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ABSTRACT

In the present research work, 12 new compounds, such as benzimidazole (3, 3a-c),
benzoxazole(4), imidazole(5, 5a-c) and tetrazole(6, 6a-c) were synthesized. FT-IR, Proton NMR (1H),
8C-NMR, Mass spectral values were used to prove the structures of the compounds. The antimicrobial
potential of the representative compounds was assessed using the Disc diffusion process. All the
benzoxazole, benzimidazole, imidazole and tetrazole derivatives prepared in this investigation show
good antimicrobial activity. However the antimicrobial activities of the compounds are less compared
with standard drugs. Molecular docking studies have also done for the synthesized compounds all
the compounds show hydrogen bond interactions with receptor protein.

Keywords: Benzoxazole, Benzimidazole, Imidazole, Tetrazole, Antimicrobial activity,
Molecular docking

INTRODUCTION

The present situation is that the incidence
of multidrug-resistant bacterial infections and
physicians has become dependent on vancomycin
is an antibiotic used to treat a number of complicated
infections that are immune to conventional agents,
suggesting that new groups of antimicrobials need
to be created'. Subsequently, antimicrobial agents
whose chemical properties vary fully from those
current agents need to be built up and can replace
the resistance problem?.

Benzimidazole based compounds are of
broad area of interest as a result of their various
biological activities like antimicrobial activity?®,
antioxidant activity*, anticancer activity®, antidiabetic
activity®, antiviral activity’, anticonvulsant activity® etc.

Benzoxazole is one of the main heterocyclic
compounds that are very useful in the area of medicine.
Among other medicinal compounds it has been used,
making it a convertible heterocyclic compound with
an extensive variety of biological activities, such as
antimicrobial activity®, antiinflammatory activity,
anticancer activity'', aminopeptidase activity'?, anti-
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Imidazole is standard five-membered
heterocyclic scaffolds containing nitrogen, and is
commonly found in natural products and medicinal
molecules. In addition, heterocyclic imidazole-
based compounds possessing various biological
activities, such as antibacterials'¥, antifungal'®, anti-
inflammatory'®, antiviral'’, anti-parasitic'®, anticancer®,
antihistaminic?, and enzyme inhibition?'.

In recent decades, the synthesis of
tetrazoles and the study of their chemical and
biological behavior have become more important
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in the biological and pharmaceutical fields such
as antibacterial?®, antifungal®, anticancer®, anti-
inflammatory?® and analgesic® activities. In the
above-mentioned facts it was anticipated that,
when mixed together, these active pharmacophores
would produce novel molecular compounds that
are likely to exhibit fascinating biological properties.
Subsequently, continuation of our attention to the
synthesis of biologically active heterocycles?, we
have reported some new heterocyclic compounds like
benzimidazole, benzoxazole, imidazole and tetrazole
derivatives synthesis and antimicrobial evaluation.
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Scheme 1. Synthetic route of benzimidazole, benzoxazole, imidazole and tetrazole derivatives

Experimental Techniques

Infrared spectra were taken on the Perkin-
Elmer FT-IR 1600 spectrometer using potassium
bromide disks. NMR spectra were recorded by
Bruker spectrometer at 500 MHz and 125 MHz
for '3C spectra. Melting points have analyzed by
a digital melting point apparatus. The reactions
were monitored by TLC using solvent systems
of different polarities. Mass spectra recorded by
JEOL GCmate spectrometer.

Synthesis of heterocyclic compounds
Synthesis of heterocyclic compounds,
such as 3, 4, 5, 6 were prepared according to the
reported procedure?. Synthesis of 3a, 3b, 5a, 5b,
6a, 6b were synthesis using reported procedure?®
and the synthesis of 3¢, 5¢, 6¢ derivatives were

prepared according to reported procedure®.

Determination of Antimicrobial Study

Antimicrobial properties of the samples
were screened against bacteria’s, such as S. aureus,
P aeruginosa, and B. subtilis and fungi, such as
C. albicans and A. niger by Disc Diffusion method.
Muller Hinton agar media and PDA (Potato Dextrose
Agar) used antibacterial and antifungal studies
to subculture different strains of microorganisms,
respectively.

Molecular docking tools

Docking studies were performed for
synthesized compounds according to the reported
procedure® with target proteins by Glide 5.5 module
of Schrodinger suite.
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Table 1: Melting Point and Yield of the synthesized compounds

Compound Compound Structure and name m. p(°C) Yeild (%)
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as well as fungi, such as A. niger and C. albicans.
Test effect distinguished with positive control
values of zone of inhibitions are presented in the
table (Table 3). The photographs showing the zone
of inhibition against the tested species are given in

(Ciprofloxacin for bacteria; Nystatin for fungi). The
the figures (Figure 1).
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RESULT AND DISCUSSION
The antimicrobial evaluation of the
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Diffusion Technique. The test bacteria’s, such as

Antimicrobial Activity
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mL, and 125pg/mL. It is found from Table 3, that all
compounds exhibited inhibition at 125pg/mL. Figures

Itis concluded from the Table ( Table 3) that

all the compounds used for the antimicrobial analysis

display the images showing the Minimum Inhibitory

displayed moderate to strong activity against both

Concentration (Figure 2).

the bacteria and fungi strains compared to the
standard drug. Table 2 compounds have again been
tested for Minimum Inhibitory Concentration taking
different concentrations, such as 500ug/mL, 250ug/

Molecular docking study

Docking experiments were conducted
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using Schrodinger (Mastro 9.2 V) suite to learn
the right binding site of the compounds. All the
compounds from Scheme 1, which were tested for
the antimicrobial activity were taken for the docking
studies and molecular docking was performed against

677

antimicrobial protein beta-ketoacyl-acp synthase Il1+
malonyl-COA (pdb id: THNJ). All the ligands interact
with antimicrobial protein receptor. Glide Score,
glide energy and hydrogen bond distance for the
Compounds with protein are given in the Table 4.

Table 3: Antimicrobial study of the new compounds

S. No Microorganism Zone of Inhibition (mm)

3a 3b 5b 5c 6a 6b  Solvent control  Std
1 Staphyloccocus aureus 18 20 15 10 14 19 35
2 Bacillus subtilis 16 20 14 10 12 20 40
3 Proteus valgaris 15 12 16 13 14 12 26
4 Klebseilla aerogenes 16 16 20 12 16 18 30
5 Aspergillus niger 18 20 20 18 16 18 35
6 Candida albicans 21 20 24 20 20 21 32

Fig.1. Antimicrobial activity of 3a, 3b, 5b , 5c, 6a and 6b
denoted as BNBP, BNBM, BNIM, IBr, BNTP and BNTM
against Staphyloccocus aureus, Klebseilla aerogenes,
Aspergillus niger and Candida albicans

Fig. 2. Minimum Inhibitory Concentration of the compound
3b against bacteria and fungi

Amino acid residue ARG36-NH of the
enzyme beta-ketoacyl-acp synthase Il is form
hydrogen bond with the O atom of the ligand 3b (Fig.
3). Fig. 3 shows that the amino acid residues ARG249,
PHE213 and TRP32 of the enzyme beta-ketoacyl-acp
synthase Ill are involved in - interaction with benzene
of the benzimidazole ring and chlorobenzene ring of
the ligand 3¢, and the ARG36-NH of the amino acid
residue form hydrogen bond with compound 3c.

Amino acid residue ASN247-NH of the
enzyme beta-ketoacyl-acp synthase Il is formation
of hydrogen bond interaction with the O atom of
2-Napthol ring of the compound 4. The N atom of
the Imidazole compound 5a is involved in hydrogen
bond interaction with O atom of ASN247. Similarly the
Nitrogen atom of Imidazole compound 5b is produced
hydrogen bond interaction with O atom of ASN247.The
N of tetrazole compound 6a is hydrogen bond with O
atom of ASN247 amino acid residue. The amino acid
residue ARG249-NH of the enzyme beta-ketoacyl-acp
synthase is formed hydrogen bond interaction with O
atom of the morpholine ring of the compound 6b. The
amino acid residues ARG49-O, PHE18-O, ARG36-N
and TRP32-0O of the enzyme beta-ketoacyl-acp
synthase are involved in hydrogen bond interaction with
N,N, C=0, benzene (n-rt) of ligand compound 6c.

Table 4: Minimum inhibitory concentration of the new compounds

S. No Microorganism Zone of Inhibition(mm)

Sample code 125 pg/ml 250 pg/ml 500 pg/ml Solvent control  Std
1 Staphyloccocus aureus 3b 14 16 22 - 35
2 Bacillus subtilis 3b 15 18 20 - 40
6b 12 14 20 - 30
3 Klebseilla aerogenes 5b 17 18 21 - 30
4 Aspergillus niger 3b 16 18 22 - 35

5b 19 20 21 -
5 Candida albicans 3a 12 16 20 - 32

3b 18 18 21 -

5b 16 16 20 -

5¢c 18 19 20 -

6a 18 20 24 -

6b 16 20 20 -




KAVITHA, ARULMURUGAN., Orient. J. Chem., Vol. 36(4), 672-679 (2020) 678

Table 5: Glide Score, Glide Energy and Hydrogen Bond Distance for the Compounds with
Protein beta-ketoacyl-acp synthase lll+ malonyl-COA (pdb id: 1HNJ)

Compound code Glide gscore Glide energykcal/mole Hydrogen bond
Donor Acceptor
3b -6.44 -38.71 NH of ARG36 O of (Morpholine ring)
3c -6.14 -44.89 O of carbonyl group NH of ARG36
Benzene ring ARG249(n-n)
PHE213(n-)
TRP32(r-n)
4 -6.79 -37.40 NH of ASN247 O of 2-Napthol
5a -6.59 -37.38 N (Imidazole ring) O of ASN247
5b -6.33 -39.01 N of Imidazole O of ASN247
6a -6.65 -39.49 N (tetrazole ring) O of ASN247
6b -6.20 -31.25 NH ARG 249 O of (Morpholine ring)
6C -6.47 -37.20 N of Terazole ring O of ARG 49
N of Terazole ring O of PHE18

NH of ARG36
O of TRP-32

C=0 of tetrazole derivatives
CH of benzene ring

e e

o

s

Fig. 3. Ligand interaction diagram of compound 3b with the
enzyme beta-ketoacyl-acp synthase Il

CONCLUSION

In the current research work, 12 new
heterocyclic compounds, such as benzimidazole,
benzoxazole, imidazole and tetrazole derivatives
were synthesized from 2-Napthol. In the expected

region, the FT-IR spectra of newly synthesized
derivatives showed absorption bands. The
"H-NMR and *C-NMR spectra provided believable
proof for the structure assigned to the synthesized
compounds. Complete proof was obtained for the
structures by getting the mass spectrum that reveal
molecular ion peak equivalent to the molecular weight.
Some of the representative compounds have been
tested for antibacterial study against bacteria, such
as S. aureus, B. subtilis, P vulgaris and K. aerogenes
by disc diffusion method. The antifungal property of
the compounds was tested against C. albicans and A.
niger.The outcome of the antimicrobial study indicates
that the tested compounds showed reasonable to
good antimicrobial property. However, the activity
of the compounds is less than the standard drug.
The Molecular Docking study was carried out using
Schrodinger (Maestro 9.2v) software. The compounds
were screened for the in vitro antibacterial study was
screened in silico study against the antimicrobial
protein enzyme beta-ketoacyl-acp synthase lll. The
findings of the analysis suggest that the compounds
we used for docking exhibited interactions between
the hydrogen bonds.
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