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An efficient synthetic method has been developed for the facile synthesis of 2-substituted benzimidazoles
in organized aqueous media in the presence of a surfactant (viz. DBSA) as catalyst and I, as co-catalyst.
The method described has the advantages of operational simplicity, excellent yields, high chemoselectiv-
ity, and clean and green reaction profile.
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Benzimidazole is a ubiquitous heterocyclic moiety in natural
and synthetic compounds. Benzimidazole derivatives with substit-
uents particularly at N-1 and/or C-2 positions have received para-
mount interest in recent times because of their broad range of
biological functions' and pharmacological applications.? They are
an integral part of various clinical medicines as well, for example
2-substituted benzimidazole, Esomeprazole® is an anti-ulcerative
drug and Albendazole® is used to treat parasitic diseases, whereas,
1,2-substituted benzimidazole, Astemizole is an antihistamine
drug.® In addition, they are important intermediates in many or-
ganic reactions® and structural subunits (or major components)
of many functional materials.” This has led to the development of
several methods for the synthesis of benzmidazole derivatives in
recent times. The traditional methods for the synthesis of benzim-
idazoles involve the condensation of an o-diaminoarene with a car-
boxylic acid or its derivatives under harsh dehydrating conditions.?
Several alternative approaches such as reductive cyclization reac-
tion of o-nitroaniline with aldehydes,® palladium catalyzed tandem
carbonylation-cyclization reaction of o-diaminoarene,'® iron(II)
bromide catalyzed coupling of 2-azidoarylimine,!! rhodium cata-
lyzed hydroformylation reaction of N-alkenyl phenylenediam-
ines,!? solid-phase supported synthesis,!*> Cu,0 catalyzed cascade
reaction between o-haloaniline and amidine hydrochlorides'#
etc., have also been developed for the synthesis of benzimidazole
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derivatives. However, dehydrative Schiff’s base formation followed
by oxidative cyclization in the same pot involving o-diaminoarene
and aldehydes turned out to be the most popular method for the
synthesis of 2-substituted benzimidazoles, 3'> and, 1,2-disubsti-
tuted benzimidazoles, 4.'° The reported procedures for this proto-
col involved a wide spectrum of reagents such as In(OTf)s;,'>?
Sm(OTf)s,'*® WO,/Zr0,,'>® H,0,/CAN,'>¢ p-TsOH/DMF'> for 2-
substituted benzimidazoles and HCIO4-Si0,,'% proline,'®¢ Zn-pro-
line,’® and oxalic acid'®® for 1,2-disubstituted benzimidazoles.
Interestingly, acid catalyzed conditions favor 2-substituted benz-
imidazoles over 1,2-disubstituted benzimidazoles in most of the
cases.'®P3 However, most of the methods use considerable
amounts of hazardous organic solvents for reaction and extraction
processes, which are not environmentally benign. Moreover, sev-
eral of these reactions were carried out at higher temperatures
and using costly reagents. In the last few years, several eco-friendly
methods have been reported for 1,2-disubstituted benzimidaz-
oles'” but similar methods for the selective synthesis of 2-substi-
tuted benzimidazoles are rare.'”*'8

As the use of large volumes of volatile hazardous organic
solvents in industrial processes poses a serious threat to the
environment, development of novel, milder, and sustainable syn-
thetic processes involving environmentally-friendly solvents and
nontoxic reagents has become imperative. One of the most sustain-
able alternatives to organic solvents is water, which has gained
increasing popularity due to being inexpensive, non-toxic, non-
flammable, widely abundant in nature, and environmentally be-
nign. The problem of insolubility and hydrolytic decomposition
of many organic compounds in water may be solved by the use
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of surface-active compounds. They form a colloidal, micellar, or
other organized phase and thereby, solubilize the organic reagents
inside the hydrophobic interior of the organized aqueous media
and allow the reaction to occur. The use of surfactants as catalysts
is widespread, and has been investigated in detail for various reac-
tions in aqueous media.’®?° In particular, dehydration reactions,
which otherwise need anhydrous conditions and thus one of the
most challenging tasks to accomplish in water, have been success-
fully carried out by our group?! and others?? in aqueous media in
the presence of surfactants. Synthesis of benzimidazoles involves
a dehydration step and micellar condition has been successfully
utilized, separately, by Bahrami et al.'”" and Ghosh and co-work-
ers'’8 for the construction of this heterocyclic system in the pres-
ence of mildly basic SDS as catalyst. It is interesting to note that
both the methods predominantly yield 1,2-disubstituted benzimi-
dazoles. As the literature survey reveals that acidic catalysts favor
2-substituted benzimidazoles over 1,2-disubstituted benzimidaz-
oles,'>PJ we assumed, acidic surfactant, DBSA (dodecylbenzene-
sulfonic acid) could be effective in achieving selectivity toward
2-substituted benzimidazole derivatives. As part of our continued
efforts on the development of safe and ‘green’ protocols for organic
reactions in aqueous media,?! we report herein, DBSA catalyzed
chemoselective synthesis of 2-substituted benzimidazoles in aque-
ous media in which iodine acts as co-catalyst to enhance selectivity
of the desired product (Scheme 1). The primary roles of DBSA are
(a) to assist in solubilizing the organic substrates in aqueous media
by forming micelles or other organized phase and (b) to act as a
catalyst to promote condensation of o-diaminoarene with the
aldehyde.

We started our work with a focus on optimizing the reaction
conditions. In this direction, the formation of the emulsion droplets
was confirmed by taking optical micrograph of different surfac-
tants containing aqueous solutions of reactants before the reaction
would actually proceed (Fig. 1a). Dynamic light scattering (DLS)
experiments of those solutions revealed that the corresponding
size of emulsion droplets is in the nanometer range (Fig. 1b). We
screened catalytic activity of six surfactants on a model reaction
between equimolar mixture of o-phenylenediamine (1a) and benz-
aldehyde (2a) to find out the best catalyst that induces higher
selectivity to 2-phenylbenzimidazoles. To our delight, all six sur-
factants (DBSA, SDS, CTAB, Triton X100, Tween 20, and Tween
80) could catalyze the above reaction at a variable rate to produce
the desired products (3a and 4a) in different proportions indicating
a micellar condition is useful to carry out this condensation reac-
tion (Table 1). As expected, DBSA showed highest selectivity (Ta-
ble 1, entry 1) among all toward 2-phenylbenzimidazole (3a)
with about 10% of undesired 1-benzyl-2-phenyl-1H-benzo[d]imid-
azole (4a). At elevated temperatures, the rate of the reaction was
increased with slightdrop in the selectivity (Table 1, entry 2). SDS
was found to be the most suitable catalyst in terms of time re-
quired for the completion of the reaction with much reduced selec-
tivity toward 2-phenylbenzimidazole (3a) (Table 1, entry 4). The
reaction was slower and selectivity was poor for other cases (Ta-
ble 1, entries 6-9). We also examined the chemoselectivity of
SDS and DBSA on the same reaction upon the addition of 2 equiv
of benzaldehyde at one portion. In case of SDS as catalyst, the re-
sult was close to what is reported by others'’f showing pro-
nounced selectivity toward 1,2-disubstituted benzimidazole (4a)

NH N
B 2 DBSA (10 mol%) XN N
R + R—CHO ———— || SR+ | >R
_— NH 15 (10 mol%) // N // N
1 2 2 H,O, it stir R 3 H R4l

80-94% 0-5% R

Scheme 1. DBSA catalyzed synthesis of 2-substituted benzimidazoles.

but about 10% of 2-phenylbenzimidazole (3a) was also obtained
(Table 1, entry 5). On the other hand, the reaction was relatively
slow in the presence of DBSA producing nearly equal proportion
of both 3a and 4a even after 6 h (Table 1, entry 3). From the above
results we inferred that acidic nature of DBSA and slow reaction
rate are helpful for the formation of 2-substituted benzimidazoles.

The excellent chemoselectivity induced by DBSA inspired us to
investigate this transformation in detail. Formation of some
amount of undesired 1,2-disubstituted benzimidazole was still
our concern. Literature survey revealed that use of oxidizing agent
under micellar condition!”" increases selectivity toward 2-substi-
tuted benzimidazoles by quick conversion of monoimine into the
aromatic system before diimine would form, which is the interme-
diate of 1,2-disubstituted benzimidazole.'® In this regard, various
nonhazardous, easily available, cheap oxidizing agents are chosen
to accelerate oxidative aromatization process from monoimine
and thereby, minimize formation of 4a. Initially, stoichiometric
amounts of oxidizing agents such as I,, H,0,, p-benzoquinone,
ammonium persulfate, and oxone were used separately for con-
densation of equimolar mixture of o-phenylenediamine (1a) and
benzaldehyde (2a) in the presence of 10 mol % of DBSA in water
to find out their influence in the final outcome on the product ratio
(Table 2). Selectivity was improved at various extents toward the
formation of 3a in each case. However, both hydrogen peroxide
and iodine were found equally suitable to bring about higher selec-
tivity as well as to reduce reaction time (Table 2, entries 1 and 5). A
few more reactions were carried out with different aromatic alde-
hydes under same condition in the presence of both I, and H,0,,%3
and based on the observed selectivity and considering the fact that
iodine is milder and easier to handle, it was selected as an additive
for further study. We presumed that the role of iodine could be
twofold: (a) to act as Lewis acid to increase electrophilicity of the
imine bond and thus, facilitate cyclization process and (b) to oxi-
dize dihydroimidazole to corresponding aromatic system. In order
to optimize the amount of iodine required for this condensation,
we carried out reactions with various proportions of iodine at sub-
stoichiometric level keeping other conditions same. We were de-
lighted to observe that use of 10 mol% of iodine is equally
effective as that of stoichiometric amount to impose similar selec-
tivity toward 2-phenylbenzimidazole (Table 2, entry 7). This indi-
cates that the primary role of iodine is to act as Lewis acid®* to
expedite cyclization process and presumably, oxidation is mostly
done by the dissolved oxygen!>™!82 in the system. We also exam-
ined that use of more than 10% of DBSA does not enhance che-
moselectivity (or yield) (Table 2, entry 8). Neither the use of less
than 10% of DBSA is suitable for this transformation (Table 2, entry
9). Therefore, we decided to use 10 mol % of iodine as co-catalyst
along with DBSA (10 mol %) for this condensation reaction to
achieve  highest chemoselectivity = toward 2-substituted
benzimidazoles.

To test the generality of this method, a series of aromatic alde-
hydes was treated with various o-diaminoarenes under optimal
reaction conditions.>®> The developed process was found to be
excellent in terms of yield and selectivity resulting in a variety of
2-substituted benzimidazoles in very high yield (Table 3). The
aldehydes with electron donating (Table 3, entries 6, 7, 24, 31,
etc.) as well as with electron withdrawing groups (Table 2, entries
2, 15, 22, 30, etc.) participated in the reaction uniformly with no
significant distinction with regard to the yields of the target prod-
ucts. Similarly, no distinct substituent effect was observed on the
yields of 2-substituted benzimidazoles by varying substituents in
o-diaminoarenes. Even sensitive substrates like furfuraldehyde
(Table 3, entries 9, 19 and 25) produced the desired product
without any difficulty. The present method was fairly applicable
to aliphatic aldehydes as well (Table 3, entry 11, 28, etc.). How-
ever, reactions were sluggish for water soluble aldehydes viz.
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Figure 1. (a) A typical optical micrograph of vesicles formed in an aqueous solution of DBSA, o-diaminoarene and benzaldehyde. (b) DLS data of DBSA showing formation of

aggregates.

Table 1
Catalytic activity of different surfactants on benzimidazole formation

©:NH2 Surfactant
+ PhCHO — (>
NH, H,0

N N
Cry-m- Oy
N N

H

1a 2a 3a 4a “pp
Entry Surfactant® (10 mol %) No. of equiv of PhCHO T (°C) Time (h) Yield of 3a (%) Yield of 4a (%)
1 DBSA 1.0 rt 6.0 72 10
2 DBSA 1.0 55 2.0 68 13
3 DBSA 2.0 rt 6.0 52 44
4 SDS 1.0 rt 1.0 44 26
5 SDS 2.0 It 0.5 10 78
6 CTAB 1.0 55 6.0 32 24P
7 Triton X100 1.0 rt 3.0 48 25
8 Tween 20 1.0 It 6.0 42 28
9 Tween 80 1.0 rt 6.0 39 26°

2 The reaction was carried out between 0.5 mmol of o-phenylenediamine (1a) and 0.5 mmol of benzaldehyde (2a) in the presence of 0.05 mmol of surfactants in 2 mL of water.

b 12-15% of o-phenylenediamine was isolated along with the products.

Table 2
Effect of co-catalysts and optimization of the reaction condition

DBSA (A) /

©:NH2 co-catalyst (B)
+ Ph\CHO —(/ ~ & o &
NH, H,0, rt, stir

N N
O Chpm

N N

H

1a 2a 3a 4a ‘pp
Entry mol % of A Co-catalyst (B) mol % of B Time (h) Yield of 3a (%) Yield of 4a (%)
1 10 H,0, 100 2 90 3
2 10 p-Benzoquinone 100 5 82 5
3 10 Oxone 100 4 78 6
4 10 (NH,),S,08 100 4 75 8
5 10 I, 100 1.5 89 0?
6 10 I, 20 2 88 0?
7 10 I, 10 2 92 0?
8 20 I, 20 2 88 0?
9 5 I, 05 6 74 6

2 No trace of 4a was found in the TLC.

butyraldehyde (Table 3, entry 12), which is quite expected as they
will hardly stay inside the micelles. Apparently, the nature and po-
sition of the substitutions in the aryl rings did not have great influ-
ence on the reactivity. Most of the reactions were completed
within 3 h. Only aldehyde with strong electron withdrawing group
reacted relatively faster (Table 2, entries 2, 15, 30, etc.) and reac-
tion was little slow for an aldehyde with strong electron donating
group (Table 2, entries 6, 7, 24, 31, etc.), as expected.

Based on the above results a plausible mechanism has been pro-
posed, which is believed to be the major pathway for this dehydra-
tive condensation followed by cyclization reaction (Scheme 2). The
reaction is initiated by the formation of a Schiff's base when an

aldehyde molecule comes in contact with an o-diaminoarenes in-
side the hydrophobic core of the micelle. This step is always in-
clined toward product as the water molecule is ejected out of the
hydrophobic core as soon as it is formed. Next, iodine acts as a Le-
wis acid to make a partial bond with imine to increase its electro-
philicity and facilitates attack of the other amino group to the
imine carbon resulting in the formation of dihydrobenzimidazole.
In the final step the dihydrobenzimidazole gets oxidized to the
product by the dissolved oxygen in water (Scheme 3).

In order to expand the scope of this method we treated o-diami-
noarene with 2-formylchromone in 1:1 ratio under similar condi-
tions, which resulted in the formation of a macro-heterocyclic
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Table 3
DBSA-I, catalyzed synthesis of 2-substituted benzimidazoles

NH N
\ 2 0, \
R@ + R— CHo DBSA (10mol%) g CL S—r
Z NH, I (10 mol%) Z ”

1 2 H,0, rt, stir 3
Entry R R Time (h)  Yield of 3% (%) Ref.
1 H Ph 2.0 92b 15d
2 H 4-NO,CgH,4 1.0 94P 15d
3 H 3-ClCgH, 3.0 80° n
4 H 4-CICgH4 25 89¢ 15d
5 H 4-BrCgH,4 2.0 87¢ n
6 H 2-OHCgH,4 3.0 84°¢ 15d
7 H 4-OCH5CgH, 5.0 86¢ 15d
8 H CgHs-CH=CH- 2.0 844 15a
9 H Furan-2-yl 4.0 80¢ 15d
10 H Pyrrole-2-yl 2.0 90®
11 H Thiophene-2-yl 25 88¢ 150
12 H n-Bu 12.0 12¢f e
13 H Cyclohexyl 6.0 82¢f 18
14 4-Methyl  Ph 2.0 91 17t
15 4-Methyl  4-NO,CgH, 1.0 93P 14
16 4-Methyl  3-ClCgH,4 3.0 79¢ 26a
17 4-Methyl  4-CICgH,4 2.0 82¢ 263
18 4-Methyl ~ 2-OHCgH,4 3.0 84°¢ 15h
19 4-Methyl  Furan-2-yl 4.0 814
20 4-Methyl  Thiophene-2-yl 2.5 86¢ 29
21 4-Nitro Ph 25 94P 16f
22 4-Nitro 4-NO,CgH,4 2.0 91P
23 4-Nitro 2-OHCgH, 40 90> 26b
24 4-Nitro 4-OCH5CgH,4 6.0 92b 26b
25 4-Nitro Furan-2-yl 4.0 83d 29
26 4-Nitro Pyrrole-2-yl 2.5 88
27 4-Nitro Thiophene-2-yl 3.0 86°¢
28 4-Nitro Cyclohexyl 6.0 81¢f
29 4-Chloro  Ph 2.0 89° 14
30 4-Chloro  4-NO,CgH,4 1.5 90®
31 4-Chloro  4-OCH3CgH,4 5.0 93P

2 All yields refer to isolated product, characterized by melting point, "H NMR and
mass, and also '3C NMR and HRMS for new entries.

b Isolated as sole product.

¢ 3-5% of 1,2-Disubstituted benzimidazole was also isolated.

4 Trace amounts of other products were isolated, which could not be purified and
characterized.

¢ Isolated yield of the product after 12 h.

f The reactions are carried out at 40 °C.

NH; DBSA gfc@
o) 22 (LD
NH, NH,

CL—O CL—O
/
N N
H H
2,3-dihydrobenzoimidazole

Scheme 2. Plausible mechanistic pathway.

DBSA 10 mol%)
HZO rt, stir, 4h

NH2
NHz CQQ\ 89%

Scheme 3. DBSA catalyzed synthesis of dibenzotetraaza-[14]-annulene derivative

(6).

NH N=

1a

system, 2,3:9,10-dibenzo-6,13-disalicyloyl-1,8-dihydro-1,4,8,11-
tetraazal14]annulene (6) in a very high yield. Tetraaza-[14]-annu-
lenes like analogous systems, porphyrins, and phthalocyanines,
have a vast range of applications.?” However, their syntheses are
generally carried out in organic media at elevated temperatures.2®
The present method appeared to be a potential route to construct
this important macrocyclic framework in an environmentally
friendly and sustainable manner. A detailed study on the synthesis
of these systems will be published elsewhere.

In conclusion, a practical and ‘green’ method has been demon-
strated for the chemoselective synthesis of 2-substituted benzimi-
dazoles in organized aqueous media in the presence of DBSA as
catalyst and iodine as co-catalyst. A broad range of 2-substituted
benzimidazoles have been synthesized fromo-diaminoarenes and
a variety of aldehydes using this method. The operational simplic-
ity, excellent yields of the products, and high chemoselectivity are
some of the merits of this method, and furthermore, this method is
cheap, safe, and environmentally benign.
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