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An Inorganic Iodine-Catalyzed Oxidative System for the Synthesis of
Benzimidazoles Using Hydrogen Peroxide under Ambient Conditions

Chenjie Zhu and Yunyang Wei*[a]

Benzimidazoles are very useful building blocks for the develop-
ment of molecules of pharmaceutical or biological interest.[1]

Benzimidazole derivatives exhibit significant activity against
several viruses, such as HIV,[2] herpes (HSV-1),[3] DNA,[4] RNA,[5]

influenza,[6] and human cytomegalovirus (HCMV).[2a] Bis-benzi-
midazoles are being developed as DNA minor-groove binding
agents with antitumor activity[7] and can act as ligands with
transition metals for modeling biological systems.[8] In addition,
benzimidazoles are very important intermediates in organic re-
actions.[9] The widespread interest in benzimidazole-containing
structures has promoted extensive studies on their synthesis.[10]

There are two general methods for the synthesis of benzimid-
azoles. One is the coupling of a carboxylic acid or derivative
(nitrile, imidate, or orthoester) with phenylenediamine, which
is usually performed under strongly acidic conditions,[11] harsh
dehydrating conditions that often require high tempera-
tures,[12] or via the use of agents such as phosphorus anhy-
drides,[13] sometimes in combination with microwave irradia-
tion.[14] The other method is oxidative cyclo-dehydrogenation
of aniline Schiff base, which is often generated in situ from the
condensation of phenylenediamine and aldehyde. Various oxi-
dative reagents, such as MnO2,[15] Pb(OAc)4,[16] PhI(OAc)2,[17]

Oxone,[18] DDQ,[19] I2,[20] 1,4-benzo-quinone,[21] tetracyanoethy-
lene,[22] benzofuroxan,[23] NaHSO3,[24] Na2S2O5,[25] (NH4)2S2O8,[26]

and nitrobenzene or DMF (high-boiling oxidant/solvent)[27]

have been employed to effect the dehydrogenation step. Al-
though many of these methods are practical, some have prob-
lems such as the use of dangerous or toxic reagents, or the
formation of N-benzylbenzimidazole side products resulting
from further reaction of the aldehyde with benzimidazoline
prior to oxidation.

In view of the drawbacks of existing routes and the impor-
tance of green chemistry, a few green syntheses of benzimida-
zoles have recently been reported, employing air,[28] HClO (gen-
erated in situ from H2O2 and HCl),[29] metal ions,[30] and ionic
liquid.[31] However, even these methods still have several draw-
backs from a practical point of view. These are: (i) the need for
a high temperature (often>100 8C) and long reaction time (up
to 44 h); (ii) the use of strongly acidic conditions that may be
detrimental to some sensitive substrates; (iii) the use of metal
ions which, in addition to environmental concerns, often re-
quires decomplexation of the metal from the product with the

help of harmful reagents such as H2S;[13d, 30a, b] and (iv) complex
routes for the synthesis of ionic liquids. From an economic and
environmental perspective, the development of a new catalytic
oxidation system with both a more ecofriendly oxidant and
catalyst is attractive.

Recently, hypervalent iodine reagents have drawn considera-
ble attention as mild and highly chemoselective oxidizing re-
agents for various organic transformations.[32] As a result of
their nontoxic nature, affordability, and safety profile, hyperva-
lent iodine reagents are nowadays popular reagents for the
formation of carbon–carbon bonds, carbon–heteroatom
bonds, and heteroatom–heteroatom bonds. The activation of
carbon–hydrogen bonds, rearrangements, and fragmentations
can also be induced by these reagents.[33] However, the use of
stoichiometric amounts of hypervalent iodine reagents leads
to the production of equimolar amounts of organic iodine
waste, such as PhI, which is difficult to recover and reuse be-
cause of its high volatility and solubility in organic solvents. A
recent significant breakthrough in the field of organoiodine
chemistry was the development of catalytic systems based on
hypervalent iodine.[34] In 2007, Kirihara and co-workers report-
ed the in situ-generated hypoiodite-catalyzed oxidative cou-
pling of thiols to disulfides with hydrogen peroxide.[35] In 2010,
Ishihara and co-workers reported a mild and efficient catalytic
method for oxidative cycloetherification using Bu4NI, and its
enantioselective version using chiral quaternary ammonium
iodide.[36] Very recently, the method of (hypo)iodite-catalyzed
a-oxyacylation of carbonyl compounds was also reported by
Ishihara.[37]

In continuation of our efforts to develop new applications of
hypervalent iodine reagents,[38] we report herein a simple and
efficient catalytic oxidative system for the synthesis of benzimi-
dazole derivatives using H2O2 as a green and economic termi-
nal oxidant in the presence of catalytic amounts of Bu4NI.

Initial experiments were carried out with phenylenediamine
and benzaldehyde as model substrates. When phenylenedia-
mine and benzaldehyde were treated with H2O2/Bu4NI in
MeCN at room temperature for 4 h, the desired 2-phenylbenzi-
midazole was isolated in 64 % yield (Table 1, entry 1). As con-
trol experiments, the same reaction was carried out in the ab-
sence of Bu4NI and H2O2 (entries 2 and 3, respectively). The
yield of 2-phenylbenzimidazole was either much lower, or null.
Moreover, other tetrabutylammonium halogenides, such as
Bu4NBr and Bu4NCl, were tested for this reaction. All of them
were unsatisfactory except for Bu4NI (entries 4 and 5). Encour-
aged by these results, we examined the effects of solvents on
the reaction, which showed that EtOH was the most efficient
solvent, giving the highest yield (entries 6–10). To optimize the
reaction conditions, the role of H2O2 was studied: 2.0 equiv of
H2O2 was the better choice for this reaction (entries 11–13).
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With regard to the Bu4NI dosage, it was possible to decrease
the amount of Bu4NI to as low as 0.05 equiv. without signifi-
cant loss in catalytic efficiency (entry 14). However, the poor
yield of a blank reaction under the best reaction conditions
(EtOH, 1.5 equiv H2O2) indicates the importance of Bu4NI in this
reaction (entry 15). This could be further supported by the fact
that replacing Bu4NI with [Bu4N]+[OH]� under the same condi-
tions gave the desired product in 21 % yield, however, the oxi-
dation with KI in the presence of [Bu4N]+[OH]� gave the de-
sired product in 89 % yield (entries 16 and 17), which clearly in-
dicates Bu4NI is essential for this reaction.

To evaluate the versatility of the catalytic system, we applied
the procedure to the synthesis of a variety of substituted benz-
imidazoles. As can be seen in Table 2, most aldehydes under-
went smooth transformation to afford the corresponding benz-
imidazoles in excellent yields. Benzylic aldehydes underwent
smooth oxidation (entries 1–7). Excellent chemoselectivity was
observed under the present oxidation. We detected no phenol
oxidation products, which are well-known to form in reactions
with aryl-l3-iodanes (entry 7).[39] Allylic aldehyde, such as cin-
namyl aldehyde (entry 8), was also oxidized efficiently without
any observable reaction at the double-bond functionality. The
electronic properties of the substituents in the aromatic ring
had a remarkable influence on the reaction rate. Strongly elec-
tron-withdrawing groups, such as �NO2, improved the reaction
(entry 4). Strongly electron-donating groups, such as �OCH3,
lowered the rate of the ring-closure step because of the de-
creased electrophilicity of the carbonyl carbon atom (entry 5).
This is different from previously reported procedures, where
the �OCH3 group favored the oxidation.[30d] Heteroaryl alde-
hydes 2-pyridinyl, 2-furyl, and 2-thiophene carboxaldehyde

also gave good yields (entries 9–11). Notably, together with the
good results with benzylic, allylic, and heteroaryl aldehydes,
the yields obtained from the reaction of aliphatic aldehydes
under the same conditions are also high (entries 12–13). In
view of the fact that the reaction of aliphatic aldehyde is much
more difficult than the reaction of benzylic aldehyde,[26] the re-
sults obtained with the present procedure are very satisfactory.
Next, we extended this synthetic method for the preparation
of bis-benzimidazoles in a 2:1 molar ratio of phenylenedi-
amine/terephthaldicarboxaldehyde (entry 16).

To demonstrate the scope and efficiency of the present
method, the H2O2/Bu4NI system was then extended for the
synthesis of imidazoline, benzoxazole, and benzothiazole.
2-Aminophenol was also converted to the corresponding benz-
oxazole in moderate yield (Table 2, entry 18). However, the
yields of imidazoline and benzthiazole under the same condi-
tions were quite low (entries 17 and 19). Ethylenediamine ex-
hibited a low reactivity toward this system, most probably due
to the absence of electron cloud conjugation. The reaction of
2-aminobenzenethiol with aldehyde gave many side products.
This poor selectivity might be attributable to the high reactivi-
ty of the�SH group.

To assess the feasibility of using this method on a prepara-
tive scale, the multigram-scale catalytic system was examined
for the coupling of phenylenediamine with 4-chlorobenzalde-
hyde on a 100 mmol scale. As expected, the reaction proceed-
ed smoothly, similar to the smaller-scale case, and the desired
2-(4-chlorophenyl)benzimidazole was obtained in 90 % isolated
yield (Table 2, entry 2).

Developing environmentally benign and economical synthe-
ses is an area of research that is being vigorously pursued, and
avoiding the use of harmful organic solvents is a fundamental
strategy to achieving this goal. One of the most attractive al-
ternatives to organic solvents is water, which has witnessed in-
creasing popularity due to being inexpensive, readily available,
and environmentally benign. The development of aqueous-
phase reactions using hypervalent iodine reagents is also one
of the active fields in organic synthesis due to a recent
demand for realization of green chemical processes.[40] So, we
attempt to run the reaction in water in our search for a more
practical and clean procedure. The present catalytic system
was examined for the synthesis of 2-phenylbenzimidazole in
water by adjusting the feeding sequence. First, Bu4NI was
added in a mixture of phenylenediamine, benzaldehyde, and
water. The solution was stirred at room temperature for 2 h.
Then H2O2 was added. The use of water instead of EtOH in this
reaction led to similar results, albeit with a small decrease in
the yield of 2-phenylbenzimidazole (Table 2, entry 1).

Very recently, Bai and co-workers reported the preparation
of 2-imidazolines from aldehydes and ethylenediamine by
using catalytic amounts of sodium iodide and hydrogen perox-
ide as terminal oxidant in the presence of anhydrous magne-
sium sulfate. They suggested a mechanism in which in situ-
generated molecular iodine is the actual oxidant.[41] To under-
stand the reaction pathway, we conducted ESI–MS experi-
ments directed toward identifying an active hypervalent iodine
species. [Bu4N]+ and 2-phenylbenzimidazole were detected by

Table 1. Optimization studies for the synthesis of 2-phenylbenzimidazo-
le.[a]

Entry Oxidant Equiv Catalyst Equiv Solvent Yield[b] [%]

1 H2O2 3.0 Bu4NI 0.1 MeCN 64
2 H2O2 3.0 – – MeCN 16
3 – – Bu4NI 0.1 MeCN –
4 H2O2 3.0 Bu4NBr 0.1 MeCN 23
5 H2O2 3.0 Bu4NCl 0.1 MeCN 37
6 H2O2 3.0 Bu4NI 0.1 MeOH 81
7 H2O2 3.0 Bu4NI 0.1 EtOH 85
8 H2O2 3.0 Bu4NI 0.1 THF <10
9 H2O2 3.0 Bu4NI 0.1 Et2O <10

10 H2O2 3.0 Bu4NI 0.1 EtOAc 45
11 H2O2 2.0 Bu4NI 0.1 EtOH 94
12 H2O2 1.5 Bu4NI 0.1 EtOH 92
13 H2O2 1.0 Bu4NI 0.1 EtOH 88
14 H2O2 1.5 Bu4NI 0.05 EtOH 90
15 H2O2 1.5 – – EtOH 13
16 H2O2 1.5 [Bu4N]+[OH]� 0.1 EtOH 21
17 H2O2 1.5 [Bu4N]+[OH]� 0.1 EtOH 89[c]

[a] Reactions were performed by using phenylenediamine (1 mmol), ben-
zaldehyde (1 mmol), H2O2, Bu4NI, solvent (5 mL) at RT for 4 h. [b] Isolated
yield. [c] 0.1 mmol KI was added.
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positive-ion ESI–MS (Figure 1, peaks at m/z 242.15 and m/z
195.00). IO2

� was detected by negative-ion ESI–MS (Figure 2,
peak at m/z 159.13). We also detected IO� (m/z 143.08), but
this species disappeared too fast to obtain a measurement.
This result suggests that in situ-generated [Bu4N]+[IO]� may be
an active oxidant species. However, [Bu4N]+[IO]� may also dis-
proportionate to [Bu4N]+[IO2]� and Bu4NI under our reaction
conditions, implying that [Bu4N]+[IO2]� is another potential
actual oxidant species.

Based on these results, a plausible reaction pathway for the
formation of benzimidazole is shown in Scheme 1. First, the

condensation of phenylenediamine with aldehyde takes place
to form Schiff base 1, which then transforms to the final prod-
uct through the intermediary benzimidazoline 2. The highly re-
active iodine (I) intermediate [Bu4N]+[IO]� or iodine (III) inter-
mediate [Bu4N]+[IO2]� are the actual oxidants for the oxidative
cyclo-dehydrogenation of 2 to afford the final product benz-
imidazole. The role of H2O2 is to regenerate [Bu4N]+[IO]� (or
[Bu4N]+[IO2]�) from Bu4NI.

In conclusion, a clean and efficient method for the synthesis
of benzimidazole derivatives using H2O2 as a green and eco-
nomic terminal oxidant in the presence of catalytic amounts of

Table 2. Synthesis of benzimidazoles from aldehydes and diamines.[a]

Entry Diamine Aldehyde Product[b] Time [h] Yield[c] [%]

1 6 92 (80[d])

2 4 96 (90[e])

3 4 93

4 4 95

5 8 84

6 8 87

7 6 90

8 5 83

9 6 85

10 7 82

11 7 80

12 8 72[f]

13 10 74

14 6 91[g]

15 6 93[g]

16 7 90

17 12 37

18 7 68

19 5 15[g]

[a] Reaction conditions: diamine (1 mmol), aldehyde (1 mmol), H2O2 (1.5 mmol), Bu4NI (0.1 mmol), EtOH (5 mL), RT. [b] Products were confirmed by 1H NMR,
MS, and IR. [c] Yields of isolated products unless otherwise noted. [d] Water was used as solvent. [e] Yield of large-scale synthesis on a 100 mmol scale.
[f] 36 % formaldehyde solution was used. [g] Yield was determined by GC-MS.
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Bu4NI is presented. The highly reactive iodine (III) intermediate
[Bu4N]+[IO2]� was detected by ESI–MS for the first time. The ad-
vantages of this green catalytic oxidation system are: (1) it
avoids the use of acid and transition metal catalysts ; (2) it has
good atom economy and environmental merits ; the only by-

product is H2O; (3) it employs mild reaction conditions. A key
feature of this protocol is its inherent simplicity. There is no
need for rigorous exclusion of air or moisture to effect a clean
oxidation, and the reaction conditions and reagents are easy
to handle. Moreover, the present non-transition metal catalytic
system also provides an easy scale-up and separation protocol.
Hence, we believe that it will find wide application in organic
synthesis as well as in industry.

Experimental Section

Typical procedure for the synthesis of benzimidazole with H2O2/
Bu4NI: To a stirred solution of diamine (1 mmol) in EtOH (5 mL) the
aldehyde (1 mmol) was added, and the solution was stirred at
room temperature for 2 h. Bu4NI (36.9 mg, 0.1 mmol) and 30 %
H2O2 (51 mg, 1.5 mmol) were then added, and the mixture was
stirred at room temperature for several hours while checking the
reaction progress by using gas or thin-layer chromatography. After
completion, the mixture was diluted with water (10 mL), and ex-
tracted with EtOAc (3 � 10 mL). The organic layer was dried and
concentrated to provide the corresponding product in an almost
pure state. If necessary, the crude product was purified by using
crystallization or column chromatography (petroleum ether/ethyl
acetate = 5:1) to provide the analytically pure product, which was
characterized by using 1H NMR, MS, and IR. The Supporting Infor-
mation provides details of these measurements.
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