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ABSTRACT

Objective: The objective of present research work is to synthesize & screen novel 2-chloromethyl-1H-benzimidazole derivatives for antifungal

activity.

Methods: 2-chloromethyl-1H-benzimidazole derivatives were prepared by condensing 2-chloromethyl-1H-benzimidazole with different aromatic
amines and heterocycle. The synthesized compounds were screened for their antifungal activity against Candida albicans by well plate method.

Results: Some of the syntheized compounds showed significant antifungal activity. VMKP 8 exhibited potent activity (MIC=12.5 pg/ml). The
synthesized derivatives were characterized by means of TLC, IR, THNMR spectral analysis for their structural confirmation.

Conclusion: The derivatives which showed better antifungal activity may serve as leads for further optimization.
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INTRODUCTION

Invasive fungal infections present major diagnostic and therapeutic
challenges for the clinician. Although many viral infections can now
be prevented, superficial and systemic fungal infections remain
important causes of morbidity and mortality in transplant
recipients, even in view of the aggressive use of topical antifungal
agents. In addition, antifungal drugs used in fungal infections have
also become less effective owing to the development of fungal
resistance.!In recent years, considerable attention has been given to
the synthesis of benzimidazole/bis-benzimidazole derivatives
because of their various pharmacological activities such as
antitumour[2,3], anti-ulcer[4], antiinflammatory[5], antiviral[6,7],
anthelmintic[8,9], antibacterial[10,11] and antifungal[12,13]
properties. The objective of present study was to synthesize novel 2-
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Procedure

In a 250 ml three necked flask a solution containing 7.5g (0.08 mole)
of chloroacetic acid and 7.5g (0.07 moles) of 0-phenylenediamine
dissolved in 60 ml of 5N HCL. The mixture was heated for 7.5 to 8 hrs
with constant stirring. The reaction mixture is cooled to about 5°C. It
was neutralized with aq. ammonium hydroxide or dilute NaOH. The
product was filtered and washed with water to remove traces of

Synthesis of 2-Chloromethyl 1H-benzimidazole derivatives

VKMP-(1) Synthesis of (1H-Benzimidazole-2-ylmethyl)-phenyl amine
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chloromethyl-1 H-benzimidazole derivatives by using different
aromatic amines and heterocycle and to evaluate them for antifungal
activity.

MATERIALS AND METHODS
Chemistry

All the chemicals used were procured from Merck and purified prior to
use. Melting points were determined on open capillary tube on Campbel
Melting-point Apparatus and are uncorrected. The silica gel used for thin
layer chromatography (TLC) was ‘Silica Gel G’ procured from Merck and
was coated on laboratory glass slides. IR spectra were recorded using
KBr disk on “JASCO 530V” and “SHIMADZU 3100”, tH-NMR spectra were
recorded in CDCls/DMSO solution on “FTNMR Varian-Mercury 300"
using tetramethylsilane (TMS) as internal standard.

Db JepiTiT,
Eeflux, 16 hirs

5 M HCI il Cl
\> /
Reflux, 7-8 hrs M

2-Chlormethyl- 1Hbenzimidazole

hydrochloric acid and dried. It was re-crystallized from benzene:
hexane[14,15].

Spectral Data:- Yield:60%; melting point:153-
155°C;TLC:Chloroform:Methanol(9:1);Re: 0.68;1RVmax(KBr):3369(-
NH)),3063(aromatic-CH),2939(alliphatic-CH),1345(-CN),780(C
CL),1HNMR:8-9.18(1H,s,-NH),7.16(4H,m.aromatic
linkage),4.98(2H,s,CH:linkage),2.6(1H,s,DMSO peak).
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Procedure

In a 250 ml RBF, 2-Chloromethyl-1H-benzimidazole (0.01
mol,1.665gm) and K.COs; (2.76gm,0.02mol) were stirred at room
temperature in dimethylformamide (DMF, 20 ml) for half an hour
and pinch of KI was added. After that aniline (0.095g, 0.01 mol) was
added to reaction mixture which was refluxed for 16 hrs.until TLC
showed completion of reaction. The reaction mixture was poured
into water (20 ml) and the mixture was extracted with ethyl acetate
(3X20 ml). The organic extracts were washed with water, dried over
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anhydrous sodium sulphate and concentrated to obtain crude
product. The residue was recrystallized from diethyl ether to give
pure compound.

Spectral Data:- Yield: 70%,melting point: 146-148°C,TLC: Benzene:
Ethyl acetate (4:1),Re: 0.43,IRvmax(KBr):3352(-NH),3086(aromatic-
CH),2905(aliphatic-CH),1310(-

CN),'HNMR:89.22(1H,s, NHbenzimidazole),6.527.58(9H,m,aromatic
protons),4.62(2H,s,CHzlinkage),3.1(1H,s,-NHof
amine),1.4(1H,S,CDCl3 peak).

VKMP-(2) Synthesis of (1H-Benzimidazole-2-ylmethyl)-(4-chloro-phenyl)-amine
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Procedure

In a 250 ml RBF, 2-Chloromethyl-1H-benzimidazole (1.665, 0.01 mol)
and K:CO3 (0.02mol, 2.76gm) were stirred at room temperature in
dimethylformamide (DMF, 20 ml) for half an hour and pinch of KI was
added and p-chloroaniline (1.27g, 0.01 mol) was added. The reaction
was refluxed for 12 hrs until TLC showed completion of reaction. The
reaction mixture was poured into water (20 ml) and the mixture was
extracted with ethyl acetate (3X20 ml). The organic extracts were
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washed with water, dried over anhydrous sodium sulphate and
concentrated to obtain crude product. The residue was recrystallized
from diethyl ether to give pure compound.

Spectral Data:- Yield: 58%,melting point.: 137-139°CTLC: Benzene:
Ethyl acetate (2:4), Re 0.73,]RVmaxKBr-3375(-NH),3082(aromatic-
CH),1504(-CN),3011(aliphatic-CH),748(C-CL),'HNMR-6-9.19 (1H,s,-
NH),6.46-7.58 (8H,m,aromatic  protons),3.41 (1H,d,-NH of
amine),4.42(2H,s,protons of CH: linkage),2.6(3H,s,DMSO peak).

VKMP-(3) Synthesis of (1H-Benzimidazole-2-ylmethyl)-(4-fluoro-phenyl)-amine
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Procedure

In a 250 ml RBF, 2-Chloromethyl-1H-benzimidazole (3.33g, 0.02
mol) and K2COs3 (0.02mol, 2.764g) were stirred at room temperature
in dimethylformamide (DMF, 20 ml) for half an hour and pinch of KI
was added and p-fluoro aniline (2.22g, 0.02 mol) was added. The
reaction was refluxed for 16 hrs until TLC showed completion of
reaction. The reaction mixture was poured into water (20 ml) and
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the mixture was extracted with ethyl acetate (3X20 ml). The organic
extracts were washed with water, dried over anhydrous sodium
sulphate, and concentrated to obtain crude product. The residue was
recrystallized from diethyl ether to give pure compound.

Spectral Data:- Yield: 53%,M.p.: 114-116°CTLC: Benzene: Ethyl
acetate (2:4),R:0.70,IRVimax(KBr)-3269(-NH),3084 (aromatic-
CHstretching),2879(-C-N),1518(aliphatic -CH ),1302(C-F).

VKMP-(4) Synthesis of (1H-Benzimidazole-2-ylmethyl)-(4-nitro-phenyl)-amine
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Procedure

In a 250 ml RBF, 2-Chloromethyl-1H-benzimidazole (3.33g,
0.02mol) and K2CO3 (0.02mol, 2.764) were stirred at room
temperature in dimethylformamide (DMF, 20 ml) for half an hour
and pinch of KI was added and p-nitro aniline (2.76g, 0.02 mol) was
added. The reaction was refluxed for 18 hrs until TLC showed
completion of reaction. The reaction mixture was poured into water

Gy

{1H-benzmidazole- 2ylmethyl) - (4 -mtro-phenyl)

-arnine

(20 ml) and the mixture was extracted with ethyl acetate (3X20 ml).
The organic extracts were washed with water, dried over anhydrous
sodium sulphate, and concentrated to obtain crude product.

Spectral Data:- Yield: 47%,M.p.: 118-120°CTLC: Benzene: Ethyl
acetate (3:1.5), Re0.68, IRVmax(KBr)-3063(aromatic-CH), 2920
(aliphatic-CH) ,3395(-NH),1520(aromatic C-N0O),1323(-C-N),1410(-
NO2).
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VKMP-5) Synthesis of (1H-Benzimidazole-2-ylmethyl)-p-tolyl amine:
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benzmmidazole

p-toludene

Procedure

In a 250 ml RBF, 2-Chloromethyl-1H-benzimidazole (3.33g, 0.02mol)
and K:CO3 (0.02mol, 2.764) were stirred at room temperature in
dimethylformamide (DMF, 20 ml) for half an hour and pinch of KI was
added and p-toluidene (2.14g, 0.02 mol) was added reaction was
refluxed for 13hrs until TLC showed completion of reaction. The reaction
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mixture was poured into water (20 ml) and the mixture was extracted
with ethyl acetate (3X20 ml). The organic extracts were washed with
water, dried over anhydrous sodium sulphate, and concentrated to
obtain crude product. Yield: 40%,melting point : 158-160°CTLC:
Benzene: Ethyl acetate (3:1.5),Re 0.68,IRvimax(KBr)-3371(-NH),3053(-
aromatic -CH),2953(aliphatic -CH),1305(-C-N),843(aromatic -C-H out
of plane stretching).

VKMP-(6) Synthesis of 1-{4-[1H-Benzimidazole-2-ylmethyl)-amino]-phenyl}-ethanone

2-chloromethyl-1H-
benmmidazole

Procedure

In a 250 ml RBF, 2-Chloromethyl-1H-benzimidazole (3.33g, 0.02
mol) and K2CO3 (0.02mol, 2.764gm) were stirred at room
temperature in dimethylformamide (DMF, 20 ml) for half an hour
and pinch of KI was added and p-amino acetophenone (2.70g,
0.02mol) was added reaction was refluxed for 21hrs until TLC
showed completion of reaction. The reaction mixture was poured
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into water (20 ml) and the mixture was extracted with ethyl acetate
(3X20 ml). The organic extracts were washed with water, dried over
anhydrous sodium sulphate, and concentrated to obtain crude
product.

Spectral Data:- Yield: 48%,M.p.: 196-198°CTLC: Benzene: Ethyl
acetate (3:1.5),R:0.63,IRvmax(KBr):3320(-NH),3055(aromatic-
CH),2920(-CH,1655(C=0),1393(C-N).

VKMP-(7) Synthesis of 4[(1H-Benzimidazole-2-ylmethyl)-amino]-benzenesulfonamide
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Procedure

In a 250 ml RBF, 2-Chloromethyl-1H-benzimidazole (1.665g, 0.01
mol) and K:CO3 (0.02mol, 2.764gm) were stirred at room
temperature in dimethylformamide (DMF, 20 ml) for half an hour
and pinch of KI was added and sulphanilamide (1.72g, 0.01 mol) was
added reaction was refluxed for 18 hrs until TLC showed completion
of reaction. The reaction mixture was poured into water (20 ml) and
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extracts were washed with water, dried over anhydrous sodium
sulphate, and concentrated to obtain crude product.

Spectral Data:- Yield: 52%,M.p.: 212-2149CTLC: Benzene: Ethyl
acetate (3:1.5),Re 0.64,]Rvmax(KBr)-3425 (primary -NH2),3398 (-
NH),3261 (aromatic -CH ),3063 (aliphatic -CH),1050 (S=0),1332
(sulfonamide),'H-NMR:5-9.21 (1H,s,-NH),6.71-7.57 (8H,m,protons of
the aromatic ring),4.51 (2H,s,-CHz),3.38 (1H,s,-NH of amine),2.5

the mixture was extracted with ethyl acetate (3X20 ml). The organic (2H,s,-NHz2).

VKMP-(8) Synthesis of (1H-Benzimidazole -2-ylmethyl)-(3-chloro-4-fluoro-phenyl)-amine
l
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Procedure

In a 250 ml RBF, 2-Chloromethyl-1H-benzimidazole (3.33 gm, 0.02
mol) and K2CO3 (0.02mol, 2.764gm) were stirred at room
temperature in dimethylformamide (DMF, 20 ml) for half an hour
and pinch of KI was added and 3-chloro4-fluro aniline (2.932g,
0.02mol) was added reaction was refluxed for 17 hrs until TLC
showed completion of reaction. The reaction mixture was poured

VKMP-9) Synthesis of 2-[1, 2, 4] Triazol-1-ylmethyl-1H-benzimidazole
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into water (20 ml) and the mixture was extracted with ethyl acetate
(3X20 ml). The organic extracts were washed with water, dried over
anhydrous sodium sulphate, and concentrated to obtain crude
product.

Spectral Data:- Yield: 47%,M.p.: 132-134°CTLC: Benzene: Ethyl
acetate (3:1.5),Re 0.67,IRvmax (KBr)-3415 (-NH),3035 (-aromatic -
CH), 2987 (aliphatic -CH),1258 (C-N),1236 (C-F),889 (C-CL) .
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- i e=p ’ H M
2-chloromethyl-1H-  1.2.4-triazcle 2-[1,2,4]Triazol- 1-ylmethyl- 1H-benzimi-
senamudazole dazole
Procedure Spectral Data:-Yield: 48%, M.p.: 143-145°CTLC: Benzene: Ethyl

In a 250 ml RBF, 2-Chloromethyl-1H-benzimidazole (4.99 gm, 0.03
mol) and K:CO; (0.03mol, 4.14gm) were stirred at room
temperature in dimethylformamide (DMF, 20 ml) for half an hour
and pinch of KI was added and 1,2,4 triazole (2.07g, 0.03mol) was

acetate (2:4), Rf: 0.62, IRvmax (KBr) -3053(aromatic -CH), 2897
(aliphatic -CH) 1587 (-N-N), 1273 (-C-N)

ANTIFUNGAL SCREENING[16,17,18,19]

Synthesized compounds were screened for their antifungal efficacy.

added reaction was refluxed for 21 hrs until TLC showed completion
of reaction. The reaction mixture was poured into water (20 ml) and
the mixture was extracted with ethyl acetate (3X20 ml). The organic
extracts were washed with water, dried over anhydrous sodium
sulphate, and concentrated to obtain crude product.

In vitro Antifungal screening strategies

Comprehensive antifungal screening strategies include the following
primary and secondary evaluation methods:

Materials and Method for antifungal screening
a) Primary screening

Table 1: Detection of antifungal potential:

Method Agar diffusion quantitative bioassay (well plate method)

Medium Sabouraud’sDextrose agar (Hi Media).

Organismemployed Candida albicans strain ATCC-3705 (NCIM 3471)

Inoculum Growth from 3-4 old Sabouraud’s Dextrose agar slope is uniformly suspended in 1 ml of sterile normal saline. Optical density
of cell suspension is adjusted using Spectrophotometer at 640 nm to get absorbance 1.

Inoculum size 107 CFU/ml.
Stock solution Prepared in dimetylsulfoxide for both synthesized compounds and standard drug.
Drug concentration  Ketoconazole at 6&12.5 ng/ml.

Compounds at 6,12.5,25,50,100 pg/ml.

Incubation time 48-72hrs.
Incubation temp. 35-370C.
Interpretation Any compound showing inhibition zone exceeding 9mm diameter and quality of zone better than or comparable to

Ketoconazole is considered to be endowed with antifungal potential.

b) Secondary Screening

Table 2: Determination of Minimum Inhibitory Concentration (MIC pg/ml)

Method MIC by Agar diffusion technique (well plate method).

Medium Sabouraud’sDextrose agar (Hi Media).

Compounds conc. 12.5, 25,50, 100 pg/ml

Organismemployed Candida albicans strain ATCC-3705 (NCIM 3471).

Inoculum preparation Growth from 3-4 old Sabouraud’s Dextrose agar slopes is uniformily suspended in 1 ml of sterile normal saline.
Optical density of cell suspension is adjusted using Spectrophotometer at 640 nm to get absorbance 1.[4]

Incubation time & temperature 48-72hrs at 30° C.

Endpoint definition Concentration of compounds at which there is either complete disappearance or significant reduction in
growth resulting in 5-10 colonies per spot is considered to be the MIC.
Interpretation Synthesized compounds showing lower MIC than that shown by Ketoconazole would consider superior.

The synthesized compounds were evaluated for in vitro antifungal RESULT AND DISCUSSION
activity against Candida albicans(ATCC-3705). Ketoconazole was

Nine derivatives of 2-Chloromethyl-1H-benzimidazole were
used as standard.

synthesized using different aromatic amines and heterocycles as
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substituents. Synthesized compounds were characterized by
chromatographic methods, Infrared spectroscopy and Nuclear
Magnetic Resonance spectroscopy for their structural confirmation.

These nine compounds were tested for antifungal activity by in vitro
well plate method. Activity was presented in the form of zone of
inhibition (mm) in agar culture plates and MIC.The zone of
inhibition and MIC of the synthesized compounds are presented in
table 4.

Table 3: Activity of Ketoconazole at different concentrations

Conc. (pg/ml) Zone of inhibition (mm)

12.5 22
6 18

Compounds VMKP 1, 3, 4 and 5 (MIC = 100 pg/ml) exhibited
moderate activity against C. albicans(ATCC 3705).

The activity of the compounds VMKP 2, 9 (MIC=50 pg/ml) 6, 7
(MIC=25 pg/ml) showed significant activity.

VMKP 8 exhibited maximum activity (MIC=12.5 pg/ml) with MIC
equal to that of the Ketoconazole.

Table 4: In vitro antifungal activity of 2-Chloromethyl-1H-
Benzimidazole) derivatives

Sr. Molecular Zone of inhibition Conc. in
No. Code (mm) pg/ml
1 VMKP-1 20 100

2 VMKP-2 24 50

3 VMKP-3 22 100

4 VMKP-4 23 100

5 VMKP-5 25 100

6 VMKP-6 22 25

7 VMKP-7 21 25

8 VMKP-8 20 12.5

9 VMKP-9 21 50
CONCLUSION

All the nine synthesized compounds screened for in vitro antifungal
activity showed antifungal activity. VMKP 8 exhibited potent activity
(MIC=12.5 pg/ml).In conclusion, these compounds provide
preliminary insights into newer antifungal agents, which can help
further modification to improve upon the activity profile.

REFERENCES

1. Perea S, Patterson TF. Antifungal resistance in pathogenic
fungi.Clin Infect Dis 2002; 35(9):1073-80.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Int ] Pharm Pharm Sci, Vol 5, Issue 2, 115-119

Singh AK, Lown JW. Design. Synthesis and antitumor
cytotoxicity of novel bis-benzimidazoles. Anti. Cancer Drug
2000; 15:265-275.

Lukevics E, Arsenyan P et.al. Synthesis and antitumour activity
of trimethylsilylpropyl substituted benzimidazoles. European ]
Med Chem 2001; 36(6):507-515.

Carlsson E, Lindberg P,Unge S.Two of a kind.Chem. Britain
2002; 5:42-45.

Lazer ES,Matteo MR, Possanza GJ. Benzimidazole derivatives
with atypical antiinflammatory activity.] Med Chem
1987;30(4):726-9.

Jun C, Jiangtao X, Xianjin L. Synthesis and antiviral activity
against Coxsackie virus B3 of some novel benzimidazole
derivatives. Bioorg Med ChemLett 2005; 15:267-9.

Ashish KT, Anil M. Synthesis and antiviral activities of N-
substituted-2- substituted benzimidazole derivatives. Ind ]
Chem 2006;45:489-93

Srikanth L, Raghunandan N, Sambasiva R.
Synthesis,antimicrobial and anthelmintic activity of some novel
benzimidazole derivatives. Der PharmaChemica
2011;3(4):344-52.

Sreena K, Ratheesh R, Rachana M, Poornima M, Shyni C.
Synthesis and anthelmintic activity of benzimidazole
derivatives. Hygei 2009; 1(1):21-2.

Hassan ME, Alaa-eldin MB, Sahas MB, Farahat AA. Synthesis
and antimicrobial activity of certain benzimidazole and fused
benzimidazole derivatives. Ind ] Chem 2010; 49:1515-25.

Gu” lgu” AK, Nurten A. Synthesis and antimicrobial activities of
new benzimidazole derivatives. IL Farmaco 2003; 58:1345-50.
G'ulg'un AK, Nurten A.Synthesis and antifungal properties of
some benzimidazole derivatives. Turk ] Chem 2006; 30:223-8.
Maxwell WA, Brody G. Antifungal activity of selected
benzimidazole compounds. App Microbiol 1971; 21(5):944-5.
Furnis BS. Vogel’s textbook of practical organic chemistry, 5%
ed. (4treprint), Pearson publication; 1162-1163.

Nannapaneni DT, Gupta A etal.Synthesis, characterization, and
biological evaluation of benzimidazole derivatives as potential
anxiolytics.Pharmachemistry 2010; 2 (3):273-279.
Petiveriaalliacea L, SeokwonKima etal. Antibacterial and
antifungal activity of sulfur-containing compounds. ]
Ethnopharmacology 2006 :188-192

Shalini K, Kumar N etal.Advances in synthetic approach to and
antifungal activity of triazoles Beilstein J. Org. 2011; 7:668-
677.

Paola L, Francesca V etal. Antifungal Activity of Phenyllactic
Acid against Molds Isolated from Bakery Products: Appl
Environ. Microbiol 2003; 69(1):634-640.

Benns BG, Gingras BA, Bayley CH Antifungal Activity of Some
Thiosemicarbazones and Their Copper Complexes Appl.
Environ. Microbiol. 1960; 8(6):353.

119


http://www.ncbi.nlm.nih.gov/pubmed?term=Perea%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12384841
http://www.ncbi.nlm.nih.gov/pubmed?term=Patterson%20TF%5BAuthor%5D&cauthor=true&cauthor_uid=12384841
http://www.ncbi.nlm.nih.gov/pubmed?term=Lazer%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=3104589
http://www.ncbi.nlm.nih.gov/pubmed?term=Matteo%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=3104589
http://www.ncbi.nlm.nih.gov/pubmed?term=Possanza%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=3104589
http://www.ncbi.nlm.nih.gov/pubmed/3104589
http://www.jyoungpharm.in/searchresult.asp?search=&author=DT+Nannapaneni&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jyoungpharm.in/searchresult.asp?search=&author=VSSS+Gupta+Atyam&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://aem.asm.org/search?author1=Paola+Lavermicocca&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Francesca+Valerio&sortspec=date&submit=Submit

