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Abstract N,N-Disubstituted hydroxylamines were prepared directly
from secondary amines by a reliable method using an oxidizing task-
specific ionic liquid, choline peroxydisulfate. The operational simplicity,
high selectivity, and green reaction conditions, make this method effi-
cient and practical.

Key words hydroxylamines, ionic liquids, choline peroxydisulfate, oxi-
dation, amines, green chemistry

Hydroxylamines are useful and highly valuable synthet-
ic intermediates for the synthesis of nitrones,1 hydroxamic
acids,2 nitroso compounds,3 and natural products or phar-
maceuticals such as alkaloids,4 azanucleosides,5 and other
nitrogenated products.6 Hydroxylamines have shown sever-
al important biological properties including antibacterial,7
antifungal8, anti-HIV,9 antidiabetic,10 and antitumor activi-
ties.11 Moreover, hydroxylamines have relevant applications
as antioxidants and spin-trap agents in age-related diseas-
es.12,13 Some examples of biologically active compounds
containing hydroxylamine group are shown in Figure 1.

The preparation of N,N-disubstituted hydroxylamines
through oxidation of an amino group is an attractive ap-
proach because a variety of secondary amines are commer-
cially available, including compounds with high enantio-
meric purities.14 However, there have been few reports on
the synthesis of N,N-disubstituted hydroxylamines directly
from secondary amines. These oxidation reactions have se-
rious limitations, such as reagent instability (e.g., diox-
iranes),15 competing overoxidation,16 low yields,17 limited
chemoselectivity,18 harsh reaction conditions,19 formation
of hazardous waste,20 or the need for long reaction times.21

Moreover, the reactions are often performed in commercial

organic solvents that present inherent toxicity and have
high volatility.22

Ionic liquids have been developed as green reaction me-
dia for the oxidation of organic compounds.23 Nowadays, in
functionalized (task-specific) ionic liquids, the roles of the
ionic liquids go beyond their use merely as solvents.24 Task-
specific ionic liquids have particular applications in cataly-
sis,25 synthesis,26 analysis,27 and gas absorption,28 and also
as polarity-shifting additives29 or as pharmaceuticals.30

Shankarling and co-workers recently synthesized cho-
line peroxydisulfate hydrate (ChPS·H2O) as a biodegradable
task-specific ionic liquid for the oxidation of alcohols.31

However, the use of task-specific ionic liquids for the syn-
thesis of N,N-disubstituted hydroxylamines is unprecedent-
ed. The most convenient method for preparing N,N-disub-
stituted hydroxylamines is the direct oxidation of second-
ary amines. Here, we report the selective oxidation of

Figure 1  Selected biologically active compounds containing hydroxyl-
amine groups
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secondary amines with choline peroxydisulfate to give N,N-
disubstituted hydroxylamines. ChPS proved to be an envi-
ronmentally benign and biodegradable oxidant with a high
catalytic activity that permits selective oxidation of a wide
variety of secondary amines to the corresponding hydroxyl-
amines in a rapid one-step reaction.

Generally there is no convenient method for the synthe-
sis of N,N-disubstituted hydroxylamines. Among the vari-
ous methods for preparing hydroxylamines, the direct oxi-
dation of amines is the most convenient and cost-effective
one. However, this method suffers from the problem of
overoxidation to form nitrones. A brief overview of previ-
ously reported approaches is shown in Scheme 1. These
methods include the oxidation of secondary amines with
Oxone over silica gel, dilute solutions of dimethyldioxirane,
or 2-(phenylsulfonyl)-3-aryloxaziridine (Davis’s re-
agent);21,32 the reduction or addition of an appropriate nuc-
leophile (Grignard reagent, silylated compound, or organo-
lithium reagent) to a nitrone;33 the addition of an organo-
metallic reagent to a nitroso or nitro compound,34 or Cope
elimination reactions of tertiary amine N-oxides.35 Howev-
er, overoxidation, generation of hazardous byproducts, and
low yields are among the difficulties encountered in these
methods.

Scheme 1  An overview of methods for the preparation of N,N-disub-
stituted hydroxylamines

In this study, we synthesized ChPS by the reaction of
choline chloride with potassium persulfate (Scheme 2),36

and we then used it as catalyst for the synthesis of a series
of hydroxylamines in a one-step process.37

Scheme 2  Synthesis of choline peroxydisulfate

Initially, we selected the reaction of dibenzylamine with
ChPS as a model reaction (Table 1), and we examined the ef-
fects of the oxidant-to-amine ratio and the reaction time.
When dibenzylamine was treated with an equimolar
amount of ChPS, N,N-dibenzylhydroxylamine was obtained
exclusively (Table 1, entry 1), whereas conventional oxi-
dants such as hydrogen peroxide or molecular oxygen with
a catalyst (H3PW12O40 immobilized on SiO2-coated Fe3O4
nanoparticles) in methanol failed to give the expected
product, and gave the corresponding nitrone instead (en-
tries 2 and 3). Oxidation of N,N-dibenzylhydroxylamine
with various amounts of ChPS was evaluated, and the best
oxidant/amine ratio was found to be 1.1 (entries 4 and 5).
According to a previous report, nitrones and hydroxylamine
compete to react with the oxidant.38 However, in this study
we observed that increasing the amount of oxidant to two
equivalents did not have any significant effect on the yield
of the hydroxylamine product. The effect of the reaction
time on the yield of the desired product was also investigat-
ed, and it was observed that increasing the reaction time
beyond one hour did not have much effect on the product
yield (entries 5 and 7). Therefore, the optimal reaction con-
ditions were found to be an oxidant-to-amine ratio of 1.1
and a reaction time of one hour at 60 °C in a single step.

Table 1  Optimization of the Reaction Conditionsa

As shown in Table 2, various aliphatic and heterocyclic
hydroxylamines were then synthesized in moderate to
good yields. All the products are known compounds except
1l and 1m, and they were characterized by comparison of
their 1H NMR and 13C NMR spectroscopic data with the re-
ported spectra.15,17,39–44 Heydari and co-workers suggested
that when a secondary amine that has a hydrogen atom at-
tached to an α-carbon atom is oxidized, the resulting hy-
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1 ChPS 1  1 78  0

2 H2O2/cat.c 1  2  0 86

3 O2/cat.c 1  2  0 11

4 ChPS 2  1 89  0

5 ChPS 1.1  1 91  0

6 ChPS 1.1  0.5 76  0

7 ChPS 1.1 24 93  0
a Reaction conditions: 60 °C, N2 atmosphere.
b Isolated yield.
c Nanoparticulate Fe2O3@SiO2–H3PW12O40.
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droxylamine tends to undergo further oxidation to the ni-
trone.45 However, in our procedure, such aliphatic second-
ary amines were not oxidized to the nitrone, even in the
presence of a stoichiometric excess of ChPS (Scheme 3).

Scheme 3  Synthesis of N,N-dialkyl hydroxylamines

Oxidation of dibenzylamine gave N,N-dibenzylhydrox-
ylamine (Table 2, 1a) without any overoxidation to the ni-
trone. N-Benzyl-2-methylpropan-2-amine was oxidized to
N-benzyl-N-(tert-butyl)hydroxylamine (1b). N,N-Diethyl-
hydroxylamine (1c), an oxygen scavenger46 and short stop-
ping agent,47 was readily prepared in good yield by oxida-
tion of diethylamine, and N,N-diisobutylhydroxylamine
(1d) was prepared by oxidation of diisobutylamine. Selec-
tive oxidation of diallylamine is known to be difficult, but
surprisingly we observed that the allylic C–H bonds were
not activated during the oxidation reaction in ChPS, and di-
allylamine was selectively oxidized to N,N-diallylhydroxyl-
amine (1e), which has been used as a vinyl monomer in po-
lymerizations.48 Morpholine was oxidized to morpholin-4-
ol (1f) in moderate yield. Piperidin-1-ol (1g) and pyrroli-
din-1-ol (1h) were obtained by oxidation of piperidine and
pyrrolidine, respectively.

The synthesis of 1H-imidazol-1-ol and its derivatives
has recently received considerable attention due to their
wide range of biological activities.49 1H-imidazol-1-ol (1i)
was prepared by the mild oxidation of 1H-imidazole. Like-
wise, 1H-indol-1-ol (1j) was prepared by direct oxidation of
indole50 (Scheme 4).

Scheme 4  Oxidation of heterocyclic amines

To the best of our knowledge, the direct oxidation of ad-
enine to adenin-9-ol (1k) has not been previously reported,
but 1k was readily prepared by the oxidation of adenine.
Medetomidine and ketamine, which are well known anes-
thetic agents,51 were prepared as the free bases52 and con-
verted into their corresponding N-hydroxy derivatives 1l
and 1m, respectively.

A plausible mechanistic pathway for the oxidation of
secondary amines by ChPS hydrate is nucleophilic attack by
the electron-rich secondary amine on the electron-defi-
cient ChPS to give a transition state in which cleavage of O–
O and O–S bonds gives the desired product (Scheme 5). It is

well established that transesterification proceeds by addi-
tion of a hydroxide ion to the sulfate sulfur atom with sub-
sequent expulsion of the appropriate anion, as suggested by
Denney and Denney for the oxidation of secondary amines
with benzoyl peroxide.53

The structures of the products were readily assigned by
1H NMR spectroscopy. The structure of hydroxylamines was
confirmed through the appearance in the 1H NMR spectrum
of a broad peak at δ ≈ 8–10 ppm with simultaneous disap-
pearance of the NH peak. Moreover, the protons attached at
the α-carbon atom in hydroxylamines were more deshield-
ed than the equivalent protons in the corresponding
amines. We also monitored the progress of the reaction by
comparing the intensity in 1H NMR of the peaks of the pro-
tons attached at the α-carbon atom. Monitoring the reac-
tion in this way revealed that the amines were oxidized to
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Table 2  Preparation of N,N-Disubstituted Hydroxylamines by ChPSa, 51

1a, RT
91%

1b, RT
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94%
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89%
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74%
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96%
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91%

a Reaction conditions: secondary amine (5 mmol), Choline peroxydisulfate 
(5.5 mmol); time = 1 h.
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hydroxylamines with a clear selectivity and quantitative
conversions. The novel products were characterized by 1H
NMR and 13C NMR spectroscopy.54

In conclusion, a chemoselective and convenient method
has been developed for the preparation of N,N-disubstitut-
ed hydroxylamines through the oxidation of secondary
amines with ChPS. This method appears to be well suited to
the oxidation of complex amines, such as medetomidine or
ketamine. ChPS, as a versatile task-specific ionic liquid, has
been shown to be a possible replacement for oxidants when
mild oxidation conditions are required. Its unique proper-
ties include biodegradability, non-volatility, high thermal
stability, high efficiency, and high chemoselectivity.
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δ = 3.56 (d, J = 6.50 Hz, 4 H, –CH2–N), 5.45 (t, 1J = 2J = 9.25 Hz, 4
H, =CH2), 6.03 (m, 2 H, =CH–), 9.76 (br s, 1 H, NOH). 13C NMR
(CDCl3): δ = 48.02 (–CH2–), 123.98 (=CH2), 128.75 (–CH=).
Morpholin-4-ol (1f)
Brown oily liquid; isolated yield: 329 mg (64%). 1H NMR
(DMSO-d6): δ = 3.19 (t, J = 4.75 Hz, 4 H, –CH2–N), 3.66 (t, J = 4.75
Hz, 4 H, –CH2–O), 10.11 (br s, 1 H, NOH). 13C NMR (CDCl3):
δ = 58.7 (–CH2–N), 65.9 (–CH2–O).
Piperidin-1-ol (1g)
Brown solid; isolated yield: 460 mg (91%); mp 32–34 °C. 1H
NMR (CDCl3): δ = 1.66 (br s, 2 H, CH2), 1.88 (br s, 4 H, CH2), 3.16
(br s, 4 H, CH2–N), 9.33 (br s, 1 H, NOH). 13C NMR (CDCl3):
δ = 22.34, 22.37, 44.37.
Pyrrolidin-1-ol (1h)
Brown oily liquid; isolated yield: 313 mg (72%). 1H NMR
(CDCl3): δ = 2.01 (br s, 4 H, CH2), 3.31 (br s, 4 H, CH2–N), 9.58 (br
s, 1 H, NOH). 13C NMR (CDCl3): δ = 24.31 (–CH2–), 44.96 (–CH2–N).
1H-Imidazol-1-ol (1i)
Light-yellow liquid; isolated yield: 310 mg (74%). 1H NMR
(CDCl3): δ = 7.13 (br s, 2 H, CH–N), 7.27 (br s, 1 H, N–CH–N),
7.76 (br s, 1 H, NOH). 13C NMR (CDCl3): δ = 121.62, 135.02.
1H-Indol-1-ol (1j)
Brown oily liquid; isolated yield: 638 mg (96%). 1H NMR
(CDCl3): δ = 6.54 (br s, 1 H, CH-3), 7.12 (t, J = 6.75 Hz, 1 H, CH-5),
7.15 (br s, 1 H, CH-2), 7.19 (t, J = 6.75 Hz, 1 H, CH-6), 7.37 (d, J =
7.75 Hz, 1 H, CH-7), 7.65 (d, J = 7.75 Hz, 1 H, CH-4), 8.18 (br s, 1
H, NOH). 13C NMR (CDCl3): δ = 102.4 (C-3), 111.0 (C-7), 119.7
(C-6), 120.7 (C-4), 121.9 (C-5), 124.2 (C-2), 127.7 (C-9) 135.7 (C-
8).
6-Amino-9H-purin-9-ol (1k)
Plum powder; isolated yield: 664 mg (88%); mp 210–212 °C.
1H NMR (DMSO-d6): δ = 7.88 (br s, 2 H, NH2), 8.25 (s, 2 H, –CH–)
4.55 (br s, 1 H, –OH). 13C NMR (CDCl3): δ = 112.56 (C-5), 140.96
(C-8), 149.87 (C-4), 150.72 (C-2), 153.80 (C-6).
4-[1-(2,3-Dimethylphenyl)ethyl]-1H-imidazol-1-ol (1l)
Yellow solid; isolated yield: 897 mg (83%); mp 188–190 °C.
1H NMR (CDCl3): δ = 1.68 (d, J = 7.00 Hz, 3 H, CH3), 2.22 (s, 3 H,
CH3), 2.29 (s, 3 H, CH3), 4.58 (q, J = 7.00 Hz, 1 H, CH), 6.70 (s, 1 H,
CH), 7.01–7.08 (m, 3 H), 8.77 (s, 1 H), 14.41 (br s, 1 H, NOH). 13C
NMR (CDCl3): δ = 14.9 (CH3), 20.52 (CH3), 20.94 (CH3), 32.18
(CH), 115.14 (CH), 123.91 (CH), 125.89 (CH), 128.94 (CH),
132.90 (quat C), 134.21 (quat C), 137.31 (CH), 138.57 (quat C),
139.49 (quat C).
2-(2-Chlorophenyl)-2-[hydroxy(methyl)amino]cyclohexa-
none (1m)
Light-yellow powder; isolated yield: 1176 mg (91%); mp 206–
208 °C. 1H NMR (CDCl3): δ = 1.55–2.00 (m, 6 H), 2.44–2.63 (m, 5
H), 7.46–7.52 (m, 3 H), 8.14 (d, J = 0.75 Hz, 1 H), 9.53 (br s, 1 H, –
OH), 10.57 (br s, 1 H, –OH). 13C NMR (CDCl3): δ = 21.60 (CH2),
28.29 (CH2), 29.41 (CH3), 38.26 (CH2), 40.19 (CH2), 72.60 (quat
C), 128.50 (CH), 128.67 (CH), 131.76 (CH), 131.89 (CH), 131.96
(quat C), 135.27 (quat C), 205.28 (quat C, C=O).
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