reactions and isoxazolidine N−O bond reduction is also demonstrated. A catalytic version of the process
using 2−5% In in the presence of other metals (Zn, Al) has been successfully developed.

In the past decade, indium metal has emerged as a suitable
and valuable reagent for accomplishing organometal addi-
tions to carbonyl and related compounds under Barbier
conditions in aqueous media.1 More recently, the huge
potential of indium powder as a broad scope reducing agent
for organic compounds has also been disclosed by Moody,
Ranu, and others.2 Many functional groups have served as
appropriate substrates for reductions with indium. Notable
examples are the reductions of nitroaromatics,2a,b,lazines,2a,c

oximes,2a,e 1,2-dibromides,2f R-halocarbonyl compounds,2g

benzyl halides,2g azides,2l,p N-oxides,2n,s,wnitrostyrenes,2o 1,1-
dibromoalkenes,2h and propargyl ethers, amines and esters.2i

The efficiency of In(0) as a reducing agent has been related
to its uncommonly low first ionization potential (5.8 eV),
which makes, in this respect, indium closer to alkaline metals
than to metals of groups 12-14. However, indium metal is
inert toward water and acid solutions, allowing its use in
aqueous media and making this metal an optimal “green
chemistry” reagent for reduction and allylation reactions.

In this Letter we report our results in the reduction of
hydroxylamines by indium metal. Being involved in the

chemistry of nitrones,3 we were interested in developing new
methods for reduction of N-O bonds ofN,N-disubstituted
hydroxylamines and isoxazolidines, which are key intermedi-
ates deriving, respectively, from nucleophilic additions4 and
1,3-dipolar cycloadditions5 to nitrones. Conversion of isox-
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azolidines into the corresponding amino alcohols can be
accomplished by a variety of methods, including hydrogena-
tion over Raney Ni,6,7 Pd/C,6,8 or Pd(OH)2,9 reaction with
Zn/H+,6 Ni boride,10 Mo(CO)6/H2O,11 Zn/Cu(OAc)2/AcOH,12

and SmI2.13 Reduction ofN,N-disubstituted hydroxylamines
to the corresponding amines can also be performed by several
reagents, among which Zn/HCl,14 H2/Pd or Raney Ni,15

aqueous TiCl3,16 Zn/Cu(OAc)2/AcOH,17 and Ni boride18 are
the most used. However, none of these reagents display broad
substrate generality, particularly for the latter transformation,
and their choice has to be evaluated on an individual basis.
Moreover, some of these methods, such as hydrogenations
and Zn/HCl, which are otherwise quite reliable and of
considerable scope, do not tolerate the presence of several
functional groups, such as unsaturated and acid-sensitive
ones. Therefore, new methods able to perform N-O bond
reductive cleavage, which may show greater generality and
chemoselectivity, are still desired.

The reduction with In(0) was first tested onN,N-dibenz-
ylhydroxylamine (1) in order to prove its feasibility and to
find the optimal reaction conditions (Table 1).

The fact that less than 2 mol equiv is able to convert the
hydroxylamine completely into amine suggests that In(0) is

oxidized, at least partially, to In(III) rather than to In(I).
However, more than a stoichiometric amount of In (consid-
ering its conversion to In(III)) is required for maintaining
an acceptable rate of reaction (see also entry 2). Comparison
of results in entry 1 and entries 3-5 establishes that a mixed
ethanol/saturated aqueous NH4Cl solution is the best medium
for the reaction. Indeed, the presence of EtOH allows the
substrate to be more soluble and to reach complete conver-
sions, and the acidity furnished by the ammonium salt
significantly shortens the reaction times. Therefore, the
conditions of entry 1 (Table 1) have been selected in order
to study the scope of the reduction.19

Hydroxylamines3-8 (Table 2) have been subjected to

reduction by In under these conditions, with the only
variation consisting in the equivalent amounts of In powder
used, which has been increased in some cases in order to
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Table 1. Reduction ofN,N-Dibenzylhydroxylamine (1) with
Indium Metal

entry
Ina (mol
equiv) conditions

t
(h)

conv
(%)b

yield
(%)c

1 1.25 EtOH/sat. aq NH4Cl 2:1, reflux 3.5 100 100
2 0.5 EtOH/sat. aq NH4Cl 2:1, reflux 7 35 nd
3 1.25 H2O, reflux 13 60 57
4 1.25 EtOH/H2O 2:1, reflux 8 100 100
5 1.25 sat. aq NH4Cl, reflux 13 54 nd

a In(0) powder purchased from Aldrich (2640322) was used.b Based on
integration of1H NMR spectra of the crude reaction mixtures.c Isolated
yields of products (nd) not determined).

Table 2. Reduction of Hydroxylamines3-8 and Isoxazolidine
9 with Indium Metal
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keep the reaction times below practical values (<10 h). All
of the hydroxylamines3-8 have been converted completely
into the corresponding amines10-15under the conditions
reported in Table 2. The recovered yields of amine vary from
excellent (entries 1-3) to moderate (entries 4-5). The lower
yields obtained of amines13 and 14 are presumably
connected with their higher hydrosolubility and volatility.
This reduction protocol can also be applied successfully to
trisubstituted hydroxylamines and particularly to isoxazo-
lidines, as demonstrated by reductive ring opening of9 to
the correspondingâ-amino alcohol16 (entry 7). The N-O
bond cleavage of isoxazolidines to amino alcohols is one of
the most important transformations of these heterocycles and
is largely applied in organic synthesis.3,5

The present reduction method is mild and selective enough
to tolerate the presence of CdC double bonds (entry 2) and
of acid-labile hydroxyl protecting groups, such as a meth-
oxymethyl (entry 5) and a ketal (entry 4). A particularly
challenging substrate concerning the chemoselectivity of this
method was provided by theN-hydroxypyrrolidine8, which
was reluctant to undergo reduction to the corresponding
pyrrolidine. Indeed, the methods commonly used for reduc-
tion of hydroxylamines failed to give the desired pyrrolidine
15, required as an intermediate in the synthesis of a proline-
type amino acid, satisfactorily. Apart from hydrogenation
methods, which would give simultaneous saturation of the
furan ring, Zn/Cu(OAc)217 was not able to accomplish the
reduction at all. TiCl316 afforded a complex reaction mixture
containing the corresponding imine as the main product. Only
in situ generated Ni boride18 allowed recovery of pyrrolidine
15, but with a poor 15% yield, again from a mixture of
byproducts. In contrast, we were delighted to find that
reduction with In powder worked properly, affording cleanly
and with complete conversion the pyrrolidine15, which was
isolated in 75% yield (Table 2, entry 6).

The possibility of introducing this new reduction protocol
for N-O bonds in sequential reaction procedures has also
been exploited. First, a domino reduction/acetylation se-
quence was pursued. To accomplish this goal, a shift to the
use of acetic anhydride/acetic acid as the reaction medium
was envisaged, since a similar procedure has been previously
successful in the reduction/acetylation of oximes.2a Under
these conditions, theN-hydroxypyrrolidine6 was converted
into the amide17 (identical to the product obtained by direct
acetylation of13) in 60% yield (eq 1), which compares well

with that obtained in the single reduction step (Table 2, entry
4). Indeed, this procedure may be convenient in some cases
not only for performing the reduction with protection of the
amine in a single synthetic step but also for facilitating the
recovery of amine from the reaction medium.

Two one-pot procedures, where hydroxylamines are
formed as intermediates in the first step, were then studied.
The first involves a nucleophilic addition of a Grignard
reagent to a nitrone, followed by In reduction (eq 2).

C-Phenyl-N-methylnitrone (18) has been chosen as starting
material. Addition of phenyl or vinylmagnesium bromide
followed by in situ reduction of the intermediate hydroxy-
lamine (3and4, respectively) provided directly amines10
and11 in good yields.

The second procedure we decided to address consisted of
a double conjugate addition of hydroxylamine to ethyl
acrylate (19)20 followed by reduction with In (eq 3). The

amino diester20 was directly isolated in 67% yield by
reduction of the corresponding intermediate disubstituted
hydroxylamine.

The above examples clearly illustrate the virtue of this
new method. However, its acceptance for application to
large-scale preparations is prevented by the high cost of
In(0),21 used in stoichiometric amount. Therefore, the possible
use of In(0) as a catalyst in conjunction with much less
expensive metals as the stoichiometric reducing agents for
the same hydroxylamine to amine transformation has been
investigated (Table 3). Although catalytic In-based reactions

have been reported in the case of Barbier-Grignard allyla-
tions in some occasions,22 In catalysis in reduction reactions
is unprecedented, to the best of our knowledge. Inexpensive

Table 3. In(0)-Catalyzed Reduction of1 to 2

entry
M (mol
equiv)

In
(mol %)

t
(h)

conv
(%)a

yield
(%)b

1 Al (2.0) 8 16 nd
2 Sn (2.0) 8.5 25 nd
3 Zn (2.5) 6 24 nd
4 Al (2.0) 5 5 100 100
5 Sn (2.0) 5 8.5 49 44
6 Zn (2.5) 10 4.5 100 100
7 Zn (2.0) 5 5 100 100
8 Zn (2.0) 2 5.5 100 100

a Based on integration of1H NMR spectra of the crude reaction mixtures.
b Isolated yields of products (nd) not determined).
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reducing metals, such as Al, Zn, and Sn, were tested as
stoichiometric reagents in the reduction ofN,N-dibenzylhy-
droxylamine (1) to the corresponding dibenzylamine (2)
under the same optimal reaction conditions found for the
reduction with In. The results reported in Table 3 show that
all of these metals were only moderately active, affording
the amine with only modest conversions, even after longer
reaction time (entries 1-3). When a catalytic amount of In
was added (entries 4-6), the conversions increased signifi-
cantly in all cases, indicating that a catalytic cycle was
effective. However, only Al and Zn were able to convert

the hydroxylamine completely, and reduction with Sn was
not efficient enough (entry 5). This result is in agreement
with the more negative redox potential of the former metals.
In the reduction with Zn, the effect of a decrease in the
amount of In used has been studied (entries 6-8). The
reduction was still efficient by using as little as 2 mol % of
In with respect to1 (entry 8), only requiring a small increase
in reaction time in order to go to completion. As in the case
of reductions with stoichiometric In, the workup of the
reaction mixtures was simple and straightforward. Filtration
over Celite of the metal salts followed by extraction with
ethyl acetate from a Na2CO3 aqueous solution and concentra-
tion of the solvent afforded the amine directly.

In conclusion, a new simple method for accomplishing
the reductive cleavage of N-O bonds inN,N-disubstituted
hydroxylamines has been developed. This method resulted
in more satisfying and chemoselective reductions of sensitive
substrates in comparison with the most commonly used
methods. Notably, its use in one-pot procedures was em-
ployed successfully, affording secondary amines directly in
good yields. The usefulness of the method has been
significantly expanded, demonstrating its viability in catalytic
conditions utilizing Zn or Al as stoichiometric reducing
agents, which represents the first example of an In-catalyzed
reduction. Studies are currently underway in our laboratory
in order to extend the In-catalyzed reduction to other
substrates and functional groups and to define the effective
scope and usefulness of In reductions in organic synthesis.
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