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ABSTRACT

Benzimidazoles belonging to the fused heterocysigiem prepared from amino acids are
associated with diverse pharmacological activisegh as antimicrobial, antiviral, antidiabetic
and anticancer activityThis review deals with the review of an efficiegtéen” synthesis of
benzimidazole derivatives by microwave inducedtreas.
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INTRODUCTION

Benzimidazole nucleus is an important heterocyatig because of its synthetic utility and broad
range of pharmacological activities. Some benzigote derivatives with different
pharmacological effects, including antifungal, [anti-helmintic p], anti-HIV [3], antihistaminic
[4-6], antiulcer [78], cardio tonic 9], antihypertensive 10-11 and neuroleptic 12] are in
clinical use. Extensive biochemical and pharmadohligstudies have confirmed that these
molecules are effective against various strainsnmfroorganisms. It has earned an important
place in the list of chemotherapeutic agents. Tiblogical significance of benzimidazoles is due
to its close relationship with structure of purin@$e vital role of purines in the biological
system was established and it was discovered tha6-&imethyl-1- ¢-D-ribofuranosyl)
benzimidazole is an integral part of structure afB4».

Microwave chemistry is the science of applying mweave irradiation to chemical reactions.
Microwaves act as high frequency electric fieldd anll generally heat any material containing
mobile electric charges, such as polar moleculessolvent or conducting ions in a solid. Polar
solvents are heated as their component molecutesoaced to rotate with the field and lose
energy in collisions. Microwave heating is abléntat the target compounds without heating the
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entire furnace or oil bath, which saves time andrgy It is also able to heat sufficiently thin
objects throughout their volume, in theory prodgamore uniform heatinfll3-16]. Microwave-
assisted organic synthesis is an enabling techpofog accelerating drug discovery and
development processes. Microwave assisted reackiame received great interest because of
their simplicity in operation, enhanced reactiates, products with high purity and better yields
compared to those conducted by conventional heatMigrowave instruments are used
principally in three areas of drug research: theeeuing of organic drug formulae, peptide
synthesis, and DNA amplification. Microwave-asgisbeganic synthesis in aqueous medium has
resulted in the development of relatively sustai@amnd environmentally benign protocols for
the synthesis of drugs and has emerged as a walde green chemistry. Microwave-assisted
synthesis under controlled conditions has manyiegmns in the field of medical chemistry
and pharmaceutical research. This technology hagenaa impact in several areas of drug
discovery related to organic syntheldig]. Thus, we became interested in the study of sgighe
of substituted benzimidazoles by using microwacéneue.

Chemistry of Benzimidazoles
The benzimidazoles contain a phenyl ring fusechtoradazole ring, as indicated in the structure
for benzimidazole (1)

H

N

g

N

1)

The benzimidazoles are also known as benzimidazmidsenzoglyoxalines. They have been
named also as derivatives ofphenylenediamine, especially in the early literatuThus,
benzimidazole according to this nomenclature wdwdcalled methenyb-phenylenediamine
and 2-methylbenzimidazole would be called ethenghenylenediamine. Also, they have been
named as derivatives of the grouping composingirtiidazole portion of the ring. Thus, for
example, benzimidazole has also been calleghenyleneformamidine and 2 (3H)-
benzimidazolone (2) and 2 (3H) benzimidazolethi(8)eare known also asphenyleneurea and
o-phenylenethiourea, respectively.

H H
N N
N N
H H
3

(2)
The numbering system for the benzimidazoles iobaWs:
Occasionally, the 2-position is designated agutpesition.

a1

K I
Y 6
1 7

4)
Benzimidazoles which contain a hydrogen atom a@ddo nitrogen in the 1-position readily
tautomerize. This tautomerism is analogous to fbxad in the imidazoles and amidines. The
benzimidazoles, in fact, may be considered as cylalogs of the amidinedd]. Because of
this tautomerism in benzimidazoles certain denxegiwhich appear at first to be isomers are in
reality tautomers; although two non-equivalent dtrites can be written, only one compound is
known. This may be illustrated with 5(or 6)-methgtizimidazole.
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gl oW
\N CHs HsC H

(5) (6)
Thus, 5 methylbenzimidazole (5) is a tautomer ofé&hylbenzimidazole (6nd both structures
(4 and 5) represent the same compound. In desmgnstich tautomeric compounds two numbers
or sets of numbers are usually given designatirg dbsitions of the substituent group (or
groups), the second number or group of numbersgbeiaced in parentheses. In Tallléhe
equivalent tautomeric pairs in benzimidazole deiwes are illustrated.

Table 1 Equivalent tautomeric pairs in benzimidazole dewatives

Position of substituent group(s) In first Position of substituent group(s)In second

tautomer tautomer Designation
4 (or7)

4 7 5 (or 6)

5 6 2,4 (or 2,7)
2.4 2,7 2,5 (or 2.6)
2,5 2,6 45 (or 6,7)
45 6,7 4.6 (or 5,7)
4.6 57 2.4.5 (or 2,6,7)

2,45 2,6,7 2,4,6 (or 2,5,7)
2,4,6 2,57 4,5,6 (or 5,6,7)
4,5,6 5,6,7 4,5,7 (or 4,6,7)
4,57 4.6,7 2,4,5,6 (or
2,456 2,5,6,7 2,5,6,7)
2,457 2,4,6,7 2,4,5,7 (or
2.4,6,7)

When the group attached to the nitrogen in thesitmm is larger than hydrogen, such
tautomerism is not indicated and isomeric formstexihus, 1, 5-dimethylbenzimidazole (7) and

1,6-dimethylbenzimidazole (8) are separate andihdistompounds.
/
/N

N\7 N
N\
H3CO CHs

(7) (8)
The benzimidazoles are predominantly basic compeuraving the ability to form salts with
acids. Benzimidazole (pl& 5.5) is a basic considerably weaker than the inulia(pK a7.0).
This difference in the basic strength is a reftatif the conjugation between the imidazole and
benzene rings. Conjugation increases the numbeomfibuting states in the resonance sense,
thus enhancing the chemical stability of the maie¢i9].

Conventional methodvs. Microwave method

Conventional methods of synthetic reactions needdo heating time, elaborate and tedious
apparatus set up which result in higher cost andr@mmental pollution. Pharmaceutical
laboratories use large quantities of toxic chemsi@ald solvents to perform reactions exposing
laboratory persons including students and envirarinte related hazards. Reaction under
microwaves is an effort toward “green chemistrythwiow-boiling solvents at higtemperature

in closed vessels. Effects of microwaves in dry imexganic reactions have shown synthetic
utility for the preparation of biodynamic heterolg The probable mechanisms involved in
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microwave heating are dipolarization, Ohmic heatingterfacial polarizationetc [20].
Capabilities for rapid heating and cooling, coneuatr heating and cooling and differential
heating facilitated novel chemical reactions and proces§&snmercialmicrowave systems
based on these developments are availdbiee required for conventional reactions typically
are decreased by 2-3 orders of magnitude. Grearegses also have resulted through use of less
or no catalyst, readily recyclable solvents, or meuhd yields that are often higher than normal.
Complementary interactive software for calculatopgimal conditions was develope®ll]. The
reaction rate of microwave induced organic readimaneases ten to thousand times and the yield
of the product increases by 10-30 % compared toothéhe conventional methods.

Procedure:

The microwave technique was performed in domesticrawave oven (SUNFLAME) for
synthesizing selective heterocyclic molecules. Biry, the conventional synthesis of same
were performed and compared with microwave indwyedhesis method. It was found that the
reaction time was comparatively less from hr to @nd the % yield were found to be higher
when compared to conventional method. During owmthsstic studies, it was observed that the
conventional method of synthesising selected heyefit molecules such as phenytoin,
acridone, coumalic acid, benzimidazol;phenylphthalimide and 2,3-diphenyl quinoxaline.
Each reaction was repeated at least three timéfer@ht time intervals) and the products by
studying their melting point and percentage yiéld tomparative results were tabulated in the
Table No: 1

Scheme for the synthesis

i) Phenytoin

Conventional method [22]:

A mixture of benzil (9) and urea (10) were refluxedhe presence @q. sodium hydroxide and
ethanol. The mixture was cooled to room temperadacethe solution was poured into water and
mixed thoroughly. The solution was filtered undect®n and filtrate was made strongly acidic
with conc. hydrochloric acid, cooled in ice water, then fiééd the phenytoin (11) and
recrystallised from industrial spirit.

Microwave method:

A mixture of benzil (9), urea (103g. sodium hydroxide and ethanol were taken in a bedke
beaker was then placed in a domestic microwave @8eINFLAME). Then the mixture was
cooled to room temperature and poured into watee Jolution was filtered under suction and
filtrate was made strongly acidic wittonc. hydrochloric acid, cooled in ice water, filtereddan
recrystallized from industrial spirit.

I @
o NH, i) NaOH/EtOH ?
* HZN«O ii) HyO* ~ HN
< =

O
9) o) (11)

Scheme 1
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i) Acridone

Conventional method [23]:

A mixture of N-Phenyl anthranilic acid (12) and conc. sulphugdiclavas heated on a steam bath.
The hot dark green solution was poured slowly amatiouously into boiling water. Then the
mixture was boiled and filtered. The crude prodactjdone (13) was washed with hot water and
recrystallized from acetic acid using charcoal.

Microwave method:

A mixture of N-Phenyl anthranilic acid (12) am@nc.sulphuric acid was taken in a conical flask
and the reaction mixture was kept in a domestiaowave oven. The hot dark green solution
was poured slowly and continuously into boiling @afThe mixture was boiled and filtered. The
crude product was washed with hot water and reatigggd from acetic acid, using charcoal.

o]
X
Conc. H,SO, . O O
O e L,
HO -H,0 H
(12) (13)
Scheme 2

iii) Coumalic acid

Conventional method [24]:

Sulphuric acid was added to malic acid (14) in ehportions. A slight exothermic reaction
occurred with the steady evolution of gas. The orxtwas heated on a water bath, then cooled
and poured into ice. The mixture was then kepteasid refrigerator, filtered the crude coumalic
acid (15) and washed with small portions of iceanathe crude product was recrystallized from
methanol.

Microwave method:

A mixture of malic acid (13) witltonc. sulphuric acid was added. The beaker was placed in
domestic microwave oven. Then, adequate amourtieoivas added and kept in the refrigerator.
The product was filtered and recrystallized frontimeol.

O
o4  H.SO, HO /=
HO » \ O +2CO, + 4H,0

OH O Cyclization (e O

(14) (15)
Scheme 3

iv) Benzimidazole

Conventional method [25]:

A mixture of o-Phenylene diamine (16) and formic acid (17) waltuxed thermally. The
reaction mixture was cooled and sodium hydroxideitem was added and then the crude
product, benzimidazole (18) was washed with icel eehter and dissolved in boiling water for
recrystallization, filtered and dried.

Microwave method:

A mixture of o-Phenylene diamine (16) and formic acid (17) waac@dl in a domestic
microwave oven. The reaction mixture was cooled sodium hydroxide solution was added.
The crude product was washed with ice cold watassalved in boiling water for
recrystallization, filtered and dried.
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HoN H
N
10% NaOH
H2N© + HO Yo /N <\:©
N
(16) (17) (18)

V) N-Phenyl Phthalimide

Conventional method [26]:

A mixture of aniline (19) and phthalic anhydrideD)2vas dissolved in glacial acetic acid. The
solution was refluxed. The crude produgtPhenyl phthalimide (21) was separated, filtered an
recrystallized from ethanol.

Microwave method:

A mixture of aniline (19) and phthalic anhydrideOY2was dissolved in glacial acetic acid
contained in a domestic microwave oven. The crudadyct was separated, filtered and
recrystallized from ethanol.

o
GIaC|aI
HZN 0 CH3COOH QN
o

(19) (20)5 00 (21)

Scheme 5

vi) 2, 3-Diphenyl Quinoxaline

Conventional method [27]:

Benzil (22) was dissolved in warm rectified spartd transferred into-Phenylene diamine (16)
dissolved in rectified spirit. The mixture was teféd and water was added. The crude product,
2, 3-diphenyl quinoxaline (23) was filtered andrystallized from rectified spirit.

Microwave method:

Benzil (22) was dissolved in warm rectified spaitd transferred into-Phenylene diamine (16)
dissolved in rectified spirit. The beaker was pthae a domestic microwave oven. Then water
was added and the crude product was filtered argstallized from rectified spirit.

H2N i N ‘
@) rectified spirit Z
YO ]
g e
16
22

23

Scheme 6

Above synthesis required a conventional reactiometiof 2-15 hours while the yields were
always poor (<50%) therefore it was felt worth wehib study these reactions under microwave-
induced technique with the aim of decreasing theetien time and increasing the yield. The
experiment like determination of saponificationugl degradation of atropine, analysis of loss
on drying could be performed within minutes (8-9nmiwith the help of microwave assisted
technique and are being used for routine practieases. Each time the products were isolated,
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the % yield and quality of the products was compasgth the one obtained by conventional
method.

Table-1: Physical data of heterocyclic molecules antbmparative study of conventionals. microwave method

Conventional Microwave
Compound MP( C) |——Method MP( C) |——Method
Time 1 o5 vield Time 1 o4 vield
(hours) (hours)

Phenytoin 294-299 2-25 75 295-297 6 80
Acridone 295-300] 1.5-2 70 296-298 4 85
Coumalic acid 206-204 2-2.5 62 206-208 4 80
Benzimidazole 168-174 2-2.5 85 170-1y2 6 94
N-Phenylphthalimide 185-205 1-1.5 80 190-2p2 4 92
2,3-Diphenyl quinoxaling 110-114  1-1.5 75 111-1113 4 85

Synthesis of benzimidazole derivatives using micraaves

The synthetic process involving the use of microsveadiations is green, mild and inexpensive.
Its main advantages are excellent chemo selectanty excellent yields. The groups of Gedye
and Geigure / majetich in, 1986 first reported ba tise of microwave heating to accelerate
organic chemical transformations. Since the last years, high speed microwave synthesis is
being practiced owing to its vitality in organiaglyesis procedureR28]

Somani et al (2010)reported the synthesis of Schiff's base (28) fraémethyl benzimidazole
(24) (Scheme 7) which involved three stepd].[In the first step, 2-methyl benzimidazole (0.10
mole) (24) was refluxed with ethyl bromoacetatel20mole) (25) in ethanol as a solvent
containing dry anhydrous KOs for 20-22 h resulting in the formation of prodwthyl-2-(2-
methyl-1H-benzimidazol-1-yl)-acetate (26). 2-(2-mgt1lH-benzimidazol-1-yl) -
acetohydrazide (27) was formed on refluxing ethyRZnethyl-1H-benzimidazol-1yl) (0.10
mole) (26) with hydrazine hydrate (0.15 mole) fet@h in ethanol. The final step involved the
use of microwave irradiation for synthesising thalf compound (28) in which 0.01 mole of 2-
(2-Methyl-1H-benzimidazol-1-yl)-acetohydrazide (2vas refluxed with 0.012 moles of various

aldehydes under microwave in ethanol (10 mL) ine gresence of glacial acetic acid as a
catalyst for 30-40 minutes.

N
N NH2NH2, Hzo \>_CH
N S>—CH; — > 8
@[ S—cHs , BrCH,COOCHCH, EOH4 ©[N>_ 3 N
N

|
H (IZHZCOOCHZCH?, 27CH2COONHNH2
(25) (26) (27)
(24)
MWI,
ArCHO
Compound Ar N
da Phenyl N
4b 2-Hydroxyphenyl @[ >_CH3
4c 2-Chlorophenyl ',\l
4d 3-Methoxy-4-Hydroxyphenyl CH,CONH=CHAr
de 4-Hydroxyphenyl
af 4-Methoxyphenyl (28)
4q 3-Nitrophenyl
4h Cinnamyl
Scheme 7

Srivastava et al (2010) synthesised 2-(7-phenyl-2,2,6,7-tetra hydrb-1,4-dizepine-5-yl)-H-
benzimidazole (32) (scheme 83(]. 2-acetyl benzimidazoles (0.01 mol) (29) reacteith
substituted aldehydes (0.02 mol) (30) in methangriesence of base (potassium hydroxide) in
microwave oven for 30 seconds to 2 minutes at 3@@swower which resulted in corresponding
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benzimidazolyl chalcones (31). Compound (31) (0.6@il) on treatment with ethylenediamine
(0.001) gave the final compound (32) under micrasvanduced condition (4 to 6 min at 800
watts).

©[ >)kCH H- 8@ MWI, KOH @[ >)J\ u : NH2CH2CH2NH2
(29) (30) (31) @E

Scheme 8

(32)

Narkhede et al (2008) reported the synthesis of derivatives of 2-Merocbphzimidazole (34,
35) using an adsorber2]]. Mercaptobenzimidazole (33) was dissolved in aggesolution of
sodium carbonate (5ml, 2N). Then adsorbent waschtilé and stirred well. Then the mixture
was evaporated for complete removal of water in MVeén. Then aryl halide or acid chloride
(20mmol) ora, o-dibromoalkane (5mmol) was added to the above mexand irradiated in MW
oven at 270 W at a pulse of 30 sec for 1-5 mineAfihe reaction was complete as monitored by
TLC, the reaction mixture is cooled to room tempae The reaction mixture was then
extracted with dichloromethane (2x25 ml). The esttravas dried over anhydrous sodium
sulphate, filtered and removed the solvent to dftbe desired products (34, 35) (scheme 9). The
mercaptobenzimidazole derivative (36) reacted iyl halides under the similar conditions
afforded product (37) (scheme 10).

N
R=CH
Na;COq @: DSk R=CH,CH,
adsorbent R-X H R=CH,CH,CH;
! R:CH2CH2CH2CH3
R:CHz(CHz)zBr

N MW 34
H—sH (34) N -
N Na,CO; R=CH,CH=CHj,
H R=CH2C6H5
XRX, adsorbent N R=CH,COOH
MW N 4 R=COCH;
(33) ©: \>—SR—S/<Nj© R=COCgHs
N H R=-CH,CH,-, X=Br

H (35) R=-CH,CH,CH,-, X=Br
R:'CHz(CH2)2CH2-, X=Br

Scheme 9

N K,COg3, adsorbent —p— _
N (a) R=R —CHz(CHz)ZCHg, X=Br
@ SR > SR () R=R'=CH,CH=CH,, X=Br
N

R 'X, MW (C) R:R':CH2C6H5, X:Br

H
(36) (37)
Scheme 10

Arya e a (2009) synthesised 4'-aminoH-spiro [cyclohexane-1,2'-(pyrimido[1,2-
albenzimidazole)]-3'-carbonitrile (41) and 7'-amiibl-spiro [cyclohexane-1,5-pyrimido[1,2-
albenzimidazole]-6'-carbonitrile  (42) with regiosetivity (scheme 5) 32]. Substituted
aminobenzimidazole (38), malononitrile (39) andocaryl compound (40) were dissolved in 50
ml anhydrous benzene. To this solution, 2-4 g afiaral support (NaY and HY zeolite) was
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added under stirring. After solvent evaporation amtbw pressure, the obtained solid was
exposed to microwaves for appropriate time (3-10 atil40°C). The activated solid was cooled
and washed several times with 10 ml of benzenen,Tthee solvent was evaporated and the
products (41, 42) purified by methanol recrystaliian.

N
Re \ ©: b’y
N>_NH2 NaY zeolite N)_X } X

Rz H HoN
(38) MW, 2 CN
" 4-7min, 75-88% (1)
-/min, -
_CN X %O ° N
HCO o+ R S—NH
CN H-Beta zeolite N NH,
(39) (40)
CN
o
R;=R,=H/Me, X= cabonyl compounds (42)
Scheme 11

Shieh et al (2001) reported a typical procedure for methylation ohdeidazoles 33]. A
solution containing a substrate (43), 1,8-Diazatimjp.4.0]Jundec-7-ene (DBU) (1 equiv),
Dimethyl carbonate (DMC), 1 equiv of tetrabutylanmon iodide (TBAI), a phase-transfer
catalyst (PTC) and a solvent (either M or DMF) was circulated by a pump through the
microwave reactor which was preheated to 160 °20abar by microwave irradiation resulting
in the desired product (44) (scheme 12).

@EN\>_R DMC, DBU, 160°C ©:N\>_R.
N MW irradiation N
H CH,
(43) (44)
Scheme 12

Joshi et al (2010)employed microwave method for synthesising 2-Aeytimidazole (scheme
13) [34]. A mixture of substituted aldehyde (10 mmol) (46)phenylene diamine (10 mmol)
(16) and TBAF (5 mole %) was dissolved in minimuoantity of water with constant stirring
and was irradiated under ultrasonic irradiatiommabient temperature for appropriate time. The
progress of reaction was monitored by TLC. Aftee tompletion of reaction, mixture was
extracted with ethyl acetate (2 x 25 ml) and dueder vacuum. The residue was subjected to
column chromatography (60-120 mesh size silicagjated with hexane-ethyl acetate (80:20) to
obtain the pure product (46).

NH, o  TBAFH,O ©:N\>_R
@ + )LH N
NH, R H
(16) (45) (46)
Scheme 13
Niknam et al (2007)reported microwave irradiation method as the besthod for the synthesis
of 2-substituted benzimidazoles (48) and bis bemaroles (50) from the direct reaction of
phenylenediamine (16) and dicarboxylic acid (49}he presence of alumina-methanesulfonic
acid (AMA) as a catalyst with good to excellentlgge(scheme 153F].

In a typical procedure, a mixture of 1, 2-phenyliamine (5 mmol) (16), carboxylic acid (3.75
mmol) (47), alumina (0.5 g) and methanesulfonid g2 mmol) was subjected to microwave
irradiation (900 W, with a frequency 2450 MHz) &@& power for times specified. The progress
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of the reaction was followed by TLC. After compdetiof the reaction, water was added to the
reaction mixture, filtered, and washed with warmewdo separate the alumina. The combined
aqueous extracts were neutralized by sodium bicateo The precipitates were then filtered,
washed with water (2 x 15 ml) and air dried to edffthe desired product in satisfactory purity.
The precipitated products with lower purity weratlier purified by recrystallization from
ethanol.

NH,

. . N
@ +  (ANR-COOH MW irradiation ©: \>—R(Ar)
NH, AMA H
(47)
(16) (48)
Scheme 14
N N
NH; MW irradiation
@ + HOOC-Y-COOH ———— > —y—< D
AMA N HN
NH (49) H
2 (50)

(6)  (3) v=cH,cH, o~
(b)Y=CH,-S-CH, (e) Y= o
(c) Y=CH,-O-CH, ~—
(d) Y= | A
N/
Scheme 15

Dua et al (2010)synthesised Substituted -4-Oxothiazolidine and the\rylidene Derivatives of
2-Methyl-benzimidazole (57) from N1-Ethylacetater2thyl-benzimidazole (51)3fp]. N1-
Ethylacetate-2-methyl-benzimidazole (51) was fornfemin the reaction between 2-methyl-
benzimidazole (0.30 mole) (24) and ethylchloroaeetf.30 mole) with KCO; (6.168g) under
microwave irradiation for 3 minutes (scheme 16).eWla mixture of compound (5(0.15 mole)
and thiosemicarbazide (0.15 mole) was subjecteditnowave irradiation at 160W for 5 min,
N1-Acetylthiosemicarbazide-2-methyl-benzimidazo&?)( was the product. N1—(2'-amino-5'-
methylene) - 1', 3', 4'-thiadiazole-2—methyl-bendazole (53) was formed whestompound
(52) (0.10 mole) was dissolved in chloroform and conaatd HSO, (0.10 mole) and subjected
to microwave irradiation in the resonance cavitytld® microwave power system for 1.30
minutes and neutralized with concentrated lig. amieod/Vhen equimolar solution of compound
(53) (0.0085 mole) and benzaldehyde (0.0085 maienethanol (20 ml) with 4-5 drops of
glacial acetic acid was subjected to microwavediaion in the resonance cavity of the
microwave power system for 1.30 minutes, N1—(2-B&dene-imino-5'-methylene)-1', 3’, 4'-
thiadiazole]-2-methyl-benzimidazole (54) resulted-[2'-{2-phenyl-1,3-thiazolidin-4-one}-5'-
methylene-1',3',4'-thiadiazole]-2-methyl-benzimidlez (55) was formed whethe equimolar
solution of compounds (54) (0.005 mole) and meagetic acid (0.005 mole) with a pinch of
anhydrous ZnGl in methanol (30ml) was subjected to microwave diaaon for about 8
minutes. The equimolar solution of compound (550@@ mole) and benzaldehyde (0.004 mole)
in methanol (10 ml) in the presence of sodium eith®xesulted in the product N1-[2'-{2-Phenyl-
5-benzylidene-1, 3-thiazolidin-4-one}-5'-methylenel’, 3', 4'-thiadiazole]-2-methyl-1, 3-
benzimidazole (57) undenicrowave irradiation at 300w for about 5 min.
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N N NH,NHCSNH N
: CICH,COC,H 2 2
©: ) CH ©: D—CHs ©: D—CHs
i N "

CH,COOC,Hs CH,CONHNHCSNH,
(51) (52 (53)

H,S04,NH;

N
N\ \>_CH3
)—CHa N
N Ar;CHO/CH;COOH

N
! N
) HS-CH2COOH/ZnCl2 H,C— N, <~ »—CHj
HZC\léN\ -~ \l/ N
N S/ I
S~ HC~=N,
Al N=CHAr, N

N (54) S~
s A6 (55) s

Ar,CHO/C,HsONa

N
CLpo
N

I
HZC /N\
o

\< Arg

-

S
CHAr,

(57)

Arq = Ar, Various substituted aryl groups

o

Scheme 16
Somani et al (2010) synthesised Mannich bases using benzimidazoleats® (33) B7]. The
procedure involved the addition of formaldehydel{Omole) and appropriate amines (0.11
mole) in a solution of thione (5&D.1 mole) in ethanol (10 ml), and the mixture vin@sited in
microwave at the power of 300 watts for 10 min. Timxture was kept overnight in
refrigeration. The product (62) thus obtained wheréd and passed through column [silica gel,
ethyl acetate: hexane (3:1)] to yield pure prod{stbeme 17).

N N
KOH/C,HgBr N
©:N\>_SH —scH,CH, CICHCO0C,Hs N SCH,CHy
N > N
(33) (58)
NH,NH,.H,0
N
N\>_SCHZCH3 N KOH/CS N
—N- 2
N N>iH§NR<1R2_ D—SCH,CH; <« H—SCH,CH;,
N \~NH N
o HCHO/R,R,CHs \\'l s CH,CONHNH,
(62) o (60)
(61)
Scheme 17
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Singh et al (2010)synthesised 1, 3 dihydrobenzimidazol-2-thione anderivatives in two steps
according to the following scheme 18]. 1,3 Dihydro-Benzimidazol-2-thione (65) wasmed
by reactingo-phenylenediamine (16) (0.046 mole) and thiourég (6.092 mol) in microwave
at 40% intensity for 6 minutes 10 seconds till twdour changes to brown. Acetylchloride,
chloroacetyl chloride and chlorosulfonic derivasvef 1,3, dihydro benzimidazol -2-thione (65)
were synthesised from 1,3 Dihydro-Benzimidazol-iditle (64). When the equimolar quantities
(0.007 mol) of 1,3 dihydrobenzimadazole - 2 — tleid64) resulted acetylchloride derivative.
Similarly, chloroacetyl chloride and chlorosulphodierivatives of 1,3 Dihydro-Benzimidazol-2-
thione (64) were synthesized by ustidoroacetylchloride and chlorosulphonic acid iaga of
acetyl chloride. When a mixture of 1,3, dihydroherndazol-2-thione (64) (0.007mol), (0.14
mol) of phophorousoxochloride/ thionyl chloride adatalytic amount of phenol was subjected
to microwave irradiation at 20% for 1 minutes 5@wels, it afforded 2-chloro benzimidazole
(66).

RCIDMF
©:NH2 HzN MW, DM ©: >: ©: =S
* S
NH, H2N (65)
(16) (63) (64)
R= CH3CO-, CICOCH,-, SO3H- |POCIy/SOCl, ©: >=s
Re=Cl MWI, DMF, phenol
(66)
Scheme 18

Yadav et al (2011) synthesised 2-subsituted benzimidazole derivatoagsying pyridine (69)
[39]. The first step involved the synthesis of chak®r{68) by irradiating the mixture of 2-
Acetyl benzimidazole (29) (0.01 mol) and variousljpstituted aryl aldehyde (67) (0.012 mol) in
methanol in the presence of potassium hydroxidaianowave oven for 30 seconds to 3 minutes
at 300 watts. In the second step, mixture of chredd®8) (0.01 mol), malononitrile (0.01 mole)
and ammonium acetate (0.08 mole) was irradiatea microwave oven for 5 to 6 min at 800
watts and 2-amino-6-H-benzimidazol -2-yl)-4- phenyl pyridine -3- carbtoiles (69) was
formed.

[::I: >/ﬂ\CH3+ . _*<::>R MW, KOH [::I: >/KY3CH_4<::> i:52335H4
(67)
(29) © @E
H

(69)

Scheme 19

Srivastava et al (2011)reported synthesis of benzimidazole assembled helzodizepine and
1, 5-benzothiazepine derivatived4(]. In the first step, chalcones (71) were syntlebiby
irradiating A solution of 2-acetyl benzimidazole9j20.01 mole) and approximately aromatic
aldehyde (70) (0.012 mole) in ethanol in the presenf sodium hydroxide (40%, 10ml) as a
base in microwave oven for 30 seconds to 3 minatte300 watts. Then a mixture of chalcone
(71) (0.01 mol), ortho phenylenediamine (0.01 male)l glacial acetic acid in catalytic amount
in DMF (10ml) was subjected to MWI for 4.50 to 5.80n, resulted in synthesis of 4H1
benzimidazol-2-yl)-2-phenyl-2, 3-dihydrd-t1,5-benzodiazepines (72). 4{dbenzimidazol-2-
yl)-2-phenyl-2, 3-dihydro-1,5-benzothiazepines (W&s synthesised when An ultimate mixture

936



Anshul Chawla et al J. Chem. Pharm. Res,, 2011, 3(6):925-944

of chalcone (71) (0.01 mol), 2-amino thiophenol0Omole) and catalytic amount of glacial
acetic acid in dry benzene (10 ml) was subjecteditmowave irradiation for 5 to 6 min.

R2 RZ
N Q@ Q NG R
»—C-CH; + H-C Ry, ————> \>_C‘(H3:<H3 Ry
N N
H H 71
(70) R3 ( ) R3
(29) ‘
SH
"l ] X
L
NH
NH, ?
R,
R @\ R,
; N R1 HN—4 N
HN—4 Rs
: Rs [
N s
al S
(72) (73)
Scheme 20

Jubie et al (2010) synthesised benzimidazole substituted fluoroqoinets (76, 78) 41].
Benzimidazole derivatives were formed by subjectmngaction mixture af-phenylene diamine
(0.01 mole) (16) and appropriate acid (0.01 moRoisnicrowave irradiation at 350W for 25
minutes. The next step involved the synthesis akimeidazoles substituted fluoroquinolones via
Mannich reaction. A suspension of appropriate buigazole derivatives (46) (0.02 mole) in
ethanol, ciprofloxacin & norfloxacin (0.02 mol) aB@% formaldehyde (0.5 ml) were irradiated
in a microwave oven at an intensity of 80% with 8.
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Step 1
NH, N
©: + RCOOH — 5 @E -
NH, N
(16) (74)
Step 2

HCHO

CH,CH,
(77)

HN

R=H, CH,CHg, CH,CH,CH3
Scheme 21

Kini et al (2009)synthesised benzimidazolo benzothiophenes (88ybigl phase combinatorial
synthesis using soluble polymer support PEG 500) &7d 4-fluoro-3-nitrobenzoic acid (80) as
starting materials with substituted primary amirfesheme 22)42]. They first reacted the
polymer bound diamino compound (83), dissolved ichldromethane, with 1.2 mol of 4-
mercaptobenzoic acid (MBA), 1.2 mol of DCC and acpi of DMAP in the microwave for 20
min to afford PEG bound compound (83). The soluticas filtered to remove the excess of
DCC and DMAP salts. PEG bound 3-amino-4-mercaptazéee (84) was then treated with
trifluoroacetic acid and ethylene dichloride in tlag¢io of 1:10 and was subjected to microwave
irradiation for 20 minutes to precipitate the PEQuibd 2-substituted benzimidazole (85).The
solution of PEG bound mercaptobenzimidazole (85 tweated with chloroacetone (1.2 mol),
triethylamine (1.2 mol) in dichloromethane and ledainder microwave irradiation for about 10
min. After completion of the reaction, the reactimixture was directly treated with cold diethyl
ether to precipitate the product (86). The polykthg glycol was cleaved from The PEG bound
compound (86) using methanol and sodium methoxadgvie compound (87). 1-Substituted—2-
(4-aceto-methyl-thio-phenyl)H-benzoimidazole-5-carboxylic acid methyl ester (no6l) (87)
is treated with polyphosphoric acid (PPA) and heéate a water bath for 4 h to form 1-
substituted-2-(3-methyl-benzo[b]thiophen-6-yl)-3knzoimidazole- 5-carboxylic acid methyl
ester (88).
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o O

NO PEG. o)
PEG-OH + 2 DCC,DMAP o) NO2 RNH,
[E— —_— = PEG\O NO,
79) F CH,Cl, F CH,Cl,
79 (81)
80
(80) (82) NHR
COOH Zn/NH,CI

SH thanol
o o 0 methano
(0] PEG.
PEG\O NH @) NH;
- SH

PEG. N
(85) N NHR DCC/DMAP

R TFA, EDC
EtN l 0 (84)
Cl

NHR
(83)

Scheme 22
Zhang et al (2007)reported the one pot synthesis of 2-substitutedibgdazoles (91) fronthe
reaction of an appropriatephenylenediamine (89) (1.0 mmole), orthoester (@02 mmole)
and ZrOC}.8H,O (10 mole%) under microwave irradiation at 160W &m appropriate time.
(Scheme 23)43).

R R

1 + R;C(ORY) > ! SR,
RT or MWI R N
R2 NH2 2 H
(89) (90) (91
Scheme 23

Rajori et al (2007) Synthesised benzimidazolyl chalcones and pyrazolum@ng microwave
irradiation. An intimate mixture of Compound (92).¢1 mole) and phenyl hydrazones (0.012
mole) were subjected to microwave irradiation ad 3étt power for 4-6 min formation of 1-
phenyl-3-benzimidazoleyl-5-aryl-2-pyrazolines (93theme 24)44]. An intimate mixture of
compound (92) (0.01 mole), hydrazine hydrate (0.@idle) and formic acid (15 mL) was
subjected to microwave irradiation at 240 watt poveg 4-6 min resulted in formation of 3-
benzimidazolyl-5- aryl-2-pyrazolinyl-1- carboxaldeles (94).An intimate mixture of compound
(92) (0.01 mole), thiosemicarbazides (0.015 mole) anhydrous KCO; (4g) under MW
irriadiation at 300 watt power for 3-5 min resulted the formation of 1-thiocarbamide-3-
benzimidazolyl-5- aryl- pyrazolines (95).
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@: ArCHO/ Base @: I_Ar PANHNH/MWI ©:
o *m R

(29) anhydrous K,COs/ (92) ' (93) Ph
HoN— C NHNH2 HZNNHZI N
HCOOH
N\
©:N>_’\"|TI\>7N
I : '
N CHO
n (94)
S=C—NH,
(95)
Scheme 24

Kumbhare et al (2008) A variety of 1, 2-dihydropyrimido-[1,2-a]-benzidazole-3-carbonitrile
derivatives (96) were synthesized under microwaxediation using water and acetonitrile as
solvent system, as reported #p]. A mixture of malononitrile (1 mmol), 2-aminobdah@azole

(2 mmol), benzaldehyde (1 mmol), and solvent mxt{ir.5 mL, acetonitrile/water) were placed
in a 10 mL pressure tube. The mixture was subjeitedicrowave irradiation (180 W, 250 psi,
80°C) for 5 min and then diluted with dichloromethdBenL) and filtered. The solid was rinsed
with dichloromethane (2x 5 mL) and the combinedaots were concentrated and purified by
column chromatography to afford the correspondingepproduct. The same compound was
obtained in the absence of the solvent system.

CH5CN/H,0
N CN | > N
Y+ RcHO + (  —— MW S—NH
N CN | MW N R
H
39 without solvent >:87
(1) (39) H,N  CN
(96)
R = 4-CICgH,, 4-BrCgHy, 4-FCgHy, 4-CgHs, 4-CH3CgH,, 4-OCH3CoH,
Scheme 25

Microwave energy has found application in the ragighthesis of bridgehead nitrogen
heterocycles under solvent-free conditiod$][ Rahmouni et al. (1994) have synthesised
pyrimidino[ 1,64]benzimidazoles (99) (Scheme 46) under focused awayve irradiation in
moderate yields frol-acylimidates (98) and activated 2-benzimidazolés(9

R1

N o}
©: S CHR + ) MW,400-510W ©: >_$7
H EtO 15-30 min Rj
(97) (98§2 Rl (99)
R= CN, CO,Me, CO,Et
Rl’ R2 = alkyl
Scheme 26

Pharmacological importance

The benzimidazole ring is an important pharmacophioremodern drug discovery. The

compounds bearing benzimidazole moiety are reporteghossess a number of interesting
biological activities and the widespread importanéebenzimidazole structure has extensive
studies for practical synthetic method of heterteyd47-51]. Benzimidazole derivatives have
found the appreciation in diverse therapeutic areelsiding antimicrobial activity[52-56], the
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activity against several viruses such as HIV [5F-B@tiallergic [60,61], antioxidant [62-64],

antihistaminic [65], antitubercular [66,67], antta®atic [68], anti-diabetic [69,69a], anticancer
[70- 74], antitumor [75-76], antiulcer [77,78], d@lmentic [79], HIV-1 reverse transcriptase
inhibitors [80,80a], antiviral [81], anticoagulaf®2], anti inflammatory [83], antibacterial

[84,85], the series of biologically active benziazdles [86]A variety of benzimidazoles are in

use, like thiabendazole (100) and flubendazole X1@bthelmintic), omeprazole (102) and
lansoprazole (103) (antiulcerative) and astemift@!) (antihistaminic) (figure 1). Some 1,5-
bis(5-substituted benzimidazole)alkanes e.g. 1=Rmitro-1H-benzimidazole)pentane (105a),
1,6-Bis(5-nitro-1H-benzimidazole)hexane (105b), -Bi§(5-amino-1H-benzimidazole)hexane
(106a) & 1,6 -Bis(5-amino-2-methyl-1H-benzimidablexane (106d) displayed good
antileishmanial activity [87] (figure 1). 2-mercapenzimidazole derivatives exhibited
significant analgesic activity when compared witdnslard drug, pentazocine [88] (Figure 1).

HsC O—CHj

(@]
NS GRS e
H H H,C O
.0 N F
(100) HaC \T:::I: )5, _ﬁ2<k

N O (103)
y (102) CH,
F N R O
T e ey 5O
N
) N" >N

(101) <t:j> (104)

N N
-
(1(?5) (106)
(105 a)R= NG, R'= CH; (106 a) R=NH,, R'=H, L

(106 b) R= NH,, R'= CH;

o

(107

(105 b)R= NG, R'=H

Figure 1
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CONCLUSION

The benzimidazole ring is an important pharmacophomodern drug discovery. Attention has
been increasingly given to the synthesis of berdamznle derivatives by using microwave
techniques. The benzimidazole derivatives are @ures for medicinal research. Benzimidazole
derivatives having wide diverse of biological aityiv The dynamic microwave power system
employed offered an efficient heating of the maidethus reduced chemical reactions times and
increased reaction yields were observed in mogteomost of the literature quoted in this paper.
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