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ABSTRACT

All the heterocyclic compounds are of great interest in Pharmaceutical Chemistry. Out of these heterocyclic
compounds the benzfused heterocyclic compound, i.e. benzimidazole is an important pharmacophore and privileged
structure in medicinal chemistry. Recently many benzimidazole drugs like antiparasitic, thiabendazole, mebendazole
and albendazole, antihistaminic norastemizole and mizolastine, as well as antihypertensive telmisartan etc. have
been successfully developed and extensively used in clinic. The wide spectrum of biological activities associated
with benzimidazole has been of huge interest and its derivatives have wide variety of biological activities like
antihelminthic, antiulcer, diuretic, anticonvulsant, analgesic, antiulcer, antihypertensive, anticoagulant, anticancer,
antiinflammatory, antimicrobial, antiviral, antiparasitic and antioxidant. This review is summarized different
derivatives of substituted benzimidazoles along with their pharmacological activities. This has attracted increasing
interest to investigate the possible applications of benzimidazol e derivatives in other medicinal aspects.
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INTRODUCTION

The benzimidazole scaffold is a useful structuradification for the development of molecules of phaceutical
or biological interest [1]. The benzimidazole hetsrcle is represented in nature as an integralqfahe structure
of vitamin B12 and has been incorporated into Plasutical agents to form enzyme inhibitors and DNA
intercalators [2]. Benzimidazoles are very usefueimediates/subunits for the development of mdéscf
Pharmaceutical or biological interest [3]. Apprapely substituted benzimidazole derivatives hawmébdiverse
therapeutic applications such as in antimicrobiahmiprotozoal, antibacterial effects [4], antiadie activity [5],
HIV inhibtors, antiviral effect [6], antiparasitieffect [7], antihypertensive agents [8], cardiotomictivity [9],
antiulcer activity [10], antiproliferative activityl1], anti-inflammatory activity [12], analgesicctavity [13],
antioxidant activity [14], antiprotozoal activitylp], antidiabetic activity[16], diuretic activitylf], androgen
receptor antagonist [18], anticonvulsant agent$, [@®tinflammatory [20]DNA binding properties, bovine DHFR,
antitumor [21, anticoagulant [22]. OptimizationlEnzimidazole-based structures has resulted iowadrugs.

CHEMISTRY OF BENZIMIDAZOLE

Benzimidazoles (1) are regarded as a promising @édioactive heterocyclic compounds that exhébiange of

biological activities. Specifically, this nucleus & constituent of vitamin-B12. Benzimidazole ifugsed aromatic
imidazole ring system where a benzene ring is fisdtle 4 and 5 positions of an imidazole ring. Beridazole is

1, 3-benzodiazole, It is also called as azindoémzbglyoxaline, NCS759, N, N'-methyl-o-phenylenexiiae, 1, 3-

diazaindene, H-benzimidazole,o-benzimidazole, BZI, 3-azaidole [23]. They possésgh acidic and basic
characteristics. The NH group present in benzimittais relatively strongly acidic and also weakgske. Another
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characteristic of benzimidazole is that they hawe ¢apacity to form salts. Benzimidazole with urssitisted NH
groups, exhibit fast prototropic tautomerism whielads to equilibrium mixture of asymmetrically stitoged
compounds [24].

N

H
(1) Benzimidazole

M echanism of Benzimidazole ring formation

The first step of this mechanism involves nuclebplattack of one Nk to the carbonyl carbon of the aldehyde.
Following the loss of water, the Schiff base intediate is formed. Because excess aldehyde was tugedoutes
are possible for the consumption of intermediatee Tfirst route is the nucleophilic attack of them®sd NH, on the
second aldehyde molecule resulting into intermedi@his intermediate then undergoes intramoleaitar closure
followed by 1, 3- hydride transfer, subsequentsufgng into the formation of the required 2-arykdylmethyl-1H-
benzimidazole. Alternatively, intermediate can wgdeintramolecular cyclisation by the attack of #exond NH
into the imine carbon (2). 2-substituted-benzimidazole is from this process [25].
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M echanism of 1& 2 substituted benzimidazolering formation (2)

STUDY ON STRUCTURAL MODIFICATIONSAND THEIR PHARMACOLOGICAL ACTIONS
Anti-inflammatory activity

Benzimidazole moiety with carboxylic acid subsiitatat 2 position fulfills the minimum and desirable strul
requirements that are common in most of the madkat&i-inflammatory drugs. Thakurdesai et al. sgsthed
some benzimidazole-2-carboxylic acid and testecatmte anti-inflammatory activity against carrageemduced
rat paw edema model. The test compounds were ftubé safe upto 2000 mg/kg, p.o. doses and exHiived
anti-inflammatory activity at 100 mg/kg p.o. andyimer doses. Their activity largely depends on stulestts at
position 5 and chain length at position 2 of bendamole moiety. With 1-benzyl substitution, actwitas found to
be increase [26]. Synthesis and anti-inflammatactivily of various substituted phenyl benzimidazoleere
reported by Leonard et al. Compounds 3a, 3b andee screened for anti-inflammatory activity aneshd
22.1%, 52.2% and 54.6% inhibition respectively &t rig/kg. Compound (3c) showed maximum i.e., 54.6%
inhibition of edema at doses of 50 mg/kg [27].
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(-0

2

©)
R = morphilono (3a), diphenylamine (3b), dimethylamine (3c)

Diuretic activity

Diuretic activity of indolyl benzimidazoles (4) wasarried out by Vittal Rao et al. Compounds 4a,afol 4c
showed significant increase in urine volume (LVaRy also urinary excretion of Nand K [28].

7
A

N

N
H

4)
R=NO, (4a), Cl (4b), Br (4¢)

Srinivasan et al. carried out synthesis of 3-(2hylet, 2-dihydropyrimido (1, 2-c) benzimidazole{ignyl)-6, 8-
dibromo-2-substituted3 quinazolin-4-one (5) and reported synthesized aamg 5a and 5b showed moderate

diuretic activity [29].
|
ﬁ\ !
P
N N

)\ CH,
N/ R

5

R= CH3((5;), Br (5b)
Antibacterial activity
Goker et al. synthesized a series of 1, 2-disultetit1Hbenzimidazole-N alkylated- 5-carboxamidiregihtives
and evaluated antibacterial activities agafsaureus and methicillin resistan®. aureus. The study revealed the
best activity, with MIC values of 0.78 - 0,8¢/mL against these species [30]. Mohamed et althegized
benzimidazoles as 1-(substituted-methyl)-2(suldsiityphenyl) benzimidazoles (6) and compounds 6aar@b 6¢
were screened for their antibacterial activity agab. aureus, B. pumillus and P. aeurugenosa. Compound 6a
showed MIC (6.25) at 100 um/ML and exhibited goattitmcterial activity. Various Chloro and dichloro
substituted benzimidazole also possess antibacaetigities [31].

@@

2C R
(6)
R= Diethylamine (6a), Dimethylamine (6b), M or philono(6c)
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Antiviral activity:

Tetrahydro-imidazo[4,5,13.K][1,4]-benzodiazepin-2Hjone (TIBO) is a non competitive non nucleotide
antiretroviral drug with a specific allosteric Hing site of HIV-1 RT. TIBO derivatives have pravi® be potent,
highly selective and specific inhibitors of HIVe&plication in vitro. The reverse transcriptase YRTHIV-1, but
not HIV-2, is inhibited by the TIBO compounds. Selecompounds other than TIBO have recently beenrted

to specifically inhibit HIV-1 replication. In a rearch it was investigated that some novel benzinoigederivatives,
bearing analogy to TIBO, have been synthesized vaeré evaluated for inhibition of HIV-1 infectivityrfhe most
active and elective compounds are a series of bixgtR-alkyl-benzimidazoles, several having EC500%1in (one
sub-micromolar at 600nM) and selectivity ratios 1-167.The selective benzimidazoles, show modest RT
inhibition. Ramanpreet et al determined antiviraitivaty of series of 2-(alkylthio)-5, 6-dichloro-(5-D-
ribofuranosyl) benzimidazoles (7). Compourids 7b and 7c were performed for antiviral actidgainst HSV-1
and HCMV and compound 7c shown maximum activit9@#o inhibitory concentration (uUM) [32].

SCH;

~

N O OH

cl OH OH

Cl
U
R=SCH3; (73), SO, CH3(7b), 502CH2C6H5(7C)

Antitumor activity
Balram Soni et al. synthesized a series of benzimtl® derivatives and screened for their in vigmtoxic activity.
From the cytotoxic activity study, it was obsenthdt compound with the presence of a 2-chloro @matic ring

and 2-NQ on benzylidene amino group (compound 8) in mostsajives better cytotoxic activity against human
K-562 cell line [33].

N

N :

CH,CONHN=CH NO,

®

Some new benzimidazole-4, 7-diones substituted-@dsition were synthesized and reported by Gellialeln
synthesized compounds 9a, 9b and 9c (10uM, 8uM3ai) among three of them 9c exhibited excellenbwmytic

activity against colon (HT29), breast (T47D) andduyA549) cancer cell lines and shown lowesj,Nalues in uM
i.e., (3uM) [34].

0 0
HsC HC  CH,
HsC N )—CH3 HaC N NO,
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HsC N HaC N
i CHs | i CH,
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Antihypertensive activity

A series of 4'-(6-Methoxy-2-substituted-benzimidazb-ylmethyl)-biphenyl-2-carboxylic acid (10) were
synthesized by kohli et al. expeditiously in goadelgs from 4-methoxy-1, 2-phenylenediamine and edéht
substituted carboxylic acids in the presence of -BH32 as a catalyst with biphenyl carboxylic acaléd been
confirmed by IR, 1H, NMR, MS and elemental analysihe title compounds have been evaluated for

antihypertensive activity by direct and indirectthwes. Some of these compounds (10a, 10b, 10catfdlOe)
have been found to exhibit excellent antihypertemnsictivity [35].

N

D

OMe

COOH

(10)
R = Cl (10a), Br (10b), NO, (10¢), CH3(10d), C,Hs (10€)

Anisimova et al. synthesized 9-dialkylaminomethyd»® (dioxy) phenylimidazo[1,2] benzimidazole, compounds
1la, 11b and 11c possessed antihypertensive i, 2.8mg/kg, 0.8mg/kg, 0.13mg/kg ) , (k8121.0mg/kg,
182mg/kg, 143mg/kg ) and (LPEDs, : 43.2, 227.5, 1100), the most active compound afuthese was 11c

exceeded the reference drugs (DibazoleyE2.0) with respect to both the degree of the bgmpsive action ( EE)
and the conditional therapeutic index (dlEDs) [36].
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(11a) (11b) (11c)

Antiprotozoal activity

Vazquez et al. synthesized and determined antépoal activity of 2-(trifluoromethyl)-#i-benzimidazole. A series
of 2-(triflouromethyl)-H benzimidazole derivatives (12) with 5 and 6 positbioisosteric substituent (-Cl, -F, -

369



Neelam Verma et al J. Chem. Pharm. Res., 2016, 8(3):365-374

CFs;, -CN) were prepared by using short synthetic roft@logues were testéd-vitro against the protozdaiardia
intestinals and Trichomonas vaginalis compare with albendazole and metronidazole, hai®yg < 1 puM and
compound 12 was found to be more active than abmmid againsfl. wulgaris and also showed moderate
antimalarial activity against W2 and D6 straing>tdsmodium fal ciparum [37].

\
| |y

H

F3C

(12

Antimicrobial activity

Ranijit et al. determined antimicrobial activity bft-dihydropyrimido[1,2-a]benzimidazoles is basedlee Biginelli
like cyclocondensation of aromatic aldehydes andtaacetic acid derivatives with 2-amino benzimidazo
containing a guanidine fragment and synthesizedpoamds were evaluated for antimicrobial activityaiagt
Escherichia coli, Sreptococcus pneumoniae and Staphylococcus aureus [38]. The efficient synthesis of novel 3-
chloro-1-5-(2-methyl-H-bezimidazol-2-yl)-4-(substituted) phenylazetidito@e were reported by Ansari et al. and
synthesized compounds were screened for antimadrelstivity againsB.substilis andE.coli, compound 13a and
13b showed MIC at 100pg/ml, 100pg/ml, 200pg/ml dd88].
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H
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(13a) (13b) (13b)
Anticonvulsant activity
Stables et al. synthesized 2-substituted benzimldaderivatives (14). Synthesized compounds 14aldidshown
anticonvulsant activity and having percentage efdhtivity (88%, 76% and 84%), thus the compouna dbwed
maximum percentage against maximal electroshoataplyg40].

H
|

N /NH
{

F
R
Ry
R = —NC>7CH3 y R]_: H . R= —N N@ , RZL: H
' __/
(14 a) (14 b)
R= —N N@ , RR=Br; R=—N N—@ R;= OCH,
__/ __/ ‘
(14 c) (14 d)
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Antimycobacterial activity

Synthesis of substituted 2-polyfluroalkyl and 4rolitenzyl sufanyl benzimiazole were reported by Kagiczuk et
al. and synthesized compounds were evaluated &br dlstivity against mycobacterium strains, compbshowed
appreciable antimycobacterial activity. Compoun8a,115b and 15c showed their MIC values 2uiipRlimol I*
and 4umol T respectively [41].

N

N
\>78—CH2 \>78—CH2 N
N
[¢]] & ’i‘ Br Br ' \ C4H9
H H :
N
c o
N NO, Cl H

(15a) (15b) " (150)

Protein kinase CK 2 inhibitors

Protein kinase CK2 inhibitory activity were carriedt on 4,5,6,7 tetra-bromo benzimidazole (16)\dgives by
Tripathi et al. and compound 16a and 16b were fawnpgosses -log Kg (uM) 0.797, 0.177, 0.607 and it was
found that compound 1@kas shown the effective inhibitory concentratio][4

Br
N
S
N
Br
\
Br H

Br

(16)
R = Br (16a), -NH-CH (16b)

Antidiabetic activity

Synthesis of a series of novel and functionalizeshzimidazole derivatives were reported by Kumaraket
Synthesized compounds exhibited antidiabetic agtagainst DPP-IV and PTP-IB. compound 17a and shéiwn
inhibitory activity against PTP-IB (1.64 %, 2.42 @ 30uM doses and 17c showed inhibitory actiagginst DPP-
IV (3 %) at 0.3 uM doses [43].

00 oo

(174) (a7b)

|
CH,CH,CH,CH3
(17¢)

Analgesic activity

Syntheses of 2-substituted benzimidazoles (18) weperted by Sravanthi et al. All the Synthesizedhpounds
were tested for analgesic activity by tail flick tned at 25 mg/kg doses orally and compared witlorimethacin,
compounds 18a, 18b and 18c showed analgesic gd®d%o, 85% and 74%) [44].
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N\>722 @ cl

(18)
R = NO,(18a), Br (18b), Cl (18¢)

Antiulcer activity

Bariwal et al. synthesized and reported evaluateilaer activity of compound 19a and 19b. Compoadfd and
19b at 10 and 30 mg/kg doses reduced the ulceratimmsignificantly, comparable to standard (Omegpl&) and it
was found that compound 19a (sulfinyl derivativelswnore effective than (thio derivative) [45].

CH, CH;

H3C

X
Py, LA
)\ Z SA<
N 5A<\ HaC N \N
N o)
(19a) (19b)

Antifungal activity

Deshmukh et al. synthesized 2, 3, 4,-trisubstitute@-dihydropyrimido [1, 23 benzimidazole derivative. The
compounds 20a and 20b were tested for their fudglicactivities againsAspergillus niger-MTCC-2255 and
Penicillium chrysogenum-NCIM-723 using greseofulvin as control [46].

P 2

NH INH
CN
O e L
)\ OCH )\ OH
Y CYT
H H

(20a) , (20b)
CONCLUSION

A vast majority of procedures and evaluation foaiphacological activity have been reported in vasibteratures
for benzimidazole and its derivatives. Based on #bheve literature survey it is concluded that sStitsd
benzimidazole is an important pharmacophore foewahge of pharmacological activity in modern ddiggovery.
The knowledge gained by various research has steghéisat substituted benzimidazole interact easith the
biopolymers; possess pharmacological activity wdtver toxicities. So in future trend designing mqgretent
benzimidazole derivatives having wide diverse aldgjical activity with lower toxicity profile wouldbe important
resource for medicinal research.

Acknowledgement

| am indebted to my husband and my parents for thepiration and encouragement, | would like tartk all of the
co-author, staff members of Shambhunath Institdt®tarmacy, for providing the necessary guidelif@sthe
completion of this review and who gave their valeabme and effort.

372



Neelam Verma et al J. Chem. Pharm. Res., 2016, 8(3):365-374

REFERENCES

[1] W Ramanpreet; Hedaitullah; NS Farha; | Khalid; E8nba,Int. J. of Res. Pharmacy and Chem., 2011, 1(3),
565- 570.

[2] M Sugumaran; M Yokeshnt. J. of Phar. Sci. and Drug Res., 2012, 4(1), 80-83.

[3] SA Saj; J adifar; N Mirshokraie; O J.avaherneshlamiie, Am. J. of Org. Chem,, 2012, 2(2), 35-39.

[4] PS Rathee; R Dhankar; S Bhardwaj; M Gupt#pplied Pharm. Sci., 2011, 1(10), 140-142.

[5] H Nakano; T Inoue; N Kawasaki; H Miyataka; H. Matsoto,Chem. Pharm. Bull., 1999, 47(11), 1573-1578.
[6] T Fonseca; B Gigante; MM Marques; TL Gilchrist; EDercq, Bioorg. Med. Chem. 2004, 12,103-112Der.
Pharm. Chem,, 2012, 4(3), 1283-1287.

[7] B Serafin; G Borkowska; J Gtéwczyk; | KowalskaR8mp,J. of Pharmaco. Pharmacy, 1989, 41(1), 89-96.

[8] T Bethke; D Brunkhorst; H Leyen; W Meyer; R Nigbuti Scholz Arch. Pharmacol., 1988, 337(5), 576-582.
[9] FR Khan; AJ Asnanint J. Res. Pharm. Biomed. <ci., 2011, 2(2), 695-700.

[10] MH Al-Douh; HB Sahib; H Osman; SA Hamid; SM Sallimsi. Paci. J. Cancer Preview, 2012, 13, 4075-
4079.

[11] ES Lazer; MR Matteo; GJ Possantayf Med. Chem., 1987, 30(4), 726-729.

[12] S Aydin; R Beis; OD CarPharmazie, 2003, 58(6), 405-408.

[13]A Z Ates; C Kus; T CobanPharmazie, 2009, 48(6),305-308.

[14]Z Kazimierczuk; JA Upcroft; P Upcrofficta Bio Chem. Pal., 2002, 49(1), 185-195.

[15]R Vinodkumar; SD Vaidya; BV Siva; UN Bhise; SB Bid, ARKIVOC- Arch. Org. Chem., 2008, 11(5), 37-
49.

[16]VG Pashinski; TV Romanova; NA Mukhina; LV Shkrabo%@78, 41(2), 196-199.

[17] RA Ng; J Guan; VC Alford; JC Lanter; GF Allan; Sbriscia,Bioorg. Med. Chem. Lett., 2007, 17(3), 784-788.
[18]U Oya; B Ayla; A Cenk; TM Berna; G Zafer, Pharm. Sci. 2007, 29, 185-194.

[19] Thakurdesai; A Prasad; G Sudhir; Wadodkar; T Cheittein Phar macology online, 2007, 3, 314-329.
[20]AG Shadia; H Khaled; B Hegab; M Ahmegyr J. Med. Chem., 2010, 45(5), 685-691.

[21]WW Mederski; D Dorsch; S Anzali; J Gleitz; C CezanrC TsaklakidisBioorg and Med. Chem. Letter, 2004,
35, 675-691.

[22] C Rajurkar; SS Thont®ioorg and Med. Chem. Letter, 2012, 3, 2323-2329.

[23]RG Alngle; DD Magar]nt J. of Drug Res. Technology, 2005, 1(1), 26-32.

[24]R Trivedi; SK De; RA Gibbs]. of Mole Cata A: Chemical, 2005, 245,8-11.

[25] Thakurdesai; A Prasad; G Sudhir; Wadodkar; T Chetvttein Phar macology online, 2007, 3, 314-329.

[26]JT Leonard; L J eyaseeli; M Kumar; R Sivakun#sian J. Chem., 2008, 18(2), 1104-1106.

[27]RY Vittal; A radha; B Manjula2011, 50 B, 1762-1773.

[28]N Srinivasan; A Balaji; G Nagrajan; R SuthakaranKitfmar; D JagdeshAsian J. Chem., 2008, 20(6), 4934-
4936.

[29]H goker; S Ozden; S Yildiz; DW Boykifur J. Med. Chem., 2005, 40(10), 1062-1069.

[30]GE Mohamed; N Ibrahmirint. J. Chem. Tech. Res., 2010, 2(4), 2097-2100.

[31]W Ramanpreet; Hedaitullah; NS Farha; | Khalid; H8rlba,2011, 1(3), 565-570.

[32]S Balram; SR Mahendra; B Anil; S Rambaternationa J. Drug Res. Tech, 2012, 2 (7), 479-485.

[33]A Gellis; HN Boufatah; P VanelleEur J. Med. Chem., 2008, 43, 1858-1864.

[34] DV Sharma; A Kohli; S Smita; A D SharmRelagia Res. Library, 2010, 1(1), 104-115.

[35] VA Anisimova; AA Spasov; VA XZ Guo; L Shi; R WangX Liu; BG Li, Bioorg Med. Chem., 2008, 16,110-
118.

[36] GN Vazquez; L Yepez; AH Campos; A Tapia; FH LuisCBdillo, Bioorg. Med. Chem., 2003, 1, 4615-4622.
[37]S Ranijit; N R Nandaniya; K Haresh; VH Shahef Chem. Pharm. Res., 2012, 4(7), 3557-3561.

[38]KF Ansari; C Lal,Eur J. Med. Chem., 2009, 44, 2294-2299.

[39]JP Stables; HJ Kupferberd,Chem. Pharm. Res., 2001, 23, 78- 93.

[40]Z Kazimierczuk; M Andrzejewska; J Kaustova; V Klisowa,Eur J. Med. Chem., 2005, 40, 203-208.

[41] T Tripathi; JP Mishralnd. Drugs, 2009, 45(10), 809-813.

[42]V Ramanatham; D Sanjay; B Vaidya; V Bobba; V Sivaniar, ARKIVOC- Archive for Org Chem., 2008, 14,
37-49.

[43]B Dipankar; M Sravanthi; N Nagaraju; K Manikantd $logalabi J. Chem. Pharm.. Res., 2009, 4(8), 3832-
3836.

[44] JB Bariwal; AK Shah; MK Kathiravan; RS Somani; J&tap; KS Jairipd. J.. Pharm. Edu. Res., 2008, 42,
225-231.

373



Neelam Verma et al J. Chem. Pharm. Res., 2016, 8(3):365-374

[45]MB Deshmukh; AW Suryavanshi; SA Deshmukh; SS Jagtajp]. Chem, 2009, 86, 302-305.

374



