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A simple and efficient protocol for the chemo-selective
reduction of substituted nitroarenes (o corresponding anilines in
good yields using inexpensive commercial zinc dust and
triethylammonium formate in water at ambient temperature and
pressure is established. Many other reducible functional groups
like methoxy, methyl, ester, nitrile, amide, acid, phenol and
halogens are unaltered with the present systems.
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With the increasing environmental concerns and the
regulatory constraints faced in the chemical and
pharmaceutical industries, development  of
environmentally benign organic reactions has become
a crucial and demanding research area in modern
organic chemical research'. Organic synthesis in
water not only represents a new technology with
minimum waste problems, but also a new
methodology since the properties of water can be used
to manipulate the reactivity of organic compounds.
Replacing organic solvents with water offers
economic advantages, improves safety and in
combination with the development of catalytic
processes offers great opportunities for green
chemistry®. Reduction in an aqueous media will
contribute to a most convenient and useful method
because an aqueous medium as a solvent for organic
reactions has many advantages, from the view point
of cost, safety, easy handling and the environment, in
comparison to the use of an organic solvent. Recently,
in view of environmental concerns, organic reactions
in only water with no organic solvents are receiving
great attention.

Reduction of nitroarenes to anilines is an important
transformation since many anilines exhibit biological

activities and find a multitude industrial applications,
being important intermediates in the synthesis of
chemicals such as dyes, antioxidants, photographic,
pharmaceutical and  agricultural  chemicals®.
Furthermore, the anilines are easily converted into
diazonium salts, which can be substituted for many
other functional groups. There are a variety of
methods for the reduction of nitroarenes reported in
the literature; the most popular being catalytic
hydrogenation™®”, metal-mediated reduction®,
dissolving metal reduction™ and catalytic transfer
hydrogenation’. However, these methods require
expensive, moisture sensitive reagents and organic
solvents. Since the conventional reductions of
nitroarenes using zinc metal require an organic
solvent, corrosive reagents such as NHs, conc. HCI, or
20% aq. NaOFH, it is difficult to contend that these
methods are environmentally harmonious. Recently,
reduction of organic compounds in an aqueous
medium at high temperature was reviwed'’. Poliakoff
reported a selective reduction of nitroarenes to
anilines using metallic zinc in water at 250 °C (near
critical water) in high yields''. Another method of
reduction of nitroarenes to amines by employing 7.25
equivalent of zinc in presence of NH,Cl at 80 °C was
reported’. More recently, metallic iron nanoparticles
catalysed reductions of aromatic nitro compound to
the corresponding amino derivatives have also been
explored'>. However, these reactions require high
temperature and prolonged reaction time periods.

In this communication, we wish to describe a
simple and convenient method for the catalytic
hydrogen transfer reduction of substituted nitroarenes
to corresponding anilines by using readily available
inexpensive commercial zinc dust and
triethylammonium formate as hydrogen donor under
ambient temperature and pressure in water, as
depicted in Scheme L
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All the substituted nitroarenes were easily reduced
to their comresponding anilines by  using
triethylammonium formate and commercial zinc dust
in water at ambient temperature and pressure without
any organic solvent. As seen from Table I reduction

of 4-nitroacetophenone, 4-nitrophenyl acetonitrile and
4-nitrobenzoic acids gave the corresponding anilines
without affecting the other reducible groups. Even the
reduction of chloronitrobenzene showed high
selectivity  for  chloroanilines  without  any

Table —Reduction of substituted nitroarenes to anilines with triethylammonium formate catalyzed by commercial zinc dust in water”

Entry Nitroarenes Time Amines s ey m.p °C
(min) Yeld (%) mund(i0;
A
1 @NOZ 10 QNHE 85° 182-85(184-86)"7
2 NC@—NOZ 8 NC—@—NHz 90 84-85(83-85)"
3 QNOz 8 Q’N“z 90° 200-02(200-202)"*
CH, CH,
4 No2 8 NH2 85 135-37(137)"
NO, NH,
5 6 90 111-13(113)"7
NO, NH,
6 gt on 8 OH 88 204-07(206)""
7 MBO—Q—NOE 5 MI’:.‘C‘—QD'—NH2 88 58—60(57)”
8 ngl—C}-No2 4 H._,N-@—NHZ 90 140-43(141)""
9 HQNOC-Q—NOE 8 HzNOCONHZ 80 115-16(114)"
10 HECOC—Q—NOE 8 Haco<:—<j>—m|42 90 103-05(106)"®
1 NC—Q—No, 10 Hooc:—<j>—;\m2 80 184-87(186)"
12 Q‘Noa 5 QNHz 90° 107-09(108)"®
cl cl
13 m—@-uoz 6 a;—@—m—:z 90 66-67(66)"
14 |-|o—<j>—mo2 5 Ho—<j>—r\m2 90 183-85(186)"®
NC NC
15 \—<j>—mo2 7 \—Q—NHZ 90 45-47(45-48)"

“All of the products are known and the isolated products gave IR spectra in agreement with their structures. Plsolated yields are based
_on single experiment and the yields were not optimized; ‘Boiling point.
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dehalogenation of chloronitrobenzene. It is worth
noting that all the substituted nitroarenes reduced by
this system were obtained in good yields (80-90%)
without any chromatographic separation. The
reactions are extremely easy to carry out and are
usually complete within 4 to 10 min. The course of
reaction was monitored by TLC and IR spectra. The
work-up and isolation of the products were easy. All
the products were characterized by comparison with
authentic samples (TLC, IR, 'H NMR and m.p.). A
control experiment, using substituted nitroarenes with
tricthylammonium formate but without zinc dust, did
not yield the desired product. Furthermore, an
attempted reduction of a substituted nitroarenes using
zinc dust in the absence of triethylammonium formate
gave 20% of amino compounds, if the reaction
mixture was stirred for more than 24 hr.

Water mediated chemo-selective reduction of
substituted nitroarenes to anilines with
triethylammonium formate and commercial zinc dust
system has significant advantages over earlier
ENHCO,H/10%Pd/C  (ref. 13), Zn/CaCl,/EtOH
(ref. 14), Zn/H,0 at 250°C (ref. 11), Fe/H,O at 210°C
(ref. 12), Fe(NO3);.9H,0, FeS0,.7H,0, Fe(acac); and
ferrocenc at 150°C (ref. 14), Zn/NH,Cl at 80°C
(ref. 2), Zn/NH,Cl, [bmim][PFs]:H,O (ref. 3), and
Zn/HCO,NHy4, [bmim][BF,;]:H;0 (ref. 3) and equally
compatible with the systems like HCOONH,/Zn
(ref. 16). In this reduction process, water, apart from
being a green solvent, effectively controls the rate of
the reaction and hence exothermicity. The limited
solubility of the substrate in water maintains sufficient
productivity and also prevents reaction runaway. This
is an additional advantage since reduction of
nitroarenes is highly exothermic. Due to the use of the
zinc catalyst, organic solvents can be totally avoided,
thereby making the process more eco-friendly.

In conclusion, the obvious advantages of proposed
method are its simple operation, the milder reaction
conditions, easy product isolation and prevention of
unwanted by-products such as, hydroxylamine,
nitroso, hydrazo, and azo compounds. The catalyst is
non-pyrophoric in nature and another interesting
behavior of Zn dust lies in the fact that it can be
recycled after simple washing with Et;O and dil HCI,
thus rendering the process more economic. The
present method offers an economical, safe, and
environmentally benign alternative to available
procedures.
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Experimental Section

General. '"H NMR spectra were recorded on an
AMX-400 MHz spectrometer using CDCl; as the
solvent and TMS as internal standard; and IR spectra
on a Shimadzu FTIR-8300 spectrometer. The melting
points were determined by using Thomas—-Hoover
melting point apparatus and are uncorrected. TLC was
carried out on silica gel plates obtained from
Whatman Inc. The substrates were either commercial
products and were used as purchased or were
prepared according to literature procedures. Zinc dust
(particle size < 45 um) was purchased from E-Merck
Mumbai (India) Ltd, Mumbai. The triethylammonium
formate was prepared by neutralizing slowly, equal
moles of triethylamine and formic acid in an ice
water-bath with constant stirring. The resulting
triethylammonium formate solution was used as such
in all reactions. All of the solvents used were of
analytical grade or were purified according to
standard procedures.

Synthesis of anilines. General procedure. A
suspension of nitroarene (10 mmoles) and commercial
zinc dust (10 mmoles) in water (15 mL) was stirred
with triethylammonium formate (20 mmoles) at room
temperature. The reaction was exothermic. After
completion of the reaction (monitored by TLC), the
product was extracted with Et;0O or CH,Cl, (2x30
mL). The extract was washed twice with saturated
sodium chloride solution (30 mL) and then with water
(30 mL). The organic layer was dried with anhydrous
Na,SO, and the solvent was evaporated under reduced
pressure to obtain the desired amino compounds.
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