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a b s t r a c t

In the present work, dehydrogenation of 2-substituted imidazolines with sodium periodate in the pres-
ence of tetraphenylporphyrinatomanganese(III) chloride, [Mn(TPP)Cl], is reported. A wide variety of 2-
imidazolines efficiently converted to their corresponding imidazoles by [Mn(TPP)Cl]/NaIO4 catalytic sys-
tem at room temperature in 1:2, CH3CN/H2O mixture. The effect of reaction parameters such as kind of
solvent and catalyst amount was also investigated.

� 2011 Elsevier Ltd. All rights reserved.
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Synthetic metalloporphyrins have been known as active cata-
lysts in a wide range of oxidation reactions. These catalysts have
attracted much attention because their structures are similar to
cytochrome P-450, a natural catalyst which oxidizes foreign organ-
ic compounds and metabolizes drugs in our bodies.1 It was found
that when metalloporphyrins are used as catalysts, organic com-
pounds can be oxidized with single oxygen donors such as PhIO,
ClO�, H2O2, ROOH or IO4

�.2–11 The high efficiency of some of these
systems makes them potentially useful for preparative oxidations
in organic synthesis.

Oxidation of 2-imidazolines to their corresponding imidazoles
is biologically and pharmaceutically very important, since many
imidazole derivatives possess antihypertensive, antiinflammatory,
antibacterial, and antidiabetic activities.12 2-Imidazolines can be
easily prepared from nitriles and ethylenediamine.13 Therefore,
dehydrogenation of 2-imidazolines by an oxidizing agent should
provide an efficient method for the preparation of imidazole deriv-
atives. Several reagents such as Zn–Al2O3,14 Ni,15 Se,16 Pd/C,17

MnO2,18 BaMnO4,19 DMSO,20 KMnO4@SiO2,21 KMnO4@K10,22

KMnO4@Al2O3,23 trichloroisocyanuric acid,24 KMnO4-refluxing
dioxane25 and activated carbon–O2

26 have been previously re-
ported for this purpose. Some of these reagents suffer from limita-
tions such as low yields of the products, very long reaction times,
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toxicity, the use of large excess of the reagents, and harsh reaction
conditions. Also, some of these reagents are not effective for the
oxidation of 2-alkylimidazolines. Therefore, the development of a
novel, mild, and efficient method for oxidation of 2-imidazolines
to their corresponding imidazoles is of great interest.

Here, the dehydrogenation of 2-substituted imidazolines with
sodium periodate in the presence of [Mn(TPP)Cl] in 1:2, CH3CN/
H2O mixture at room temperature is reported (Scheme 1).

First, the amount of catalyst was optimized in the dehydrogena-
tion of 2-phenyl imidazoline with NaIO4. Different amounts of
[Mn(TPP)Cl] was used and the best result was obtained in the pres-
ence of 5 mol % of catalyst (Table 1). In order to choose the reaction
media, different solvents were checked in the dehydrogenation of
2-phenyl imidazoline with NaIO4. Among the different mixture of
acetonitrile, acetone, methanol, ethanol (single phase systems),
dichloromethane, chloroform and carbon tetrachloride (two phase
systems with n-Bu4NBr as phase transfer catalyst), the 1:2 mixture
1a-k 2a-k

Scheme 1.
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Table 4
Dehydrogenation of 2-imidazolines with NaIO4 catalyzed by [Mn(TPP)Cl]a

Row Imidazoline Imidazoleb Time
(h)

Yieldc

(%)

1

N

N
H(1a)

N

N
H(2a)

5 84

2

N

N
H

Me

(1b)

N

N
H

Me

(2b)
5 73

3

N

N
H

Cl

(1c)

N

N
H

Cl

(2c)
5 77

4

N

N
HCl

(1d)

N

N
HCl

(2d)
5 75

5 N
N

N
H(1e)

N
N

N
H(2e)

5 92

6
N

N

N
H(1f) N

N

N
H(2f)

5 86

7
N

N

N
H(1g) N

N

N
H(2g)

5 81

8

N

N
H

MeO

(1h)

N

N
H

MeO

(2h)
5 72

9
N
H

N

(1i) N
H

N

(2i)
5 95

10 Me
N
H

N

(1j)

Me
N
H

N

(2j)
5 92

a Reaction conditions: 2-imidazoline (1 mmol), [Mn(TPP)Cl] (5 mol %), NaIO4

(2 mmol), CH3CN (10 mL), H2O (5 mL).
b All products are known and were identified by comparison of their spectral data

with those reported in the literature.21–24

c Isolated yield.

Table 2
The effect of solvent on the dehydrogenation of 2-phenyl imidazoline with NaIO4

catalyzed by [Mn(TPP)Cl]a

Entry Solvent Time (h) Yieldb (%)

1 CH3CN/H2O (1:1) 5 73
2 CH3CN/H2O (2:1) 5 51
3 CH3CN/H2O (1:2) 5 84
4 CH3COCH3/H2O (1:1) 5 70
5 CH3OH/H2O (1:1) 5 62
6 CH3CH2OH/H2O (1:1) 5 48
7 CHCl3/H2O (1:1) 5 22
8 CH2Cl2/H2O (1:1) 5 29
9 CCl4/H2O (1:1) 5 10

a Reaction conditions: 2-phenyl imidazoline (1 mmol), [Mn(TPP)Cl] (5 mol %),
NaIO4 (2 mmol), solvent.

b Isolated yield.

Table 1
Optimization of catalyst amount in the dehydrogenation of 2-phenyl imidazoline
with NaIO4

a

Entry Catalyst amount (mmol) Time (h) Yieldb (%)

1 0.0125 5 45
2 0.025 5 59
3 0.0375 5 70
4 0.050 5 84
5 0.0625 5 84

a Reaction conditions: 2-phenyl imidazoline (1 mmol), catalyst, NaIO4 (2 mmol),
CH3CN (10 mL), H2O (5 mL).

b Isolated yield.
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of acetonitrile: water was chosen as the reaction medium, because
the higher catalytic activity was observed (Table 2). The higher cat-
alytic activity in acetonitrile/water mixture is attributed to polarity
of solvent and solubility of NaIO4 in this medium. The reaction of
2-phenyl imidazoline with NaIO4 was also performed in the pres-
ence tetrakis(p-nitrophenyl)porphyrinatomanganese(III) chloride,
[Mn(TNO2PP)Cl], octabromotetraphenylporphyrinatomanga-
nese(III) chloride, [Mn(Br8TPP)Cl] and tetrakis(2,6-dichloro-
phenyl)porphyrinatomanganese(III) chloride, [Mn(TDCPP)Cl]. The
results show that [Mn(TPP)Cl] is more efficient than the others (Ta-
ble 3). It is known that introducing the electron-withdrawing sub-
stituents on the prophyrin ring, decreases the catalytic activity of
metalloporphyrins in the oxidation reactions.

Under the optimized conditions, a wide range of 2-aryl-2-imi-
dazolines were dehydrogenated to their corresponding imidazoles
with NaIO4 in good to excellent yields (Table 4, entries 1a–i)27.
Some of the reported reagents such as DMSO20 and Pd/C20 were
not effective for dehydrogenation of 2-alkylimidazolines. Thus,
efficient oxidation of 2-alkylimidazolines to their imidazoles by
[Mn(TPP)Cl]/NaIO4 catalytic system is an interesting feature of
the presented method (entries 1j–k).

The results showed that in the absence of catalyst only 5–10% of
imidazoles were produced.
Table 3
Investigation of catalytic activity of different metalloporphyrins on the dehydroge-
nation of 2-phenyl imidazoline with NaIO4

a

Entry Catalyst Time (h) Yieldb (%)

1 [Mn(TPP)Cl] 5 84
2 [Mn(Br8TPP)Cl] 5 73
3 [Mn(TDCPP)Cl] 5 48
4 [Mn(TNO2PP)Cl] 5 36

a Reaction conditions: 2-phenyl imidazoline (1 mmol), catalyst (5 mol %), NaIO4

(2 mmol), CH3CN (10 mL), H2O (5 mL).
b Isolated yield.
The exact mechanism of the reaction is not clear at present.
However, a plausible explanation is that the catalyst is first trans-
formed to the corresponding oxo compound 1 by the oxidant. The
oxo compound reacts with imidazoline to afford 2 which in turns
converted to 3 by proton transfer. The intermediate 3 is converted
to 4 by elimination of water and releases the catalyst for the next
catalytic cycle. The intermediate 4 is finally converted to the de-
sired product 5 by hydrogen shift (Scheme 2). It seems that the sta-
bilization of 3 by resonance and also by electron-withdrawing
character of R group are good indications for the proposed mecha-
nism. These explanations are also supported by the results in Ta-
ble 4 in which imidazolines bearing electron-withdrawing groups
(entries 5–7) were more reactive in these transformations. The
possibility of radical mechanism was also investigated. In this
manner, a radical scavenger such as acryl amide was added to
the reaction mixture. The results showed that the reaction was
preceded as in the absence of acryl amide. These results showed
that the reaction has no radical nature.

In order to show the effectiveness of the presented method in
the dehydrogenation of imidazolines, the obtained results were
compared with some of those reported systems. The results
showed that this catalytic system is a mild and efficient system
for oxidation of imidazolines (Table 5).
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Table 5
Comparison of the obtained results in the dehydrogenation of 2-phenylimidazoline
with some of those reported in the literature

Entry Reagent Conditions Time
(h)

Yield
(%)

Ref.

1 BaMnO4 Reflux 24 96 19

2 DMSO 120 �C 48 51 20

3 Pd/C (10%) Reflux 40 75 17

4 TCCA/DBu �15 �C 3 min 93 24

5 KMnO4/dioxane Reflux 16 40 25

6 O2/activated
carbon

120 �C 24 84 26

7 [Mn(TPP)Cl]/
NaIO4

rt 5 84 Present
method
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In conclusion, an efficient method has been reported for the
dehydrogenation of imidazolines to imidazoles with NaIO4 using
[Mn(TPP)Cl] as catalyst. In addition, this method offers several
advantages including high yields, easy work-up, applicability for
both 2-aryl and 2-alkylimidazolines, and mild reaction conditions
which make it ideal for the use in the oxidation of 2-imdazolines.
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