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Deoxygenation of a variety of aromatic and aliphatic amine N-oxides

has been carried out in excellent yield using dimethylphenylsilane as

the reducing agent under the catalytic influence of a carbon nano-

tube–gold nanohybrid at room temperature. Low catalyst loading,

good TON and TOF values, and recyclability of the catalyst are someof

the salient features of our methodology.
Introduction

Deoxygenation of amine N-oxides to corresponding amines is a
useful transformation in organic synthesis.1 Execution of this
transformation in a mild and highly selective fashion is of
signicance not only in synthetic chemistry but also in biology,
for instance, for drug metabolism studies.2 Although numerous
stoichiometric and catalytic methods are reported in the liter-
ature for the reduction of amine N-oxides to amines,1,3–6 most of
them require harsh reaction conditions and/or suffer from low
activity or selectivity. Recently, Kaneda and co-workers have
reported the deoxygenation of amine N-oxides using
hydroxyapatite-supported gold nanoparticles (AuHAP)7 but the
latter method is limited to pyridineN-oxides and requires rather
high catalytic loadings.

In recent years, we have exploited the remarkable catalytic
activity of nanoparticles of various metals such as Au, Ru, Rh
and Pd supported on carbon nanotube (CNT)–organic bilayer
assembly in diverse organic transformations.8,9 Carbon nano-
tubes were chosen as support due to their chemical inertness,
high surface area, and ability to stabilize transient higher
oxidation states of metals.10 The activity of our gold–carbon
nanotube assembly (AuCNT) has already been demonstrated for
the oxidation of silanes and alcohols, the reductive amination
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and N-formylation of aldehydes, as well as in the one-pot
alcohol oxidation–imine formation for the synthesis of qui-
noxalines.8 In a similar fashion, RuCNT was successfully
employed for the selective reduction of nitroarenes to anilines
and arylhydroxylamines, PdCNT for the room temperature
Suzuki coupling of aryl halides and Tsuji–Wacker oxidation of
terminal olens, and RhCNT for the dehydrogenation of N-
heterocycles.9 Herein we report for the rst time the use of the
AuCNT nanohybrid in the catalytic deoxygenation of amine N-
oxides (Scheme 1).
Results and discussion

The AuCNT nanohybrid was assembled as reported elsewhere.8a

Briey, carbon nanotubes were sonicated in the presence of a
polymerizable anionic amphiphilic surfactant in water, result-
ing in the formation of nanoring-like structures at the surface of
the CNTs. The rings were then polymerized by UV irradiation
which permitted to reinforce the cohesion of the supramolec-
ular assembly. In a second step, a polycationic polymer layer
was deposited on the primary coating and gold nanoparticles
were nally added to afford the nal hybrid (AuCNT). The
Scheme 1 General scheme for the deoxygenation of amine N-oxides
over AuCNT.
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Table 2 Scope of the deoxygenation of amine N-oxidesa

Entry N-Oxide Amine Yieldb (%)

1 1a 2a 84

2 1b 2b 94

3 1c 2c 94

4 1d 2d 92

5 1e 2e 92

6 1f 2f 96

7 1g 2g 88
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nanohybrid was obtained as an aqueous suspension ([Au] ¼ 3
mM, as measured by ICP-MS). The deoxygenation of quinoline
N-oxide 1a to quinoline 2a was chosen as the model reaction for
our studies (Table 1). Two different silanes (e.g. iPr3SiH and
PhMe2SiH) were screened as hydride source in dry THF, at room
temperature, and under N2 atmosphere (entries 1–2). Silanes
were selected as hydride source because of their mildness and
easy handling and the use of an anhydrous solvent in the above
transformations was governed by the fact that water classically
acts as oxygen atom source in the AuCNT-mediated oxidation of
silanes into silanols.8a While there was no reaction in the
presence of iPr3SiH (entry 1), which was attributed to the high
steric demand of the reagent, quinoline 2a was isolated in 84%
yield in the presence PhMe2SiH as the reducing agent (entry 2).
Other solvents such as dichloromethane and toluene were less
effective than THF affording quinoline 2a in lower yields (76%
and 78%, respectively, entries 3–4). As expected, there was no
reaction in the absence of silane or catalyst conrming the
requirement of both the reducing agent and the catalyst in this
transformation (entries 5–6). The reaction also did not proceed
when the multilayer CNT-assembly alone (without AuNP) or
HAuCl4 was used as the catalyst (entries 7–8).

Having conrmed the key role of AuCNT in catalyzing the
silane-mediated deoxygenation of N-oxides 1, we proceeded to
investigate the scope of the reaction using various aromatic and
aliphatic amine N-oxides 1a–l (Table 2). Besides quinoline N-
oxide 1a which afforded quinoline 2a in 84% yield (entry 1),
isoquinolineN-oxide 1b and several pyridineN-oxides 1c–hwere
subjected to deoxygenation under our optimized conditions
(entries 2–8). Thus, parent pyridineN-oxide 1c and alkyl and aryl
substituted pyridine N-oxides 1d and 1e, respectively, under-
went smooth deoxygenation to provide corresponding pyridines
2c–e in excellent yield (92–94%, entries 3–5). The remarkable
functional group tolerance of our experimental conditions is
evident from facile deoxygenation of pyridine N-oxides 1f–h,
bearing substituents such as bromine, thiol, and carboxylic
acid, to pyridines 2f–h in good to excellent yield (79–96%,
Table 1 Optimization of the reaction conditionsa

Entry Silane Catalyst Solvent Yieldb (%)

1 iPr3SiH AuCNT THF NRc

2 PhMe2SiH AuCNT THF 84
3 PhMe2SiH AuCNT CH2Cl2 76
4 PhMe2SiH AuCNT Toluene 78
5 — AuCNT THF NRc

6 PhMe2SiH — THF NRc

7 PhMe2SiH CNT THF NRc

8 PhMe2SiH HAuCl4 THF NRc

a Conditions: amine N-oxide (0.1 mmol), catalyst (0.4 mol%), THF (1
mL), PhMe2SiH (1.1 equiv.), N2, RT, 24 h. b Isolated yield aer silica
gel column chromatography. c No reaction.

50866 | RSC Adv., 2015, 5, 50865–50868
entries 6–8). The deoxygenation of adenosine N-oxide 1i to
adenosine 2i also took place in excellent yield (91%, entry 9),
highlighting the wide applicability of our methodology to
complex molecules including natural products. Representative
examples for the deoxygenation of aliphatic, including alicyclic
and benzylic, N-oxides 1j–l to amines 2j–l in high yield (88–91%,
entries 10–12) further exemplied the scope of the AuCNT
nanocatalyst, although two equivalents of silane were needed
for the latter substrates.
8 1h 2h 79

9c 1i 2i 91

10d 1j 2j 88

11d 1k 2k 89

12d 1l 2l 91

a Conditions: amine N-oxide (0.1 mmol), AuCNT (0.4 mol%), THF
(1 mL), PhMe2SiH (1.1 equiv.), N2, RT, 24 h. b Isolated yield aer silica
gel column chromatography. c DMSO was used instead of THF. d 2
equiv. of PhMe2SiH.

This journal is © The Royal Society of Chemistry 2015
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In order to understand the nature of the catalysis, we carried
out a partial deoxygenation of quinoline N-oxide 1a under the
optimized conditions (vide supra). Aer stirring for 7 h, the
AuCNT catalyst was removed by centrifugation. At that point,
only 22% conversion was reached, as determined by 1H-NMR.
The catalyst-free supernatant was then stirred for another 16
h, but no further conversion was detected, thus conrming the
heterogeneous nature of the catalyst.

The efficacy of the AuCNT catalyst was further evaluated by
performing the deoxygenation of quinoline N-oxide 1a using
only 0.03 mol % of the catalyst. Aer 24 h of reaction, quinoline
2a was formed in 39% yield, which corresponded to a turn-over
number (TON) of 1300 and a turn-over frequency (TOF) of
54 h�1.

Recyclability of the AuCNT catalyst was assessed in the
deoxygenation of quinoline N-oxide 1a to quinoline 2a as the
model reaction (Table 3). At the end of the reaction, the mixture
was centrifuged and the supernatant was subjected to usual
work up to isolate quinoline 2a. The recovered AuCNT catalyst
was reused 4 times without any appreciable drop in the yield or
the reaction rate.

The mechanism of the AuCNT/PhMe2SiH-mediated deoxy-
genation of amine N-oxides was thereaer investigated using an
isotopic labelling experiment. The classical silane source was
replaced by deuterated PhMe2SiD11 and a reaction was set
starting from quinoline N-oxide 1a (Scheme 2). Aer the usual
work-up, 2H-NMR showed the incorporation of deuterium at the
Table 3 Recycling experimentsa

Entry Cycle Yieldb (%)

1 Fresh 86
2 1st reuse 84
3 2nd reuse 85
4 3rd reuse 84
5 4th reuse 86

a Conditions: amine N-oxide (0.1 mmol), AuCNT (0.4 mol%), THF (1
mL), PhMe2SiH (1.1 equiv.), N2, RT, 24 h. b Isolated yield aer silica
gel column chromatography.

Scheme 2 Proposed mechanism for the deoxygenation of amine N-
oxides.

This journal is © The Royal Society of Chemistry 2015
C2-position of quinoline. By analogy to what occurs with other
noble metals, it is likely that phenyldimethyl silane undergoes
oxidative Si-D insertion on the surface of the supported gold
nanoparticles. This insertion produces an activated silane
species that reacts with theN-oxide substrate with simultaneous
transfer of a deuteride at C2. The transient intermediate then
rearomatizes with concomitant elimination of silanol, affording
deuterated 2a0 in 83% yield and with ca. 50% isotope
incorporation.

Conclusions

Carbon nanotube–gold nanohybrid was found to be an efficient
catalytic system to perform the silane-mediated reduction of a
variety of aromatic and aliphatic amine N-oxides. Some attrac-
tive features of our methodology are: (i) the mildness of the
reaction conditions as the deoxygenated amines were formed at
room temperature, (ii) the very low catalytic loading (0.4 mol%),
(iii) the possible recyclability of the catalyst, and (iv) the scope of
the process that was also applied to aliphatic amines N-oxides.
The results obtained in the context of this study thus compare
favourably to previous reports in terms of overall efficiency.
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