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Abstract—The system, I2/KI/K2CO3/H2O, oxidizes carbon–nitrogen bonds for the synthesis of imidazolines and benzimidazoles
from aldehydes and diamines under anaerobic conditions in water at 90 �C with excellent yields. The process is green, mild and
inexpensive.
� 2005 Elsevier Ltd. All rights reserved.
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The development of simple, efficient and environmen-
tally benign chemical processes or methodologies for
widely used organic compounds from readily available
reagents is one of the major challenges for chemists in
organic synthesis. The importance of imidazoline and
benzimidazole units arises, because they are found in
many biologically active compounds.1 In organic syn-
thesis, imidazoline units are also used as synthetic inter-
mediates,2 chiral auxiliaries,3 chiral catalysts4 and
ligands for asymmetric catalysis.5 In addition, the benz-
imidazole moiety is found in various synthetic pharma-
ceuticals displaying a broad spectrum of biological
activity including anti-ulcer, anti-tumour and anti-viral
effects.6 A number of methods have been reported
for the synthesis of imidazolines and benzimidazoles,
which include conversion of esters using an aluminium
reagent,7a the reaction between N-ethoxycarbonylthio-
amides with 1,2-diamines,7b and the reaction of
aldehydes with 1,2-diamines followed by N-halosuccin-
imides (X = Cl,Br, I).7c Recently, several methods have
been developed, where azalactones,8a 2-aryl-1,1-di-
bromoethanes,8b nitriles8c and amino amides8d are used
as starting materials for this synthesis. However, many
of the synthetic protocols reported so far suffer from
disadvantages, such as needing anhydrous conditions,8a

use of organic solvents,7,8 harsh reaction conditions,7a
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prolonged reaction times,7c use of metals and expensive
reagents,7a etc. Therefore, the development of a cost
effective, safe and environment friendly reagent system
is desirable.

In recent years, I2 has been used extensively as a syn-
thetic reagent due to its inherent properties of low toxic-
ity, electrophilicity and easy handling.9 Recently, we
described the Brønsted acid catalyzed oxidation of alco-
hols to aldehydes and ketones in the presence of DMSO,
where the catalyst, HI, was generated via a redox pro-
cess involving N2H4 and I2.

10a We have also reported
the use of I2 for the deprotection of ketoximes and
aldoximes/imines and for the oxidation of alcohols to
aldehydes and ketones in water.10b Now we report a
practical, inexpensive and green method for the synthe-
sis of imidazolines and benzimidazoles in water.

In a typical procedure, aldehyde (1.0 mmol) and dia-
mine (1.2 mmol) in water (10 ml), were stirred for
NH2
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Scheme 1. Synthesis of imidazolines and benzimidazoles.
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Table 1. Synthesis of imidazolines and benzimidazoles from aldehydes and diamines

Entry Aldehyde Diamine Product Time (min) Yield (%) Physical state mp (�C) (mp lit.)

1 CHO H2N NH2

HN

N 30 90 98–101 (10116)

2
CHO

MeO
H2N NH2

HN

N

MeO

30 95 140 (137–1397b)

3

CHO

MeO
OMe

H2N NH2

HN

N

MeO
OMe

30 95 129–131

4
CHO

Me
H2N NH2

HN

N

Me

30 88 180 (181.5–1837b)

5
CHO

Br

H2N NH2

HN

N

Br

30 85 242–246

6
CHO

ClCl
H2N NH2

HN

N

Cl Cl

35 80 105–108

7
CHO

O2N
H2N NH2

HN

N

O2N

35 80 231

8

CHO

N
Me

Me
H2N NH2

NH

N

N
Me

Me
30 80 258–260

9
N

CHO
H2N NH2

N

HN

N 45 75 102–106 (105–10716)

10
S CHO H2N NH2

HN

N
S

45 75 178 (178–1807a)

11 CHO
H2N NH2

N
H

N
30 80 Oil8b

12
CHO

MeO
H2N NH2

N
H

N
MeO

30 85 104–106 (104–1058b)

13
CHO

H2N NH2

NH

N 30 84 132 (129–1327a)

14
CHO

CHO
H2N NH2

2
N
H

NN
H

N
45 60 287 (289–29117)

15 CHO H2N NH2

N
H

N

30 75 67–70

16
CHO NH2

NH2

N
H

N
45 75 295 (290–29318)

17
CHO

MeO

NH

NH2

N
H

N

MeO

45 78 223–226 (226–2277b)

18
CHO

Me

NH2

NH2

N
H

N

Me

45 75 277 (275–2767b)

19
N

CHO NH2

NH2

N
H

N
N

50 65 216–219 (218–22018)

20
S CHO

NH2

NH2 S

N
H

N

50 65 330 (332–3347b)
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Scheme 2. Possible mechanism and tentative intermediates in the synthesis of imidazolines and benzimidazoles.
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20 min, potassium carbonate (1.5 mmol), iodine
(1 mmol) and potassium iodide (25 mol %) were then
added consecutively and the mixture kept at 90 �C with
stirring for 30–50 min. After work-up, the correspond-
ing imidazoline or benzimidazole was obtained in good
to excellent yield (Scheme 1). The condensation of alde-
hydes with diamines occurs without any catalyst,11 and
the addition of molecular iodine as an oxidant in the
presence of potassium iodide and base, smoothly oxi-
dized the condensed products of aldehydes and diamines
to imidazolines/benzimidazoles. It was found that
1.5 equiv of base, potassium carbonate and 25 mol %
of KI were optimum for this reaction.

To generalize our reagent system, we synthesized several
imidazolines and benzimidazoles under the optimized
reaction conditions (Table 1).12,13 No iodinated or
over-oxidized product (i.e., imidazole) were found in
the reaction mixtures.8b During the oxidation step, other
functionalities such as methoxy, chloro, bromo, alkyl
and aryl present in the substrates survived. Aromatic
aldehydes, having different substituents such as meth-
oxy, chloro, bromo, methyl, etc. were converted to the
corresponding imidazolines and benzimidazoles in high
yields (Table 1). Nicotinaldehyde and 2-thiophenecar-
boxaldehyde also gave the desired products in high
yields. Straight chain as well as cyclic aliphatic alde-
hydes were transformed to the respective imidazolines
with good yields. For the synthesis of benzimidazoles
from aldehydes, we used o-phenylenediamine as a start-
ing material with several aromatic aldehydes (Table 1).
The yields of the reactions were dependent on the sub-
stituents present on the substrates and on steric factors.
Reactions with substrates having electron-withdrawing
groups such as chloro, bromo, etc. proceeded at faster
rates then those with electron-donating groups such as
Me, N,N 0-dimethylamino, etc., whilst ortho-substituted
aldehydes gave products in lower yields than m- and
p-substituted examples.

Regarding the mechanism of the oxidation step, it is
proposed that the imidazolidine, A reacts with KI3 (gen-
erated in situ from I2 and KI),14 in the presence of base
to form an intermediate B, which eliminates HI to gen-
erate the imidazoline.15 Finally the generated acid (HI)
is scavenged by the inorganic base to produce KI in
water (Scheme 2).

In conclusion, the present synthetic method is a simple,
efficient, inexpensive and green synthesis of biologically
active imidazolines and benzimidazoles via an oxidation
process with iodine, potassium iodide and potassium
carbonate in water. The advantages of the present reac-
tion are the elimination of metals, organic solvents and
toxic reagents, operational simplicity and high yields of
products.
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