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ABSTRACT

In the present work, a new series of novel heterocyclic compounds containing both tetrazole and
piperazine nuclei together namely 1-(1-aryl-1H-tetrazol-5-yl)-2-(piperazin-1-yl)ethanones (4-10) were
synthesized by the treatment of respective 2-chloro-1-(1-aryl-1H-tetrazol-5-yl)ethanones (3) with
piperazine in acetonitrile for 6h. The synthesized novel tetrazole substituted piperazine derivatives were
evaluated for their antimicrobial activity using serial dilution method. The structures of the synthesized
compounds were characterized by IR, *H NMR, **C NMR, Mass spectral data and Elemental analysis.
Evaluation of antimicrobial activity shows that several compounds exhibits good activity when compared
with the reference drug candidates and thus could be promising new lead molecules. The molecular
docking studies have widened the scope of developing a new class of antimicrobial agents.
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INTRODUCTION

The emergence and spread of antimicrobial resistance have become one of the most serious public health
concerns across the world. The search for new antimicrobial compounds is a challenging task as bacteria
are continuously developing resistance to antimicrobial compounds; however, infections due to such
bacterial strains are infrequent although potentially fatal [1-3]. In antimycotic pharmacotherapy, azoles
have maintained a key role in the treatment of fungal infections and today the azole scaffold is still
considered a viable lead structure for the synthesis of more efficacious and broad spectrum antifungal
agents [4]. Tetrazoles are medicinally important heterocycles incorporated in a large number of drugs.
Tetrazole and its derivatives possess very interesting pharmacological and biological properties and are
reported to exhibit a variety of biological activities [5-18]. Development of the tetrazole chemistry has
been largely associated with ring flexibility, stability which provides easily to different binding modes and
toxicity decreasing properties [19]. In recent years, a number of publications and patents on the
preparation, properties and applications of tetrazole derivatives, which are members of well-known azoles,
have been increased with respect to other heterocyclic systems. In antifungal chemotherapy; ketoconazole,
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itraconazole, fluconazole and miconazole which are well-known azole antifungals proved to be important
drugs for combating fungal infections and currently remain the drug of choice in the treatment [20]. A
number of remarkable studies have been reported that newly synthesized tetrazole derivatives had higher
anticandidal activity than standard antifungal drugs, and this result was attributed to the isosteric properties
of tetrazoles [21].

Piperazines are a broad class of chemical compounds with many important pharmacological properties in
today’s drug discovery. Piperazine moiety certainly deserves the molecule's backbone with versatile
binding properties representing potent and selective ligands for a range of different biological targets in
medicinal chemistry. Thus, piperazine is considered as honored scaffold. These compounds have
remarkable pharmacological activities like antipsychotic, antimalarial, anticonvulsant, antiarrhythmic,
antioxidant, dopamine transporter [22], antibacterial [23], D2/D4 antagonist, MC4Receptor [24] and HIV-
protease inhibitor [25, 26] and cytotoxic activities [27]. Slight change in the substitution pattern in
piperazine nucleus causes distinguishable differences in their pharmacological activities [28]. It is known
that clinically useful drugs such as amoxapine, meclizine, trazodone, niaprazine, olanzapine and
nefazodone having a piperazine moiety exhibit strong antimicrobial activity (Figure 1).

cl

kS T~ ~O
> e S¢S

. .. o] .
Amoxapine Meclizine Trazodone

/

N

e A

JUS U U S
JCVO e SOs ?\) <D

. . Nefazodone
Niaprazine )
Olanzapine

Figure 1. Biologically active piperazine containing drugs

In view of these observations, we planned to synthesize a system, which combines both bioactive tetrazole
and piperazine components together to give a new series of novel 1-(1-aryl-1H-tetrazol-5-yl)-2-(piperazin-
1-ylethanone derivatives (4-10) to be responsible for the antimicrobial activity.

MATERIALS AND METHODS

Chemistry: All the reactions routinely monitored by thin layer chromatography (TLC). All the reported
melting points were taken in open capillaries and were uncorrected. Infrared (IR) spectra were recorded in
KBr (pellet forms) on a Thermo Nicolet-Avatar-330 Fourier Transform Infrared (FT-IR)
spectrophotometer and only noteworthy absorption values (cm™) were listed. *H and *C NMR (nuclear
magnetic resonance) were recorded with Bruker AMX-400 spectrometer at 400 and 100 MHz respectively.
NMR spectra were obtained in DMSO-ds solutions and are reported as parts per million (ppm) downfield
from a tetramethylsilane internal standard. Mass spectrometry is recorded with Applied Biosystem mass
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spectrometer. Elemental analyses (C, H and N) were performed using the Thermo Scientific Flash 2000
organic elemental analyzer. Merck silica gel (100-200 mesh) was used for column chromatography.

General procedure for synthesis of 1-(1-aryl-1H-tetrazol-5-yl)-2-(piperazin-1-yl)ethanone (4-10): A
100 mL RB flask was charged with  2-chloro-1-(1-aryl-1H-tetrazol-5-yl)  ethanone
(1 mmol), piperazine (1.2 mmol) and triethylamine (0.1 mmol) in acetonitrile (25 mL). The reaction
mixture was stirred for 6 hrs at room temperature. The reaction was monitored by TLC. After the
completion of the reaction, the reaction mixture was quenched with crushed ice and the solid was filtered,
washed with water and dried under vacuum to get novel 1-(1-aryl-1H-tetrazol-5-yl)-2-(piperazin-1-
yl)ethanone. Finally the crude product was purified through column chromatography. The yield and melting
point of the newly synthesized compounds (4-10) are shown in Table 1.

Table -1 Physical data for the newly synthesized compounds 4-10

Compound X Yield (%) Mp (°C)
4 H 79 180-182
5 CHs; 72 158-162
6 OCHj; 70 170-172
7 Cl 80 192-194
8 Br 70 172-176
9 F 7 169-172
10 NO, 78 165-168

1-(1-phenyl-1H -tetrazol-5-yl)-2-(piperazin-1-yl)ethanone (4): IR (KBr) vyax (cm™): 3428 (-NH), 1690
(C=0). 'H NMR (DMSO-ds, 400 MHz): & 2.43 (4H, s, CH,), 2.70-2.71(4H, d, CH,), 3.16 (2H, s, CH,),
7.07-7.11 (1H, t, CH), 7.33-7.35 (2H, d, J = 8 Hz, CH), 7.50-7.52 (2H, d, J = 8 Hz, CH), 9.1 (s, 1H, NH).
3C NMR (DMSO-ds, 100 MHz): § 45.19, 53.45, 61.27, 119.6, 123.8, 137.3, 150.2 and 172.5. MS (m/z):
272 (M™). For Cy3H1sNgO calculated: 57.34% C, 5.92% H and 30. 86% N; Found: 56.54% C, 5.79% H and
30.75% N.

2-(piperazin-1-yl)-1-(1-p-tolyl-1H-tetrazol-5-yl)ethanone (5): IR (KBr) vma (cm™): 3404 (-NH), 1688
(C=0). 'H NMR (DMSO-dg, 400 MHz): & 2.26 (3H, s, CHs), 2.42 (4H, s, CH,), 2.70 (4H, s, CH,), 3.15
(2H, s, CH,), 7.12-7.14 (2H, d, J = 8 Hz, CH), 7.38-7.40 (2H, d, J = 8 Hz, CH), 9.1 (s, 1H, NH). *C NMR
(DMSO-ds, 100 MHz,): 6 20.35, 45.43, 53.72, 61.36, 119.6, 129.3, 132.7, 150.1 and 172.5. MS (m/z): 286
(M. For Cy4H1gNgO calculated: 58.73% C, 6.34% H and 29.35% N; Found: 58.44% C, 6.23% H and
29.75% N.

1-(1-(4-methoxyphenyl)-1H-tetrazol-5-yl)-2-(piperazin-1-yl)ethanone (6): IR (KBr) vmax (cm™): 3419 (-
NH), 1690 (C=0). 'H NMR (DMSO-ds, 400 MHz): § 2.42 (4H, s, CH,), 2.70 (4H, s, CHy), 3.15 (2H, s,
CHy), 3.73 (3H, s, OCH3), 6.89-6.91 (2H, d, J = 8 Hz, CH), 7.41-7.43 (2H, d, J = 8 Hz, CH), 9.20 (s, 1H,
NH). *C NMR (DMSO-ds, 100 MHz,): 6 45.42, 52.36, 53.75, 55.14, 61.36, 114.0, 121.4, 130.3, 155.6 and
172.4. MS (m/z): 302 (M"). For Cy4H1sNeO, calculated: 55.62% C, 6.00% H and 27.80% N; Found:
55.47% C, 5.68% H and 27.64% N.

1-(1-(4-chlorophenyl)-1H-tetrazol-5-yl)-2-(piperazin-1-yl)ethanone (7): IR (KBr) vma (cm™): 3460 (-
NH), 1679 (C=0). 'H NMR (DMSO-ds, 400 MHz): § 2.30 (4H, s, CH,), 2.76 (4H, s, CHy), 3.20 (2H, s,
CH,), 7.57-7.59 (2H, d, J = 8 Hz, CH), 7.68-7.70 (2H, d, J = 8 Hz, CH), 9.01 (s, 1H, NH). ®*C NMR
(DMSO-ds, 100 MHz,): 6 45.43, 53.72, 61.36, 121.6, 130.1, 150.2, 155.7 and 168.5. MS (m/z): 306 (M").
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For C13H1sCINgO calculated: 50.90% C, 4.93% H and 27.40% N; Found: 50.77% C, 4.85% H and 27.24%
N.

1-(1-(4-bromophenyl)-1H-tetrazol-5-yl)-2-(piperazin-1-yl)ethanone (8) : IR (KBr) vma (cm™): 3445 (-
NH), 1690 (C=0). '"H NMR (DMSO-ds, 400 MHz): & 2.20 (4H, s, CH,), 2.70 (4H, s, CH,), 3.16 (2H, s,
CHy), 7.43 (4H, s, CH), 9.20 (s, 1H, NH). *C NMR (DMSO-ds, 100 MHz,): § 45.43, 53.75, 62.02, 117.0,
121.78, 132.0, 136.2, 149.8 and 172.0. MS (m/z): 351 (M"). For Cy3H1sBrNsO calculated: 44.46% C,
4.30% H and 23.93% N; Found: 44.21% C, 4.15% H and 22.62% N.

1-(1-(4-fluorophenyl)-1H-tetrazol-5-yl)-2-(piperazin-1-yl)ethanone (9) : IR (KBr) vma (cm™): 3438 (-
NH), 1692 (C=0). 'H NMR (DMSO-ds, 400 MHz): § 2.60-2.61 (4H, d, CH,), 2.94-2.96 (4H, d, CH,), 3.17
(2H, s, CH,), 6.69-6.71 (2H, d, J = 8 Hz, CH), 7.11-7.13 (2H, d, J = 8 Hz, CH), 9.20 (s, 1H, NH). *C
NMR (DMSO-dg, 100 MHz,): ¢ 53.75, 62.12, 66.72, 117.0, 121.7, 132.0, 136.2, 149.8 and 182.0. MS
(m/z): 290 (M"). For Cy3H15sFN6O calculated: 53.79% C, 5.21% H and 28.95% N; Found: 50.67% C, 5.12%
H and 28.79% N.

1-(1-(4-nitrophenyl)-1H-tetrazol-5-yl)-2-(piperazin-1-yl)ethanone (10) : IR (KBr) vma (cm™): 3444 (-
NH), 1679 (C=0). '"H NMR (DMSO-ds, 400 MHz): & 2.21 (4H, s, CH,), 2.70 (4H, s, CH,), 3.11 (2H, s,
CH,), 7.41-7.43 (2H, d, J = 8 Hz, CH), 8.11-8.13 (2H, d, J = 8 Hz, CH), 9.30 (s, 1H, NH). *C NMR

(DMSO-dgs, 100 MHz,): § 55.16, 63.02, 121.6, 130.1, 150.2, 155.7 and 168.5. MS (m/z): 317 (M"). For
C13H15N05 calculated: 49.21% C, 4.76% H and 30.90% N; Found: 49.01% C, 4.66% H and 29.89% N.

RESULTS AND DISCUSSION

Chemistry: The new 1-(1-aryl-1H-tetrazol-5-yl)-2-(piperazin-1-yl)ethanone derivatives (4-10) were
synthesized according to Scheme 1.
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Scheme 1. Scheme for the synthesis of 1-(1-aryl-1H-tetrazol-5-yl)-2-(piperazin-1-yl)ethanone derivatives
(4-10)
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Reaction of aryl anilines with sodium azide and triethylorthoformate in acetic acid resulted in the
formation of tetrazole compounds (2). Compounds (2) on further reaction with chloroacetylchloride
resulted in the formation of 2-chloro-1-(1-aryl-1H-tetrazol-5-yl)ethanones (3). Compounds (3) on further
reaction with piperazine in acetonitrile yields novel 1-(1-aryl-1H-tetrazol-5-yl)-2-(piperazin-1-yl)
ethanones (4-10). All the synthesized compounds were characterized using IR, '"H NMR, *C NMR,
Elemental analysis and mass spectral studies.

In order to assign the IR and NMR spectral values, 1-(1-phenyl-1H-tetrazol-5-yl)-2-(piperazin-1-
yl)ethanone 4 has been chosen as representative compound. The FT-IR spectrum of compound 4 showed
characteristic absorptions at 3428 cm * due to N-H stretching vibrations of the piperazine group. The band
at 1690 cm ' is due to the presence of the carbonyl group stretching frequency. The absorption frequency
at 2925-2854 cm 'is assigned to the aromatic C-H stretching vibration. The absorption band at 1209 cm*
is consistent with the C-N stretching vibration. The observed NH, C=0, C-H, and C-N stretching
vibrational bands are supporting evidence for the formation of synthesized compound 4. In the *H NMR
spectrum of compound 4, two singlets observed at 2.43 and 2.71, are due to the methylene protons of the
piperazine ring. The singlet at 3.16 ppm is assigned to the CH, protons of ethanone moiety. The aromatic
protons appeared as a multiplet in the range of 7.07-7.52 ppm. The NH proton of piperazine ring appeared
at 9.16 ppm. In the *C NMR spectrum of compound 4, two signals are observed at 45.1 and 53.4 ppm. Out
of which, the signal at 45.1 ppm is due to the methylene carbon of the piperazine ring attached to NH
[HN(CH,),] and the other signal at 53.4 ppm is unambiguously assigned to the methylene carbon of the
piperazine ring attached to N[N(CH,),].The **C resonance observed at 61.2 ppm is assigned to the
methylene carbon of ethanone moiety. Aromatic carbons are observed in the range of 119.6-128.9 ppm.
The aromatic ipso carbon and the tetrazole ipso carbon are observed at 137.3 and 150.2 ppm respectively.
The remaining *C signal at 172.5 ppm is due to the carbonyl carbon.

APPLICATIONS

Antibacterial activity: The in vitro antibacterial activity of the newly synthesized compounds 4-10 was
determined by serial dilution method. All the synthesized Compounds, 4-10 were assessed to elicit their
antibacterial activity in vitro against Staphylococcus aureus, Bacillus subtilis, Salmonella typhi, Vibrio
cholerae, Escherichia coli and Klebsiella pneumoniae. The antibacterial potency of the synthesized
compounds was compared with Ciprofloxacin using their minimum inhibitory concentration (MIC) by
serial dilution method; the values are summarized in Table 2.

Table -2 In vitro antibacterial activities of 4-10 against clinically isolated bacterial strains

Minimum inhibitory concentration (MIC) in pg/mL

Compound

S. aureus B. subtilis S. typhi V. cholerae E. coli K. pneumonia

4 100 50 100 - 100 100

5 50 100 - 100 50 50

6 100 50 100 50 25 100

7 125 125 25 25 100 -

8 100 100 100 - 50 100

9 25 125 50 25 125 50

10 50 125 50 100 50 -
Ciprofloxacin 12.5 12.5 25 25 12.5 25

‘— no inhibition even at a higher concentration of 200 pg mL™
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Close surveys of the MIC values indicate that all the compounds exhibited a varied range
(12.5-200 pug mL™) of antibacterial activity against all the tested bacterial strains. The MIC values of
compounds 7, 9 and 10 showed maximum inhibition activity (12.5 pg mL™) against B. subtilis. Among the
various substituted compounds, compound 4 against V. cholerae, compound 5 against S. typhi, compound
7 against K. pneumonia, compound 8 against V. cholerae and compound 10 against K. pneumonia did not
show any activity even at maximum concentration (200 pug/mL). Electron withdrawing substituents like
chloro, fluoro and nitro substituted compounds 7, 9 and 10 exerted excellent antibacterial activities.
Fluorination increases the lipophilicity due to strong electron withdrawing capability of fluorine.
Moreover, fluorine substitution was commonly used in contemporary medicinal chemistry to improve
metabolic stability, bioavailability and protein ligand interactions.

Antifungal activity: In order to extend the antimicrobial evaluation, the antifungal screening was also
done, which revealed that the synthesized compounds (4-10) showed good inhibition against various tested
fungal strains viz., Aspergillus flavus, Aspergillus niger, Candida albicans, Mucor, Candida 6 and
Rhizopus. Here, Fluconazole was used as standard drug. The results indicate that among the tested
compounds, compound 9 showed maximum inhibition activity (6.25 pg/mL) against C. albicans. Among
the various substituted compounds, compound 4 and 8 against Mucor, compound 5 against A. flavus and
compound 5 and 7 against Rhizopus did not show any activity even at maximum concentration (200 pug
mL™). However, the introduction of halogen functionality at para position of phenyl groups in compound
7, 8 and 9 registered moderate inhibition potency against all the tested fungal organisms with MIC ranging
from 6.25 - 100 ug mL™. The fluoro substituted compound 9 shows maximum antifungal potency against
C. albicans. A modification of para proton (compound 4) by chloro, fluoro and nitro group i.e.,
compounds 7, 9 and 10 shows moderate activity against the entire tested fungal strains but registered high
inhibition against C. albicans (6.25-25ug mL™). Results of antifungal studies have been presented in
Table 3.

Table -3 In vitro antifungal activities of 4-10 against clinically isolated fungal strains

Minimum inhibitory concentration (MIC) in pg/mL

Compound
A. flavus A. niger C. albicans Mucor Candida 6 Rhizopus

4 50 50 50 - 50 100

5 - 100 25 100 100 -

6 50 50 50 100 50 50

7 50 50 25 50 25 -

8 100 100 50 - 50 100

9 50 25 6.25 25 12.5 50

10 25 100 125 50 25 50
Fluconazole 12.5 25 125 25 25 50

‘—’ no inhibition even at a higher concentration of 200 pg/mL

Molecular docking studies: Molecular docking studies were conducted in order to validate the obtained
pharmacological data and to provide understandable evidence for the observed antimicrobial activity of all
synthesized compounds. Molecular docking study is a well-established technique to determine the
interaction of two molecules and find the best orientation of ligand would form a complex with overall
minimum energy. In our research group now a days we are using this docking program to check the in
silico activities of the newly synthesized bioactive molecules [29, 30]. Molecular modeling study was
carried out using docking program DOCK SERVER (www.dockingserver.com). All the newly synthesized
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compounds (4-10) were docked with alpha-amylase complexed with maltopentaose of B. subtilis at ten
different orientations. The structure of the protein mentioned above [PDB: 1BAG] was retrieved from the
Protein Data Bank [www.rcsb.org (DOI: 10.2210/pdblbag/pdb)] and further modified for docking
calculations. The ligand molecules were drawn and analysed using Chem Draw Ultra 8.0. 3D, coordinates
were prepared using dock server. Based on the in vitro antimicrobial studies, it is worthwhile to do in silico
studies; it supports the invitro activity.

In silico studies revealed all the synthesized molecules showed good binding energy toward the target
protein ranging from -8.06 to -7.92 kcal mol™. The docking results revealed that compound 5 showed
minimum binding energy of -8.06 kcal mol™, which is due to dipole-dipole and hydrogen bond interaction
with amino acids of targeted protein. It was observed that the most active compound of the series, i.e.,
compound 9 was predicted to be most active in silico too. The other compounds like 7 and 10 having
significant antibacterial activity are also found to have good docking scores as shown in Table 4.

Table 4 Molecular docking results of the target molecules with alpha-amylase complexed with
maltopentaose from Bacillus subtilis (PDB ID: 1BAG)

Binding Ener Docking Ener Inhibition Intermolec.

Compound (kcaglllmol) 9y (kcalg/mol) 9y Constant Energy
(LM) (kcal/mol)

4 -7.98 -7.46 1.42 -9.24

5 -8.06 -6.99 1.23 -9.07

6 -7.36 -6.73 4.00 -8.84

7 -7.85 -7.02 1.77 -9.00

8 -7.94 -7.46 1.52 -9.48

9 -7.96 -7.16 1.45 -9.12

10 -7.92 -7.42 1.56 -9.48

The acting force of this binding mode is mainly depends on hydrogen bonding, electrostatic forces, van-
der Waals forces and hydrophobic interaction due to non-polar residue interaction and water structure
effect alteration [31]. Docked ligand molecule 4 with the secondary structure of alpha-amylase complexed
with maltopentaose of B. subtilis in solid and ribbon model is depicted in Figure 2. The surface cavity with
target molecule 4 at the active pocket of the protein structure is depicted in Figure 3. 2D plot of hydrogen
bond forming amino acids with target ligand and HB plot of interacted residues in protein of E. coli with
compound 4 is depicted in figure 4 & 5 respectively.

Figure 2. Docked ligand molecule 4 with the Figure 3. The surface cavity with target molecule 4
secondary structure of alpha-amylase complexed at the active pocket of the protein
with maltopentaose in solid and ribbon model
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The in vitro antifungal MIC values are correlated well with binding energies obtained through molecular
docking with 3,4-Dihydroxy-2-butanone 4-phosphate Synthase (PDB: 1TKU) of C. albicans
[www.rcsb.org (DOI: 10.2210/pdbltku/pdb)]. Docked ligand molecule 5 with the secondary protein
structure of 3,4-Dihydroxy-2-butanone 4-phosphate Synthase in solid and ribbon model is depicted in
Figure6.The minimum fungal inhibition potency againstC. albicans of compounds 9 (6.25 pg mL™) and
10 (12.5 ug ml™) showed excellent docking energies. Their binding energies are -7.26 and -7.18 kcal/mol
respectively [Table 5].

Table 5 Molecular docking results of the target molecules with 3,4-Dihydroxy-2-butanone 4-phosphate
Synthase from Canida albicans (PDB ID: 1TKU)

Binding Energy

Docking Energy Inhibition Constant Intermolec. Energy

Compound (kcal/mol) (kcal/mol) (uM) (kcal/mol)
4 -7.03 -6.23 7.06 -8.15
> -8.04 -7.45 1.28 -9.42
6 -6.78 -6.16 10.66 -8.53
7 -7.88 -6.91 1.68 -8.95
8 -7.78 -6.81 1.97 -8.73
9 -7.26 -6.37 4.80 -8.16
10 -7.18 -7.20 5.43 -9.06

From the comparative analysis, the above compounds 9 and 10 shows good in vitro antifungal activity
which is further supported by their in silico analysis. The above mentioned compounds utilize their amino
head group to interact with the crucial amino acid residues such as His 145, Glu 32 through hydrogen
bonds. The surface cavity with target molecule 5 at the active pocket of the protein structure is depicted in
Figure 7. 2D plot of hydrogen bond forming amino acids with target ligand and HB plot of interacted
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residues in protein of C. albicans with compound 5 is depicted in Figure 8 & 9 respectively. Therefore, it
is pleasing to state that the docking studies have widened the scope of developing a new class of
antimicrobial agents.

Figure 6. Docked ligand molecule 5 with the Figure 7. The surface cavity with target molecule 5
secondary structure of  3,4-Dihydroxy-2- at the active pocket of the protein

butanone 4-phosphate Synthase in solid and

ribbon model
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CONCLUSIONS

In conclusion, a series of novel 1-(1-aryl-1H-tetrazol-5-yl)-2-(piperazin-1-yl)ethanone derivatives were
synthesized in good yields and their structures were characterized by their IR, 'H NMR, *C NMR and
Mass spectral data. The synthesized compounds showed a wide range of potentially promising
antibacterial and antifungal activities. Compounds 7, 9 and 10 showed significant antimicrobial activity
against the tested bacterial and fungal strains. The docking study reveals that hydrophobic interactions
played a major role in ligand receptor interactions. Finally, the results indicate that these new compounds
could be considered as a new lead for further optimization.

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]
[23]

[24]
[25]
[26]
[27]

[28]

REFERENCES

C.Foucault, P.Brouqui. FEMS Immunology and Medical Microbiology, 2007, 49, 173-183.

H.C.Neu, Science, 1992, 257, 1064-1073.

R.Wise, T.Hart, O.Cars et al. British Medical Journal, 1998, 317, 609-610.

G.P.Bodey, Clin. Infect. Dis., 1992, 14, 161-169.

J.H.Toney, P.M.D. Fitzgerald, N.G.Sharma et al. Chem. Biol., 1998, 5, 185-196.

R.S.Upadhayaya, S.Jain, N.Sinha et al. Eur. J. Med. Chem., 2004, 39, 579-592.

S.G.Khanage, P.B.Mohite, R.B.Pandhareb, S.A. Raju, J. Pharm. Res., 2011, 4, 3609-3611.

J.Adamec, K.Waisser, J.Kunes, J. Kaustova, Arch. Pharm., 2005, 338, 385-389.

P.B.Mohite, R.B.Pandhare, S.G.Khanage, V.H.Bhaskar, Acta Pharma. Sci., 2010, 52, 505-510.

I.Ueda, K.Ishii, K.Sinozaki, M.Htanaka, Chem. Pharm. Bull., 1991, 39, 1430-1435.

C.E.Cosgrove, R.A. Laforge, J. Org. Chem., 1956, 21, 197-200.

J.R.Maxwell, D.A.Wasdahl, A.C.Wolfson, V.I.Stenberg, J. Med. Chem., 1984, 27, 1565-1570.

V.H. Bhaskar, P.B. Mohite, J. Optoelectron. Biomed. M., 2010, 2, 249-259.

H.Singh, A.S.Chawla, V.K.Kapoor et al. Progress in medicinal chemistry. In: Ellis GP, West GB, eds.
Medicinal chemistry of tetrazoles. Amsterdam: Elsevier/North Holland, 1980, 151-173.

S.P.Haydu, J.Bardley, Hughes DTD. Br. Med. J., 1975, 3, 283-284.

V.H.Bhaskar, P.B.Mohite, J. Optoelectron. Biomed. M., 2011, 3, 7-16.

Reshma Kayarmar, G.K.Nagaraja., S.K. Peethambar, Manjunath Bhat, T. Arulmoli, Journal of
Applicable Chemistry, 2014, 3(1), 422-425.

K.Mustafa, Shneshil, K.Tareq, Ibraheem, Mustafa Y Jamal, Journal of Applicable Chemistry, 2014,
3(5), 1945-1950.

A Rajasekaran, P.P.Thampi, Eur. J. Med. Chem., 2004, 39, 273-279.

J.A.Maertens, Clin. Microbiol. Infect., 2004, 10, 1-9.

K.Makoto, M.Tomoko, Y.Koji, M.Masaki, K.Nobuo, K.Nobuyuki, K.Kenichi, I.Masato, K.Yuji,
O.Katsuji, N.Takayuki, Bioorg. Med. Chem., 2003, 11, 3953-3963.

R.S.Upadhayaya, S.Jain, N.Sinha et al. Eur. J. Med. Chem., 2004, 39, 579-592.

S.M. Mallikarjuna, Basavaraj Padmashali, C. Sandeep, M.B. Siddesh, H.K. Nagesh, K.S. Thriveni,
Journal of Applicable Chemistry, 2014, 3(1), 110-116.

He Zhao, Xiaoshu He, T.Andrew, H.Diane, K.Andrzej, B.Robbin, P.Renee, Jan WF. Bioorg. Med.
Chem. Lett., 2002, 12, 3111-3115.

D.Brian, P.Jessica, P.Teresa, C.Lee, M.Brian, S.Robin, H.Julia, B.Tracy, C.Mary, S.John, G. Val,
Bioorg. Med. Chem. Lett., 2003, 13, 3793-3796.

K.Rossen, A.W. Steven, J.Sager, R.A.Reamer, D.Askin, R.P.Volante, P.J.Reider, Tetrahedron Lett.,
1995, 36, 6419-6422.

A.David, K.E.Kan, R.Kai, M.P.Robert, M.W.Kenneth, R.P.Volante, J.R.Paul, Tetrahedron Lett., 1994,
35(5), 673-676.

T.Amita, M.Mridula, V.Manju, International Journal of Research in Ayurveda & Pharmacy, 2011, 2,
1547-1548.

2402
www. joac.info



M. Gopalakrishnan et al

Journal of Applicable Chemistry, 2014, 3 (6): 2393-2403
[29] Selvam Elavarasan, Mannathusamy Gopalakrishnan, Journal of Applicable Chemistry, 2014, 3(2),
622-629.
[30] B. Chellakili, M. Gopalakrishnan, Journal of Applicable Chemistry, 2014, 3(2), 689-695.
[31]

G.M.Morris, D.S.Goodsell et al. Journal of Computational Chemistry, 1998, 19, 1639-1662.

2403
www. joac.info



