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Abstract : In the present article synthesis and evaluation for antibacterial and antifungal activity of a new
series of 2,5-disubstituted-1,3,4-oxadiazole derivatives is described. 2,5-disubstituted-1,3,4-oxadiazole
derivatives were synthesized by the reaction of quinolinyl hydrazone derivatives with dichloromethane. The
compounds (6a-h) were characterized by IR, NMR, and mass spectroscopy. All the synthesized compounds
were screened for their antimicrobial activity. The antimicrobial results reveal that among the synthesized
compounds 6b and 6f showed excellent antibacterial and antifungal activity. The compounds 6c¢, 6d and 6e did
not show antifungal activity against the Colletotrichum capsici.
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Introduction

Oxadiazole is a heterocyclic aromatic compound containing one oxygen and two nitrogen atoms in a
five membered ring. It occurs in various isomeric forms like 1,2,3-oxadiazole, 1,2,4-oxadiazole, 1,2,5-
oxadiazole and 1,3,4-oxadiazole. However, 1,3,4-oxadiazole and 1,2,4-oxadiazole are better known, and more
widely studied by researchers because of their many important chemical and biological properties." Oxadiazole
derivatives had been reported to exhibit several biological activities like antibacterial®, anti-HIV?, antifungal3,
genotoxic®, anti-tubercular®, virucidal®, antimalarial®, insecticidal’, herbicidal®, analgesic®, anti-inflammatory™®**
. muscle relaxants*?, anticonvulsant®, sedative, hypnotic**, anticancer>*® and lipid peroxidation inhibitor®’.
They have also attracted interest in medicinal chemistry as bioisosteres for carboxylic acids, esters and
carboxamides.*®

In recent past it has been observed and reported that considerable antibacterial and antifungal activity
had been exhibited by the 1,3,4-oxadiazole derivatives suitably substituted at 2 and 5 positions.>® Some of the
previous studies have reported the synthesis of 1,3,4-oxadiazole derivatives using Vilsmeier-Haack reaction and
evaluated for antibacterial and antifungal activity.'®'® Prompted by the above observations, as a part of our
work on development of novel antibacterial and antifungal agents, we have attempted to explore the possibility
of generation of antibacterial and antifungal activity in 2,5-disustituted-1,3,4-oxadiazoles by the reaction of
quinolinyl hydrazone derivatives with dichloromethane.

Experimental

All chemicals used were obtained from commercial sources and were used without further purification.
Melting points were determined on heated liquid bath (Thiele apparatus) in open capillaries and are
uncorrected. IR spectra of compounds were recorded on a Thermo Scientific U.S.A, Model No. Nicolet 380 FT-
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IR spectrometer using KBr pellets and the wave numbers were given in cm™. *H NMR (300 and 400 MHz)
spectra of synthesized compounds were recorded on a Bruker NMR spectrometer using CDCIlz/DMSO-d; as a
solvents and chemical shift values are expressed in parts per million (3, ppm) downfield from tetramethylsilane
(TMS) as an internal standard. NMR data are given as multiplicity (s, singlet; d, doublet; t, triplet; m, multiplet)
and number of protons.

General procedure for synthesis of 2,5-disubstituted-1,3,4-oxadiazoles (6a-h):
Synthesis of acetanilides (1a-b):

A solution of appropriate aromatic aniline (0.1 mol) in water (5 ml) and 6N hydrochloride acid was
added until the solution become homogeneous (pH = 1.5). The resulting homogenous solution was cooled in an
ice bath. Acetic anhydride was added (1 mmol) to the above homogenous solution followed by 300 mg solid
sodium bicarbonate until no further effervescence occurs or pH of the mixture becomes 5.5. The precipitated
product was filtered, washed with water, dried and recrystallized from ethanol. The purity of compounds was
checked by thin layer chromatography (TLC) using toluene-ethyl acetate-formic acid (5:4:1) as mobile phase.

Synthesis of 2-chloro-3-formylquinolines (2a-b):

6 mol of phosphorus oxychloride was added drop wise to a solution of acetanilide derivatives (1a-b) in
1.5 mol of dimethylformamide (DMF) at 0-5°C by stirring. The addition was done using the pressure equalizing
funnel over a period of 30 min and the mixture was further stirred at 80-90°C for 18 hrs. The cooled reaction
mixture was poured into ice water (300 ml) and stirred for an hour at 0-10°C. The precipitated 2-
chloroquinoline-3-carbaldehyde was filtered off, washed with water (100 ml), dried and recrystallization from
ethyl acetate to give the final product. The purity of compound was checked by TLC using ethyl acetate-hexane
(1:9) as mobile phase.

Synthesis of acid hydrazides (4a-e):

0.011 mol of Hydrazine hydrate, 0.01 mol of synthesized ethyl ester of acid derivatives was taken in a
100 ml of round bottomed flask. A minimum amount of ethyl alcohol was added to make the reaction-mixture a
clear solution. The contents were refluxed for 8-12 hrs. The progress of the reaction was monitored by thin
layer chromatography plate using toluene-ethyl acetate-formic acid (5:4:1) as mobile phase. After completion of
the reaction, the ethanol was distilled off under reduced pressure to give the product. The hydrazide was
recrystallized using alcohol.

Synthesis of quinolinyl hydrazones (5a-h):

0.01 mol of acid hydrazide which were designated 4a-f, 0.01 mol of synthesized aromatic aldehyde and
0.01 mol of p-toluene sulphonic acid were taken individually in a mortar the mixture was grounded with pestle
for about 5 min at room temperature. The completion of reaction was monitored by TLC using ethyl acetate-
hexane (4: 6) as mobile phase. Ice cold water was added once the reaction was completed. The resulting solid
product was filtered, washed with water, dried and recrystallized from DMF.

Synthesis of 2,5-disubstituted-1,3,4-oxadiazoles (6a-h):

0.1 mol of quinolinyl hydrazones (5a-h), 0.12 mol of bis(trifluoroacetoxy)iodobenzene and 5 ml of
dichloromethane were taken in 100 ml of round bottomed flask, then mixture was stirred at room temperature
with magnetic stirrer. The progress of reaction was monitored by TLC using ethyl acetate-hexane (4:6) as
mobile phase. After the completion of the reaction, the mixture was cooled. The solid thus obtained was
filtered, washed with water (4-5 times) and then with hexane. The product was dried and recrystallized from
DMF.

Physicochemical and Spectral data of 2,5-disubstituted-1,3,4-oxadiazoles (6a-h):

The physiochemical properties of the synthesized compounds (6a-6h) are collected and presented in
Table 1.

2-Chloro-3-(5-(4-chlorophenyl)-1,3,4-oxadiazol-2-yl)quinoline (6a): R¢value 0.44; % yield 67; mp 236-238°C;
IR (KBr vpscm'): 3182.75 (aromatic C-H), 2921.23 (aliphatic C-H), 1585.02 (C=C str.), 1654.48 (C=N str.),
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1486.95(C-N), 1155.96 (C-O-C), 841.32 (C-Cl); *H-NMR, 8ppm (DMSO-de): 9.07 (s, 1H, H-4), 8.17-8.10 (m,
2H, H-5 & 8), 8.08-8.06 (d, 2H, H-2' & 6”), 7.94-7.74 (m, 2H, H-6 & H-7), 7.62-7.60 (d, 2H, H-3 &5).

2-Chloro-3-(5-(2,4-dichlorophenyl)-1,3,4-oxadiazol-2-yl)quinoline (6b): R¢value 0.91; % vyield 60;
mp 252-254°C; IR (KBr vpscm’): 3068.33 (aromatic C-H), 1593.19 (C=C str), 1621.79 (C=N str), 1470.60 (C-
N), 1147.79 (C-O-C), 747.33 (C-Cl); 'H-NMR, ppm (DMSO-ds): 9.24 (s, 1H, H-4), 8.28-8.25 (d, 1H, H-8),
8.19-8.16 (d, 1H, H-5), 8.01-7.96 (m, 2H, H-3,7), 7.74-7.71 (d, 1H, H-5), 8.08-8.05 (d, 1H, H-6), 7.81-7.76
(t, 1H, H-6).

2-Chloro-3-(5-phenyl-1,3,4-oxadiazol-2-yl)quinoline (6¢): R¢value 0.34; %yield 65; mp 180-182°C;
IR (KBr vyeem?): 3419.61 (aromatic C-H), 1576.79 (C=C str.), 1609.48 (C=N str), 1482.81 (C-N), 1135.49 (C-
0-C), 775.92 (C-Cl); *H-NMR, 8ppm (DMSO-ds): 9.33 (s, 1H, H-4), 8.29-8.27 (d, 1H, H-8), 8.03-7.98 (t, 1H,
H-7), 7.84-7.79 (t, 1H, H-6), 8.10-8.08 (d, 1H, H-5), 7.70-7.67 (m, 3H, H-345)), 8.19-8.17 (m, 2H, H-26).

2-Chloro-3-(5-p-tolyl-1,3,4-oxadiazol-2-yl)quinoline (6d): Rsvalue 0.76; % yield 66; mp 208-210°C ; IR (KBr
vmaxcm?): 3039.61 (aromatic C-H), 2917.03 (aliphatic C-H), 1589.05 (C=C str.), 1613.57 (C=N str.), 1495.07
(C-N), 1188.61 (C-O-C), 755.49 (C-Cl); 'H-NMR, dppm (DMSO-dg): 2.50 (s, 3H, CH3), 9.31 (s, 1H, H-4),
8.26-8.293(d, 1H, H-8), 7.47-8.07 (m, aromatic proton).

2-Chloro-3-(5-methoxyphenyl-1,3,4-oxadiazol-2-yl)quinoline (6e): R¢value 0.76; % yield 64; mp 192-194°C IR
(KBr vmacm?): 3047.78 (aromatic C-H), 2839.39 (aliphatic C-H), 1560.45 (C=C str.), 1613.57 (C=N str.),
1425.61 (C-N), 1176.36 (C-O-C), 747.32 (C-Cl), 1253.99 (OCHs); 'H-NMR, 8ppm (DMSO-ds): 9.30 (s, 1H, H-
4), 8.28-8.26 (d, 2H, H-5), 8.02-7.97 (t, 1H, H-7), 7.83-7.78 (t, 1H, H-6), 8.12-8.07 (m, 3H, H-8,2and 6’
),7.22-7.20 (d, 2H,H-3& H-5 ),3.88 (s, 3H, OCHs); *C-NMR,5ppm(DMSO-ds): 165.12 (C,), 162.86 (C,),
161.19 (C4 ) 147.75 (Cy), 142.09 (C,), 146.30 (Cy), 56.07 (OCHs), 146.30, 133.63, 129.47, 128.94, 128.29,
126.39, 117.70, ,115.48, 115.74; M": 338.1 (M"; 100%), 340.1 (M*+2, 38.7%).

2-Chloro-3-(5-pyridin-4-yl)-1,3,4-oxadiazol-2-yl)quinoline (6f): R¢ value 0.45; % vyield 69; mp 234-236°C IR
(KBr vmacm?): 3043.81 (aromatic C-H), 2925.31 (aliphatic C-H), 1542.39 (C=C str.), 1618.08 (C=N str.),
1491.06 (C-N), 1145.90 (C-O-C), 701.02 (C-Cl); *H-NMR, 8ppm (DMSO-d): 9.34 (s, 1H ,H-4), 8.90-8.91 (d,
2H, pyridyl 3’ and 5°), 8.26-8.29 (d, 1H, H-8), 8.08-8.11 (m, 3H, H-5, pyridyl 2°,6”), 7.99-8.03 (t, 1H, H-6),
7.79-7.84 (t, 1H, H-7).

2-Chloro-6-methoxy-3-(5-(4-methoxyphenyl)-1,3,4-oxadiazol-2-yl)quinoline (6g): Rsvalue 0.73; % yield 64; mp
208-210°C IR (KBr vmmcm'): 3435.96 (aromatic C-H), 2912.94 (aliphatic C-H), 1576.79 (C=C str), 1613.57
(C=N str), 1490.98 (C-N), 1172.27 (C-O-C), 743.23 (C-Cl), 1253.99 (OCHj); 'H-NMR, Sppm (DMSO-ds):
9.13 (s, 1H, H-4), 8.10-8.07 (d, 2H, H-2& 6) , 7.99-7.93 (d, 1H, H-8), 7.58 - 7.66 (M, 2H, H-5 & H-7), 7.21-
7.18 (d, 2H, H- 3&H5), 3.93 (s, 3H, OCHj, C-6), 3.86 (s, 3H, OCHj3, C-4).

2-Chloro-6-methoxy-3-(5-phenyl)-1,3,4-oxadiazol-2-yl)quinoline (6h): R; value 0.73; % vyield 69; mp 218-
220°C IR (KBr vmacm?): 3047.90 (aromatic C-H), 2888.54 (aliphatic C-H), 1580.93 (C=C str.), 1617.71 (C=N
str.), 1491.03 (C-N), 1160.05 (C-O-C), 702.38 (C-Cl), 1225.43 (OCHj3); ‘H-NMR, dppm (DMSO-dg): 9.15 (s,
1H, H-4), 3.92 (s, 3H, -OCHs), 7.67-7.59 (m, 5H, aromatic protons, H-5,7,3,4,5), 7.98-7.95 (d, 1H, H-8),
8.16-8.14 (m, 2H, H-2' & 6).

Antibacterial activity:

The antibacterial activity of the synthesized compounds was determined using Disc-diffusion method (20),
against Escherichia coli (Gram negative bacteria). Stock solutions of different test compounds (100 pg per ml)
were made in DMSO. Standard inoculums were introduced on to the surface of sterilized agar plates and a
sterilized glass spreader was used for even distribution of inoculum. The inoculum was allowed to dry for 5
minutes with lid in placed. Sterile discs of 6 mm diameter (Hi Media Laboratories Ltd., Mumbai, India) were
used. Test compounds (100 pg per ml) were incorporated in to the sterile disc using micropipette. Precautions
were taken to prevent the flow of the solution from the disc to outer surface. The disc was applied under aseptic
technique. The plates were inverted and incubated for 24 hours at 37°C. Carbenicillin was used as a standard
drug (100 pg per disc). The diameters of the zones were measured to the nearest millimeter using Zone scales
PWAQ96. In all the determinations test were performed in triplicate and the results were taken as a mean of at
three determinations. The results are presented in Table 2.
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Antifungal activity:

The antifungal activity of the synthesized compounds was determined using Poison Food technique
(21). This technique involves the cultivation of test organism on a growth medium containing the test chemical
and then measuring its growth. For the work efficacy of the test compounds was determined against three
strains; namely Penicillium marneffei, Aspergilus niger, Colletotrichum capsici. 25 ml of water blanks were
prepared separately in conical flask using distilled water and sterilized these water blanks at 121°C in an
autoclave for 15 minutes. The water blanks were cooled at 45-47°C and then test compounds (each 5 mg) were
dissolved into the minimum quantity of acetone and finally made up the volume to 25 ml with sterilized water
to get 200 g per ml (double strength). Potato dextrose agar (PDA) medium was mixed with the test compounds
aseptically to get the final concentrations of 100 pg per ml. The medium containing the test compounds was
poured into the sterile petri-dishes of 9 cm diameter in quantities of approximately 16 ml and allowed to
solidify. 5 mm mycelial disc were prepared by cutting from 7 days old fungus grown on PDA medium seeded
with the microorganism (10° cfu per ml). These discs were placed in the center of the petri-dishes containing 50
ml poisoned PDA medium. The petri-dishes were incubated at 25°C for 7 days. Three replicates were used for
each test compounds together with three petri-dishes containing the solvents (control) and Griseofulvin (as
standard drug). The % inhibition of growth was calculated from mean differences between treatments and
control by using following formula:

% inhibition = (C — T)/C x 100
Where, C = mycelial growth in control; and T = mycelial growth in treated dish
The results of the antifungal activity studies are presented in Table 3.

Results and Discussion

A new series of 2,5-disubstituted-1,3,4-oxadiazole derivatives was synthesized by the condensation of
quinolinylhydrazone derivatives with dichloromethane (Scheme 1). The physiochemical data of the synthesized
compounds (6a-6h) was collected and presented in Table 1. The percentage yield of all the synthesized
compounds (6a-6h) was found to be in the range of 60-70%. The purity of the synthesized compounds was
studied by TLC. The synthesized compounds were confirmed structurally by means of their FT-IR, *H-NMR,
BC-NMR and mass spectra (MS). The spectral (IR, 1H NMR and MS) and analytical data are in good
agreement with their structures. All the synthesized compounds were evaluated for antibacterial and antifungal
activity.

Acetic anhydrlde DMF/POCI 1
R=COOH
NHCOCH 5

C,H,OH leso4

(la-b) (2a-b)
NH,NH,.H,0

PTSA RYCONHNH, < > R} cooc,Hy

(4a-e) (3a-e)
0. _R'
=
N cl
(5a-h)
DCM J R

(6a-h)

Figure 1. Synthesis of 2,5-disubstituted-1,3,4-oxadiazoles (6a-h).
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Table 1. Physicochemical data of the synthesized compounds (6a-6h)

Melting point

Compound R R R¢ value % yield (°C)

6a -H \Q 0.44 67.29 236-238
Cl

6b -H I:L 0.91 60.25 252-254
Cl Cl

6c -H CeHs- 0.34 65.38 180-182

6d H \Q 0.76 66.28 208-210
CH

6e -H \©\ 0.76 64.30 192-194
OCH

o6f -H | 0.45 69.00 234-236
N
69 -OCH; \©\ 0.73 64.20 208-210
OCH 5
6h -OCH; CeHs- 0.73 69.10 218-220

The antibacterial activity study of the synthesized compounds against Escherichia coli reveals that the
zone of inhibition (diameter) for the synthesized compounds was in the range 15-24 mm of Escherichia coli
stain (antibacterial activity data of the synthesized compounds is presented in Table 2). Among the synthesized
compounds evaluated for antibacterial activity, compound 6f was found to be the most active compound with
zone of inhibition of 24 mm when compared with the standard drug Carbenicillin (zone of inhibition 25 mm).
Other most active compound was 6b with zone of inhibition of 23 mm when compared with standard. The
other synthesized compounds showed moderate antibacterial activity against Escherichia coli.

Table 2. Antibacterial activity data of synthesized compound (6a-6h)

Compound Zone of Inhibition (mm) against Escherichia coli

6a 22

6b 23

6c 15

6d 18

6e 19

6f 24

69 21

6h 17
Control 6
Carbenicillin (Standard) 25

The synthesized compounds were evaluated for antifungal activity against Penicillium marneffei,
Aspergilus niger, Colletotrichum capsici (antifungal activity data of synthesized compounds is presented in
Table 3). Among the synthesized compounds evaluated for antifungal activity, compound 6f was found to be
the most active compound against Aspergilus niger and Penicillium marneffei. Other active compound was 6b
against Aspergilus niger and Penicillium marneffei. The compounds 6c, 6d and 6e did not show antifungal
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activity against the Colletotrichum capsici. In general, The activity of 6f compound may be attributed to the
presence of the pyridine ring along with two other rings 1,3,4-oxadiazole and quinoline. Other active compound
which shows activity is 6b, due to the two electron withdrawing (chlorine group) substituent present at 2™ and
4™ position of the phenyl ring linked with quinoline and 1,3,4-oxadiazole.

Table 3. Antifungal activity data of synthesized compounds (6a-6h)

Zone of inhibition (mm) Percent inhibition of growth (%)
Compound | Aspergilus | Penicillium | Colletotrichum | Aspergilus | Penicillium | Colletotrichum
niger marneffei capsici niger marneffei capsici
6a 19 12 30 77.7 86.6 66.6
6b 20 11 28 78.8 87.7 68.8
6c 30 21 - 66.6 76.6 -
6d 26 19 - 70.0 78.8 -
6e 27 16 - 71.1 82.2 -
6f 15 10 30 83.3 88.8 66.6
69 23 15 10 74.4 83.3 88.8
6h 29 20 20 67.7 77.7 77.7
Control 90 90 90 0 0 0
Griseofulvin
(Standard) 7 6 8 92.2 93.3 91.1
Conclusion

A new series of 2,5-disubstituted-1,3,4-oxadiazole derivatives was synthesized and evaluated for the
antibacterial and antifungal activity by disc diffusion method and poison food technique respectively. Among
the synthesized compounds evaluated for antibacterial studies against Escherichia coli, and antifungal studies
against Aspergilus niger, Penicillium marneffei and Colletotrichum capsici, compound 6f was found to be the
most active compound. The compounds 6¢, 6d and 6e did not show antifungal activity against the
Colletotrichum capsici.
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