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Abstract—Potassium permanganate supported on alumina was found to be an efficient reagent system for dehydrogenation of
2-imidazolines to imidazoles under mild conditions at room temperature. Selective oxidation of 2-alkylimidazolines in the presence
of 2-arylimidazolines was achieved using this reagent system. 2-Imidazolines were also selectively converted to their corresponding
imidazoles in the presence of other oxidizable functional groups such as sulfide, ether, aldehyde, acetal and THP ether. The oxida-
tion procedure described here is easy to carry out and does not require strict reaction conditions.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Oxidation is one of the most important classes of orga-
nic reactions from the academic, industrial and pharma-
ceutical points of views. Selective dehydrogenation of
2-imidazolines to their corresponding imidazoles is of
importance from both biological and pharmaceutical
considerations since many imidazole derivatives possess
antiinflammatory, antihypertensive, antibacterial and
antidiabetic activities.1 2-Imidazolines can be prepared
from nitriles and ethylenediamine.2 Therefore, oxidation
of 2-imidazolines by oxidizing agents provides a conven-
ient method for the preparation of imidazoles. Several
reagents are available to perform this transforma-
tion.3–12 Unfortunately, the reported reagents suffer
from disadvantages such as low yields of the products,
very long reaction times, tedious work-up, the use of
large excess of the reagents and harsch reaction condi-
tions. Another major drawback of some of the older
procedures is their use of reagents, which are either
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highly toxic or produce serious disposal problems (or
both). Consequently, development of novel and mild
protocols for the efficient conversion of 2-imidazolines
to imidazoles based on readily available safe reagents
is still in demand. We now report to the best of our
knowledge the first use of alumina supported potassium
permanganate for the dehydrogenation of 2-imidazol-
ines to imidazoles.
2. Results and discussion

The use of solid supported reagents in synthetic chemis-
try has become popular due to the altered reactivity,
selectivity and convenient product isolation they pro-
vide.13 One of the most striking examples of a change
in chemical reactivity and selectivity that has been re-
ported to date is with the well-known oxidant potassium
permanganate.14 Previously, alumina supported potas-
sium permanganate has been used for the oxidative
cleavage of enamine double bonds,15 dehydrogenation
of 1,4-cyclohexadienes to aromatics,16 oxidative cleav-
age of oximes,17 oxidation of thiols and sulfides,18 oxi-
dative deprotection of TMS and THP ethers, ethylene
acetals and ketals,19 oxidation of alcohols,20 oxidation
of urazoles,21 oxidation of a-hydroxysilanes,22 oxidation
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of a-hydroxyphosphonates23 and deprotection of thio-
acetals.24 Along this line, we found that potassium per-
manganate supported on alumina is able to oxidize 2-
imidazolines to imidazoles efficiently (Scheme 1).
Table 1. Dehydrogenation of 2-imidazolines to imidazoles with KMnO4/Al2
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a All products were characterized by comparison of their physical and spect
b Molar ratio.
c 700mg of Al2O3 per mmol of 2-imidazoline was used.
d Isolated yields.
Our objectives in undertaking this work were: (a) to
overcome the drawbacks of some of the reported meth-
ods such as tedious work-up and safety problems; (b) to
achieve rapid reaction rates, higher yields and milder
reaction conditions; (c) to develop an efficient method
for the chemoselective oxidation of 2-imidazolines to
imidazoles using a cheap commercially available
reagent.

The applicability of KMnO4/Al2O3 system was then
examined using 2-aryl- and 2-alkylimidazolines. The
reaction conditions, specified in Table 1, were optimized
and it was found that different types of 2-arylimidazol-
O3 in CH3CN at room temperature

KMnO4/imidazolineb,c Time (h) Yieldd (%)

3 1.75 85

3 1.3 82

3 2 78

3 2 90

3 1.25 75

3 1.3 80

3 1.3 95

3 1.25 77

1.3 0.25 92

1.3 0.25 90

1.6 0.35 90

ral data with those of authentic samples.8–10,25
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ines can be oxidized to their corresponding imidazoles in
high yield in acetonitrile at room temperature (entries
1a–h). Oxidation of 2-alkylimidazolines to their corre-
sponding imidazoles is also of great interest, since 2-
alkylimidazoles are used as intermediates for the synthe-
sis of valuable nitroimidazole drugs.10 The results show
that 2-alkylimidazolines were also converted to their
imidazoles in excellent yields using this reagent system
(1i–k). It is noteworthy that the oxidation of 2-alkylim-
idazolines by this method is much faster than those of 2-
arylimidazolines. Moreover, in comparison with 2-aryl-
imidazolines, the oxidation of 2-alkylimidazolines can
proceed effectively with lower amounts of KMnO4

(1.3–1.6equiv). In order to show the necessity of alu-
mina in this transformation, the oxidation of 2-phenyl-
imidazole (1a) was investigated with potassium
permanganate alone in acetonitrile at room tempera-
ture. Under this condition, only 20% of 2-phenylimid-
azole (2a) was obtained from the reaction mixture
after 2h.

There are several advantages associated with this proce-
dure. This method offers a simple, general and efficient
route for converting 2-imidazolines to the corresponding
imidazoles under very mild conditions. The selectivity of
this procedure is remarkable. As evident from the results
presented in Scheme 2, oxidation of 2-alkylimidazolines
can be achieved selectively in the presence of 2-arylimid-
azolines. Chemoselective oxidation of 2-imidazolines to
the corresponding imidazoles was also performed in the
N

N

N

N

Me

H H

KMnO4 (1.3 mmol)/Al2O3 (700 mg)

CH3CN, RT, 0.25 h
+

N
N

N
H

N

N
n-C4H9

H
CH3CN, RT, 0.25 h

+
KMnO4 (1.3 mmol)/Al2O3 (700 m

N

N
HH

C6H5CH2SC6H5
CH3CN, RT, 1.75 h

+
KMnO4 (3 mmol)/Al2O3 (700 mg)

C6H5CH2O CHON
N

N
H

+
CH3CN, RT

KMnO4 (3 mmol)/Al2

N

N
Me O2N

Me

O

O
H

+
CH3CN, RT, 0.25 h

KMnO4 (1.3 mmol)/Al2O3 (7

N

N
n-C4H9

H

MeO CH2OTHP
CH3CN, RT, 0

+
KMnO4 (1.3 mmol)/A

Scheme 2.
presence of a variety of functional groups including sul-
fide, ether, aldehyde, acetal and THP ether; these func-
tional groups have been effectively oxidized using
KMnO4/Al2O3 system.18,19 To the best of our knowledge
this is the first report of selective oxidation of 2-alkylim-
idazolines in the presence of 2-arylimidazolines and
other above-mentioned oxidizable functional groups.
3. Conclusion

The results presented on this paper demonstrated that
KMnO4/Al2O3 can be used for the efficient oxidation
of 2-imidazolines to their corresponding imidazoles. In
addition, this method offers several advantages includ-
ing high yields, short reaction times, easy work-up, very
mild reaction conditions and excellent chemoselectivity,
which make it ideal for the use in the oxidation of 2-
imdazolines.
4. Experimental

2-Imidazolines were prepared according to the described
procedure.2b Melting points were determined using a
Stuart Scientific apparatus and are uncorrected. IR
spectra were recorded on a Shimadzu IR-435 spectro-
photometer. 1H NMR spectra were recorded in
DMSO-d6 solvent on a Bruker 500MHz using TMS as
an internal standard.
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4.1. General procedure for oxidation of 2-imidazolines to
imidazoles

Potassium permanganate and alumina were ground to-
gether in a mortar until a fine homogeneous powder
was obtained.

In a round-bottomed flask (100mL), a solution of 2-imid-
azoline (2mmol) in CH3CN (40mL) was prepared.
Potassium permanganate (2.6–6mmol) and alumina
(1.4g) were added and the mixture was stirred at room
temperature for the appropriate time according to Table
1. The progress of the reaction was monitored by TLC
(eluent: EtOAc/MeOH: 4:1). Ethanol (1mL) was added
to reduce excess oxidant. The mixture was filtered and
the solid material was washed with CH3CN (20mL).
The filtrate was evaporated and the resulting crude mate-
rial was purified by column chromatography on alumina
to afford the pure imidazole in 75–95% yields (Table 1).
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