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The deoxygenation of amine-N-oxides to amines is an
important transformation in the synthesis of nitrogenous
aromatic heterocycles and an area of considerable interest,
particularly when a molecule has other reducible or labile
moieties." A number of methods have been described for the
reduction of amine-N-oxides, including agents such as low-
valent titanium,” Zn/HCOONHS,,®> InCls,* tributyltin hydride,’
Pd/C,° tetrathiomolybdate,” Sml,® and indium/NH,C1.°
However, some of these reagents are associated with
limitations with regard to compatibility with other functional
groups, ready availability, and harsh reaction conditions.
Consequently, there is still a need for introducing mild and
efficient reagents for the deoxygenation of amine-N-oxides
to amines. The reduction of NiCl, to low-valent nickel
species and the synthetic utility of such species are well
documented in the literatures.'® In continuation of our efforts
towards the development of the low-valent metal reagents
for organic transformations,'! we observed that a combi-
nation of NiCl, with indium could bring about the deoxy-
genation of amine-N-oxides under mild condition. The new
reducing system was generated by the addition of indium
powder to a stirred solution of nickel(Il) chloride hexa-
hydrate under sonication. We herein wish to report a mild
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and efficient method for the deoxygenation of amine-N-
oxides using the NiCl,:-6H,0/In system in aqueous methanol.?
The high yields of the deoxygenation products demonstrate
the efficiency of this new method. Table 1 summarizes our
results on the reduction of various amine-N-oxides. Some
control experiments revealed that amine-N-oxides could not
be deoxygenated by indium alone under the present reaction
condition and the starting materials were recovered un-
changed. The optimum ratio of reagents was found to be

Table 1. Deoxygenation of amine-N-oxides with NiCl,-6H>O/In

system
Time Yield
Entry Substrate Product (hr) (%)’
1 Quinoline-N-oxide Quinoline 4.0 95
2 Isoquinoline-N-oxide Isoquinoline 6.0 91
3 4-Picoline-N-oxide 4-Picoline 6.0 91
4 4-t-Butylpyridine-N-oxide 4-t-Butylpyridine 6.0 88
5 Morpholine-N-oxide Morpholine 8.0 83
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substrate : NiCl, : indium =1 : 2 : 4. In order to explore the
scope and limitation of this reagent system we have tested its
applicability to the selective deoxygenation of the amine-/N-
oxides bearing other potentially sensitive functional groups
in the heteroaromatic ring. The functional group tolerance of
this deoxygenation system is evident from the table which
shows that cyano, bromo, chloro, ester, methoxy, and amide
groups remain unchanged under the reaction conditions. No
isolable product was formed when the reaction was carried
out in water or methanol alone. After screening the reaction
conditions, the optimum solvent for the reaction wasa 1 : 1
mixture of MeOH-H,O. The reaction with no ultrasound
gave no products. Thus ultrasonic irradiation is necessary to
activate the reaction. We have been able to demonstrate the
utility of the easily accessible NiCl,:6H,O/In system as a
convenient reagent for effecting chemoselective deoxygen-
ation of amine-N-oxides. All the compounds obtained
showed IR, NMR and mass spectral data consistent with the
structure. Although the reaction mechanism is still unclear, it
can be rationalized as a two-stage process. In the first step,
nickel(Il) chloride is probably reduced by indium to form
the low-valent nickel species, which, in the subsequent step,
would reductively deoxygenate amine-N-oxides 1 to give
the corresponding amines 2. The notable advantages of the
present methodology are the mild reaction condition, the
excellent yields, and the tolerance of other labile functional
groups.

In conclusion, we believe that the mild and efficient
method described here offers an attractive alternative to the
existing methods available for the reduction of amine-N-
oxides to the corresponding amines. Further investigations
of NiCl,-6H,O/In system as a reducing agent in organic
synthesis are currently in progress.
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. A typical procedure for the deoxygenation of amine-N-oxides is

as follows: Indium powder (230 mg, 2.0 mmol), and nickel(II)
chloride hexahydrate (238 mg, 1.0 mmol) were mixed in
aqueous methanol (MeOH : H,O =1 : 1, 3 mL) under sonication.
The resulting mixture was stirred at room temperature for
1 hr to get a solution of the low-valent nickel-indium complex.
4-tert-Butylpyridine-N-oxide (75 mg, 0.5 mmol) was added to
this solution and the reaction mixture was stirred for 6 hr at
room temperature under sonication. The solvent was removed
under reduced pressure and the residue was extracted with ether,
washed with water, dried over anhydrous MgSO4. The crude
product was purified by silica gel column chromatography
(hexane : ethyl acetate = 1 : 1) to afford 4-tert-butylpyridine (60
mg, 88%).




