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ABSTRACT

Various substituted benzimidazoles have been successfully synthesized in aqueous medium by
developing VO(acac),~Cu(OTf), catalytic system. A green synthetic protocol has been created in presence
of water and cetyltrimethyl ammonium bromide (CTAB) system in an organic solvent free condition. This
chemoselective cyclocondensation cumoxidation process occurred in agueous media. In this suitable
method easily synthesized 2-Substituted benzimidazoles with good yields and no 1,2-disubstituted
by-products were noticed. Excellent yields, environmentally benign and mild reaction condition, easy
purification of the desired products are the main attractive features of this newly devised method.
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INTRODUCTION

Benzimidazoles and their analogues are
tremendous useful organic compounds, which
shows an important function in organic, bioorganic
and medicinal chemistry." Benzimidazoles and
many of its analogues are widely known as
their antimicrobial, anticancer,?® antifungal,*®
antiparasitic,® antiviral,” anti-inflammatory,® and
antihistaminic® activities. On the other hand, at

present environment friendly synthetic processes
have been extremely encouraging for organic
synthesis.’® Consequently toxic, hazardous, volatile,
carcinogenic and flammable organic solvents
are being replaced by water''? or phase-transfer
catalysts.'™ Therefore, synthetic methodologies for
the generation of biologically relevant 2-substituted
benzimidazoles scaffolds in water media are very
much desired and this is the major challenge for
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synthetic organic chemists.
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The literature reports two general synthetic
routes for the production of benzimidazoles. One
method is the condensation of carboxylic acid with
o-phenylenediamines.'>' strong acid,®'° PPA, 92!
high temperature and microwaves?®'? are also used
to carry out these reactions. Some of the process are
eventuate by using hydrochloric acid or phosphoric
acid in refluxing at 250°C." There is a second route
to synthesize benzimidazoles by condensation
which is usually take place between aldehydes and
ortho-phenylenediamines.®?*2¢ Nevertheless, most
of the reported routes are some limitations manly low
yields, high reaction temperatures, drastic reagents
used, purification difficulties and formation of
by-products. Under acid medium and thermal
conditions formed 1,2-disubstituted by-products
(4, Scheme 1) along with the desired product (3,
Scheme 1).252%6 However, metal catalysed synthesis
of 2-substituted benzimidazoles are inspiring.'?

Gogoi and Konwar have reported a green
protocol toward synthesis of benzimidazoles under
anaerobic conditions at 90°C using combination of
reagents 1/KI/K,CO,/H,0.2” A rapid synthetic protocol
was developed by Du and Wang using Phi(OAc), as
the oxidant.?® Maleki and co-workers has synthesized
tri- and tetra-substituted imidazole derivatives using
silica-coated NiFe,O, nanoparticles.?® Maleki have
introduced an one-pot Synthesis of Polysubstituted
Imidazoles Catalyzed by an lonic liquid.*® Erfaninia and
co-worker have reported a novel and effective solid
nanoporous basic catalyst, ED-UiO-66 for the synthesis
of 2-aminithiophenes.?' Tayebee has demonstrated
one-pot four-component condensation of an aromatic
aldehyde with an enolisable ketone and acetyl chloride
in the presence of H,SiV,W,O,, in acetonitrile for the
synthesis of B-acetamido ketones.®? Tayebee and
co-workers have synthesis 3-substituted indoles using
silica-supported H,PW,,0O,, (HPW) solid acid catalysts
in solvent less condition.® Tayebee has shown synthesis
of 3,4-dihydropyrimidin-2-(1H)-ones by condensation
of different substituted benzaldehydes with ethyl
acetoacetate and urea using an effective heterogeneous
nano catalyst under solvent-free conditions.®*

Herein, | have been developed a suitable
pathway for synthesis of substituted benzimidazoles
by applying metal catalysts VO(acac), and Cu(OTf),
in water as a reaction media to the development of
sustainable chemistry.® | have used common phase
transfer catalyst, cetyltrimethyl ammonium bromide
(CTAB) for carry forward this reaction in water.

RESULT AND DISCUSSION

For standardize the reaction p-bromoben-
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Scheme 1. Synthesis of 2-substituted by
cyclocondensation cum oxidation

zaldehyde (1 mmol) and 1,2-phenylenediamine
(1.1 mmol) were taken as a model reaction.
Initially, 1 have studied the reaction in different
condition using o-phenylenediamines (1a) with
4-bromobenzaldehyde (2a) for the synthesis of
2-(4’-bromophenyl)-1H-benzimidazole (3a, Scheme
1) in organic solvent and water and the results
were summarized in Table 1. After extensive study
I have found VO(acac), as an useful catalyst which
convert aryl aldehyde and o-phenylenediamines
to corresponding 2-substituted benzimidazoles
in organic media (entry 1, Table 1). However, in
presence of 20 mol% Cu(OTf), as a cocatalyst
improves the reaction rate and yield and catalytic
load. (entry 6, Table 1). The reaction is progress
in presence of stoichiometric amount of VO(acac),
with long reaction time and low yield. However,
due to improvement of the reaction rate and
yield | have used Cu(OTf), as a cocatalyst along
with VO(acac),. | am very surprised to see that,
introduction of 20 mol% of the cocatalyst reduces
drastically the catalytic load of VO(acac), from the
stoichiometric amount to 20 mol%. Cu(OTf), plays
an important role to increase the electrophilicity
of aldehyde group by coordination with aldehydic
oxygen atom and consequently imine formation
takes place very fast. Therefore, VO(acac),-Cu(OTf),
are used to examine the synthesis of 2-substituted
benzimidazole derivatives in water media. It was
observed that in protic solvent like water the catalyst
was unable to work (entry 7, Table 1). Then | have
study this reaction in with commercially available
materials like CTAB cationic nature, SDS anionic
nature and neutral amphiphilic surfactant Tween
80 (entries 8-10, Table 1). All the results reveal that
CTAB is one of the most superior phase transfer
catalyst for this method (entry 8, Table 1). Then
different amount of CTAB was used to investigate
the optimization of the reaction condition in water.
(entries 8,11 and 12, Table 1). When | have added
30 mol% of CTAB best result was found. Therefore,
30 mol% CTAB was sufficient for this benign
synthetic method. Furthermore, without using any
catalyst the reaction does not possible in CTAB water
(entry 13, Table 1). The main envisioned of my work
is to synthesis the 2-substituted-1H- benzimidazole
by using environment benign synthetic protocol.
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Table 1: Development of reaction toward 2-substituted benzimidazoles

Entry Reagents Reaction Condition Observation Yield(%)?
1 VO(acac)* CH,Cl,, rt, 30 h 75% conversion 60
2 VO(acac)?® CH,CI,, rt, 24 h 50% conversion 40
In(OTf)%

3 VO(acac)?* Agf® CH,CI,, rt, 30 h 50% conversion 40

4 VO(acac)?© CH,CI,, rt,24 h 75% conversion 60
Yb(OTf)*®

5 VO(acac)?© CHLCI,, rt,15h 100% 85
Cu(QTf)

6 VO(acac)?® CHLCI,, rt, 15 h 100% 85
Cu(QTf)

7 VO(acac)?® H,O, rt, 24 h No Reaction
Cu(QTf)

8 VO(acac)?® CTAB®, H,0, rt, 24 h 80% 70
Cu(QTf)

9 VO(acac)?® SDSY, H,0, rt, 24 h 20% conversion 10
Cu(QTf)

10 VO(acac)?® Tween 409 H,O, rt, 24 h 40% conversion 25
Cu(QTf)

11 VO(acac)?® CTABY, H,0, rt, 20 h 100% 82
Cu(QTf)

12 VO(acac)?® CTAB®, H,0, rt, 20 h 100% 82
Cu(QTf)

13 - CTAB?, H,0, rt, 24 h No Reaction

2Yield of the compound 3a, rt ~Room Temperature, "CTAB amount (~20 mol%), °Stoichiometric amount,
dCTAB amount (~30 mol%), *CTAB amount (~40 mol%)

With this result, | have studied the
catalytic system VO(acac),-Cu(OTf), with various
o-aromaticdiamines (1) and aromatic aldehyde (2) in
CTAB water media forming the desired substituted
benzimidazole derivatives (3, Scheme 2) and the
results were depicted in Table 2. Electron donating and
withdrawing both groups attached to aromatic aldehyde
were investigated. Six different o-aromaticdiamines
having donating and withdrawing groups attached
to aromatic ring were also examined of this new
synthetic protocol. Surprisingly | have found that all of
the substrates are reacted smoothly under the reaction
conditions with excellent yields (71%—88%).

R NH, VO(acac, (20 mol%h), R N
II COTY Omo%), ﬁ |
+ >

CTAB (30moli) O (B, R N

R 2 Y

Loy My 1, 1622 H

1 3

Scheme 2. Synthesis of 2-substituted-1H-benzimidazoles in
aqueous medium

Benzimidazoles bearing either electron-
donating (entries 5, 7-10, 15, 21, 22, 24 and 25,
Table 2) or electron-withdrawing substituents (entries
1-4, 11-14 and 16-20, Table 2) were successfully
produced in this benign synthetic procedure. A
series of aromatic aldehydes bearing either electron-
donating or electron-withdrawing groups on aromatic

ring were investigated. There are no clear effect on the

yield and reaction time with different substitution group
attached on the aromatic ring. However, aldehydes
containing strong electron withdrawing groups in
the aromatic ring such as 4-nitrobenzaldehyde and
3-nitrobenzaldehyde gave the products with excellent
yield (entries 3 and 16, Table 2). In case of aldehydes
containing strong electron donating methoxy group in
the aromatic ring (entries 15,21 and 22-25, Table 2) gave
the desired benzimidazoles with good yield. Aldehydes
containing strong electron withdrawing groups in
the aromatic ring such as 4-cyano benzaldehyde,
4-bromo benzaldehyde, 4-chloro benzaldehyde
and 3-bromo benzaldehyde gave the products with
excellent yield and compared to take lower time than
3-nitrobenzaldehyde and 4-nitrobenzaldehyde (entries
14 and 17-20, Table 2) to complete the reaction. In
reaction with heteroaromaticaldehyde such as furfural,
with o-phenylenediamines and the corresponding
product 3z was obtained with excellent yields (entry
26, Table 2). The o-aromaticdiamines with electron
rich substituents like methyl and dimethyl (1b and
1c, entries 14-25, Table 2) and electron-deficient
substituents like dichloro, acid and benzoyl (1d, 1e and
1f, entries 27, 28 and 29-30, Table 2) also consider and
they are consistent to follow the cyclocondensation cum
oxidation protocol for the synthesis of benzimidazole
derivatives with good yield.
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Table 2: Synthesis of different 2-substituted-1H-benzimidazole
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Entry o-Aromaticdiamine R-CHO Benzimidazole Time yield Ref
(1) (2) 3) (h) (%)
NH, N
1. ©i 4-BrCeH,CHO \>—©73r 18 88 36c
N
NH |
1a 2 3a
NH, N
2. ©: 4-CIC¢H,CHO \>—©70| 20 82 36d
N
NH, 3b |
1a H
NH, N
> @E 4NO,C¢H,CHO \>—©7N02 22 76 37
N
NH; |
1a 3c H
NH, N
4 ©: 4CNCgH,CHO b CN 20 86 38
N
NH, 3d |
1a H
NH, N
5. @[ 2-OMeC¢H,CHO @[ N 18 78 39
NH, N
1a 3e H MeO
NH, N
6 N
CeHsCHO @[ >—© 21 71 36¢
NH, ';l
1a 3f
NH, N
7. ©: 40MeC¢H,CHO @OMe 19 85 36¢
N
NH» |
39 H
1a Me
NH, N
8. 2-MeC¢H,CHO @[ N 18 76 38
NH, N
1a 3h H
NH, \ Me
9. ©: 3-MeCgH,CHO N 20 72 38
NH> N
1a |
3i H
NH, N
10. 4-MeC4H,CHO @@Me 16 78 40
NH, N
1a 3j H
NH, N
1. ©: 2-CNCgH,CHO ©[ N 22 85 38
NH, N
1a 3k H NC
NH, N
12. @[ 2-CICzH,CHO @[ \>—© 22 75 38
N
NH,
1a 3y a
cl
NH, N
13. 3-CICgH4CHO 78 38

.

NH,

I-=

5
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Entry o-Aromaticdiamine R-CHO Benzimidazole Time Yield Ref
()] (2 (3) (h) (%)
NH, N
14. 4-CICgH,CHO \>—©—m 20 80 40
NH, N
1b 3n H
NH2 NMeO
. \©: 2,5-(0OMe),C¢H;CHO N 19 86 36d
NHz N
|
1b 30 H MeO
NO,
NHZ N
16. :@: 3-NO,C¢H,CHO )ij[ N 22 76 41
NH, ';l
1c 3p H
NH, N
17. :@: 4-CNCgH,CHO :@[ \>_©7CN 18 84 42
NH, N
1c 39 H
NH, N
18. :@: 4-BrCgH,CHO Ij[ \>—©—Br 16 82 36d
NH, N
1c 3r H
NH, N
19. :@: 4-CICgH,CHO I:[ \>—©7CI 19 80 36d
NH, N
1c 3s
H Br
NH, N
20. :@: 3-BrCgH,CHO j@[ N\ 18 78 36d
NH, N
1 3t
¢ H OMe
NH, N
21, :@: 3,4-(OMe),CoHs I:[ ) oMe 16 80 #
N
NHz |
1c 3u H
NH, MeO,
N
22. :@: 2,5-(OMe),C¢H3CHO N\ 17 84 36d
NH,
1c ']‘ oM
e
NH, 3v H
N
23. CgHsCHO N 16 86 38
NH,
N
1c 3w
NH
2 N
24. 4-OMeC¢H,CHO \>—©*0Me 18 80 38c,43
NH; N
|
1c 3 H
MeO
NH, N
25. :@: 2-OMeCgH,CHO :@[ N 16 82 36d
NH, N
1c V
3y H
NH, N
26. @\ \>—</j 20 76 36b
o~ "CHO N o
|
H

1a

w
N
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o-Aromaticdiamine R-CHO

(1 )

Entry

Benzimidazole

Time Yield Ref
@) (h) (%)

Cl
-CNCgH4CHO

cl NH,
27. :@: 3
cl NH, Cl
1d

HooC

28 \©: 4-OMeCgH,CHO
PhOC

20 \O: 4-OMeCgH,CHO
PhOC

30. \©: 4-CNC4H,CHO

N
j@[ \>—©*CN 20 76 36d
N

Proposed mechanism for synthesis of 2-aryl-1H-
benzimidazoles by VO(acac),-Cu(OTf), (3)

The plausible mechanistic pathway of this
chemoselective cyclocondensation cum oxidation
of aldehydes with o-phenylenediamines to the
corresponding 2-substituted benzimidazoles is
depicted in Scheme 3. First, Cu(OTf), coordinates with
aldehydic oxygen atom to increase the electrophilicity
of aldehyde group then condensation product imine
intermediate (A) was obtained by the reaction with
o-aromaticdiamines shown in the mechanism.* A
yellow colour spot appeared in TLC within an hour
from start of the reaction in lieu of the substrates.
Then cyclisation took place with continuous staring of
the reaction mixture to produce another intermediate
benzimidazoline (B) and it was readily oxidised to
generate desired benzimidazole derivative catalysed
by VO(acac),. VO(acac), is a mild oxidant and
probably the Vanadium(V)* as the active species
for this oxidation process and its generation is highly
accelerated in the presences of oxygen.

H @o Cu(OTf)Z

NH, R 5 SuOTy ’H‘H 0,
@[ Cu 0Tf),
NH, NH, NH, NHz

1a A Imine

r‘v VO(acac)y, - H,

N

. R ————— i
N H,0 N
B W w W 3 H

%

Scheme 3. Proposed mechanism for synthesis of
2-aryl-1H-benzimidazoles

EXPERIMENTAL

All materials and solvents were purchased
from Marck and sigma Aldrich Chemical. VO(acac),
was synthesized from literature. Perkin-Elmer
spectrometer was used to record IR spectra. Bruker
300 MHz instrument was used to record 'H and
BC NMR spectra and used TMS as an internal
standard. CDCI, and DMSO-d, were used as
NMR solvents. Chemical shifts were recorded with
respect to internal standard TMS. Melting point of
the synthesized compound was detected with HRS
Ambula Electrothermal apparatus. Reactions were
monitored on glass sheets pre-coated thin layer
chromatography with silica gel.

Experimental procedure

Aromatic aldehyde (2, 1 mmol), ortho-
phenylenediamines (1, 1.1 mmol) and CTAB (30
mol%) were mixed and taken in a round bottomed
flask. Then added 5 mL water in to it and stirred at
room temperature. 20 mol% VO(acac), and similar
amount Cu(OTf), were added in to it. After 16-22
h the reaction was completed, examined by silica
coated TLC. A brown spot appeared in an iodine
chamber. 25 mL ethyl acetate three times was used
to extract the residue from reaction mixture. Then
30 mL brine solution was used to wash two times the
organic portion. It was dried over Na,SO, and rotary
evaporator was used to concentrate. Crude product
was crystallized directly from hot ethanol to prepare
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pure compound (3a-z and 3a’-d’) in the yield of 71-
88%. Thus the reaction of ortho-phenylenediamine
(1a, 118 mg, 1.1 mmol) and 4-bromobenzaldehyde
(2a, 186 mg, 1 mmol) afforded 2-(4-bromophenyl)-
1H-benzimidazole (3a) with 88% yield (240 mg,
0.88 mmol). Benzimidazole derivative 3a and other
derivatives were prepared by using the above
methods easily. All known compounds (3a-z and
3a’-d’) were characterized by comparing the literature
melting point values and also by FT-IR, 'H and *C
NMR data with the authentic known samples.

Selected Characterization Data for Synthesized
Compounds
2-(4-bromo-phenyl)-1H-benzimidazole (3a)
Yellow solid, m.p: 296°C [Lit*”c 299-300°C],
FT-IR (KBr, cm™): 962, 1013, 1114, 1275, 1321,
1428, 1592, 2785, 2856, 2935, 3051, 'H NMR (300
MHz, DMSO-d,): § 7.20(2H, d), 7.49 (1H, d), 7.64
(1H, d), 7.73 (2H, d), 8.10 (2H, d), 12.97 (1H, s),
3C NMR (75 MHz, DMSO-d,): 5 121.9,123.2, 127.8,
128.7, 131.1, 150.4 Elemental analysis calculated
for C._H,.N_Br: C: 57.17, H: 3.32, N: 10.26; Found:

13" 19" "2

C:57.23, H: 3.23, N: 10.37%.

2-(4-methoxyphenyl)-1H-benzo[d]imidazole-5-
carboxylic acid (3b’)

Grey solid, m.p: 120°C [Lit** 118°C], FT-IR
(KBr, cm™): 830, 1018, 1184, 1264, 1396, 1507,
1610, 1687, 1901, 2372, 2575, 2932, 3392. '"H NMR
(300 MHz, DMSO-d,): 5 3.78 (3H, s), 6.96 (2H, d),
7.54 (1H, d), 7.83 (1H, d), 8.09 (2H, d), 8.19 (1H, s).
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®C NMR (75 MHz, DMSO-d,): 5 54.0, 112.8, 113.0,
115.5, 120.2, 122.6, 123.6, 127.3, 137.1, 140.7,
152.4, 160.1, 167.0, 171.2, Elemental analysis
calculated for C,;H,,N,O,: C:57.17, H: 3.32, N: 10.26;

15" 127 2

Found: C: 57.23, H: 3.23, N: 10.37%.
CONCLUSION

The work reported in this paper is an
environmentally benign synthetic protocol for the
synthesis of substituted benzimidazoles. Herein
I report VO(acac),-Cu(OTf), catalyzed a green
chemical approach for the synthesis of above
derivatives using various o-phenylenediamines
and different aromatic aldehydes in presence of
CTAB water system. Different kinds of derivatives of
2-substituted benzimidazoles are easily synthesized
in this echo friendly reaction condition with good yield
and easy purification process.
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