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INTRODUCTION
Antimicrobial resistance results in increased morbidity and mortality from treatment failures
and increased health care costs. It is estimated that USD 30 billion is spent on the
cumulative effects of antimicrobial resistance each year including multiple drug regimens,
extra hospital days, additional medical care and lost productivity. And a recent study
showed that multidrug-resistance was associated with increased incidence of invasive
pneumococcal diseases in children younger than 5 years of age. It means that antibiotic
resistance directly contributes to increased incidence of invasive diseases1.
Heterocycles play a vital role in Pharmacological, Agricultural and Synthetic fields.
Consequently, the development of methodologies useful for the assembly of molecules
containing heterocyclic templates continues to attract the attention of both the academic and
industrial communities2. Heterocyclic chemistry is the branch of chemistry dealing
exclusively with synthesis, properties and applications of heterocycles especially vital to
drug design. Incorporation of An Oxygen, Nitrogen, Sulfur, or an atom of a related element
into an organic ring structure in place of a carbon atom gives rise to a heterocyclic
compound. Since the heterocyclic atom must form more than one bond in order to be
incorporated into a ring structure, halogens do not form heterocyclic compounds although
they may be substituent’s on a heterocyclic ring structure. Heterocyclic compounds, like
polycyclic ring compounds, are usually known by non-systematic names3. Azoles are five
membered heterocyclic compounds containing in their rings one or more heteroatoms, at
least one of which is nitrogen. Standard drugs used in some of the medicinally important
derivatives containing pyrazoles (azoles) are Novalgin, Aminopyrine etc. which possess
NSAID properties. Apart from this, imidazoles, triazoles possess different biological
activities like antimalarial, hypertensive and antifungal4.
The presence of Oxygen and Nitrogen in heterocyclic system has attracted the attention of
medicinal chemists because of the diverse biological activities and profound efficacy5.
Oxadiazoles are important five-membered heterocyclic compounds. The synthesis of
heterocyclic compounds has always drawn attention of organic chemists over the years
mainly because of their important biological properties. The role of Nitrogen and Oxygen
Containing hetero compounds which are endowed with unique structure and potent
antibacterial activity need to be overemphasized. Moreover, Oxadiazoles have played a
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crucial role in the development of theory in heterocyclic chemistry and also are extensively
useful in organic chemistry. In the recent past, it has been observed and reported, that
considerable antibacterial and antifungal activity has been exhibited by 1, 3, 4-oxadiazole
derivatives, suitably substituted at 2nd and 5th positions6.
1,3,4-Oxadiazole with different heterocyclic compounds known to have a wide range of
biological

activities

antimicobacterial10,

such

as

anti-inflammatory7,

anthelmintic11,

muscle

analgesic8,

relaxant12,

anti-

antiviral13,

ulcerogenic9,

antitubercular14,

anticancer15, anticonvulsant16 and antifungal17 activities.
The synthesis of compounds incorporating 1, 3, 4-oxadiazole ring has been attracting
widespread attention due to their diverse pharmacological properties. Hydrazides and related
compounds have been described as useful building blocks for the assembly of various
heterocyclic rings18. We have synthesized a new series of substituted oxadiazol derivatives
for the antimicrobial activities.
MATERIALS AND METHODS
Synthesis of 1, 3, 4-oxadiazole backbone:
Brief Chemical Synthesis:
The title compounds were synthesized as per scheme. Substituted benzoic acid is condensed
with ethanol containing HCl gas and reflux to give ethyl-4- aminobenzoate (I). this on
condensation with hydrazine hydrate in presence of ethanol to give p-amino
benzohydrazide (II). Thus formed hydrazide is condensed with different Substituted
aromatic Carboxylic acids in the presence of Phosphorous oxychloride resulted in the
synthesis of the derivatives of 2, 5-disubstituted-1,3,4- Oxadiazoles (IIIa-IIIe).
Isonicotinamide condensed with hydrazine hydrate to give pyridine-4-carbohydrazide (II').
Pyridine-4-carbohydrazide condensed with different Substituted aromatic Carboxylic acids
in the presence of phosphorous oxychloride resulted in the synthesis of the derivatives of 2alkyl-5-aryl -1, 3, 4-oxadiazoles (IIIf-IIIj).
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Synthesis of Ethyl-4-aminobenzoate21 (I):
Place 80 ml of absolute ethanol in a 250 ml two necked flask equipped with a double surface
reflux condenser and a gas inlet tube. Pass dry hydrogen chloride through the alcohol until
saturated the increase in weight is about 20g remove the gas inlet tube, introduce 12g (0.088
mole) of p-aminobenzoic acid and heat the mixture under reflux for 2 hours. Upon cooling
the reaction mixture sets to a solid mass of the hydrochloride of ethyl-4-aminobenzoate. It is
better, however, to pour the hot solution into 300 ml of water (no hydrochloride separates)
and add solid sodium carbonate carefully to the clear solution until it is neutral to litmus.
Filter off the precipitated ester at the pump and dry in the air. Recrystallized from ethanol.
mp 89-920C.
Synthesis of p-amino benzohydrazide22 (II):
A mixture of ethyl-4-aminobenzoate (21.4g, 0.1mole) and 6.0ml of hydrazine hydrate in 90
ml of ethanol was refluxed over water bath for 6 hrs. The precipitate was filtered and
recrystallised with ethanol. White precipitate was produced; mp 224ºC and product yield is
85%.
Synthesis of Pyridine-4-carbohydrazide19 (II'):
To a solution of Isonicotinamide (3.8g in 20 ml methanol), 3 ml of hydrazine hydrate was
added and refluxed for 4 hr at 110ºC. The reaction mixture was cooled, filtered, and the
separated product was purified by recrystallization from ethanol. mp 170-174ºC
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Synthesis of 2-alkyl-5-aryl-1,3,4-Oxadiazoles20 (IIIa- IIIj):
A mixture of 0.01 mole (1.27g) of hydrazide (II-II') and 0.01 mole of different Substituted
aromatic Carboxylic acids was dissolved in Phosphorous oxychloride and refluxed for 18-22
hrs. The reaction mixture was slowly poured over crushed ice and kept overnight. The solid
mass thus separated out was made to neutralize, then filtered, dried and purified by
recrystallization from ethanol
Antimicrobial activity
For the antibacterial and antifungal activity, the compounds were dissolved in
dimethylsulfoxide (DMSO). Further dilutions of the compounds and standard drugs in the
test medium were prepared at the required quantities of 256, 128, 64, 32, 16, 8, 4, 2, 1 μg/ml
concentrations with Mueller–Hinton broth and Sabouraud dextrose broth. The minimum
inhibitory concentrations (MIC) were determined using the twofold serial dilution technique
(National Committee for Clinical Laboratory Standards, 2000). A control test was also
performed containing inoculated broth supplemented with only DMSO at the same dilutions
used in our experiments and found inactive in the culture medium. All the compounds were
tested for their in vitro growth inhibitory activity against different bacteria and fungi.
Antibacterial and antifungal activity
The cultures were obtained from Mueller–Hinton broth for all the bacterial strains after 24 h
of incubation at 37 ± 1ºC. Fungi were maintained in Sabouraud dextrose broth after
incubation for 24 h at 25 ±1ºC. Testing was carried out in Mueller–Hinton broth and
Sabouraud dextrose broth at pH 7.4 and the two fold serial dilution technique was applied.
The final inoculum size was 105 CFU/ml for the antibacterial assay and 104 CFU/ml for the
antifungal assay. A set of tubes containing only inoculated broth was used as controls. For the
antibacterial assay after incubation for 24 h at 37± 1ºC and after incubation for 48 h at 25±
1ºC for antifungal assay, the tube with no growth of microorganism was recorded to represent
the MIC expressed in μg/ml. Every experiment in the antibacterial and antifungal assay was
replicated twice.
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Microorganisms used:
The antibacterial activity of synthetic compounds was determined against a panel of standard
strains of the Gram-positive bacteria (Staphylococcus aureus, Bacillus subtilis) and Gramnegative bacteria (Klebsiella pneumoniae, Escherichia coli) by broth microdilution method.
The antifungal activity of synthetic compounds was determined against a panel of standard
strains of Candida albicans, Aspergillus niger and Aspergillus flavus.
RESULTS AND DISCUSSION
Table 1: Physical Data of the Synthesized Compounds
Comp.
No.

R'

Molecular

Molecular

Formula

Weight

M.P.( C)

Yield (%)

Rf value

I

----

C9H11NO2

165

90-92

80

0.53

II

----

C7H9N3O

151

222-224

65.12

0.55

II'

----

C6H7N3O

137

174-178

80

0.36

III a

C6 H 5

C14H11N3O

237

184-186

88.61

0.71

III b

2-OH-C6H4

C14H11N3O2

253

216-218

72.26

0.63

III c

2-NH2-C6H4

C14H12N4O

252

110-112

84.23

0.68

III d

4-NH2- C6H4

C14H12N4O

252

240-242

57.42

0.58

III e

C6H5-CH=CH

C14H13N4O

264

210-212

53.41

0.72

III f

C6 H 5

C13H9N3O

223

144-148

56.81

0.47

III g

2-OH- C6H4

C13H9N3O2

239

142

69.18

0.42

III h

2-NH2- C6H4

C13H10N4O

238

220-226

48.13

0.66

III i

4-NH2- C6H4

C13H10N4O

238

190-194

71.33

0.49

III j

C6H5-CH=CH

C15H13N4O

251

126-128

57.63

0.77
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Table 2: Spectral Data of the Synthesized Compounds
Compound IR spectra ( KBr cm-1

-1

H-NMR spectra(δ, ppm)

Mass spectra
(m/z value)

1684.11(C=O), 3424.21,
I

3341.25 (NH-NH2),

----

----

----

----

----

----

-----

237

2955.13 (C-H; aromatic)
1635.6(C=O), 3428.7,
II

3347.0 (NH NH2),
3034.0(C-H; aromatic)
1668.93(C=O), 3303.30,

II'

3112.39 (NH-NH2),
3013.44 (C-H; aromatic),
1685.0, 1655.9 (C=N),
3005.9 (C-H; aromatic),

III a

3326.1, 3260.1 (NH2).
1073.9 (C-O-C)
1635.5 (C=N),

III b

2922.2,2961.5 (C-H;

4.41-4.53(2H,d,NH2), 10.17

aromatic), 3440.0 (OH),

(1H,S,OH) 7.56,7.64,7.82 (8H, m,

253 (M-3)

3253.3(NH2),1059.8 (C-O- aromatic protons)
C)
1639.62 (C=N), 3025.21
(C-H; aromatic), 3437.96,
III c

3199.81 (NH2), 1071,48

----

252 (M-2)

(C-O-C)
1684.51 (C=N), 3010.44
(C-H; aromatic),3329.47,
III d

258.08(NH2),
973.52(C-O-C)

III e

3.84, 4.00, 4.12, 4.19, 4.53
(4H,d,NH2),7.62,7.67,7.83,7.89,7.96

252

(8H, m, aromatic protons),

1611.56 (C=N), 2938.56.0

4.03-4.11(2H,d,NH2),6.29-

(C-H;

6.34(2H,d,CH),7.28, 7.42, 7.54,

aromatic), 3421.05,

7.76, 7.85 (9H, m,aromatic protons)
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3187.37
(NH), 1009.08 (C-O-C)
1691.22 (C=N), 3014.98
III f

(C-H; aromatic),1073.9

----

223 (M-1)

----

239 (M+1)

----

238 (M-1)

----

238 (M-6)

(C-O-C).
1613.47, 1545.68 (C=N),
III g

3048.86 (C-H; aromatic),
3443.30 (OH),
1068.38 (C-O-C)
1600.83 (C=N), 2831.07
(C-H; aromatic),

III h

3258.08(NH2), 1084.98
(C-O-C)
1678.19 (C=N), 3010.61
(C-H; aromatic),

III i

3335.86,(NH2), 940.98
(C-O-C)

III j

1691.06 (C=N), 2924.38

4.41-4.53 (2H,d,NH2), 10.17

(C-H; aromatic), 1084.20

(1H,S,OH)7.56, 7.64,7.82 (8H, m,

(C-O-C)

aromatic protons)
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Table 3. MIC (µg /ml) values of the synthesized compounds (III a- III j) for
antibacterial activity
Compound

IIIa
IIIb
IIIc
IIId
IIIe
IIIf
IIIg
IIIh
IIIi
IIIj
Ciprofloxacin
Norfloxacin

Gram +ve
Staphylococcus
Bacillus Subtilis
Aureus
125
125
250
125
250
500
500
250
250
250
62.5
250
250
250
125
500
500
250
250
500
2
2
2
2

Gram –ve
Klebsiella
Escherichia
Pneumoniae
Coli
62.5
62.5
62.5
125
16.12
125
500
500
62.5
125
16.12
125
62.5
250
62.5
250
125
250
250
500
1
2
1
12

Table 4. MIC (µg /ml) values of the synthesized compounds (III a- III j) for antifungal
activity
Compounds
IIIa
IIIb
IIIc
IIId
IIIe
IIIf
IIIg
IIIh
IIIi
IIIj
Fluconazole
Griseofulvin

Candida Species
Candida Albicans
4.03
1
1
1
1
1
1
4.03
2
2
16
500

Aspergillus Species
Aspergillus Niger
Aspergillus Flavus
4.03
2
8.06
4.03
16.12
8.03
8.06
8.03
8.06
4.03
2
2
4.03
4.03
16.12
16.12
4.03
16.12
1
1
8
8
100
100

The conventional method was followed which is used to synthesize substituted hydrazides
from PABA and Isonicotinamide. These types of reactions are generally carried out in
presence of hydrazine hydrate where alcohol is used as solvent. The final compounds 2, 5disubstituted oxadiazoles were prepared by the cyclization of acetohydrazides at the 4th
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position in presence of Phosphorous oxychloride. The formula, mp, yields, IR, NMR, Mass
spectral values of the compound are listed earlier. All the spectral data were in accordance
with the assumed structure.
The final compounds showed characteristic NMR signals. Pattern for aromatic hydrogen
showed multiplets at range of δ 7.11 - 8.53 and the doublets in the range of δ 4.03- 4.53
showed NH2 bonding for amino substituted acids for compound III d. Also, the singlet
peak at the range of δ 10.17 was due to hydroxy proton in compound III b. Mass
fragmentation pattern was also studied which gave an idea about the fragmentation of final
compound with their corresponding mass. Compound III a showed molecular ion peak at
237 and compound III d showed molecular peak at 252.
The structural formula of organic compound, in principle, contains coded within it all of the
information which predetermines the chemical, physical and biological properties of that
compound. Biological activity may depend not only on how well the compound interacts
with its receptor but also on whole arrange of physical features such as basicity,
lipophilicity, electronic distribution and size. The idea of varying substituents is to attach a
series of substituents such that these physical features are varied one by one. In reality, it is
rarely possible to change one physical feature without affecting another. For aromatic
compounds, a favorite approach is to vary the substitution pattern which may give
increased activity.
Among the synthesized compounds, compound IIIc which is having NH2 substitution at
ortho position of aromatic ring is found active against Gram negative bacteria at
concentration of (16.12µ g/ml) as compared to Ciprofloxacin, Norfloxacin as standard
drugs and practical yield was 84.23%. Compound IIIb which is having hydroxyl
substitution at ortho position of aromatic ring is found active against Gram negative bacteria
at concentration of (62.05µ g/ml).
Among the synthesized compounds, compound III b which is having hydroxyl substitution
at ortho position of aromatic ring found active at concentration of (1µ g/ml) as compared
to Fluconazole and Griseofulvin as standard drugs and practical yield was 72.26%.
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