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ABSTRACT

The present research work was carried out with a series of Mannich bases of substituted benzimidazole and
their derivatives were prepared by both conventional heating and microwave assisted techniques.
Benzimidazole and their derivatives were prepared through condensation between o-phenylenediamine and
six different substituted aliphatic acids in presence of hydrochloric acid, then the product undergone Mannich
reaction in presence of formaldehyde, ethanol, primary amines and ethanol to obtained six different substituted
Mannich bases of benzimidazole derivatives. All the synthesized compounds were subjected to TLC to find
out the purity. The synthesized derivatives were characterized by spectroscopic data and were evaluated for
antimicrobial activity and antioxidant activity by using Cup plate method and DPPH free radical scavenging
assay respectively. The results of antimicrobial activity (in-vitro) revealed that the compounds (2a, 2b, 2¢ &
2f) possessed significant antimicrobial activity. Among the compound tested, the compound (2d) compound
(2d) had shown the highest antibacterial & antifungal activity which was comparable to that of ciprofloxacin
and fluconazole respectively. The substituent of amino group on benzimidazole ring contributed significantly
towards amino acid. This study suggested that microwave assisted method can be appropriate for the synthesis
of benzimidazole and their derivatives with better purity, yield and ecofriendly method.
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INTRODUCTION

Benzimidazole ring are the most important nitrogen containing heterocycles, which are widely
explored and utilized by the pharmaceutical industry for drug discovery™ Numerous benzimidazole
based drugs have been extensively used in the clinic to treat various types of diseases with high
therapeutic potential [2 Benzimidazole derivatives play a vital role in biological fields such as anti-
inflammatory, anti-cancert®l,anti-convulsant!® anti-viral, anti-oxidant!®, anti-microbial® and anti-
tubercularl™ activities.

Mannich reaction is a condensation reaction between a compound containing atl east one active
hydrogen atom, formaldehyde and ammonia, a primary or secondary amine (preferably as the
hydrochloride). So the net change, during this reaction, is the replacement of the active hydrogen atom
by an amino methyl group or substituted amino methyl group. These bases are called Mannich bases,
usually isolated as hydrochloride. The Mannich reaction is an example of nucleophilic addition of an
amine to a carbonyl group. The Mannich reaction is also considered a condensation reaction [
Benzimidazoles are remarkably effective compounds, extensive biochemical and pharmacological
studies have confirmed that these molecules are effective against various strains of
microorganismsll, Antimicrobial agents / Antibiotics are antibacterial substances produced by
various species of micro-organism (bacteria, fungi, and actionomycetes) that suppress the growth of
other micro-organisms. They have been designed to inhibit or kill the infecting organism without
having measurable effect on the recipient [*1121% The prepared compounds were subjected to
physiochemical studies like melting point determination, TLC and percentage yield. The structures of
synthesized compounds were characterized by IR and NMR spectroscopy. 1415 The biological
evaluation of newly synthesized compounds was carried out against E. coli and Staphylococcus aureus
for antibacterial screening. The other in vitro activities carried out were anti-inflammatory and
antioxidant activity.

Benzimidazole is a heterocyclic aromatic organic compound. This bicyclic compound consists of the

fusion of benzene and imidazole.
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Figure 1: Structure of Benzimidazole

2. General procedure for the synthesis of Mannich bases by substituted benzimidazole
derivatives[?52¢]
General procedure for preparation of benzimidazole

In a 250ml round bottom flask fitted with a condenser, a mixture of 15gm of O-Phenylene diamine and
9.72ml of 90% formic acid was refluxed thermally at 100°C for 3 hours. The reaction mixture was cooled and
10% sodium hydroxide solution was added slowly, then the crude product was washed with ice cold water,
dissolved in 400ml of boiling water add 2gm of decolorizing carbon and digest for 15 min. Filter rapidly at
the pump through a preheated Buchner funnel and cool the filtrate to about 10° C, filter of the benzimidazole.
Wash with 25ml of cold water and dry 100° C.

Preparation of substituted benzimidazole [1a-1f]

In a 250ml round bottom flask fitted with a condenser, a mixture of 20mmol (2.162gm) O-Phenylene diamine
and acid 36mmol (acetic acid 3.6ml/benzoic acid 7.35gm/ oxalic acid 5.4ml/phthalic acid 9.97gm/salicylic
acid 8.16gm) were stirred in 4N HCI (40ml) and refluxed for 6hrs then cooled at room temperature. The
completion of this reaction was monitored by TLC. The pH was adjusted to 7.2 using NaOH pellets. The
resulting solution was filtered and washed with water dried in vacuum and recrystallised from methanol.
Preparation of Mannich bases [2a-2f]

A mixture of Compound 1a/lb/1c (0.08mol), formaldehyde (0.08mol, 2.66ml) and amines such as aniline
(0.08mol, 0.85ml)/ p-Chloro aniline (0.08mol, 0.62ml)/ p-Nitro aniline (0.08mol, 0.57ml)/ methylaniline
(0.08mol,0.74ml) and N-ethylaniline (0.08mol, 0.66ml) is dissolved in ethanol; add few drops of hydrochloric
acid in a 250ml RBF. Then the mixture was heated under reflux for 3hrs subsequently ethanol was distilled
off.The mixture was allowed to cool over night in a refrigerator. The solid thus obtained was recrystallised

from ethanol.
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Conventional heating method

NH, Reflux H
6 hrs 1
* R-COOH —» | >7R + HCHO + R'NH,
2N HCL N
NH, H Reflux | C,H5OH
o-Phenylene diamine carboxylic acid Substituted benzimidazole 3hrs | pMF,HCL
(1a-1f)

CHZNHR
1-Amino methyl-(1 H)-1,3-benzimidazole derivatives
(Mannich base)
(2a-2f)

Scheme 1:Conventional synthesis of Mannich bases

Microwave assisted method

NH,
200W
* R-COOH >—R + HCHO + R'NH,
2N HCL
NH, MW | C,HsOH
o-Phenylene diamine carboxylic acid Substituted ben2|m|dazole 200 W | DMF,HCL
(3a-3f)

CH2NHR

1-Amino methyl-(1 H)-1,3-benzimidazole derivatives
(Mannich base)
(4a-4f)

Scheme 2: Microwave assisted synthesis of Mannich bases

Table 1 : Various substitution of conventional heating synthesized Mannich base

Sr. No. Compounds R R!
1 2a CH3COOH CeHsNH2
2 2b CsHsCOOH CsHsCIN
3 2c C2H204 CsHeN202
4 2d CoH204 C7HoN
5 2e CsHs04 CsHuN
6 2f C7HeO3 CgHuN
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(A) Solvent for recrystallization: Methanol
(B) Rr value = Distance travelled by solute / Distance travelled by solvent

Solvent used = Chloroform: Methanol (9.5:0.5); detecting agent: lodine vapour

3.2 SPECTRAL STUDIES [27-2]

The IR spectra of all the synthesized compounds were recorded on Shimadzu FT-IR IRA-Affinityl and
absorbance peaks were recorded using KBr pellets.

The actual IR spectra of the synthesized compounds are given in following figures. The interpretation was
carried out by observing the graph.

The title compound were further characterized by physicochemical method and spectral analysis. Melting
Point was recorded by two different method capillary tube method and visible melting point apparatus methods
and was uncorrected. TLC was done to determine purity by using solvent system Chloroform : Methanol
(9.5:0.5) and R¢ values were reported.

FTIR spectra of all compound showed aromatic C-H stretching vibration 3029 cm™ this is indicates that the
C-H bond present in aromatic ring. All derivatives showed a broad absorbance band at about 3000-3500 cm™*
associated with stretching vibrations of bonded N-H, indicating present of nitrogen. Each compound showed
a strong absorbance band due to NH; stretching vibration 3452 cm™. All derivatives showed broad absorbance
at about 2210-2260 cm™* associated with stretching vibrations of bonded —N=C-, indicating present of nitrogen
in the ring. Compounds 1a, 1c, 1e, 1h and 1i showed a strong absorbance at 1550-1800 cm™ stretching
vibration indicating present of C=N group.

4. BIOLOGICAL EVALUATION

4.1 Antimicrobial activity [27-30]

4.1.1 Principle

The principle of micro-biological assay is an elaborated comparison of the inhibition of growth of the microbes
by a measured concentration of the antibiotics under investigation against that produced by the known
concentration of a standard preparation of antibiotics with a known activity.

The cylinder plate or cup plate method solely depends upon the diffusion of the antibiotics from a cylinder via
a solidified agar layer in a petri-plate to an extent such that the observed growth of the incorporated micro-

organism is prevented totally in a zone just around the plate containing a solution of antibiotics.

4.1.2 Requirements

4.1.2.1 Material

a) Micro-organism (B.subtilis, E.coli, C.albians,)

b) Methanol

c¢) Standard drug Ciprofloxacin for antibacterial and Flucanazole for antifungal study.

d) Synthesized Derivative
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e) Petriplate, Nutrient agar Media (Hi-media)
4.1.2.2 Stock Solution

The test compounds (10 mg) were dissolved in methanol (10 ml), to produce 1000pg/ml. Further dilution were
made with methanol to produce 100 pg/ml. similarly, the dilution were prepared for standard drug i.e.
Ciprofloxacin and Flucanazole in a concentration of 10mg/ml, further 10ml of solution dilute up to 10 ml to
produce 100 pg/ml.

4.1.2.3 Media Control

Sterilized medium was kept for growth (approx.48 hours) to assure the sterility of the medium.

4.1.3 Procedure

1. Take a petri- plate and sterilized it.

2. The nutrient agar (Hi-media) was prepared dissolving 28 g of nutrient agar in 1000 ml of distilled water.
The medium was sterilized by autoclaving at 155b pressure for 30 minutes and cooled to 40-50°C.

3. The nutrient agar medium was inoculated aseptically with 0.5ml of strains of B.subtilis and E. coli at room
temperature and transfer it in petri plate.

4. All the operation was carried out under aseptic condition. Sterile media was melted on water bath and kept
in 45°C in constant temperature in water bath.

5. In each sterile petri dish molten medium was added so that thickness was approximetly 4-5 mm and
subculture organism under study was inoculated. The inoculated dish was allowed to set for 30 minute at room
temperature. Cup of 6mm diameter were then made with the help of sterile stainless steel bore, a stock solution
was added to bore in concentration of 100 pug/ml of each of drug in each of petri-plates.

5. Petri dish was kept in refrigerator for 30 minute so as to allow diffusion of the solution in medium, incubated
at 37°C for 24 hours.

6. Zone of inhibition produced by test compounds was measured in mm and minimum concentration of test

drug required for inhibition and compound selected on the basis for their concentration.

4.2 Anti-oxidant activity[3?
4.2.1 Requirements

4.2.1.1 Material

a. Test tubes

b. Methanol

c. DPPH

d. Pipptes,volumetric flask

e. Ascorbic acid
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4.2.1.2 DPPH ASSAY
Free radical scavenging ability of the Ascorbic acid was tested by DPPH radical scavenging assay. The
hydrogen atom donating ability of the drug was determined by the decolorization of methanol solution of 2,2-
diphenyl-1-picrylhydrazyl (DPPH). DPPH produces violet/ purple colour in methanol solution and fades to
shades of yellow colour in the presence of antioxidants. Various concentrations of synthesized compound
(10pg/ml, 20ug/ml, 40pg/ml, 60pg/ml, 80ug/ml and 100pg/ml) were prepared by dissolving in methanol. To
this solution, 1ml of freshly prepared 0.1mM methanolic solution ofDPPH was added. It was then kept in dark
for 30 mins. The absorbance was measured at 517nm. Ascorbic acid was used as standard. The capability to
scavenge the DPPH radical was calculated using the following equation and results of DPPH activity are
presented in (Table no. 11)

% DPPH radical scavenging activity = (A0— A1)/A0 x 100
Where, A0 is the absorbance of the control and Al is the absorbance of the sample.
Then % of inhibition was plotted against concentration, and from the graph ICso was calculated. The

experiment was repeated three times at each concentration.

6. RESULS AND DISCUSSIONS
5.1 Synthetic studies

Table No. 2 : Physicochemical properties of synthesized compounds (2a-2f)

Sr.
No

M.W. | M.P.

(°C)

Molecular Wave

formula

Compound Structure % vyield R

value

Name length

Microwave
Assisted
Method

Conventional

method

2a

[1-(4-amino 223.22 | 212-215 | 55.62% 87.87% | 0.91

phenyl)2-
acetic acid]
1H-
benzimidazole

C15H13N302 445nm

2b

1-(4-chloro
phenyl)-2-
benzoic acid-
1H-
benzimidazole

CooH13CIN, | 304.72 | 185-187 | 64.50% 90.90% | 0.85 | 456nm

0,

cl

2C

1-{(4-
nitrophenyl)a
mino] -2-
oxalic acid-
1H-
benzimidazole

C15sH10N4O
6

342.26

172-175

69.60%

84.75%

0.71

422nm
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2d | 1-[4- N 4 | CieH13NsO | 311.29 | 170-174 | 51.45% 66.50% | 0.76 | 436nm
(methylamino @['“\>_oj iOH
Yphenyl]-2- N 4
oxalic acid-
1H-benz
imidazole L
-CHj
2e | 1-[4-(methyl N o C23H19N3O | 401.41 | 163-165 | 66.02% 89.02% | 0.90 | 426nm
amino)phenyl C[ 4
] -2-phthalic N o4
acid -1H- A
benzimidazole
NH
CHy
2f | 1-[4- ) o 5| C22H19NzO | 373.40 | 186-190 | 68.05% 84.05% | 0.83 | 447nm
(ethylamino)p C[W
henyl]- 2- N oq 3
hydroxybenzo
ic acid-1H-
benzimidazole i
q
CH,
4.2 BIOLOGICAL EVALUATION
4.2.1 Antimicrobial activity
Table No. 3 : Antimicrobial activity of synthesized compound (zone of inhibition)
Compounds Zone of inhibition
( B.subtilis) (E. coli) C.albicans
2a 14+0.6 12+0.6 15+ 0.5
2b 15+1.0 14+0.5 12+ 0.6
2C 13+1.0 17+0.5 14+ 1.1
2d 21+0.7 20+1.1 18+ 0.5
2e 17+0.5 17+0.5 12+ 1.0
2f 17+0.5 13+0.5 13+ 1.0
Ciprofloxacin 29£0.5 27+0.5 -
Fluconazole 25+ 0.5
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The results of antimicrobial activity (in-vitro) revealed that the compounds (2a, 2b, 2¢c & 2f) possessed
significant antimicrobial activity. Among the compound tested, the compound (2d) compound (2d) had shown
the highest antibacterial & antifungal activity which was comparable to that of ciprofloxacin and fluconazole
respectively (Table No.9). The substituent of amino group on benzimidazole ring contributed significantly
towards amino acid.

Literature survey revealed that the lipophilicity of the compounds has significant influence on the
antimicrobial activity. In general electron withdrawing or donating groups amended the lipophilicityof the test
compound (2a-2f) which might have enhanced their permeability across the bacterial cell membrane. In

general, the compound (2d) was found to be more active against gram +ve as compared gram -ve bacteria.
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Figure 2 : Antibacterial activity of synthesized derivatives (2a-2f)
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Figure 3 : Antifungal activity of synthesized derivatives (2a-2f)
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4.2.2 Antioxidant activity

Table No. 4: DPPH assay of synthesized compounds

Sr. | compo % inhibition 1Cso0
no [unds | 10pg/ml 20pg/ml | 40pg/ml | 60pg/ml | 80pg/ml 100pg/ml
1 2a 35.49+0.5 |42.59+0.7 | 48.60+1.0 | 56.45+1.0 [62.70 + 0.8 |72.46+0.7 | 17.11
2 | 2b 39.40+0.6 |43.44+0.7 | 39.05+0.9 | 54.64+0.8 | 61.66 + 0.8 | 65.78 + 0.9 | 44.01
3 2c 40.56+1.0 |46.84+1.7 | 59.56+0.7 | 68.18+0.7 | 76.47 +1.02 | 84.07 + 0.8 | 25.51
4 |2d 44.60+1.0 |55.16+0.9 | 62.15+0.7 | 69.08+0.6 | 76.42 + 0.6 | 86.80 + 0.8 | 15.04
5 |2 41.5+0.6 |46.51+0.9 | 51.32+1.2 | 58.69+0.8 | 62.07 + 0.9 | 66.35 + 0.8 | 35.50
6 2f 4458+0.5 |54.58+0.5 | 62.15+0.8 | 69.35+0.8 | 74.45+ 0.7 |79.18 + 0.7 | 31.12
7 | Ascor | 46.50+0.5 |56.86+0.9 |63.26+0.9 | 70.45+0.8 | 79.29 + 0.8 |88.81 + 1.0 | 12.19
bic
Acid

Antioxidant activity was measured by DPPH assay method and compound (2d) showed best Scavenging
activity at concentration of 10, 20, 40, 60, 80 and 100ug/ml, when compared with ascorbic acid as standard.
Other compounds with good antioxidant activity are (2a, 2b, 2c, 2e and 2f). Although, all compounds show
appreciable amount of antioxidant activity and the ICsp value of compound (2d) almost similar as compared

to standard drug value.

9. SUMMARY

In the present work, total six compounds (Mannich bases) were synthesized by conventional and microwave
assisted methods and a comparative study was also performed.

In the conventional method, the initial step involves the synthesis of benzimidazole and their six derivatives
(2a - 2f) by refluxing o-phenylenediamine and respective acids such as acetic acid, benzoic acid, oxalic acid,
pthalic acid and salicylic acid. Then the step one products are undergone Mannich reaction in presence of
formaldehyde, ethanol and five different amines such as aniline, p-chloroaniline, p-nitroaniline, methylaniline
and p-ethylaniline respectively to 1a, 1b, 1c, 1d, 1e &1f under reflux were given 2a, 2b,2c, 2d, 2e & 2f. The
above six Mannich bases were prepared by microwave assisted method contains two steps. Step one involves
the preparation of 3a- 3f by using o-phenylenediamine and respective acids such as acids acetic acid, benzoic
acid, oxalic acid, pthalic acid, salicylic acid in presence of Hydrochloric acid under microwave oven at
400W.Then these products are treated with formaldehyde, ethanol and five different amines such as aniline,

p-chloroaniline, p-nitroaniline, methylaniline and p-ethylaniline respectively to 3a, 3b, 3c, 3d, 3e & 3f under
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microwave irradiation to produced 4a, 4b, 4c, 4d, 4e & 4f. All the synthesized compounds were tested for their
purity by TLC. The characterization of the synthesized Mannich bases were done by IR and Mass
spectroscopic analyzed. All the synthesized compounds were evaluated for their in vitro antibacterial activity
and results are depicted in (Table no.3) and it was found that compound (2d) was shown better antibacterial
activity as compared to ciprofloxacin using gram positive strain of bacteria (B.substilis) and gram negative
strain of bacteria (E. coli).

All the synthesized compounds were evaluated for their (in vitro) antifungal activity and results are depicted
in (Table no.3) It is found that compound 2d, are comparatively more active than all other compounds against
Candida albicans.

Antioxidant activity was measured by DPPH assay method and compound (2d) showed best Scavenging
activity at concentration of 10, 20, 40, 60, 80 and 100ug/ml, when compared with ascorbic acid as standard.
Other compounds with good antioxidant activity are (2a and 2c). Although, all compounds show appreciable

amount of antioxidant activity and results are depicted in (Table no. 4)

10. CONCLUSION

In the present study, an attempt was made to synthesized some new Mannich bases of benzimidazole and
derivatives by conventional and microwave assisted method and comparative study was done in respect of
higher yield, purity, easy one and ecofriendly.

Synthesis were carried out of six various substituted benzimidazole by the condensation reaction of o-
phenylenediamine and various aliphatic acids in presence of hydrochloric acid in both conventional and
microwave assisted methods. Then six different Mannich bases of benzimidazole and their derivatives were
formed by action of benzimidazole and their derivatives with formaldehyde, ethanol and various primary and
secondary amines in presence of hydrochloric acid by both conventional and microwave methods.

The Mannich bases (4a-4f) synthesized by microwave method gives better yield, purity, and are synthesized
within 1-3 minutes. At the same time Mannich bases (2a-2f) synthesized by the conventional method produced
lesser yield, less purity compare to microwave method and took 4-6 hrs for synthesizing.(Table no. 2) The
melting points of all the synthesized compounds were checked. All the synthesized compounds of the present
study were characterized and confirmed by IR and Mass spectra. FT-IR spectra of all compound showed
aromatic C-H stretching vibration 3029 cm™ this is indicates that the C-H bond present in aromatic ring. All
derivatives showed a broad absorbance band at about 3000-3600 cm™ associated with stretching vibrations of
bonded N-H, indicating present of nitrogen. Each compound showed a strong absorbance band due to NH:
stretching vibration 3452 cm™ associated with stretching vibrations of bonded —N=C= indicating presence of
nitrogen in the ring. A carboxylic ester would exhibit a pair of intense absorptions near 2500 and 3100 cm™
due to C-0 stretching modes.

Compounds 2a, 2b, 2c, 2d and 2f showed a strong absorbance at 3300-3600 cm™ stretching vibration indicating

present of N-H group and also show the absorbance at 1340-1320 cm™ stretching vibration indicating the
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present of C-N group. Then the carbonyl compound C=0 showed a strong absorbance band at 1730.-1680 cm"
1.

In MS, an isotope peak [m*+z] which appeared at different intensities along with molecular ion peaks,
confirmed the molecular weight of the compound (2a,2b and 2c) an isotope peak was obtained due to fairly
large abundance of the molecular ion peaks usually occurs in aromatic compounds.

Compound (2d) showed promising Antibacterial, Antifungal and Antioxidant activity when compared with
standard drugs. Remaining compounds shown moderate activities.

The diverse aspects clearly show the high potential of benzimidazole derivatives and the relevance and
importance of research done with these compounds. This work will hopefully be used for further development
of potential inhibitor drugs.

From the above result, it was concluded that the microwave assisted method is simple, efficient and fast for
the synthesis of Mannich bases of Benzimidazole and their derivatives. Among the six derivatives, compound
(2d) shown highest antibacterial, antifungal and anti-oxidant activities as compared to standard drugs. All the
peaks in FTIR shows the characteristic stretching and bending within the standard limits.
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