
INTRODUCTION

Oxadiazoles and their derivatives have been normally

utilized pharmacophores due to their ability to engage in hydrogen

bonding. Numerous 1,3,4-oxadiazole derivatives have been

reported to possess antihypertensive1,2 as well as antibiotics

properties3. Some other deravatives containing 1,3,4-oxadiazoles

have demonstrated biological activity such as muscle relaxants4

and antiomitotics5, sedatives6, platelet aggregation inhibitors7

and have shown diuretic, analgesic, antiinflammatory, anti-

convulsive and antiemetic properties8. The widespread use of

1,3,4-oxadiazoles as a scaffold in medicinal chemistry as demons-

trated by these examples establishes this moiety as a member

of the privileged structures class. During the last decades, a

number of derivatives of oxadiazoles have been synthesized

and tested for their biological activity9-12.

In view of the immense biological importance of deriva-

tives, the present work was undertaken to design, synthesize

and investigate the in vitro antifungal activity of some 5-substi-

tuted 1,3,4-oxadiazole-2-thioesters (Scheme-I). The structures

of the compounds were assigned on the basis of physical and

spectral data.

EXPERIMENTAL

Melting points of the synthesized compounds were

recorded on Gallenkamp digital melting point apparatus MFB-

595-101 M in open-end capillary tubes and are uncorrected.

Thin layer chromatography was carried out on pre-coated silica
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gel plates (0.2 mm, E. Merck, 20 × 20 cm, 60F254). FTIR spectra

were recorded on a bio-red Merlin spectrophotometer using

KBr discs. 1H NMR (300 MHz) and 13C NMR (75.43 MHz)

spectra were recorded on Bruker AM-250 spectrometer in

DMSO and CDCl3 solutions using TMS as internal standard.

EIMS were recorded on Agilent VG: 70 SE Mass spectrometer.

Elemental analysis was carried out on Leco CHNS-932 analyzer.

Synthetic method

Synthesis of 2(4-methoxyphenyl) acetate (1a): 2(4-

Methoxyphenyl) acetic acid (5 g, 0.030 mol) was taken in a

250 mL round bottom flask fitted with a reflux condenser and

a calcium chloride guard tube. Absolute methyl alcohol (25 mL)

and few drops of concentrated sulphuric acid were added and

the reaction mixture was refluxed for 4 h. The reflux time was

monitored by thin layer chromatography (TLC) (silica; ethyl

acetate-pet. ether, 1:2). After the completion of the reaction

the excess of alcohol was distilled off on a rotary evaporator.

The residue was poured into 250 mL of water contained in a

separating funnel. Dichloromethane (20 mL) was added to

the separating funnel and the mixture was shaken vigorously.

The solution was allowed to stand and the 2(4-methoxyphenyl)

acetate in the dichloromethane separated and settled at the

bottom of the separating funnel. The lower layer was carefully

separated and the upper aqueous layer was rejected. The 2(4-

methoxyphenyl) acetate was returned to the funnel and shaken

with a strong solution of sodium bicarbonate until all the free

acid was removed. 2(4-Methoxyphenyl) acetate was washed



once with water and dried by pouring into a small dry conical

flask containing 2 g of anhydrous magnesium sulphate. It was

shaken for 5 min and allowed to stand for 1 h. The 2(4-

methoxyphenyl) acetate solution was filtered through a small

fluted filter paper into a distillation flask. The flask was fitted

with 360º thermometer, a condenser and a receiving flask.

Dichloromethane was distilled off at 40 ºC and the solid 2(4-

methoxyphenyl) acetate was obtained from the flask. Ethanol

was used as solvent for recrystallization of the ester.

Synthesis of 2(4-methoxyphenyl) acetic acid hydrazide

(2a): 2(4-Methoxyphenyl) acetate (7 g, 0.038 mol) was

dissolved in absolute ethanol (40 mL) and taken in a flask

fitted with a reflux condenser and a calcium chloride guard

tube. Hydrazine hydrate (80 %, 13 mL) was added and the

reaction mixture was refluxed for 8 h. The reflux time was

monitored by TLC as before. After the completion of the

reaction, the excess hydrazine was distilled off. The crude solid

was collected, washed with water and recrystallized from 30 %

aqueous ethanol.

Synthesis of 5-(4-methoxybenzyl)-1,3,4-oxadiazole-2-

thiol (3a): 2(4-Methoxyphenyl) acetic acid hydrazide (7 g,

0.038 mol) was dissolved in absolute ethanol (40 mL) in a

250 mL flask. Carbon disulfide (2 mL, 0.034 mol) was then

added to the solution followed by the addition of a solution of

potassium hydroxide (1.2 g, 0.019 mol) in water (20 mL).

The reaction mixture was thoroughly stirred and refluxed. It

was initially yellow, which turned to green and then light

yellow with the progress of the reaction. Evolution of hydrogen

sulfide gas was observed during each reaction. After completion

of the reaction, excess of ethanol was removed under reduced

pressure. The mixture was diluted with distilled water (200

mL) and acidified with 4 N hydrochloric acid to pH 2-3. It

was then filtered, washed with diethyl ether and recrystallized

from ethanol.

Synthesis of 5-(4-methoxyphenyl)-4-amino-1,2,4-

triazole-3-thiol (4a): 5-(4-Methoxybenzyl)-1,3,4-oxadiazole-

2-thiol (4 g, 0.018 mol) and 80 % hydrazine hydrate (6 mL,

0.124 mol) in absolute ethanol (25) were refluxed in a 250

mL flask fitted with a condenser and a guard tube. After the

completion of the reaction the solvent and excess of hydrazine

hydrate were removed under reduced pressure using rotary

evaporator. The residue was washed with diethyl ether and

recrystallized from ethanol.

Synthesis of 5-(4-methoxybenzyl)-1,3,4-oxadiazole-2-

ylnaphthalene-1-carbothioate (5a): 5-(4-Methoxybenzyl)-

1,3,4-oxadiazole-2-thiol (5 g, 0.022 mol) was dissolved in

absolute ethanol (30 mL) in a 250 mL flask. Potassium

hydroxide (1 g, 0.178 mol) solution in water (20 mL) was

added to the solution. After 1 h reflux 1-naphthoyl chloride

(4 g, 0.021 mol) was added to the reaction mixture. The

reaction mixture was thoroughly stirred and refluxed for 6 h.

After completion of the reaction, the excess of ethanol in the

reaction mixture was under reduced pressure. The mixture left

behind was diluted with distilled water (200 mL) and then

filtered. The crude product was dried in an oven and recrysta-

llized from ethanol.

Purification of all the synthesized compounds was

achieved by recrystallization and purity of each compound

was monitored by thin layer (TLC).

5-(4-Methoxybenzyl)-1,3,4-oxadiazole-2-ylnaphtha-

lene-1-carbothioate (5a): 5-(4-Methoxybenzyl)-1,3,4-

oxadiazole-2-thiol (5.0 g; 0.024 mol), KOH (1g; 0.0178 mol)

and 1-naphthoyl chloride (4 g; 0.021 mol) were reacted

according to the general procedure. Colour brown; yield: 77 %

(3.8 g); recrystallization from EtOH; m.p. 179-181 ºC; m.f.

C21H16O3N2S; m.w. 376. FTIR (KBr, νmax,  cm-1): 1660 (C=O),

1580 (C=C)Ar, 1517 (C=N), 1133 (C-O); 1H NMR (DMSO-

d6, δ, ppm): 6.50 (m, 1H, ArH-1), 6.87 (m, 1H, Ar H-2), 6.50

(m, 1H, Ar H-3), 6.87 (m, 1H, Ar H-4), 7.76 (dd, 1H, J = 2.4,

6.2Hz, Ar H-1´ ), 7.42 (dd, 1H, J = 3.2, 6.5 Hz, Ar H-2´ ), 7.73

(m, 1H, Ar H-3´ ), 7.46 (m, 1H, Ar H-4´ ), 7.55 (m, 1H, Ar H-

5´), 7.76 (dd, 1H, J = 2.4, 6.2 Hz Ar H-6´), 2.50, (s, 2H,

methylene protons) 3.56 (s, 3H, methoxy protons); 13C NMR

(DMSO-d6, δ, ppm): 30.06 (C-1), 55.90 (C-2), 128.63 (C-3),

130.10 (C-4), 114.20 (C-5), 157.73 (C-6), 166.44 (C-7), 175.13

(C-8), 179.53 (C-9), 130.10 (C-10), 114.21 (C-11),134.35

(C-12), 127.42 (C-13), 129.44 (C-14), 125.61 (C-15), 127.21

(C-16), 118.44 (C-17), 126.70 (C-18), 130.41 (C-19), 127.21

(C-20), 133.27 (C-21); MS (m/z) 376 (40 % F) (M+), 155 (100

% F) 147 (75 % F), 229 (50 % F), 127 (60 % F) and 121 (65%

F); Anal. calcd. (%) for C21H16N2O3S: C, 67.02; H, 4.25; N,

7.45; S, 8.51 found (%) C, 66.51; H, 4.02; N, 7.40.; S, 8.23.

5-(4-Nitrophenyl)-1,3,4-oxadiazole-2-ylnaphthalene-1-

carbothioate (5b): 5-(4-Nitrophenyl)-1,3,4-oxadiazole-2-

thiol (4.0 g; 0.020 mol), KOH (1 g; 0.0178 mol) and 1-

naphthoyl chloride (3.4 g; 0.018 mol) were reacted according

to the general procedure. Colour yellow; yield: 77% (3.1 g);

recrystallization from EtOH; m.p. 160-162 ºC; m.f.

C19H11N3O4S; m.w. 377. FTIR (KBr, cm-1): 1670 (C=O), 1575

(C=C)Ar, 1523 (C=N), 1052 (C-O); 1H NMR (DMSO-d6, δ,

ppm): 7.74 (dd, 1H, J = 1.2, 4.5 Hz, ArH-1), 8.01 (dd, 1H, J =

2.4, 7.1 Hz, Ar H-2) 8.01 (dd, 1H, J = 2.4, 7.1 Hz, A H-3),

7.74 (dd, 1H, J = 2.2, 4.5 Hz, Ar H-4), 7.76 (m, 1H, Ar H-1´),

7.42 (m, 1H, Ar H-2´), 7.88 (m, 1H, Ar H-3´), 7.73 (m, 1H, Ar

H-4´), 7.46 (m, 1H, Ar H-5´ ) 7.55 (dd, 1H, J = 2.4, 6.2 Hz Ar

H-6´); 13C NMR (DMSO-d6, δ, ppm): 129.41 (C-1), 128.40

(C-2), 116.52 (C-3), 115.52 (C-4), 116.31 (C-5), 130.43

(C-6), 160.42 (C-7), 171.40 (C-8), 182.31 (C-9), 135.61

(C-10), 127.12 (C-11), 120.43 (C-12), 122.41 (C-13), 125.32

(C-14), 126.32 (C-15), 128.43 (C-16), 129.42 (C-17), 130.21

(C-18), 129.66 (C-19); MS (m/z) 377 (42 % F) (M+), 155 (100

% F) 148 (75 % F), 229 (50 % F), 127 (60 % F) and 122 (65 %

F); Anal. calcd. (%) for C19H11N3O4S: C, 60.48; H, 2.91; N,

11.14; S, 8.48 found (%) C, 60.22; H, 2.12; N, 10.91.; S, 8.23.

5-(3-Nitrophenyl)-1,3,4-oxadiazole-2-ylnaphthalene-1-

carbothioate (5c): 5-(3-Nitrophenyl)-1,3,4-oxadiazole-2-thiol

(5.0 g; 0.025 mol), KOH (1.3 g; 0.023 mol) and 1-naphthoyl

chloride (3.4 g; 0.018 mol) were reacted according to the

general procedure. Colour brown; yield: 80 % (4.0 g); recrysta-

llization from EtOH; m.p. 160-162 ºC; m.f. C19H11N3O4S; m.w.

377. FTIR (KBr, νmax, cm-1): 1685 (C=O), 1568 (C=C) Ar,

1520 (C=N), 1240 (C-O); 1H NMR (DMSO-d6, δ, ppm): 7.63

(dd, 1H, J = 1.2, 4.5 Hz, ArH-1), 7.77 (dd, 1H, J = 2.4, 7.1Hz,

Ar H-2) 7.02 (dd, 1H, J = 2.4, 7.1Hz, A H-3), 7.46 (dd, 1H,

J = 2.2, 4.5Hz, Ar H-4), 7.88 (m, 1H, Ar H-1´), 7.77 (m, 1H,

Ar H-2´), 7.62 (m, 1H, Ar H-3´), 8.85 (m, 1H, Ar H-4´), 7.21

(m, 1H, Ar H-5´) 7.50 (dd, 1H, J = 2.4, 6.2 Hz Ar H-6´); 13C

NMR (DMSO-d6, δ, ppm): 128.40 (C-1), 127.41 (C-2), 154.50
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(C-3), 126.46 (C-4), 116.61 (C-5), 127.41 (C-6), 162.61

(C-7), 174.62 (C-8), 180.37 (C-9), 136.21 (C-10), 129.11

(C-11), 122.41 (C-12), 125.61 (C-13), 128.81 (C-14), 127.48

(C-15), 130.61 (C-16), 132.81 (C-17), 126.21 (C-18), 129.44

(C-19); MS (m/z) 377 (42% F) (M+), 155 (100 % F) 148 (72 %

F), 229 (50 % F), 127 (60 % F) and 122 (65 % F); Anal. calcd.

(%) for C19H11N3O4S: C, 60.48; H, 2.91; N, 11.14; S, 8.48

found (%) C, 60.22; H, 2.12; N, 10.91.; S, 8.23.

5-Phenyl-1,3,4-oxadiazole-2-ylbenzothioate (5d): 5-

Phenyl-1,3,4-oxadiazole-2-thiol (3.0 g; 0.016 mol), KOH (0.8

g; 0.014 mol) and benzoyl chloride (2.0 g; 0.012 mol) were

reacted according to the general procedure. Colour reddish

brown; yield: 79 % (2.4 g); recrystallization from EtOH; m.p.

214-215 ºC; m.f. C15H10N2O2S; m.w. 282. FTIR (KBr, νmax,

cm-1): 1666 (C=O), 1572 (C=C)Ar, 1526 (C=N), 1190 (C-O);
1H NMR (DMSO-d6, δ, ppm): 7.48 (m, 1H, ArH-1), 7.32 (m,

1H, Ar H-2) 7.22 (m, 1H, A H-3), 7.32 (m, 1H, Ar H-4), 7.97

(dd, 1H, J = 3.1, 6.7Hz, Ar H-1´), 7.45 (dd, 1H, J = 2.5, 4.7Hz,

Ar H-2´), 7.58 (m, 1H, Ar H-3´), 8.85 (dd, 1H, J = 2.5, 4.7Hz,

Ar H-4´), 7.97 (dd, 1H, J = 3.1, 6.7 Hz, Ar H-5´) 13C NMR

(DMSO-d6, δ, ppm): 130.01 (C-1), 126.21 (C-2), 115.24 (C-

3), 120.32 (C-4), 115.24 (C-5), 126.21 (C-6), 166.04 (C-7),

176.23 (C-8), 184.33 (C-9), 134.03 (C-10), 130.71 (C-11),

126.23 (C-12), 125.42 (C-13), 126.23 (C-14), 130.71 (C-15);

MS (m/z) 282 (40 % F) (M+), 105 (100 % F) 103 (74 % F),

179(53 % F) and 77 (58 % F); Anal. calcd. (%) for

C15H10N2O2S: C, 63.82; H, 3.54; N, 9.92; S, 11.34 found (%)

C, 63.22; H, 3.12; N, 9.11.; S, 11.23.

5-Phenethyl-1,3,4-oxadiazole-2-yloctanethioate (5e):

5-Phenethyl-1,3,4-oxadiazole-2-thiol (4.0 g; 0.019 mol), KOH

(1.1 g; 0.02 mol) and heptoyl chloride (2.8 g; 0.018 mol) were

reacted according to the general procedure. Colour orange;

yield: 82 % (3.3 g); recrystallization from EtOH; m.p. 181-

183 ºC; m.f. C18H24N2O2S; m.w. 322. FTIR (KBr, νmax, cm-1):

1677 (C=O), 1550 (C=C)Ar, 1519 (C=N), 1265 (C-O); 1H

NMR (DMSO-d6, δ, ppm): 7.12 (m, 1H, ArH-1), 7.21 (dd,

1H, J=2.4, 6.7Hz, Ar H-2) 7.08 (m, 1H, A H-3), 7.21 (dd, 1H,

J = 2.4, 6.7Hz, Ar H-4), 2.88 t, 4H, J = 2.4 Hz, t, 2H, J = 2.1,

1.5 Hz, m, 10 H, other protons); 13C NMR (DMSO-d6, δ, ppm):

30.06 (C-1), 30.18 (C-2), 127.21 (C-3), 125.41 (C-4), 126.33

(C-5), 116.24 (C-6), 118.44 (C-7), 116.24 (C-8), 166.33 (C-

9), 175.88 (C-10), 182.63 (C-11), 45.43 (C-12), 33.66 (C-13),

26.21 (C-14), 25.80 (C-15), 20.21 (C-16), 18.44 (C-17), 22.37

(C-18); MS (m/z) 332 (48 % F) (M+), 127 (100 % F) 131

(70 % F), 201(50 % F), 99 (60 % F) and 105 (62 % F); Anal.

calcd. (%) for C18H24N2O2S: C, 65.06; H, 7.22; N, 8.43; S,

9.63 found (%) C, 64.88; H, 7.02; N, 7.91.; S, 8.89.

5-Phenethyl-1,3,4-oxadiazole-2-ylbenzothioate (5f): 5-

Phenethyl-1,3,4-oxadiazole-2-thiol (3.0 g; 0.015 mol), KOH

(0.9 g; 0.016 mol) and benzoyl chloride (2.0 g; 0.014 mol)

were reacted according to the general procedure. Colour light

brown; yield: 80 % (2.4 g); recrystallization from EtOH; m.p.

168-169 ºC; m.f. C17H14N2O2S; m.w. 310. FTIR (KBr, νmax,

cm-1): 1681 (C=O), 1574 (C=C)Ar, 1530 (C=N), 1085 (C-O);
1H NMR (DMSO-d6, δ, ppm): 7.14 (m, 1H, ArH-1), 7.47 (m,

1H, Ar H-2) 7.12 (m, 1H, A H-3), 7.67(m, 1H, Ar H-4), 7.97

(dd, 1H, J = 2.4, 6.5 Hz, ArH-1´) 7.58 (dd, 1H, J = 3.1, 4.5 Hz,

ArH-2´), 7.77 (m, 1H, AH-3´), 7.67 ( m, 1H, ArH-4´), 2.90 (t,

4H, J = 2.8 Hz, other protons); 13C NMR (DMSO-d6, δ, ppm):

28.33 (C-1), 32.71 (C-2), 130.43 (C-3), 125.61 (C-4), 118.33

(C-5), 115.47 (C-6), 118.23 (C-7), 125.61 (C-8), 159.41

(C-9), 169.68 (C-10), 183.47 (C-11), 134.22 (C-12), 127.43

(C-13), 130.53 (C-14), 126.31 (C-15), 130.53 (C-16), 127.43

(C-17); MS (m/z) 310 (42 % F) (M+), 105 (100 % F) 131 (70

% F), 179 (50 % F), 77 (55 % F) and 105 (60 % F); Anal.

calcd. (%) for C17H14N2O2S: C, 65.80; H, 4.51; N, 9.03; S,

10.32 found (%) C, 65.14; H, 4.01; N, 10.91.; S, 11.23.

5-(3-Nitrophenyl)-1,3,4-oxadiazole-2-ylheptanethioate

(5g): 5-(3-Nitrophenyl)-1,3,4-oxadiazole-2-thiol (5.0 g; 0.022

mol), KOH (1.3 g; 0.023 mol) and hexoyl chloride (3.8 g;

0.025 mol) were reacted according to the general procedure.

Colour golden; yield: 78 % (3.9 g); recrystallization from

EtOH; m.p. 127-129 ºC; m.f. C15H17N3O4S; m.w. 335. FTIR

(KBr, νmax, cm-1): 1674 (C=O), 1564 (C=C)Ar, 1525 (C=N),

1008 (C-O); 1H NMR (DMSO-d6, δ, ppm): 7.47 (dd, 1H, J =

3.2, 6.4 Hz, ArH-1), 7.27 (dd, 1H, J = 2.1, 7.2Hz, Ar H-2)

6.97 (dd, 1H, J = 3.2, 7.3Hz, A H-3), 7.47 (dd, 1H, J = 3.2, 6.4

Hz, Ar H-4), 2.50 (t, 2H, J = 3.2, 1.5 Hz, m, 10 H, other pro-

tons); 13C NMR (DMSO-d6, δ, ppm): 130.33 (C-1), 127.25

(C-2), 152.44 (C-3), 126.69 (C-4), 127.25 (C-5), 116.21 (C-

6), 161.37 (C-7), 170.66 (C-8), 182.03 (C-9), 54.33 (C-10),

44.21 (C-11), 33.33 (C-12), 24.61 (C-13), 25.62 (C-14), 20.22

(C-15); MS (m/z) 335(40 % F) (M+), 113 (100 % F) 148 (72

% F), 187(50 % F), 85 (58 % F) and 122 (62 % F); Anal.

calcd. (%) for C15H17N3O4S: C, 53.73; H, 5.07; N, 12.53; S,

9.55 found (%) C, 53.70; H, 4.93; N, 12.03.; S, 9.54.

5-Phenyl-1,3,4-oxadiazole-2-ylnonanethioate (5h): 5-

Phenyl-1,3,4-oxadiazole-2-thiol (3 g; 0.016 mol), KOH (0.8

g; 0.014 mol) and nonanoyl chloride (2.0 g; 0.011 mol) were

reacted according to the general procedure. Colour reddish

yellow; yield: 82 % (2.4 g); recrystallization from EtOH; m.p.

194-196 ºC; m.f C17H22N2O2S; m.w. 318. FTIR (KBr, νmax,

cm-1): 1690 (C=O), 1582 (C=C)Ar, 1518 (C=N), 1245 (C-O);
1H NMR (DMSO-d6, δ, ppm): 6.52 (m, 1H, ArH-1), 6.77 (m,

1H, Ar H-2) 7.14 (m, 1H, A H-3), 7.02 (m, 1H, Ar H-4), 2.50

(t, 2H, J = 3.2, 1.6 Hz, m, 12H, other protons); 13C NMR

(DMSO-d6, δ, ppm): 130.46 (C-1), 125.33 (C-2), 116.73 (C-

3), 118.62 (C-4), 116.73 (C-5), 125.33 (C-6), 159.68 (C-7),

168.73 (C-8), 184.66 (C-9), 53.62.03 (C-10), 44.65 (C-11),

33.72 (C-12), 28.69 (C-13), 24.71 (C-14), 25.69 (C-15), 20.01

(C-16), 18.33 (C-17); MS (m/z) 318 (43 % F) (M+), 141 (100

% F) 103 (73 % F), 215 (49 % F), 125 (56 % F) and 77 (60 %

F); Anal. calcd. (%) for C17H22N2O2S: C, 65.80; H, 7.10; N,

9.03; S, 10.32 found (%) C, 65.22; H, 6.98; N, 8.91; S, 10.02.

5-(3-Nitrophenyl)-1,3,4-oxadiazole-2-ylbenzothioate

(5i): 5-(3-Nitrophenyl)-1,3,4-oxadiazole-2-thiol (6.0 g; 0.026

mol), KOH (1.5 g; 0.026 mol) and benzoyl chloride (4.5 g;

0.032 mol) were reacted according to the general procedure.

Colour dull yellow; yield: 80 % (4.8 g); recrystallization from

EtOH; m.p. 170-171 ºC; m.f. C15H9N3O4S; m.w. 327. FTIR

(KBr, νmax, cm-1): 1688 (C=O), 1590 (C=C)Ar, 1514 (C=N),

1132 (C-O); 1H NMR (DMSO-d6, δ, ppm): 7.12 (dd, 1H, J =

2.3, 6.4 Hz, ArH-1), 7.27 (dd, 1H, J = 3.2, 7.4 Hz, Ar H-2)

6.98 (dd, 1H, J = 2.1, 4.5 Hz, A H-3), 7.12 (dd, 1H, J = 2.3,

6.4 Hz, Ar H-4), 7.77 (m, 1H, Ar H-1´),7.67 (m, 1H, Ar H-2´),

7.58 (m, 1H, Ar H-3´), 7.67 (m, 1H, Ar H-4´), 7.77; 13C NMR

(DMSO-d6, δ, ppm): 133.06 (C-1), 127.43 (C-2), 153.44 (C-

3), 125.21 (C-4), 127.43 (C-5), 116.66 (C-6), 163.23 (C-7),
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177.45 (C-8), 181.08 (C-9), 136.38 (C-10), 127.21 (C-11),

116.31 (C-12), 125.64 (C-13), 127.21 (C-14), 125.64 (C-15);

MS (m/z) 333 (40 % F) (M+), 105 (100 % F) 148 (70 % F),

179 (50 % F), 77 (58 % F) and 122 (60 % F); Anal. calcd. (%)

for C15H9N3O4S: C, 55.05; H, 2.75; N, 12.84; S, 9.79 found

(%) C, 54.92; H, 2.12; N, 11.91.; S, 9.23.

Antifungal evaluation: The synthesized compounds were

tested by agar tube dilution method13 for their in vitro fungi-

cidal activity. Terbinafine (200 mg/mL) was used as positive

control. All experiments were done in three replicates. Four

fungal strains: Aspergillus flavus, Mucor species, Aspergillus

niger and Aspergillus fumigatus were used. All fungal strains

were grown on 6.5 % SDA (Sabouraud dextrose agar, pH 5.7)

at 28 ºC and preserved at 4 ºC in a refrigerator. 100 mm slants

with sterilized SDA were prepared by adding each compound

in 200 µg/mL concentration. Terbinafine (200 µg/mL) was

used as standard drug while DMSO was used as negative

control. Each slant was inoculated with 4 mm piece of respec-

tive fungal strain and incubated at 28 ºC for 7-10 days. Fungal

growth was compared with negative control to get the % age

inhibition.

In the in vitro antifungal bioassay, the compounds 5a, 5b,

5c and 5h were found to have significant antifungal activities

against the four tested fungal strains (Table-1). In particular

5a and 5h had high inhibitory effects on the growth of

Aspergillus. flavus, Mucor species, Aspergillus niger and

Aspergillus fumigatus. A structure activity relationship compa-

rison shows that the presence of naphthyl group at the 3-position

of the oxadiazole-2-thioester enhances the activity of the com-

pounds. It is interesting to note that a similar group is also

present in the structure of the reference compound terbinafine.

The antifungal assay results also show that the activity of

the compounds 5d, 5e, 5f, 5g and 5i is relatively low as com-

pared to other members of the series due to the absence of this

group in these structures. It is therefore concluded that the

potential pharmacophore in the oxadiazole -2-thioesters is

probably naphthalene-1-carbothioate.

RESULTS AND DISCUSSION

Nine 5-substituted 1,3,4-oxadiazole-2-thioesters were

obtained in 77-82 % yield by converting variously substituted

organic acids (Ra-i) to the corresponding esters (1a-i) and

acid hydrazides (2a-i) by reaction with methanol and hydrazine

hydrate, respectively. The hydrazides were converted to 5-substi-

tuted 1,3,4-oxadiazole-2-thiols (3a-i) and 5-substituted 1,2,4-

triazole-3-thiols (4a-i) as described in previous work14-16. 5-

Substituted 1,3,4-oxadiazole-2-thiols were next converted to

5-substituted 1,3,4-oxadiazole-2-thioesters (5a-i) by refluxing

with potassium hydroxide and acid chloride as outlined in

Scheme-I.

Mass spectral data support the proposed structures.

Scheme-II shows the fragmentation pattern for 5-(4-methoxy-

benzyl)-1,3,4-oxadiazole-2-ylnaphthalene-1-carbothioate

(5a), which serves as an example for all the compounds mutatis

mutandis. The mass spectrum showed various characteristic

peaks. A peak at m/z 376 was attributed to molecular ion. A

peak at m/z 155 was assigned as the base peak produced due

to the naphthoyl fragment. A characteristic peak at m/z 121

was assigned to the tropylium ion due to the loss of oxadiazole-

thioester moiety.

R1 OH

O

Acid
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MeOH/H+
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R1 OCH3

O
NH2-NH2 (80%)

R1 NH

O

NH2
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(1)
(2)

CS2
KOH
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OR1 SH

5-Substituted-1,3,4-
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Scheme-I Synthesis of 5-substitued-1,3,4-oxadiazole-2-thioesters
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Scheme-II Mass fragmentation of 5a
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The FTIR spectrum of (5a) showed absorption bands at

1517, 1660, 1133 and 1580 cm-1 which indicated the presence

of C=N, C=O, C-O and C=C (aromatic) respectively. The 1H

NMR spectrum showed characteristic signals at 6.86 to 7.83

ppm, which were assigned to the aromatic protons. A signal at

2.50 ppm was assigned to the methylene proton. Similarly, a

singlet at 3.87 ppm was attributed to the methoxy protons.

TABLE-1 
ANTIFUNGAL ACTIVITY OF 5-SUBSTITUTED-1,3,4-OXADIAZOLE-2-THIOESTERS 

Fungal strains/inhibition (%) 

Sample No. 
Structure of 5-substituted-1,3,4-oxadiazole-2-

thioesters Aspergillus 
flavus 

Mucor  
species 

Aspergillus 
niger 

Aspergillus 
fumigatus 

5a 

NN

O
S C

O

CH2CH3O

 

99.22 92.66 84.79 97.20 

5b 

NN

O
S C

O

O2N

 

84.12 100.00 81.20 100.00 

5c 

NN

O
S C

O

O2N

 

83.00 80.90 75.20 93.60 

5d 

NN

O
S C

O

 

61.00 78.36 59.19 87.00 

5e 

NN

O
S C

O

CH2CH2 C7H15

 

71.00 45.89 69.99 73.00 

5f 

NN

O
S C

O

CH2CH2

 

27.00 15.58 24.39 75.00 

5g 

NN

O
S C

O

O 2N

C 6 H 1 3

 

54.00 21.64 28.00 52.00 

5h 

NN

O
S C

O

CH2CH3O

 

100.00  88.22 96.20 98.10 

5i 

NN

O
S C

O

C 8H17

 

50.00 19.48 51.99 58.00 

Terbinafine 

standard drug 

 

100.00 90.00 110.80 98.40 

 
The 13C NMR spectrum showed characteristic peaks at

120.5-134.5 ppm, which were assigned to the aromatic carbon

atoms. The peak at 179.53 ppm was attributed to the carbonyl

carbon atom. The peaks at 166.4 ppm and 175.13 ppm were

attributed to the carbon atoms of oxadiazole moiety. The peaks

at 30.6 ppm and 55.9 ppm were assigned to methylene and

methoxy carbon atoms. On the basis of the combined physical
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and spectral data compound 5a was assigned the following

structure, corresponding to 5-(4-methoxybenzyl)-1,3,4-

oxadiazole-2-ylnaphthalene-1-carbothioate (Fig. 1).

NN

O
S C

O

CH2CH3O

Fig. 1. Structure of compound 5a

Similarly, other members of the series of 5-substituted

1,3,4-oxadiazole-2-thioester (5b-i) were synthesized from

5-substituted 1,3,4-oxadiazole-2-thiols using potassium

hydroxide and acid chloride respectively

Conclusion

Nine 5-substituted 1,3,4-oxadiazole-2-thiols derivatives

(3a-i) containing different groups were obtained via the cycli-

zation reaction of acid hydrazides in the presence of carbon

disulfide and potassium hydroxide. The resulting 5-substituted

1,3,4-oxadiazole-2-thiols were subjected to reactions with

potassium hydroxide and acid chloride to furnish nine new

5-substituted 1,3,4-oxadiazole-2-thioesters (5a-i). Their

structures were confirmed by infrared, 1H- and 13C -NMR, mass

spectrometric and elemental analysis. In the in vitro antifungal

bioassay, compounds 5a, 6b, 6c and 6h were found to have

significant antifungal activities against the four tested fungal

strains: Aspergillus flavus, Mucor species, Aspergillu niger and

Aspergillu. fumigatus structure activity relationship comparison

shows that the presence of naphthyl group at 3-position of the

oxadiazole-2-thioester enhances the activity of the compounds,

probably because a similar group is also present in the structure

of the reference compound terbinafine.

ACKNOWLEDGEMENTS

The financial support for the research project No. RG095/

10AFR from the Universiti Malaya Research Grant (UMRG),

University of Malaya is highly appreciated.

REFERENCES

1. S. Vardan, S. Mookherjee and R. Eich, Clin. Pharm. Ther., 34, 290

(1983).

2. R. Schlecker and P.C. Thieme, Tetrahedron, 44, 3289 (1988).

3. M. Ogata, H. Atobe, H. Kushida, H and K. Yamamoto, J. Antibiot., 24,

443 (1974).

4. D. Ghirian, I. Schwatz and I. Simiti, Farmacia, 22, 141 (1974).

5. G.W. Adelstein, C.H. Yen, E.Z. Dajani and R.G. Bianchi, J. Med.Chem.,

19, 1221 (1976).

6. M.J. Fray, K. Cooper, M.J. Parry, K. Richardson and J. Steele, J. Med.

Chem., 38, 3514 (1995).

7. J. Thomas, Ger. Offen. 2403357, 1974; Chem. Abstr. 81, 136153 (1974).

8. G.W. Adelstein, C.H. Yen, E.Z. Dajani and R.G. Bianchi, J. Med. Chem.,

19, 1221 (1976).

9. K. Paulvannan, T. Chen and R. Hale, Tetrahedron, 56, 8071 (2000).

10. D. Catarzi, V. Colotta, F. Varano, L. Cecchi, G. Filacchioni, A. Galli,

C. Costagli and V.T. Carla, J. Med. Chem., 43, 3824 (2000).

11. D.V. Batchelor, D.M. Beal, T.B. Brown, D. Ellis, D.W. Gordon, P.S.

Johnson, H.J. Mason, M.J. Ralph, T.J. Underwood and S. Wheeler,

Synlett., 10, 2421 (2008).

12. H. Huntsman and J. Balsells, Eur. J. Org. Chem., 20, 3761 (2005).

13. M.I. Choudhary, Z. Dur-e-Shahwar, A. Parveen, I.A. Jabbar and Atta-

ur-Rahman, Phytochemistry, 40, 1243 (1995).

14. A.R. Katritzky, M. Qi, D. Feng, G. Zhang, M.C. Griffith and K. Watson,

Org. Lett., 1, 1189 (1999).

15. A. Hasan, S. Gapil and I. Khan, Asian J. Chem., 23, 2007 (2011).

16. A. Hasan, M.N. Akhtar and S. Gapil, Asian J. Chem., 23, 5471 (2011).

2578  Hasan et al. Asian J. Chem.


