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eterocyclic compounds are

compounds that contain one or more

cyclic rings, with one or more

heteroatom like N, O and S. Mostly in

nature and drugs, nitrogen containing
heterocyclic compounds play an essential role in
the forms of proteins like purine, histidine
proline and pyrimidine bases in the genetic
material like DNA and RNA are more critical
which play a vital role in life such as metabolism
of all living cells. They also play an essential role
as enzymes, coenzymes, and many natural
products. Most biologically active molecules
such as  hormones, acids, enzymes,
neurotransmitters, may contain many
heterocyclic rings. Out of these most common
heterocyclic compounds is benzimidazole as an
important nucleus.

There are various pharmacologically active
heterocyclic compounds, such as benzimidazole,
which have clinical usage. A wide range of
synthetic and naturally occurring heterocyclic
compounds have applications in medicines and
pharma, pesticides, agrochemicals, polymers,
plastic, drugs and dyes. There is a vast scope for
the research leading to new heterocyclic
molecules having excellent biological activity.

Among such vital heterocycles, benzimidazole
has a prime place in Medicinal Chemistry. The
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benzimidazole derivatives were first realized as
chemotherapeutic agentsin 1950. Most common
benzimidazole-containing compounds are 5,6-
dimethyl-1-D-ribofuranosyl benzimidazole,
which is a share of the structure of vitamin B-12
and other pharmaceutical drugs. Benzimidazole
compounds with a broad spectrum of various
biological activities such as widely human usage
and anticancer assets [1]. The
anthelminticactivity [2-3] is commonly known.
In addition, benzimidazoles with different
pharmacological properties such as, anti-ulsaral
[4-6], cardiotonic [7], antihypertensive against
depression [8], antibacterial and antiviral
against virus and bacteria [9], antitumor [10],
antimutagent[11], antiallergenic [12] are
already reported. It also exhibits analgesic, anti-
inflammatory and antipyretic activity [13].
Moreover, it also shows hypoglycaemic [14]
anticalmodulin [15] and anti-aggregate [16]
activities.

2. Importance of benzimidazole ring system

A wide range of benzimidazole and its
derivatives find uses in pharmaceutical and
veterinary drugs showing rapeutic activities.
Some of the commercially essential
benzimidazole derivatives are listed in Table 1.

Table 1. Benzimidazole with a wide range of biological activities

No Typical name benzimidazoles Benzimidazoles structures Benzm_nfl:jlzoles
Activities
N
1 Mebendazole O O \>—NH Anthelmintic
N O
H o>/_ \
N
3
2 Thiabendazole N NJ Anthelmintic
H
N
3 Cambendazol }JL@\%@ Anthelmint
ambendazole = nthelmintic
0~ “NH N N
H
N Anthelmintic
A\
4 Parbendazole \/\@: >_NH
N y—0O
H o \
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N
S—NH
5 Albendazole N »—0 Anthelmintic
\
o) H ©
F N
S—NH .
6. Flubenzadzole N »—0 Anthelmintic
\
0 H ©
N s
=S
7 Omeprazole >0 N 0] Y Anti-ulcer drugs
H
/O
F
F
— F
8 Lansaprazole N \ /) Anti-ulcer drugs
(L
N O
H
o_
OJ_/
9 Rabeprazole N - Anti-ulcer drugs
CLy-<, ™
N o
H
/
O Oo—
10 Pantoprazole H_ O N \ Anti-ulcer drugs
T e 4
F N O
H
/
o Oo—
11 Esomeprazole 0 N Anti-ulcer drugs
p LY« W g
N O
H
O\ F
. . . T\ F
Triethoxy-pyridyl benzimidazole N F .
12 derivative ©: o8 N / Anti-ulcer drugs
N 0]
H
Thiophene derivatives of Q/ N .
13 ene dervat \©: Ns Anti-ulcer drugs
N
H




Journal of Chemical Reviews

@)

14 Droperidol E Anti-psychotic agents

H
N
<O
N
N
0

/
o
15 Quinoline benzimidazole analog N Anti-psychotic agents
F N )
\>_ IS
~N ') N
H
e
N N
1 Imidazole derivative with >/ Anti-psychotic agents
6 e N
benzimidazole 2
i
N
\>_ R
L . N
17 Oxazole d-erl-vatlve with Antimicrobial activity
benzimidazole o
/< ~-N
R NG
N
\>_ R
N
18 Oxazole derivative with Antimicrobial activity

benzimidazole and thio-linkage O
R/< N; N
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Bibenzoimidazole derivatives

/
+

19 Q Antagonist
analog N/‘§
\
N
S5
\
20 Coumarine analog of N>_S = Antiseptic virus c
benzimidazoles H \m activity
o~ O
21 Spiro compound of N NPY N5 Receptor
benzimidazole ©: \>—N Antagonist
N o) %O
H
O\ OH
22 4-Carboxylic acid benzimidazole N\> Selgﬁiggoiiljg 4
N
H
N
23 Phenylcyl and cohexyl derivative \ Amp Activated protein
of benzimidazole N kinase activator
H
A 0
o~ O
Amide derivative of [ //\O / ) .
24 benzimidazole HN N /\ Anticancer activity
2
N
o~
R N
25 Benzimidazole analog \>—\ Anticancer activity
R N Cl
H
_0
N
26 Alkyl substituted benzimidazole \>— Antiamoebic activity
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OH
= N
N
27 Benzyl and ca.rbf)xyl substituted Antilukamic activity
benzimidazole
O
/
NH,
Phenyl and amine substituted O N - . -
28 benzimidazole O \> Antidiabetic activity
N
H
\
Amide derivative of .. ..
29 benzimidazole N >:O Cyticidal activity
H o
\
30 Thloether- dgrlvatlves of S Nematicide and taenicid
benzimidazole N\
—\ /O
N o~<
H
F
Oxfendazole Roundworms and
31 tapeworms
A
O
N o~/<
H
32 Ricobendazole O;S N\ Anthelmintic
—\ /O
N o~<
H
Cl N
T
Triclabendazole o N \
33 Cl H anthelmintic
Cl
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Beside very high efficiency for the synthesis of
benzimidazoles, many of the methods required
to be improved for the very high reaction
temperature, very long reaction times, highly
toxic solvent and high-cost catalyst [17].
Therefore, developing simple, mild, efficient,
and environmentally benign protocol for
synthesizing benzimidazoles is still a hot topic
for researchers. After the first reports of
applications of microwaves in synthetic
chemistry in 1986, now a day’s microwave-
assisted synthesis has become popular,
particularly during the last two decades, due to
generally short reaction times, the high purity
and yields of the resulting products with high
purity. Up to now, several microwave-assisted
methodologies  for  the  synthesis  of

benzimidazoles have been reported. In this
CHy

M icrowave

NH, PN
+ | |
~ %OCHG /Methanol
NH,

HeC” CHs
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review we have reported the different method
for synthesizing of benzimidazole derivatives
using microwave reactions.

3. Miscellaneous method of benzimidazoles
synthesis using microwave reactions

Microwave synthesis of benzimidazole
derivatives involved citronellal extracted from
Citrus hystrix DC leaves in water is reported
along with OPDA and aromatic aldehyde [18].

The reaction of citronellal and 1,2-
phenylenediamine  (1:1mole ratio) was
performed using methanol and

dichloromethane as a solvent in various reaction
times (at 30, 40, 50, 60, and 70 minutes) as
depicted in Scheme 1.

N
©i\

N 3C =

H

Scheme 1

The microwave-assisted benzimidazole
synthesis consists of 1,2-diaminobenzene (or 4-
substituted-1,2-diaminobenzene) and ethyl

O]

I
NH
Ere
O

AN
NH, H3C*’/ 5

acetoacetate (or ethyl benzoylacetate) on solid
mineral supports or other support in dry media

is achieved (Scheme 2) [19].
N
Microwave \> Rl
—>
N

KlO

Scheme 2

A simple protocol was developed to synthesize
of benzimidazoles with good yields and in a
concise reaction time (Scheme 3) [20]. It
involves the microwave- assisted reaction of

iminoester hydrochlorides of phenylacetic with
4,5-dichloro-1,2-phenylenediamine or their
derivatives.

N

A\
“Meon N

H

Scheme 3

1,2-Diaryl-benzimidazole =~ and  2-aryl-1H-
benzimidazole derivatives were synthesized
using microwave irradiation and conventional

heating procedures (Scheme 4). Usually higher
yields were obtained with the former method.
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The reaction requires significantly less time
[21].
AN

NH, MW N\
@ + Na,S,0s DMF
N
H

NH,
Scheme 4

Also, simple microwave-assisted one-pot transformed under microwave irradiation. The
synthesis of benzimidazoles from 1, 2- reaction was run at 80°C for 5 min, and after the
phenylenediamine and aromatic aldehyde completion of the reaction, the product was
catalyzed oxalic acid as a catalyst is described. = obtained by the extraction and purification by
Advantage technique, use the inexpensive and  column chromatography [23].
readily available catalyst, reaction time was
decreased and the products were obtained in
higher yields and having easy isolation [22].

This reaction (Scheme 5) was reported by
Angela Rao et. al. This reaction is between the
substituted aromatic aldehyde and ortho-phenyl

The o-phenylene diamine and aromatic diamine. The reactions give a higher yield in a
aldehyde were placed on H;S04-SiO; and  concise reaction time [24].

H (e}
=
NH, F FoMW N\
@ + PTSOH
N
NH, H

Scheme 5

Different 5-nitrosubstituted benzimidazole under microwave irradiation (Scheme 6). It
and  6-nitro  substituted benzimidazole gives excellentyield inavery shortreaction time
derivatives were synthesized using imino ester  [25].
hydrochloride and 4-nitro-o-phenylenediamine

1

R NH, o

H,N rlf
2 = N
_ \

H.C + o Mw
3 \I +2 N
o H
NH

Scheme 6

2-Quinolizinyl benzimidazole and 2-naphthalyl  quinolizinecarbaldehyde  (or  naphthalene
benzimidazole derivatives (with various 5- and  carbaldehyde) with substituted o-phenylene
6-positioned  substituents) prepared in diamine (Scheme 7). The reaction occurs at a
moderate to excellent yields via the lower temperature than the conventional

condensation of 4-oxo0-4H- method and at a concise reaction time [26].
—CH,
CH
3 CH, N/\§:
/ | CHy
X0 NH, o
SORNSEE-SOO N
HaC + —
o NH, Nazszop
-0 OH CHs o oH
HsC Nogl

Scheme 7
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As illustrated in Scheme 8, 2-acetyl
benzimidazoles reacted with substituted
aldehydes in methanol in the presence of a base

é KOH
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under microwave conditions. Herein, the
reaction occurs in a short time and high yield
[27].

PO

Scheme 8

The  2-alkyl and  2-aryl  substituted
benzimidazole derivative is synthesized by
reacting o-phenylenediamine with several
carboxylic acids in the presence of
polyphosphoric acid (PPA) as a catalyst using
the irradiation microwave method. The reaction
required significantly less time and good yield
[28].

This involves a simple procedure in which
benzimidazoles are synthesized from 2-
nitroaniline and benzaldehyde over Cu-Pd/-
Al;0O3 catalysts. The modification by Mg of the
Cu-Pd/-Al;0; catalyst improved the catalytic
activity expressively. The reaction carried in a

1

NH, R
§ + //

microwave at 100w gave better yield with good
purity [29].

From condensation of o-phenylene diamine
and different substituted aromatic carboxylic
acids and aromatic aldehydes, derivatives of 2-
aryl benzimidazole were synthesized using the
microwave approach with good yield and purity.
The reaction was catalyzed by ammonium
chloride and water [30].

In this method 5(6)-nitro-2-alkyl/aryl-1H-
benzimidazoles were easily obtained from the
reaction of iminoester hydrochlorides and 4-
nitro-ophenylenediamine (Scheme 9). All these
reactions are carried out using the microwave
approach [31].

MW N\ 1
- = >R
MethandD\N+ H

Il
o}

Scheme 9

Synthesis of some benzimidazole derivatives
with anti-inflammatory activity is reported by
an eco-friendly, one pot, and the microwave-
assisted reaction of phenylene diamine with aryl
and/or heteryl aldehydes in solvent-free
conditions in the presence of zirconium
oxychloride as catalyst. This reaction gives good
yield and purity [32].

2-(Substituted phenyl)-1H-benzimidazole
derivatives  synthesized via  microwave
irradiation using Na;S;0s as oxidant. This is a
simple, fast, and effective preparation of
benzimidazoles using readily available reagents
under solvent-free conditions [33].

In addition, benzimidazoles synthesis in the
presence of Yb(OTf)s; as catalyst under solvent-
free condition [34].

2-Aryl benzimidazole synthesis is described by
the reaction of o-phenylenediamine and various
aromatic aldehydes in the presence of cobalt (II)
chloride hexahydrate as a catalyst. This is a high-
yielding, selective method for synthesizing 2-
aryl benzimidazole [35].

Another microwave-assisted synthesis of
benzimidazoles and tri-substituted imidazoles is
reported. The condensation reaction of 1,2-
phenylenediamine with carboxylic acids and
acetoacetic ester is performed without a catalyst
to produce benzimidazoles. In addition,
trisubstituted imidazoles were synthesized by
condensation of benzil, aromatic aldehyde and
ammonium acetate in the presence of glacial
acetic acid using microwave irradiation [36].
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Microwave-assisted condensation of resin-
bound esters with 2-aminothiophenols gives the
corresponding benzothiazoles and
benzimidazole. The condensation of ester with
2-aminothiophenol in 15% of methane sulfonic

o)

NH2 R]_ /
L+
NH, RlJ

Journal of Chemical Reviews

1,2-dichlorobenzene system provided the
highest yield of 2-phenylbenzothiazoles. Most
esters, including nicotinate ester, were
converted to the corresponding benzothiazoles
and benzimidazole (Scheme 10) [37].

MW N
- AN 1
O

Scheme 10

o-Phenylenediamine, carboxylic acid
derivatives and alumina or silica gel (or zeolite)
were mixed. The reaction mixture was then
irradiated in a domestic microwave oven at 160-
560 W. The reaction gives good yield and purity
[38].

Acetic acid and o-phenylenediamine were
reacted under microwave irradiation three
times at the 18% total output power (162 W) in
the presence of the PPA. This reaction gives good
yield and purity [39].

1

MW
—_—

R NH 0
w&
ontmorillonite
cng

R NH,

o-Phenylenediamine and aldehyde condense in
a minimum amount of acetonitrile. Then, DDQ
was added to the mixture and irradiated in a
microwave oven. The progress of the reaction
was monitored by TLC [40].

Synthesis of 2-trifluoromethyl benzimidazoles
through cyclocondensation of N-
(carbotrifluoromethyl)-ortho-arylenediamines
on montmorillonite K10 was performed under a
domestic microwave oven with good yields
(Scheme 11) [41].

1

" \ Ve
N CH,

Scheme 11

Boufatah et al. have reported the preparation of

some biologically active benzimidazole-4,7-
dione derivatives in 7 steps through microwave

CH,
O/
HaC NH, HQ
+
HaC NH,
_0

irradiation. In  the ring-closing step
benzimidazole derivative is achieved (Scheme
12) [42, 43].

CH
o” 3

o) M€ N

> AN

4 N HCI
OH H.C N

s H
o HaC
H,C

Scheme 12

Getvoldsen et al. have reported 2-([4-F]
fluorophenyl) benzimidazole synthesis from the
cyclocondensation reaction of 1,2-
diaminobenzene with radiolabelled [4-F]

fluorobenzoic acid in neat methanesulfonic and
polyphosphoric acids under the microwave
(Scheme 13) [44].
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Oy -OH

NH, .
CL, O = O

NH, H N

! H

Scheme 13

Martinez-Palou et al. described the synthesis of
2-long alkyl chain substituted benzimidazole
with high yields by the reaction of 1,2-
diaminobenzene and stearic acid via microwave
irradiation in the presence of silica gel [45].

Viletet al described a one pot procedure for
generating 2-substituted benzimidazoles with
high-yield directly from 2-nitroanilines using
SnCl; as areduction agent and carboxylic acid
under microwave irradiation (Scheme 14) [46].

@E*\ é 2 -0

Scheme 14

Lin et al. reported a microwave-assisted one-
pot synthesis of several benzimidazole
derivatives from readily available starting

compounds such as 1,2-diaminobenzene, 4,5-
Oy__OH
N

NH,
@ +
NH,

diaminopyrimidine, cis-1,2-
diaminocicylohexane and several carboxylic
acids, including heteroaromatic carboxylic acids
(Scheme 15) [47].

FOP @[ >_@

Scheme 15

Synthesis of benzimidazoles is described from
the reaction of 1,2-diamino
benzenedihydrochloride and esters under
microwave irradiation. In this protocol, various
benzimidazole derivatives are synthesized by
ethylene glycol as solvent [48].

Algulet alhave described the synthesis of some
2-substituted benzimidazole, benzothiazole and
indole derivatives using microwave irradiation
and conventional heating methods (Scheme 16)
[49].

G s O

Scheme 16

Hosamani and co-workers described a
convenient protocol for preparing 5-nitro-2-
arylsubstituted phenoxymethyl-1H-
benzimidazole @ both  under  microwave
irradiation and conventional heating methods

using hydrochloride acid as catalyst [50]. The
reaction is a simple condensation reaction
between o-phenyl diamine and the acid
functional group as depicted in Scheme 17.
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1 moI %
toluene

Scheme 17

Hasaninejad et al. have reported the synthesis
of some 2-substituted benzimidazole derivatives
from benzene-1,2-diamine with mono and
dicarboxylic acids under microwaveirradiation
using silphox [POCl3-n(SiO2)n] catalyst in high
yield and short reaction times [51]

Ben-Alloum et al. have described oxidative
heterocyclization of aldehydes and o-
phenylenediamine with nitrobenzene or
dimethylsulfoxide impregnated on silica gel
irradiated with microwave in good yields and
high purity (Scheme 18) [52].

@ é N|tr0benzene/S|Oz (:[ >_©

DMSO/SIOz

Scheme 18

Zahran and co-workers described the synthesis
of heterocyclic compounds containing pyrazol-
5-one coupled with benzimidazole under dry
media. They also discovered the antitumor
activity of synthesized heterocycles. Some of
them were found to be more effective than
thalidomide [53].

Aromatic aldehydes and 1,2-diaminobenzene

reacted in the presence of M003/C602 Zr0O; as
OH

catalyst under solvent-free conditions in both
conventional and microwave processes [54] to
produce benzimidazole derivatives.

An environmentally, one-pot, and efficient
synthesis of benzimidazoles reported by Wen et
al. under propylphosphonic anhydride(T3P)
mediate from the reaction of various carboxylic
acids and 1,2- diaminobenzene under
microwave irradiation (Scheme 19) [55].

\
@ évap(mmoa) D|PEA®[ >_@

Scheme 19

Microwave technique employed for the
preparation of 2-arylbenzimidazole. A mixture
of various aldehyde, o-phenylene diamine and
TBAF (5 moles %) was dissolved in water and
irradiated under ultrasonic irradiation or
microwave process. Further, the reaction
procedure monitored by TLC [56].

Microwave irradiation process for the
production of 2-substituted benzimidazoles and

bis-benzimidazoles is reported by Niknam et al.
from the reaction of phenylene diamine and
dicarboxylic acid wusing alumina-methane
sulfonic acid (AMA) as a catalyst with good to
excellent yield [57].

A mixture of 1, 2-phenylenediamine carboxylic
acid, alumina and methanesulfonic acid reacted
under microwave irradiation (900 W, with a
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frequency of 2450 MHz) as depicted in Scheme
20 [58].
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Oy -OH
NH, HOW\)/ - N
+ 1 @[\
NH, AMA N —N
H
HN
Scheme 20
Singh and co-workers prepared 1, 3- color appears (Scheme 21). In addition, various

dihydrobenzimidazol-2-thione derivatives by
reacting o-phenylenediamine and thio urea in a
microwave at 40% intensity until the brown

derivatives of 1,3-dihydro-benzimidazol-2-
thione are also prepared, such as
cholorosulfonic derivatives [59].

NH MW N
2 . Vs
thiourea/DMF
N
NH, H
Scheme 21
Zhang et al. reported one-pot synthesis of 2- Acknowledgment

substituted benzimidazole derivatives by
reacting o-phenylene diamine ortho-ester and
ZrOCl;.8H.0 (10 mole %) under microwave
irradiation [60].

5. Conclusions

For many years, benzimidazoles structures and
their properties have attracted the attention of
many scientists. Benzimidazole is an essential
pharmacophore in modern drug discovery
component. Most the benzimidazole derivatives
are synthesized by heating, sonication, or
microwave energy. Now adays, chemical
methods have been an increasingly popular
concept in chemistry. Most of these methods are
the reaction of 1,2-diaminobenzenes with types
of carboxylic acids or the reaction of 1,2-
diaminobenzenes with aldehydes using an
oxidative reagent. This method involves using
microwave reactions that require a concise life
time, good yield and purity. These methods are
ecologically benign processes for benzimidazole
preparations which attracts scientists’ attention.
This article wishes to study and review the
reported prepares in the field of microwave-
assisted synthesis of benzimidazoles.

Author would like to thank everyone that
contributed to the success of this manuscript
and also the Journal of Chemical Review for their
tireless efforts.

Orcid:

Rupali Shete:
https://www.orcid.org/0000-0003-1694-2709

References

[1]. JJ- Li, Ed. Heterocyclic Chemistry in Drug
Discovery, John Wiley &Sons: Hoboken, 2013.
[Google Scholar], [Publisher]

[2]. D.D. Patil, D.K. Mhaske, G.C. Wadhawa, J.
Adv. Pharm. Educ. Res., 2011, 2,104-112. [Google
Scholar], [Publisher]

[3]. W.A. Denny, G.W. Rewcastle, B.C. Baguley,
J. Med. Chem., 1990, 33, 814-819. [Crossref],
[Google Scholar], [Publisher]

[4]. N.A. Mirgane, V.S. Shivankar, S.B. Kotwal,
G.C. Wadhawa, M.C. Sonawale, Mater. Today:
Proceedings, 2021, 37, 849-853. [Crossref],
[Google Scholar], [Publisher]

[5]. S.S. Nayak, N.A. Mirgane, V.S. Shivankar,
K.B. Pathade, G.C. Wadhawa, Mater. Today: Proc.,



https://www.orcid.org/0000-0003-1694-2709
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Heterocyclic+Chemistry+in+Drug+Discovery&btnG=
https://www.google.fr/books/edition/Heterocyclic_Chemistry_in_Drug_Discovery/59IA__p-i0AC?hl=en&gbpv=1&printsec=frontcover
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antibacterial+and+Antioxidant+study+of+Ocimum+basilicum+Labiatae+%28sweet+basil%29&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antibacterial+and+Antioxidant+study+of+Ocimum+basilicum+Labiatae+%28sweet+basil%29&btnG=
https://www.semanticscholar.org/paper/Antibacterial-and-antioxidant-study-of-Ocimum-Patil-Mhaske/7e74f1b1b62e9316140c699e64d762775d249e3d
https://doi.org/10.1021/jm00164a054
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Potential+antitumor+agents.+59.+Structure-activity+relationships+for+2-phenylbenzimidazole-4-carboxamides%2C+a+new+class+of+minimal+DNA-intercalating+agents+which+may+not+act+via+topoisomerase+II&btnG=
https://pubs.acs.org/doi/abs/10.1021/jm00164a054
https://doi.org/10.1016/j.matpr.2020.06.037
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Degradation+of+dyes+using+biologically+synthesized+zinc+oxide+nanoparticles&btnG=
https://www.sciencedirect.com/science/article/pii/S2214785320344849

2022, Volume 4, Issue 1

2021, 37, 2302-2305.
Scholar], [Publisher]

[6]. N.A. Mirgane, V.S. Shivankar, S.B. Kotwal,
G.C. Wadhawa, M.C. Sonawale, Mater. Today:
Proc., 2021, 37, 886-889. [Crossref], [Google
Scholar], [Publisher]

[7]1. N.A.Mirgane, A. Chandore, V. Shivankar, Y.
Gaikwad, G.C. Wadhawa, Res. J. Pharm. Technol.,
2021, 14, 2686-2690. [Crossref], [Google
Scholar], [Publisher]

[8]. S.S.Nayak, N.A. Mirgane, K.B. Pathade, V.S.
Shivankar, G.C Wadhawa, Plant Sci. Today, 2021,
8, 425-428. [Crossref], [Google Scholar],
[Publisher]

[9]. AK. Valvi, S.S. Nayak, V.S. Shivankar, G.C.
Wadhawa, Mater. Today: Proc., 2021. [Crossref],
[Google Scholar], [Publisher]

[10]. D. Davey, P.W. Erhadt, W.C. Lumma Jr., J.
Wiggins, M. Sullivan, D. Pang, E. Cantor, J. Med.
Chem., 1987, 30, 1337-1342. [Crossref], [Google
Scholar], [Publisher]

[11]. B.E. Tomczuk, C.R. Taylor Jr., L.M. Moses,
D.B. Sutherland, Y.S. Lo, D.N. Johnson, W.B.
Kinnier, B.F. Kilpatrick, J. Med. Chem., 1991, 34,
2993-3006. [Crossref], [Google Scholar],
[Publisher]

[12]. A.A.Spasov, .N. Yozhitsa, L.I. Bugaeva, V.A.
Anisimova, Pharm. Chem. J., 1999, 33, 232-243.
[Crossref], [Google Scholar], [Publisher]

[13]. S.S. Nayak, G.C. Wadhawa, V.S. Shivankar,
D.D. Patil, M.C. Sonawale, N.A. Mirgane, Mater.
Today: Proc., 2021, 37, 2490-2494. [Crossref],
[Google Scholar], [Publisher]

[14]. M. Shaharyar, A. Mazumder, M.]. Ahsan,
Arabian J. Chem., 2014, 7, 418-424. [Crossref],
[Google Scholar], [Publisher]

[15]. D.K. Mhaske, D.D. Patil, G.C. Wadhawa, Int
J Pharm Biomed Res, 2011, 2, 107-11. [Google
Scholar], [Publisher]

[16]. D. Kumar, D.N. Kommi, R. Chebolu, S.K.
Garg, R. Kumar, A.K.Chakraborti, RSC Adv., 2013,
3, 91-98. [Crossref], [Google Scholar],
[Publisher]

[17]. S.B. Rathod, M.K. Lande, B.R. Arbad, Bull
Korean Chem. Soc., 2010, 31, 2835-2840.
[Crossref], [Google Scholar], [Publisher]

[18]. S.S. Nayak, N.A. Mirgane, V.S. Shivankar,
K.B. Pathade, G.C. Wadhawa, Mater. Today: Proc.,
2021, 37, 2427-2431. [Crossref], [Google
Scholar], [Publisher]

[19]. P.S. Gaikar, V.S. Shivankar, P.A. Patil, A.U.

[Crossref], [Google

Journal of Chemical Reviews

Chavan, G.C. Wadhawa, Int. J. Aquatic Sci., 2021,
12,4973-4980. [Google Scholar], [Publisher]
[20]. E.Mentese, H. Bektas, S. Ulker, O. Bekircan,
B. Kahveci, J. Enzyme Inhib. Med. Chem., 2014, 29,
64-68. [Crossref], [Google Scholar], [Publisher]
[21]. D. Secci, A. Bolasco, M. D’Ascenzio, F.
dellaSala, M. Yafiez, S. Carradori, J. Heterocyclic
Chem., 2012, 49, 1187. [Crossref], [Publisher]
[22]. ].P. Tripathi, V.K. Kasana, Int. J. Res. Appl.
Sci. Eng. Tech., 2018, 6, 64-68. [Google Scholar],
[Publisher]

[23]. S.S. Nayak, G.C. Wadhawa, K.B. Pathade,
V.S. Shivankar, N.A. Mirgane, Plant Science
Today, 2021, 8, 380-385. [Crossref], [Google
Scholar], [Publisher]

[24]. A.Rao, A. Chimirri, S. Ferro, A.M. Monforte,
P. Monforte, M. Zappala, ARKIVOC, 2004, 5, 147-
155. [Crossref], [Google Scholar], [Publisher]
[25]. G.C. Wadhawa, V.S. Shivankar, S.S. Patil,
Y.A. Gaikwad, A.V. Satere, B. Rode, C.H. Gill, L.V.
Gavali, Rasayan J. Chem., 2017, 10, 3-15. [Google
Scholar], [Publisher]

[26]. H.T.B. Bui, Q.T.K. Ha, W.K. Oh, D.D. Vo, Y.N.
Chau, C.T. Tu, E.C. Pham, P.T. Tran, L.T. Tran, Van
Mai H. Tetrahedron Lett.,, 2016, 57, 887-891.
[Crossref], [Google Scholar], [Publisher]

[27]. ]J.S. Yadav, Y.K. Srivastava, Rasayan J.
Chem., 2010, 3, 726-730. [Google Scholar],
[Publisher]

[28]. D.D.Rishipathak, S.C. PAL, 2007, 19,3242-
3244. [Google Scholar], [Publisher]

[29]. D.D. Patil, D.K. Mhaske, G.C. Wadhawa, Int.
J. Pharm. Sci. Res., 2011, 2, 2750-2752. [Google
Scholar], [Publisher]

[30]. R. Javahershenas, ]. Khalafy, R. Herman
Prager, J. Chem. Rev.,, 2019, 1, 233-242.
[Crossref], [Google Scholar], [Publisher]

[31]. B.Kahveci, N. Sosan, E. Mentese, F. Yilmaz,
Rev. Roum. Chim., 2013, 58, 511-515. [Google
Scholar], [Publisher]

[32]. D.D. Patil, D.K. Mhaske, G.C. Wadhawa, Int.
J. Pharm. Sci. Res, 2011, 2, 1464-1466.
[Crossref], [Google Scholar], [Publisher]

[33]. G. Navarrete-Va'zquezet, H. Moreno-Diaz,
S. Estrada-Soto, M. Torres-Piedra, I. Ledn-Rivera,
H. Tlahuext, 0. Mufioz-Muiiiz, H. Torres-Gémez,
Synth. Commun., 2007, 37, 2815-2825.
[Crossref], [Google Scholar], [Publisher]

[34]. C.H. Gill, G.C. Wadhawa, L. Gavali, V.S.
Shivankar, K. Pawar, Res. J. Pharm. Pharm., 2018,
10, 103-104. [Crossref], [Google Scholar],



https://doi.org/10.1016/j.matpr.2020.07.728
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Adsorption+of+methylene+blue+dye+over+activated+charcoal+from+the+fruit+peel+of+plant+hydnocarpus+pentandra&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Adsorption+of+methylene+blue+dye+over+activated+charcoal+from+the+fruit+peel+of+plant+hydnocarpus+pentandra&btnG=
https://www.sciencedirect.com/science/article/pii/S2214785320358557
https://doi.org/10.1016/j.matpr.2020.06.045
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Waste+pericarp+of+ananas+comosus+in+green+synthesis+zinc+oxide+nanoparticles+and+their+application+in+waste+water+treatment&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Waste+pericarp+of+ananas+comosus+in+green+synthesis+zinc+oxide+nanoparticles+and+their+application+in+waste+water+treatment&btnG=
https://www.sciencedirect.com/science/article/pii/S2214785320344928
https://doi.org/10.52711/0974-360X.2021.00474
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Phytochemical+Study+and+Screening+of+Antioxidant%2C+Anti-inflammatory+Typhonium+Flagelliforme&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Phytochemical+Study+and+Screening+of+Antioxidant%2C+Anti-inflammatory+Typhonium+Flagelliforme&btnG=
https://www.proquest.com/openview/b919539ea7a2c21a86701b70685fdd6e/1?pq-origsite=gscholar&cbl=1096441
https://doi.org/10.14719/pst.2021.8.3.906
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Phytochemical+analysis%2C+antioxidant+and+anti-inflammatory+activity+of+leaves+and+bark+of+Ceropegia+rollae+Hemadri&btnG=
https://horizonepublishing.com/journals/index.php/PST/article/view/906
https://doi.org/10.1016/j.matpr.2021.09.102
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nano+catalyst+derived+from+plant+Polyzygus+Tuberosus%3A+A+suitable+for+efficient+and+green+synthesis+of+benzimidazole+derivatives&btnG=
https://www.sciencedirect.com/science/article/pii/S2214785321058995
https://doi.org/10.1021/jm00391a012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cardiotonic+agents.+1.+Novel+8-aryl+substituted+imidazo%5B1%2C2-a%5D-+and+-%5B1%2C5-a%5Dpyridines+and+imidazo%5B1%2C5-a%5Dpyridinones+as+potential+positive+inotropic+agents&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cardiotonic+agents.+1.+Novel+8-aryl+substituted+imidazo%5B1%2C2-a%5D-+and+-%5B1%2C5-a%5Dpyridines+and+imidazo%5B1%2C5-a%5Dpyridinones+as+potential+positive+inotropic+agents&btnG=
https://pubs.acs.org/doi/pdf/10.1021/jm00391a012
https://doi.org/10.1021/jm00114a007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2-Phenyl-3H-imidazo%5B4%2C5-b%5Dpyridine-3-acetamides+as+nonbenzodiazepine+anticonvulsants+and+anxiolytics&btnG=
https://pubs.acs.org/doi/abs/10.1021/jm00114a007
https://doi.org/10.1007/BF02510042
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Benzimidazole+derivatives%3A+Spectrum+of+pharmacological+activity+and+toxicological+properties+%28a+review%29&btnG=
https://link.springer.com/article/10.1007%2FBF02510042
https://doi.org/10.1016/j.matpr.2020.08.301
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Tin+oxide+plant+assisted+nanoparticle+catalyzed+green+synthesis+of+imidazole+derivatives&btnG=
https://www.sciencedirect.com/science/article/pii/S2214785320361733
doi:10.1016/j.arabjc.2013.02.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization+and+anticancer+evaluation+of+2-%28naphthalen-1-ylmethyl%2Fnaphthalen-2-yloxymethyl%29-1-%5B5-%28substituted+phenyl%29-%5B1%2C3%2C4%5Doxadiazol-2-ylmethyl%5D-1H-benzimidazole&btnG=
https://www.sciencedirect.com/science/article/pii/S1878535213000312?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Antimicrobial+activity+of+methanolic+extract+from+rhizome+and+roots+of+Valeriana+wallichii.+Int+J+Pharm+Biomed+Res%2C+2011%2C+2%2C+107-111+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Antimicrobial+activity+of+methanolic+extract+from+rhizome+and+roots+of+Valeriana+wallichii.+Int+J+Pharm+Biomed+Res%2C+2011%2C+2%2C+107-111+&btnG=
https://www.semanticscholar.org/paper/ANTIMICROBIAL-ACTIVITY-OF-METHANOLIC-EXTRACT-FROM-D.Patil-C.Wadhawa/2670b75c3332ef31a2d3c9fd087f19e63219674a
https://doi.org/10.1039/C2RA21994H
https://scholar.google.com/scholar?q=Selectivity+control+during+the+solid+supported+protic+acids+catalysed+synthesis+of+1,2-disubstituted+benzimidazoles+and+mechanistic+insight+to+rationalize+selectivity&hl=en&as_sdt=0,5
https://pubs.rsc.org/en/content/articlelanding/2013/RA/C2RA21994H
https://doi.org/10.5012/bkcs.2010.31.10.2835
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+Characterization+and+Catalytic+Application+of+MoO3%2FCeO2-ZrO2+Solid+Heterogeneous+Catalyst+for+the+Synthesis+of+Benzimidazole+Derivatives&btnG=
http://koreascience.or.kr/article/JAKO201030560144790.page
https://doi.org/10.1016/j.matpr.2020.08.274
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Degradation+of+the+industrial+dye+using+the+nanoparticles+synthesized+from+flowers+of+plant+Ceropegia+attenuata&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Degradation+of+the+industrial+dye+using+the+nanoparticles+synthesized+from+flowers+of+plant+Ceropegia+attenuata&btnG=
https://www.sciencedirect.com/science/article/pii/S2214785320361447
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preliminary+Phytochemical+Analysis+And+Antioxidant%2C+Anti-Inflammatory+Activity+Of+Dicliptera+Ghatica+Santapau&btnG=
http://www.journal-aquaticscience.com/article_137049.html
https://doi.org/10.3109/14756366.2012.753880
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microwave-assisted+synthesis+of+new+benzimidazole+derivatives+with+lipase+inhibition+activity&btnG=
https://www.tandfonline.com/doi/full/10.3109/14756366.2012.753880
https://doi.org/10.1002/jhet.1058
https://onlinelibrary.wiley.com/doi/10.1002/jhet.1058
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microwave+Assisted+Synthesis+of+Benzimidazoles+Catalysed+by+Oxalic+Acid&btnG=
https://www.ijraset.com/fileserve.php?FID=14047
https://doi.org/10.14719/pst.2021.8.2.905
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+synthesis+of+the+plant+assisted+nanoparticles+from+Euphorbia+neriifolia+L.+and+its+application+in+the+degradation+of+dyes+from+industrial+waste&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+synthesis+of+the+plant+assisted+nanoparticles+from+Euphorbia+neriifolia+L.+and+its+application+in+the+degradation+of+dyes+from+industrial+waste&btnG=
https://www.horizonepublishing.com/journals/index.php/PST/article/view/905
http://dx.doi.org/10.3998/ark.5550190.0005.514
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microwave-induced+synthesis+of+benzimidazole+and+thiazolidinone+derivatives+as+HIV-1+RT+inhibitors+%28VT-1030LP%29&btnG=
https://www.arkat-usa.org/arkivoc-journal/browse-arkivoc/ark.5550190.0005.514
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+of+2-substituted+benzimidazoles+and+1%2C+5-disubstituted+benzodiazepines+using+alum&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+of+2-substituted+benzimidazoles+and+1%2C+5-disubstituted+benzodiazepines+using+alum&btnG=
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1061.3550&rep=rep1&type=pdf
http://dx.doi.org/10.1016/j.tetlet.2016.01.042
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microwave+assisted+synthesis+and+cytotoxic+activity+evaluations+of+new+benzimidazole+derivatives&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040403916300429?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+efficient+microwave-assisted+synthesis+of+some+novel+1%2C+4%E2%80%93diazepine+derivatives+as+possible+antimicrobial+agents&btnG=
https://www.semanticscholar.org/paper/AN-EFFICIENT-MICROWAVE-ASSISTED-SYNTHESIS-OF-SOME-4-Yadav/339a6b97b06ed51bd514460900c8c2ac72d0d763
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microwave+assisted+synthesis+of+2-alkyl+and+2-aryl+derivatives+of+benzimidazole&btnG=
https://asianjournalofchemistry.co.in/User/ViewFreeArticle.aspx?ArticleID=19_4_111
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ANTIDIABETIC+ACTIVITY+OF+BARK+AND+ROOT+OF+CAESALPINIA+BONDUE&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ANTIDIABETIC+ACTIVITY+OF+BARK+AND+ROOT+OF+CAESALPINIA+BONDUE&btnG=
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.308.5881&rep=rep1&type=pdf
http://dx.doi.org/10.33945/SAMI/JCR.2019.3.4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Application+of+Arylglyoxals+in+the+Synthesis+of+Pyrrolo%5B2%2C3-d%5Dpyrimidines+via+Multicomponent+Reactions&btnG=
http://www.jchemrev.com/article_91502.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=B.+Kahveci%2C+N.+Sosan%2C+E.+Mentese%2C+F.+Yilmaz&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=B.+Kahveci%2C+N.+Sosan%2C+E.+Mentese%2C+F.+Yilmaz&btnG=
https://revroum.lew.ro/wp-content/uploads/2013/6/Art%2005.pdf
http://dx.doi.org/10.13040/IJPSR.0975-8232.2(6).1464-66
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antioxidant+effect+of+the+stem+and+leaves+of+Hibiscus+esculentus+Linn&btnG=
https://ijpsr.com/bft-article/antioxidant-effect-of-the-stem-and-leaves-of-hibiscus-esculentus-linn/#:~:text=ANTIOXIDANT%20EFFECT%20OF%20THE%20STEM%20AND%20LEAVES%20OF%20HIBISCUS%20ESCULENTUS%20LINN.,-Abstract&text=The%20ethanol%20extract%20of%20Hibiscus,their%20in%20vitro%20antioxidant%20activity.&text=The%20extracts%20tested%20ranged%20from,mL%20%E2%80%932.45mg%2FmL.
http://dx.doi.org/10.1080/00397910701473325
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microwave%E2%80%90Assisted+One%E2%80%90Pot+Synthesis+of+2%E2%80%90%28Substituted+phenyl%29%E2%80%901H%E2%80%90benzimidazole+Derivatives&btnG=
https://www.tandfonline.com/doi/full/10.1080/00397910701473325
http://dx.doi.org/10.5958/2321-5836.2018.00019.8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+of+Benzimidazole+using+waste+Magnesium+oxide&btnG=

Journal of Chemical Reviews

[Publisher]
[35]. AT. Khan, T. Parvin, L.H. Choudhury,
Synth. Commun., 2009, 39, 2339-2346.

[Crossref], [Google Scholar], [Publisher]

[36]. G.C. Wadhawa, V.S. Shivankar, Y.A.G.
Charansingh, H. Gill, L.V. Gavali, World J. Pharm.
Res, 2018, 7, 483-495. [Google Scholar],
[Publisher]

[37]. Z. Li, H. Huang, H. Sun, H. Jiang, H. Liu, J.
Comb. Chem., 2008, 10, 484-486. [Crossref],
[Google Scholar], [Publisher]

[38]. A.Saberi, Iran. J. Sci. Technol., 2015, 39, 7-
10. [Crossref], [Google Scholar], [Publisher]
[39]. A. Valvi, G.C. Wadhawa, S.S. Nayak, V.S.
Shivankar, Int. J. Aquat. Science, 2021, 12, 4769-
4775. [Google Scholar], [Publisher]

[40]. H.Naeimi, Z. babaei, Green Chem. Lett. Rev.,
2017, 10, 129-133. [Crossref], [Google Scholar],
[Publisher]

[41]. G.C.Wadhawa, V.S. Shivankar, D.D. Patil,
Y.A. Gaikwad, L.V. Gavali, C.H. Gill, World ].
Pharm. Pharm. Sci. 2016, 5, 624-656. [Crossref],
[Google Scholar], [Publisher]

[42]. G.S. Getvoldsen, N. Elander, A.A. Stone-
Elander, Chem. Eur. J., 2002, 8, 2255-2260.
[Crossref], [Google Scholar], [Publisher]

[43]. N. Boufatah, A. Gellis, J. Maldonado, P.
Vanelle, Tetrahedron, 2004, 60, 9131-9137.
[Crossref], [Google Scholar], [Publisher]

[44]. S.Sajjadifar, H. Hamidji, K. Pal, J. Chem. Rev.,
2019, 1, 35-46. [Crossref], [Google Scholar],

2022, Volume 4, Issue 1

[Publisher]

[48]. A. Belgasem Mezoughi, W. Abdussalam
Mohammed, Z. O. Ettarhouni, /. Chem. Rev., 2021,
3, 196-218. |[Crossref], [Google Scholar],
[Publisher]

[49]. O. Algul, A. Kaessler, Y. Apcin, A. Yilmaz, J.
Jose, Molecules, 2008, 13, 736-748. [Crossref],
[Google Scholar], [Publisher]

[50]. KM. Hosamani, H.R. Seetharamareddy,
R.S. Keri, M.S. Hanamanthagouda, M.G. Moloney,
J. Enzyme Inhib. Med. Chem., 2009, 24, 1095-
1100. [Crossref], [Google Scholar], [Publisher]
[51]. S. Asirvatham; E. Thakor; H. Jain, J. Chem.
Rev., 2021, 3, 247-272. [Crossref], [Publisher]
[52]. A. Ben-Alloum, S. Bakkas, M. Soufiaoui,
Tetrahedron Lett, 1998, 39, 4481-4484.
[Crossref], [Google Scholar], [Publisher]

[53]. M.A.H. Zahran, F.A.A. El-Essawy, S.M.
Yassin, T.A.R. Salem, N.M. Boshta, Archive der
Pharmzie., 2007, 340, 591-598. [Crossref],
[Google Scholar], [Publisher]

[54]. D.D. Patil, G.C. Wadhawa, A.K. Deshmukh,
K.B. Pathade, P.B. Shinde, P.B. Chordiya, A.S.
Kulal, 2010. [Google Scholar]

[55]. X. Wen, ]. El Bakali, R. Deprez-Poulain, B.
Deprez, Tetrahedron Lett.,, 2012, 53, 2440-2443.
[Crossref], [Google Scholar], [Publisher]

[56]. G. Wadhawa, V.S. Shivankar, Y.A. Gaikwad,
N.S. Dhumale, C.H. Gill, L.V. Gavali, World ].
Pharm. Pharm. Sci., 2017, 7, 1013-1019. [Google
Scholar], [Publisher]

[Publisher]

[45]. R.Martinez-Palou, L.G. Zepeda, H. Hopf], A.
Montoya, D.J. Guzman-Lucero, ]. Guzman, Mol
Divers., 2005, 9, 361-369. [Crossref], [Google
Scholar], [Publisher]

[46]. G.C. Wadhawa, V.S. Shivankar, D.D. Pati],
Y.A. Gaikwad, L.V. Gavali Gill , C.H.,, World J.
Pharm. Pharm. Sci., 2016, 5, 624-656. [Google
Scholar], [Publisher]

[47]. S.Y. Lin, Y. Isome, E. Stewart, ].F. Liu, D.
Yohannes, L. Yu, Tetrahedron Lett.,, 2006, 47,
2883-2886. [Crossref], [Google Scholar],

[57]. K. Niknam, A. Fatehi-Raviz, J. Iran. Chem.
Soc., 2007, 4, 438-443. [Crossref], [Google
Scholar], [Publisher]

[58]. D.Rajiv, S.K. Sonwane, S.K. Srivastava, S.D.
Srivastava, J. Chem. Pharm. Res., 2010, 2, 415-
423. [Google Scholar], [Publisher]

[59]. V.S.Devi, M.G. Rao, World ]. Pharm. Pharm.
Sci, 2014, 3, 1516-1525. [Google Scholar],
[Publisher]

[60]. Z.H. Zhang, L. Yin, Y.M. Wang, Catal
Commun., 2007, 8, 1126-1131. [Crossref],
[Google Scholar], [Publisher]

Copyright © 2022 by SPC (Sami Publishing Company) + is an open access article distributed under the
Creative Commons Attribution License(CC BY) license (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.



https://www.indianjournals.com/ijor.aspx?target=ijor:rjppd&volume=10&issue=3&article=003
http://dx.doi.org/10.1080/00397910802654815
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Simple+and+Convenient+One-Pot+Synthesis+of+Benzimidazole+Derivatives+Using+Cobalt%28II%29+Chloride+Hexahydrate+as+Catalyst&btnG=
https://www.tandfonline.com/doi/abs/10.1080/00397910802654815
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=REVIEW+ON+ANTIBACTERIAL+ACTIVITY+OF+BENZIMIDAZOLE+CONTAINING+COMPOUNDS&btnG=
https://wjpr.s3.ap-south-1.amazonaws.com/article_issue/1522477758.pdf
https://doi.org/10.1021/cc800040z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microwave-Assisted+Efficient+and+Convenient+Synthesis+of+2%2C4%281H%2C3H%29-Quinazolinediones+and+2-Thioxoquinazolines&btnG=
https://pubs.acs.org/doi/10.1021/cc800040z
https://dx.doi.org/10.22099/ijsts.2015.2884
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Efficient+synthesis+of+Benzimidazoles+using+zeolite%2C+alumina+and+silica+gel+under+microwave+irradiation&btnG=
https://ijsts.shirazu.ac.ir/article_2884.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Phytochemical+Study%2C+Antioxidant+and+Anti-inflammatory+Activity+of+the+Carvia+Callosa+%28Nees%29+Bremek+&btnG=
https://doi.org/10.1080/17518253.2017.1314555
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microwave-assisted+practical+and+simple+method+for+heterocyclization+of+o-phenylenediamine+and+aldehydes+using+DDQ+as+oxidant+agent&btnG=
https://www.tandfonline.com/doi/full/10.1080/17518253.2017.1314555
doi:%2010.20959/wjpps20169-7568
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B41%5D.+%09Wadhawa%2C+G.+C.%2C+Shivankar%2C+V.+S.%2C+Patil%2C+D.+D.%2C+Gaikwad%2C+Y.+A.%2C+Gavali%2C+L.+V.%2C+%26+Gill%2C+C.+H.+&btnG=
https://www.researchgate.net/profile/Laxman-Gavali/publication/312044343_Review_on_synthesis_of_benzinmidazharaole_using_green_protocol/links/5879005808ae9275d4d90c13/Review-on-synthesis-of-benzinmidazharaole-using-green-protocol.pdf
https://doi.org/10.1002/1521-3765(20020517)8:10%3C2255::AID-CHEM2255%3E3.0.CO;2-R
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=UV+Monitoring+of+Microwave-Heated+Reactions%E2%80%94A+Feasibility+Study&btnG=
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/1521-3765(20020517)8:10%3C2255::AID-CHEM2255%3E3.0.CO;2-R
https://doi.org/10.1016/j.tet.2004.07.070
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Efficient+microwave-assisted+synthesis+of+new+sulfonylbenzimidazole-4%2C7-diones%3A+heterocyclic+quinones+with+potential+antitumor+activity&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040402004012475?via%3Dihub
10.33945/SAMI/JCR.2019.1.3546
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Revisiting+of+Boron+Sulfonic+Acid+Applications+in+Organic+Synthesis%3A+Mini-Review&btnG=
http://www.jchemrev.com/article_80558.html
https://doi.org/10.1007/s11030-005-6357-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Parallel+and+automated+library+synthesis+of+2-long+alkyl+chain+benzoazoles+and+azole%5B4%2C5-b%5Dpyridines+under+microwave+irradiation&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Parallel+and+automated+library+synthesis+of+2-long+alkyl+chain+benzoazoles+and+azole%5B4%2C5-b%5Dpyridines+under+microwave+irradiation&btnG=
https://link.springer.com/article/10.1007/s11030-005-6357-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Review+on+synthesis+of+benzinmidazharaole+using+green+protocol&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Review+on+synthesis+of+benzinmidazharaole+using+green+protocol&btnG=
https://www.researchgate.net/profile/Laxman-Gavali/publication/312044343_Review_on_synthesis_of_benzinmidazharaole_using_green_protocol/links/5879005808ae9275d4d90c13/Review-on-synthesis-of-benzinmidazharaole-using-green-protocol.pdf
https://doi.org/10.1016/j.tetlet.2006.02.127
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microwave-assisted+one+step+high-throughput+synthesis+of+benzimidazoles&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040403906004035?via%3Dihub
http://dx.doi.org/10.22034/jcr.2021.285244.1111
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Recent+Biological+Applications+and+Chemical+Synthesis+of+Thiohydantoins&btnG=
http://www.jchemrev.com/article_133077.html
https://doi.org/10.3390/molecules13040736
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+Studies+on+Conventional+and+Microwave+Synthesis+of+Some+Benzimidazole%2C+Benzothiazole+and+Indole+Derivatives+and+Testing+on+Inhibition+of+Hyaluronidase&btnG=
https://www.mdpi.com/1420-3049/13/4/736
https://doi.org/10.1080/14756360802632716
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microwave+assisted%2C+one-pot+synthesis+of+5-nitro-+2-aryl+substituted-1H-benzimidazole+libraries%3A+Screening+in+vitro+for+antimicrobial+activity&btnG=
https://www.tandfonline.com/doi/full/10.1080/14756360802632716
http://dx.doi.org/10.22034/jcr.2021.295839.1123
http://www.jchemrev.com/article_137447.html
https://doi.org/10.1016/S0040-4039(98)00868-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Benzimidazoles%3A+Oxydation+h%C3%A9t%C3%A9rocyclisante+par+le+nitrobenz%C3%A8ne+ou+le+dim%C3%A9thylsulfoxyde+sur+silice+et+sous+irradiation+micro-ondes+ou+ultra-violet&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040403998008685
https://doi.org/10.1002/ardp.200700121
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rapid+and+Efficient+Synthesis+of+4-Substituted+Pyrazol-5-one+under+Microwave+Irradiation+in+Solvent-Free+Conditions&btnG=
https://onlinelibrary.wiley.com/doi/10.1002/ardp.200700121
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Antimicrobial+activity+of+methanolic+extract+from+pod%2C+root+and+bark+of+Delonix+regia+plant+&btnG=
https://doi.org/10.1016/j.tetlet.2012.03.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Efficient+propylphosphonic+anhydride+%28%C2%AET3P%29+mediated+synthesis+of+benzothiazoles%2C+benzoxazoles+and+benzimidazoles&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040403912003851?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=New+and+efficient+green+catalyst+one-pot+synthesis+of+benzimidazole+and+derivatives.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=New+and+efficient+green+catalyst+one-pot+synthesis+of+benzimidazole+and+derivatives.&btnG=
https://wjpr.s3.ap-south-1.amazonaws.com/article_issue/1522488701.pdf
https://doi.org/10.1007/BF03247230
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+of+2-substituted+benzimidazoles+and+bis-benzimidazoles+by+microwave+in+the+presence+of+alumina-methanesulfonic+acid&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+of+2-substituted+benzimidazoles+and+bis-benzimidazoles+by+microwave+in+the+presence+of+alumina-methanesulfonic+acid&btnG=
https://link.springer.com/article/10.1007/BF03247230#citeas
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Conventional+and+greener+approach+for+the+synthesis+of+some+novel+substituted-4-oxothiazolidine+and+their+5-arylidene+derivatives+of+2-methyl-benzimidazole%3A+antimicrobial+activities.&btnG=
https://www.cabdirect.org/cabdirect/abstract/20103251960
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Valeriana+wallichii%E2%80%93a+rich+aroma+root+plant&btnG=
https://www.wjpps.com/Wjpps_controller/abstract_id/2051
https://doi.org/10.1016/j.catcom.2006.10.022
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+expeditious+synthesis+of+benzimidazole+derivatives+catalyzed+by+Lewis+acids&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1566736706003876
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

