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INTRODUCTION

Development of alternative method that use environmen-
tally benign solvents and biodegradable, non-toxic chemical
alternative to pollution and toxic chemicals for the organic
reaction are emerging in recent years as a green protocol in
organic synthesis [1].

Recently, use of agro waste stuff [2] as chemical surrogates
has become one of the most emerging in research endeavours
for organic chemists. Researchers also reported several agro waste
stuff extracted were employed for many organic syntheses and
observed successful alternative replacement of many toxic and
environmentally causing solvent. Some of the recent reported
extracts are water extract of papaya bark ash (WEPBA) [3], water
extract of banana peel ash (WEBPA) [4], water extract of rice straw
ash (WERSA) [5], etc. These sustainable technologies protect
environment and human health by an economically safer approach.
It focuses pollution free, environmentally friendly design on
production and use of alternative chemical solvent in economi-
cal feasibility. However, use of solvent remain a constant source
of concern in organic synthesis as it gives toxic and hazardous
in storing and waste solvent disposal issues. Solvents are still
preferred on account of their easy separation and evaporation,
which helps in extraction and separation of many compound
which are thermally sensitive reactants. Therefore, in recent
years the chemical synthesis based solvent free or neat condition
[6] is the best alternative for these issues, as the replace of toxic
solvent to simple water extract makes a protocol green.
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Benzimidazole and its derivatives found in a variety of natu-
rally occuring compounds and structurally similar to purine bases
[7]. It is well documented that benzimidazole and its derivatives
extensively possesing wide range of spectrum of biological
activities [8]. These compounds showed selective non-peptide
LH-RH antagonist [9], lymphocyte specific kinase inhibitor
[10], N-methyl-D-asparatate kinase inhibitor [11], N-methyl-
D-aspartate antagonist [12], 5-lipoxygenase inhibitor [13],
neuropeptide N-S5B polymerase inhibitor, neuropeptide YY1
receptor antagonist [14], thrombin inhibitors [15] and poly
(ADP-ribose) polymerase inhibitors [16], DNA-miner groove-
binding agents possess antitumour activity [17], topoisomerase
inhibitors, angiotensin II inhibitors and proloferartion inhibitors
[18]. In addition, various promising therapeutic applications
of benzimidazole of derivatives found in antimicrobial [19],
anticancer [20], antiulcer, antifungal [21], antihypertensive
[22], herbicides [23], antihistamine activity [24] and other veter-
inary applications [25]. Further, benzimidazole scaffolds showed
significant activity against several viruses such as RNA [26],
influenza [27], human cytomegalovirus [28], HIV [29], herpes
(HSV-1) [30], selective angiotensin II inhibitors [31] and 5-
HIJ antagonists [32]. In addition, benzimidazoles also play key
intermediates and serve as ligands for stereospecific catalysis
synthesis [33]. Due to this broad spectrum of benzimidazole
derivative importance in biological applications has given much
attention for the synthesis of benzimidazole and its derivatives.
The most common method for the preparation of benzimidazole
derivative involves the condensation of o-phenylenediamine



and carbonyl of aldehyde or acid derivatives. The condensation
of o-phenylenediamine with carboxylic acid carried out in the
presence of strong acidic conditions and high temperature [34,
35]. The other method involves oxidative cyclodehydrogenation
of Schiff bases [36], generated from o-phenylenediamine with
aldehydes in the presence of various catalysts [37]. The various
catalysts employed are K3PO4 [38], CAN [39], oxone [40],
DDQ [41], I2 [42], PhI(OAc)2 [6] and KHSO4 [43]. In addition,
several other catalysts such as metal halides [44-46], metal
oxychloride [47,48], ionic liquid [49], heteropoly acids [50],
BDSB [51], L-proline solid-supported catalyst [52], polymer
supported catalyst [53] and microwave assisted have also been
reported in the literature [54-57]. Nevertheless, many of these
methods used expensive and toxic reagents with elevated temper-
ature reactions, several condition leads to isolation of lesser
yield, tedious work-up and impure compound isolation. As a
consequence, the introduction of simple, eco-friendly and faster
reaction rate is still required to overcome some of these limitat-
ions. As a part of developing newer application towards organic
synthesis using greener catalyst employed for the product
formation of amide using WEBPA, Knoevenagel condensation
[58], coumarins [59] synthesis catalyzed by water extract of
papaya bark ash (WEPBA), herein, the simple and ecofriendly
synthesis of 2-aryl benzimidazole derivatives catalyzed by water
extract of papaya bark ash at room temperature as a green
method protocol.

EXPERIMENTAL

All the reagents were purchased from commercial sources
and used as received without further purification. Melting points
were determined in open capillaries and are uncorrected. FT-
IR spectra were recorded in KBr pellets on a Shimadzu, 1H,
13C NMR spectra were recorded on a Bruker 300 spectrometer
using TMS as an internal standard. HR-MS spectra were recorded
in MALDI-TOF mass spectrometer. The progress of the reaction
monitored by TLC, yields referred to isolated pure products.

Preparation of catalyst water extract of papaya bark
ash: The water-extract of papaya bark ash was prepared by
burning dried papaya bark to ashes. Then, wieghed 10 g of ash
and suspended in 100 mL distilled water and stirred for 2 h at
room temperature. The suspension was then filtered and a light
yellow coloured extracted was termed as WEPBA. The pH of
the soluton is found to be 11.54.

General procedure for the synthesis of 2-aryl substi-
tuted benzimidazoles: To a mixture of o-phenylenediamine
(1 mmol) and benzoyl chloride (1 mmol), 3 mL of WEPBA added
and the contents stirred at room temperature until TLC indicated
complete consumption of o-phenylenediamine. The completion
of the reaction was followed by TLC using hexane:ethyl acetate
(7:3) as eluent. After completion of the reaction, 2-substituted
benzimidazoles precipitated was filtered, product isolated with
no need for any further chromatographic purification. The synth-
esized benzimidazole derivatives were characterized by comparing
with reported m.p., 1H NMR, 13C NMR and HR-MS data.

Spectral data of some selected compounds

2-Phenyl-1H-benzo[d]imidazole (Entry 1): IR (νmax, cm-1,
KBr): 3420, 3047, 2920, 1623, 1450; 1H NMR (300 MHz,
DMSO-d6): δ 7.2 (d, 1H, Ar), 7.38-7.46 (m, 3H, Ar), 7.51-7.53

(m, 4H, Ar), 7.6-7.63 (m, 4H, Ar), 7.91-7.93 (m, 1H, Ar), 9.94
(bs, 1H, NH); 13C NMR (100 MHz, DMSO-d6): δ 124.5, 126.1,
127.5, 128, 132.5, 133, 134.5, 135, 136.1, 138; MS (m/z): 195.09
(M+) (cal: 194.23).

2-(4-Nitrophenyl)-1H-benzo[d]imidazole (Entry 2): IR
(νmax, cm-1, KBr): 3236, 3024, 1649, 1473; 1H NMR (300 MHz,
DMSO-d6): δ 7.31-7.33 (m, 4H, Ar), 7.75-7.77 (d, 2H, Ar),
8.11-8.12 (d, 2H, Ar), 11.72 (s, 1H, NH); 13C NMR (100 MHz,
DMSO-d6): δ 116.5, 119.4, 122.3, 123.6, 124.1, 124.7, 130.2,
132.1, 133.3, 135.7, 138.6, 145.8, 150.2; MS (m/z): 240 (M+)
(cal: 239.23).

2-(3-Nitrophenyl)-1H-benzo[d]imidazole (Entry 5): IR
(νmax, cm-1, KBr): 3264, 3037, 1638, 1455; 1H NMR (300 MHz,
DMSO-d6): δ 7.32-7.35(m, 2H, Ar), 7.70-7.73 (m, 3H, Ar),
8.01-8.03 (d, 1H, Ar), 8.08-8.10 (d, 1H, Ar), 8.43 (t, 1H, Ar),
11.97 (s, 1H, NH); 13C NMR (100 MHz, DMSO (300 MHz,
DMSO-d6): δ 116.8, 117.4, 122.1, 123.3, 123.7, 124.1, 130.3,
132.5, 135.1, 137.4, 137.9, 148.1, 149.2; MS (m/z): 240 (M+)
(cal: 239.23).

2-(2-Nitrophenyl)-1H-benzo[d]imidazole (Entry 6): IR
(νmax, cm-1, KBr): 3475, 3127, 1645, 1453; 1H NMR (300 MHz,
DMSO-d6): δ 7.37-7.41 (m, 2H, Ar), 7.55-7.68 (m, 4H, Ar),
7.91-7.93 (d, 1H, Ar), 8.31-8.32 (d, 1H, Ar), 12.46 (bs, 1H, NH);
13C NMR (100 MHz, DMSO-d6): δ 116.7, 12.2, 123.3, 123.6,
124.4, 125.7, 129.6, 134.6, 135.8, 138.1, 139.9, 146.3, 150.4;
MS (m/z): 240 (M+) (cal: 239.23).

2-(4-Methylphenyl)-1H-benzo[d]imidazole (Entry 9):
IR (νmax, cm-1, KBr): 3279, 3022, 1634, 1471; 1H NMR (400
MHz, DMSO-d6): δ 1.23 (s, 3H, CH3), 7.20-7.38 (m, 3H, Ar),
7.51-7.65 (m, 2H, Ar), 8.05-8.07 (d, 2H, Ar), 8.30 (s, 1H, Ar),
12.87 (bs, 1H, NH); 13C NMR (100 MHz, DMSO-d6): δ 21.22,
111.3, 118.9, 121.5, 126.8, 127.8, 127.7, 129.9, 134.9, 139.9,
143.9, 151.6; MS (m/z): 210 (M+) (cal: 208.26).

2-(4-Hydroxyphenyl)-1H-benzo[d]imidazole (Entry 10):
IR (νmax, cm-1, KBr): 3467, 3358, 3054, 1643, 1461; 1H NMR
(400 MHz, DMSO-d6): δ 6.96-6.99 (d, 2H, Ar), 7.31-7.33 (m,
2H, Ar), 7.66-7.68 (d, 2H, Ar), 7.62-7.68 (m, 2H, Ar), 8.59 (s,
1H, OH), 12.29 (bs, 1H, NH); 13C NMR (100 MHz, DMSO-d6):
δ 115.9, 116.1, 116.9, 122.2, 124.2, 125.1, 126.7, 136.2, 138.3,
150.2, 160.3. MS (m/z): 211 (M+) (cal: 210.23).

RESULTS AND DISCUSSION

Herein, we have employed one step synthesis of benzimi-
dazole derivatives from the reaction of o-phenylenediamine/
substituted o-phenylenediamines with substituted benzoyl
chloride. We first optimized the amount of WEPBA required
for the reaction by choosing model reaction of o-phenylenedi-
amine (1 mmol) and benzoyl chloride (1 mmol) in varied
volume of WEPBA from 1 mL to 5 mL at room temperature
with constant stirring. The progress of the reaction was
monitored by TLC. After completion of the reaction, 2-
substituted benzimidazoles precipitated as a solid, filtered,
washed with 2 mL of CH3CN and product obtained found not
required further purification. Table-1 summarized the reaction
time and physical constant obtained for the isolated products.
The best yield observed with 3-5 mL use of WEPBA, lesser the
amount of catalytic medium (1 or 2 mL) gave lesser yields. Hence,
3 mL of WEPBA solution is used in the entire syntheses.
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TABLE-1 
CHEMICAL STRUCTURE AND PHYSICAL PARAMETERS OF 2-ARYL SUBSTITUTED BENZIMIDAZOLES  

m.p. (°C) 
Entry Diamine Acyl chloride Product* Time 

(min) 
Yield** 

(%)  Found Lit. 

1 

NH2

NH2 

ClO

 

N

N
H  

35 89 292-294 290-293 

2 

NH2

NH2 

ClO

NO2  

N

N
H

NO2

 

45 89 324-326 322-323 

3 

NH2

NH2 

ClO

Cl 

N

N
H

Cl

 

50 88 235-237 238 

4 

NH2

NH2

CH3

 

ClO

 

N

N
H

CH3

 

45 87 140-142 139-141 

5 

NH2

NH2 

ClO

NO2 

N

N
H

NO2

 

55 88 205-207 204-206 

6 

NH2

NH2 

ClO

NO2

 

N

N
H

O2N

 

40 83 263-265 264-265 

7 

NH2

NH2 

ClO

Cl

 

N

N
H

Cl

 

45 86 232-233 234 

8 

NH2

NH2 

ClO

OCH3

 

N

N
H

H3CO

 

40 89 177-179 179-180 

9 

NH2

NH2 

ClO

CH3  

N

N
H

CH3

 

50 81 260-262 264-265 
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We compared our novel catalytic method reported here
with the literature methods reported for the synthesis of benzimi-
dazole derivative using substituted benzoyl chloride and o-
phenylenediamine derivative (Table-2). The reported methods
are employed in the presence of expensive catalysts like
heterogenous [60], zeolites [61], BF3·Et2O [62], KF/Al2O3 [63],
[Hbim]BF4 [64] catalysts and organic solvents with elevated
temperature, run with longer reaction time. We have chosen
substituted benzoyl chlorides for the coupling with o-phenyl-
enediamine and found reaction progress without use of any
organic solvent and reaction proceeds at room temperature
with constant stirring. The product was precipitated in the
reaction mixture after simple work-up resulted pure compound
isolation without further need of purification. The reaction was
found to be greener approach with faster reaction and isolation
of very good yield.

Conclusion

A greener, milder, eco-friendly and benign synthesis of
2-substituted benzimidazole derivatives using o-phenylene-
diamine and various substituted benzoyl chlorides in the presence
of green catalyst water extract of papaya bark ash (WEPBA)
at room temperature is developed. The isolated products are
found to be pure and not required furthur purification. The
homogeniety of the products were examined by using by 1H,
13C NMR and mass spectrometry.
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