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A series of novel 2-(5-substituted-[1,3,4]oxadiazol-2-yl)-benzoxazoles (7a-h) were synthesized in good
yields in two different directions by involving benzoxazole-2-carboxylic acid (1) as raw material and
benzoxazole-2-carbonyl chloride (2), benzoxazole-2-carboxylic acid methyl ester (3), benzoxazole-2-
carboxylic acid hydrazide (4), benzoxazole-2-carboxylic acid N-acetyl hydrazide (5a-d) and
benzoxazole-2-carboxylic acid-ethylidene-hydrazides (6a-d) as reactive intermediates. The chemical
structures of all the synthesized compounds were elucidated by their IR, "H NMR and '>C NMR and mass
spectral data. Further, the target compounds were screened for their antimicrobial activity against
various Gram-positive and Gram-negative bacteria.

© 2013 Raghu Vardhan Reddy Mekala. Published by Elsevier B.V. on behalf of Chinese Chemical

Society. All rights reserved.

1. Introduction

1,3,4-Oxadiazoles are biologically active, synthetically useful
and important heterocyclic compounds and investigation of their
chemical and biological behaviors have gained more importance in
recent decades. Different classes of oxadiazoles possess an
extensive spectrum of pharmacological activities such as antima-
larial [1], anti-inflammatory [2], anticonvulsant [3], analgesic [4],
antimicrobial [5], antimycobacterial [6], antitumor [7], herbicidal
[8], vasodialatory [9], cytotoxic [10], hypolipidemic [11], and
antiedema [12].

Recent observations suggest that substituted benzoxazoles
possess potential activity with lower toxicities in the chemother-
apeutic approach in man [13]. Careful literature survey revealed
that targets containing benzoxazole moiety have remarkable
biological activities like antibacterial [14], antihistaminic [15],
antiparasitics [16], antiviral [17] and antifungal [18] activity.

2. Experimental

The general procedures are showed in Scheme 1 and the details
are listed below:

* Corresponding author.
E-mail address: drmrvr@gmail.com (R.V.R. Mekala).

Benzoxazole-2-carbonyl chloride (2): To a solution of benzox-
azole-2-carboxylic acid 1 (0.01 mol) in ethanol (20 mL), thinly
chloride (0.01 mol) was added. The mixture was stirred at room
temperature for 4 h. After completion of the reaction (monitored
by TLC, EtOAc:petroleum-ether, 2:1) then the mixture was poured
in water (30 mL) and extracted with Et;0 (3x 20 mL). The organic
phase was separated, and dried over Na,SO,4. Evaporation of the
solvent gave 2 in pure form.

Benzoxazole-2-carboxylic acid methyl ester (3): A mixture of
compound 2 (0.01 mol) and triethyl amine (0.5 mL) in methanol
(5 mL) was refluxed for 3 h. After cooling, the mixture was poured
into crushed ice, and neutralized with 5% aq. HCl solution. The
precipitated solid was filtered and purified using column
chromatography (petroleum ether:ethyl acetate, 9:1) to yield
pure 3.

Benzoxazole-2-carboxylic acid hydrazide (4): To a mixture of 3
(0.01 mol) in 10 mL of absolute ethanol and hydrazine hydrate
(0.04 mol) was added. Then the reaction mixture was refluxed for
8 h. After completion of the reaction (monitored by TLC), it was
then diluted with ice-cold water (20 mL) and the solid obtained
was purified by crystallization from ethanol to afford pure product
benzoxazole-2-carboxylic acid hydrazide 4.

Benzoxazole-2-carboxylic acid N'-acetyl hydrazide (5a-d): To a
solution of 4 (0.01 mol) in dioxane (10 mL) corresponding benzoyl
chloride (0.01 mol) was added. The reaction mixture was refluxed
for 4-5 h, then the solvent was removed under reduced pressure
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Scheme 1. Synthesis of benzoxazolyl-1,3,4-oxadiazoles. (i) SOCl,, EtOH, r.t., 4 h; (ii) CH;0H, TEA, reflux, 3 h; (iii) NH,NH,-H;0, EtOH, reflux, 8 h; (iv) RCOCI, dioxane, reflux, 4—
5 h; (v) POCls, reflux, 4-5 h; (vi) R'-=C-(OR” )3, reflux, 10-12 h; (vii) pyridine, reflux, 4-5 h; 5(a) R=4-CH3CgHy,; (b) R=4-CICgHy4; (¢) R=4-BrCgHy,; (d) R=4-NO,C¢H,; 6(a) R'=H,
R"=CH,CHj3; (b) R=CH3, R"”=CH,CHj3; (¢) R'=CH,CHj3, R"=CH,CH3; (d) R'=Ph, R"=CH,CHj3; 7(a) R=4-CH3CgHy; (b) R=4-CICsHy; (c) R=4-BrCgHy; (d) R=4-NO,CsHy; (e) R'=H; (f)

R'=CHs; (g) R=CH,CH3; (h) R=Ph.

and the residue obtained was triturated with an ice-water mixture.
The solid product obtained was filtered off and recrystallized from
ethanol to give 5a-d.

Benzoxazole-2-carboxylic acid ethylidene-hydrazides (6a-d): A
mixture of benzoxazole-2-carboxylic acid hydrazide 4 (0.01 mol)
and suitable orthoformate (5 mL) was boiled under reflux for 10—
12 h. After cooling, the solvent was removed under reduced
pressure and the residue obtained was triturated with ethanol. The
solid product obtained was collected by filtration and recrystal-
lized from ethanol to give compounds 6a-d.

2-Substituted-[1,3,4]-oxadiazol-2-yl-benzoxazoles (7a-d): A so-
lution of 5a-d (0.01 mol) in phosphorous oxychloride (5 mL) was
heated under reflux at 100 °C for 4-5 h. After cooling, the solvent
was removed in vacuo and the residue was poured into an ice-
water and neutralized with ammonium hydroxide (20%). The solid
product obtained was collected by filtration and recrystallized
from ethanol to give 7a-d.

2-Substituted-[1,3,4]-oxadiazol-2-yl-benzoxazoles (7e-h): To a
solution 6a-d (0.01 mol) in pyridine (10 mL) was refluxed for 4-
5 h, then the solvent was removed under reduced pressure and the
residue was triturated with an ice-water. The solid product
obtained was filtered off and recrystallized from ethanol to give
7e-h.

Benzoxazole-2-carbonyl chloride (2): Brown solid, yield: 70%,
mp: 125-127 °C; IR (KBr, cm™1): v 3035 (C-H, Ar), 1672 (C=0),
1579, 1552, 1498 (C=N), 1147 (C-0); "H NMR (300 MHz, CDCl5): §
8.12-7.46 (m, 4H, Ar-H); '3C NMR (100 MHz, CDCl5): § 164.5,
151.4, 148.2, 142.0, 123.6, 121.4, 118.7, 112.4; MS: m/z 181 (M").

Benzoxazole-2-carboxylic acid methyl ester (3): Brown solid,
yield: 76%, mp: 146-148 °C; IR (KBr,cm~!): v 3028 (C-H, Ar), 1678
(C=0), 1565, 1555, 1484 (C=N), 1142 (C-0); 'H NMR (300 MHz,
DMSO-ds): 8 7.98-7.54 (m, 4H, Ar-H), 1.23 (s, 3H, CH3); '3C NMR
(100 MHz, CDCl3): § 166.3,153.2, 148.6, 142.5, 127.6, 123.0, 119.7,
116.5, 48.5; MS: m/z 181(M").

Benzoxazole-2-carboxylic acid hydrazide (4). Pale yellow solid,
yield: 74%, mp: 137-139 °C; IR (KBr, cm™"): v 3356 (N-H), 3045 (C-
H, Ar), 1664 (C=0), 1578 (C=C), 1458 (C=N); '"H NMR (300 MHz,
DMSO-dg): 6 7.87-7.32 (m, 4H, Ar-H), 7.65 (s, 1H, CONH), 5.54 (s,
2H, NH,); 13C NMR (100 MHz, CDCl5): § 167.2, 150.4, 147.3, 142.0,
127.8, 122.5, 117.6, 108.4; MS: m/z 177 (M").

4-Methyl benzoic acid N'-(benzoxazole-2-carbonyl)hydrazide
(5a): Pink solid, yield: 74%, mp: 150-152 °C; IR (KBr, cm~!): v
3123 (N-H), 3024 (C-H, Ar), 2962 (C-H, CH3), 1680 (C=0), 1560
(C=C, aromatic), 1430 (C=N), 1235 (C-0); 'H NMR (300 MHz,
DMSO-dg): 8 10.52 (s, 1H, NH), 10.42 (s, 1H, NH), 7.75-7.25 (m, 8H,
Ar), 2.14 (s, 3H, CH3); '>C NMR (100 MHz, CDCl5): § 168.5, 166.7,
153.4,151.2,142.1, 139.0, 132.8, 128.5, 128.3, 127.5, 127.0, 126.6,
124.2,121.3, 112.6, 24.1; MS: m/z 295 (M").

4-Chloro benzoic acid N'-(benzooxazole-2-carbonyl)hydrazide
(5b): Pale yellow solid, yield: 76%, mp: 142-144°C; IR (KBr,
cm~1): v3128 (N-H), 3030 (C-H, Ar), 2965 (C-H, CHs), 1678 (C=0),
1565 (C=C, aromatic), 1425 (C=N), 1232 (C-0); 'H NMR

(300 MHz, DMSO-dg): 8 10.48 (s, 1H, NH), 10.36 (s, 1H, NH),
7.70-7.12 (m, 8H, Ar); '3C NMR (100 MHz, CDCl5): § 166.7, 164.3,
155.4,153.2, 144.7, 141.0, 137.9, 132.0, 129.6, 127.2, 125.6, 123.4,
121.0, 120.8, 117.5; MS: m/z 315 (M").

4-Bromo benzoic acid N'-(benzoxazole-2-carbonyl)hydrazide (5c¢):
Yellow solid, yield: 75%, mp: 184-186 °C; IR (KBr, cm™'): v 3118
(N-H), 3018 (C-H, Ar), 2970 (C-H, CH3), 1684 (C=0), 1574 (C=C,
aromatic), 1434 (C=N), 1224 (C-0); '"H NMR (300 MHz, DMSO-ds):
§10.54 (s, 1H, NH), 10.50 (s, 1H, NH), 7.78-7.29 (m, 8H, Ar); '3C
NMR (100 MHz, CDCl3): § 168.4, 165.2, 153.8, 151.7, 147.8, 144.6,
139.7,134.5,131.0,127.8,126.7,122.0,120.7,118.7,115.7; MS: m/
z 360 (M™).

4-Nitro-benzoic acid N'-(benzoxazole-2-carbonyl)hydrazide (5d):
Brown solid, yield: 72%, mp: 172-174 °C; IR (KBr, cm~'): v 3135
(N-H), 3032 (C-H, Ar), 2974 (C-H, CH3), 1672 (C=0), 1574 (C=C,
aromatic), 1442 (C=N), 1238 (C-0); "H NMR (300 MHz, DMSO-dg):
8 10.45 (s, 1H, NH), 10.36 (s, 1H, NH), 7.71-7.38 (m, 8H, Ar);
13C NMR (100 MHz, CDCl3): § 164.2, 163.8, 157.8, 154.2, 148.7,
144.3,139.6,134.7,131.2,129.8,126.3,121.7,119.8, 118.7,115.2;
MS: m/z 326 (M").

Benzoxazole-2-carboxylic acid ethoxymethylene-hydrazide (6a):
Yellow solid, yield: 70%, mp: 160-162 °C; IR (KBr, cm™1): v 3112
(N-H), 3024 (C-H, aromatic), 2962 (C-H, aliphatic), 1680 (C=0),
1560 (C=C, aromatic), 1425 (C=N), 1145 (C-0); 'H NMR
(300 MHz, DMSO-dg): § 11.12 (s, 1H, NH), 7.85-7.37 (m, 4H, Ar),
4.25 (s, 1H, CH), 4.00 (q, 2H, CH,), 1.24 (t, 3H, CH3); '3C NMR
(100 MHz, CDCl5): § 168.6, 155.3, 151.0, 149.6, 143.2, 127.6, 123.5,
121.0, 112.0, 63.5, 17.3; MS: m/z 233 (M™).

Benzoxazole-2-carboxylic acid (1-ethoxyethylidene)hydrazide
(6b): Yellish green solid, yield: 72%, mp: 158-160 °C; IR (KBr,
cm~'): v 3120 (N-H), 3026 (C-H, aromatic), 2974 (C-H, aliphatic),
1674 (C=0), 1568 (C=C, aromatic), 1435 (C=N), 1138 (C-0) cm™ ;
'H NMR (300 MHz, DMSO-dg): 8 10.58 (s, 1H, NH), 7.92-7.45 (m
4H, Ar), 4.36 (s, 3H, CH3), 3.78 (q, 2H, CH,), 1.28 (t, 3H, CH3);
13C NMR (100 MHz, CDCl5): § 167.3, 157.2, 150.6, 148.2, 144.5,
128.3, 125.6, 122.6, 115.2, 68.5, 18.4, 14.6; MS: m/z 247 (M™).

Benzoxazole-2-carboxylic acid (1-ethoxypropylidene)hydrazide
(6¢c): Pale yellow solid, yield: 74%, mp: 142-144°C; IR (KBr,
cm'): v 3124 (N-H), 3028 (C-H, aromatic), 2965 (C-H, aliphatic),
1678 (C=0), 1570 (C=C, aromatic), 1435 (C=N), 1140 (C-0); !
NMR (300 MHz, DMSO-dg): 6 10.79 (s, 1H, NH), 7.84-7.26 (m, 4H,
Ar),3.65(q, 2H, CHy), 3.25 (q, 2H, CH5), 1.24 (t, 3H, CH3), 1.19 (t, 3H,
CHs); 3*CNMR (100 MHz, CDCl5): §171.6,156.3,151.0, 148.6,142.2,
126.4,124.5,121.0,117.6, 58.6, 25.4, 17.8, 14.6; MS: m/z 261 (M").

Benzoxazole-2-carboxylic acid (ethoxyphenylmethylene) hydra-
zide (6d): Brown solid, yield: 72%, mp: 170-172 °C; IR (KBr, cm™!):
v 3130 (N-H), 3032 (C-H, aromatic), 2965 (C-H, aliphatic), 1674
(C=0), 1574 (C=C, aromatic), 1432 (C=N), 1138 (C-0); 'H NMR
(300 MHz, DMSO-dg): § 10.69 (s, 1H, NH), 7.83-7.19 (m, 9H, Ar),
4.02 (q, 2H, CH5), 1.31 (t, 3H, CH3); >C NMR (100 MHz, CDCl3): §
169.5, 156.3, 153.6, 151.0, 143.2, 133.5, 132.0, 129.6, 129.2, 127 4,
127.2,125.3, 123.2, 120.1, 112.0, 56.3, 17.0; MS: m/z 293 (M").
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2-(5-p-Tolyl-[1,3,4]oxadiazol-2-yl)benzoxazole ~ (7a): Yellish
green solid, yield: 73%, mp: 163-165 °C; IR (KBr, cm™!): v 3040
(C-H, Ar), 1565 (C=C), 1435 (C=N), 1135 (C-0) cm~'; "H NMR
(300 MHz, DMSO-dg): § 7.62-7.45 (m, 4H, Ar-H), 3.45 (s, 1H, CH);
13C NMR (100 MHz, CDCls): § 155.3, 154.3, 152.0, 150.1, 141.5,
137.6,134.2,129.3,129.0, 126.7, 126.5, 125.4, 123.0, 120.4, 110.5,
24.6; MS: m/z 187 (M").

2-[5-(4-Chloro phenyl)-[1,3,4]oxadiazol-2-yl)benzoxazole (7b):
Pink solid, yield: 75%, mp: 125-127 °C; IR (KBr, cm~!): v 3035
(C-H, Ar), 2965 (C-H, CH3), 1560 (C=C), 1440 (C=N), 1130 (C-0)
cm~'; TH NMR (300 MHz, DMSO-dg): § 7.58-7.23 (m, 4H, Ar-H),
3.45 (s, 3H, CH3); 1*C NMR (100 MHz, CDCls): § 157.4,155.3,154.3,
151.0, 144.6, 139.8, 134.6, 131.0, 127.8, 127.6, 126.5, 126.2, 122.5,
121.5, 112.7; MS: m/z 201 (M*).

2-[5-(4-Bromo phenyl)-[1,3,4]oxadiazol-2-yl)benzoxazole (7c):
Yellow solid, yield: 71%, mp: 136-138 °C; IR (KBr, cm™'): v
3042 (C-H, Ar), 1570 (C=C), 1448 (C=N), 1146 (C-0) cm;
'H NMR (300 MHz, DMSO-dg): § 7.78-7.25 (m, 4H, Ar-H), 4.05
(q, 2H, CH,), 1.31 (t, 3H, CHs); 3C NMR (100 MHz, CDCl5): § 156.6,
154.4,153.8, 152.5, 145.4, 138.6, 135.3, 132.5, 128.6, 128.2, 125.6,
125.1, 123.4, 120.8, 114.6; MS: m/z 215 (M").

2-[5-(4-Nitro phenyl)-[1,3,4]oxadiazol-2-yl)benzoxazole (7d):
Pale yellow solid, yield: 70%, mp: 147-149 °C; IR (KBr, cm™'): v
3045 (C-H, Ar), 1562 (C=C), 1442 (C=N), 1140 (C-0); 'H NMR
(300 MHz, DMSO-dg): 8 8.45 (dd, 1H,J = 7.7, 1.5 Hz, Ar-H), 7.89 (d,
1H,J = 8.0 Hz, Ar-H), 7.80(dd, 1H,J = 7.7, 1.5 Hz, Ar-H), 7.53 (d, 1H,
J=7.8Hz, Ar-H), 7.42-7.25 (m, 5H, Ar-H); >C NMR (100 MHz,
CDCls): 8 157.6, 155.4, 154.6, 150.2, 147.8, 136.7, 135.5, 133.2,
1294, 129.3, 126.7, 126.0, 125.2, 122.4, 118.3; MS: m/z 263 (M").

2-[1,3,4]0Oxadiazol-2-yl-benzoxazole (7e): Brown solid, yield:
71%, mp: 128-130 °C; IR (KBr, cm™!): v 3055 (C-H, Ar), 1570 (C=C),
1445 (C=N), 1138 (C-0); "H NMR (300 MHz, DMSO-dg): & 8.42 (dd,
1H,J=7.7, 1.4 Hz, Ar-H), 7.85 (d, 1H, ] = 8.2 Hz, Ar-H), 7.74 (d, 2H,
J=7.8Hz, Ar-H), 7.65 (dd, 1H, J=7.7, 1.4 Hz, Ar-H), 7.54 (d, 2H,
J=7.8Hz, Ar-H),7.52(d, 1H,J = 7.8 Hz, Ar-H), 2.80 (s, 3H, CH3); 13C
NMR (100 MHz, CDCl3): § 158.6, 155.6, 152.4, 148.7, 142.0, 127.6,
122.0, 118.6, 112.0; MS: m/z 277 (M*).

2-(5-Methyl-[1,3,4]oxadiazol-2-yl)benzoxazole (7f): Pale yellow
solid, yield: 73%, mp: 131-133 °C; IR (KBr, cm~!): v 3060 (C-H, Ar),
1562 (C=C), 1440 (C=N), 1128 (C-0) cm~!; 'H NMR (300 MHz,
DMSO-dg): § 8.32 (dd, 1H, J=7.3, 1.7 Hz, Ar-H), 8.21 (d, 1H,
J=8.2Hz, Ar-H), 7.84 (d, 2H, ] = 7.4 Hz, Ar-H), 7.78 (dd, 1H, ] = 7.3,
1.7 Hz, Ar-H), 7.65 (d, 2H, J = 7.4 Hz, Ar-H), 7.42 (d, 1H, J = 7.8 Hz,
Ar-H); 3C NMR (100 MHz, CDCl5): § 156.4, 153.2, 150.3, 147.5,
144.5, 1294, 125.3, 121.1, 116.5, 18.6; MS: m/z 297 (M*).

2-(5-Ethyl-[1,3,4]oxadiazol-2-yl)benzoxazole (7g): Yellowish
green solid, yield: 75%, mp: 143-145 °C; IR (KBr, cm™!): v 3038
(C-H, Ar), 1568 (C=C), 1446 (C=N), 1140 (C-0); 'H NMR (300 MHz,
DMSO-dg): § 8.43 (dd, 1H, J=8.0, 1.5Hz, Ar-H), 8.05 (d, 1H,
J=8.1Hz, Ar-H), 7.81 (dd, 1H, J=8.0, 1.5 Hz, Ar-H), 7.74 (d, 2H,
J=7.0Hz,Ar-H),7.65(d,2H,] = 7.0 Hz, Ar-H), 7.36(d, 1H,] = 7.8 Hz,
Ar-H); 13C NMR (100 MHz, CDCl5): § 155.3, 152.5, 151.7, 146.4,
145.6, 131.5, 127.4, 126.3, 119.8, 21.2, 16.3; MS: m/z 340 (M").

2-(5-Phenyl-[1,3,4]oxadiazol-2-yl)benzoxazole (7h): Yellow solid,
yield: 70%, mp: 150-152 °C; IR (KBr, cm™!): v 3028, (C-H, Ar), 1572
(C=C), 1442 (C=N), 1143 (C-0); "H NMR (300 MHz, DMSO-ds): § 8.32
(dd, 1H,J = 8.2,1.6 Hz, Ar-H), 8.12 (d, 1H, J = 8.2 Hz, Ar-H), 7.89 (dd,
1H, J=8.2, 1.6 Hz, Ar-H), 7.69 (d, 2H, J = 7.4 Hz, Ar-H), 7.58 (d, 2H,
J=7.4Hz, Ar-H), 7.42 (d, 1H, J = 8.2 Hz, Ar-H); '3C NMR (100 MHz,
CDCl3): § 159.3,156.7, 154.0,150.2, 141.7,136.8, 129.7, 129.4, 128 4,
127.6, 127.2, 125.4, 124.0, 120.8, 110.5; MS: m/z 308 (M").

3. Results and discussion

Based on these observations, inspired by the biological profile of
benzoxazoles and oxadiazoles, their increasing importance in

pharmaceutical and biological fields, and in continuation of our
research on biologically active heterocycles, we have introduced
oxadiazole moiety into the benzoxazole ring which leads to both
active pharmacophores in a single molecular frame work for the
intensified biological activities. Thus we have designed and
synthesized a series of novel 2-(5-substituted-[1,3,4]oxadiazol-
2-yl)-benzoxazoles (7a-h) from commercially available benzox-
azole-2-carboxylic acid (1). Benzoxazole-2-carbonyl chloride (2)
has been synthesized from compound 1 on reaction with thionyl
chloride in presence of ethanol solvent on constant stirring at room
temperature for 4 h. The intermediate benzoxazole-2-carboxylic
acid methyl ester (3) was achieved form compound 2 on
esterification with methanol in presence of triethyl amine under
reflux for 3 h. Compound 3 on reaction with hydrazine hydrates in
presence of ethanol solvent under reflux for 8 h was turned into the
key intermediate benzoxazole-2-carboxylic acid hydrazide (4).
Benzoxazole-2-carboxylic acid N'-acetyl hydrazides (5a-d) have
been prepared form compound 4 and different acid chlorides in
dioxane solvent at reflux temperature for 4-5 h. The subsequent
ring closure reaction of compounds 5a-d with POCI; under reflux
for 4-5h yielded the title compounds, 2-[1,3,4]oxadiazol-2-yl-
benzoxazoles (7a-d). Benzoxazole-2-carboxylic acid-ethylidene-
hydrazides (6a-d) were prepared form the reaction of same
intermediate 4 with suitable orthoforamtes under reflux for 10—
12 h. Finally 2-[1,3,4]-oxadiazol-2-yl-benzoxazoles (7e-h) have
been achieved from the reaction of 6 in refluxing pyridine for 4-
5h. The chemical structures of all the newly synthesized
compounds were confirmed by their IR, 'H NMR, *C NMR and
Mass spectral data and further the compounds 7a-h were used to
evaluate their antimicrobial activity.

The disc diffusion method [19] was used for the screening of
anti microbial activity. The in vitro antibacterial activity of the
synthesized compounds 7a-h was tested against three gram-
positive bacteria i.e. Staphylococcus aureus, Staphylococcus albus,
Streptococcus faecalis and against five Gram-negative bacteria i.e.,
Klebsiella pneumoniae, Escherichia coli, Pseudomonas aeuroginosa,
Proteus mirabilis, Salmonella typhi using a nutrient agar medium.
The antifungal activity of the compounds was screened against
Candia albicans and Aspergillus fumigatus using Sabouraded
dextrose agar medium. The sterilized medium (autoclaved at
121 °Cfor 15 min) was inoculated with the suspension of the micro
organisms and poured into a Petri dish to give a depth of 3-4 mm.
The paper impregnated with the synthesized compounds 7a-h
(300 pwg/mL in DMF) was placed on the solidified medium. The
plates were preincubated for 1h at room temperature and
incubated at 37° for 24 h and 48 h for antibacterial and antifungal
activity respectively. Amicacin (300 wg/mL) was used in antibac-
terial activity studies, whereas fluconazole (300 j.g/mL) was used
in antifungal activity studies as reference compounds. After
incubation, the relative susceptibility of the micro organisms to
the potential antimicrobial agent is demonstrated by a clear zone
of growth inhibition around the disc. The lowest concentration
(highest dilution) of the compounds at which there was no visually
detectable bacterial growth was taken as minimum inhibitory
concentration (MIC) and it was determined for the compounds 7a-
h. The inhibition zone caused by the various compounds on the
micro organisms was measured and the activity rated on the basis
of the size of the inhibition zone. The observed zone of inhibition in
mm is presented in Table 1.

The results of the antimicrobial screening of the tested
compounds revealed that, all the tested compounds exhibited
antimicrobial activity comparable with that of reference com-
pounds. Most of the compounds showed significant activity
against both bacteria and fungi. Some of the compounds showed
high activity against both the bacteria and fungi. Most of the
compounds showed highly to moderate activity against bacteria
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Table 1

Antimicrobial activity of compounds 7a-h in zone of inhibition (activity index) in mm.?

Compound Antibacterial activity Antifungal activity
S. aureus S. albus S. faecalis K. pneumoniae E. coli P. aeuroginosa P. mirabilis S. Typhi C. albicans A. fumigatus

7a 14 (0.58) 12 (0.54) 19 (0.73) 14 (0.60) 02 (0.10) 15 (0.60) 10 (0.50) 08 (0.44) 14 (0.60) 16 (0.64)
7b 16 (0.66) 14 (0.63) 12 (0.46) 15 (0.65) 11 (0.55) 16 (0.64) 12 (0.57) 09 (0.50) 16 (0.69) 15 (0.60)
7c 15 (0.62) 16 (0.72) 16 (0.61) 17 (0.73) - (0.00) 17 (0.65) 14 (0.66) 10 (0.55) 15 (0.65) 18 (0.72)
7d 18 (0.75) 15 (0.68) 18 (0.69) 19 (0.82) 14 (0.70) 18 (0.65) 15 (0.71) 12 (0.66) 17 (0.74) 19 (0.76)
7e 20 (0.83) 16 (0.72) 19 (0.73) 20 (0.87) 13 (0.65) 20 (0.65) 17 (0.80) 14 (0.77) 15 (0.65) 17 (0.68)
7f 21 (0.87) 15 (0.68) 18 (0.69) 19 (0.82) 17 (0.85) 21 (0.65) 18 (0.85) 15 (0.83) 21 (0.91) 23(0.92)
7g 20 (0.83) 16 (0.72) 20 (0.77) 20 (0.87) 16 (0.80) 22 (0.65) 19 (0.90) 16 (0.88) 20 (0.87) 22 (0.88)
7h 22 (0.91) 20 (0.90) 24 (0.92) 21 (0.91) 11 (0.55) 23 (0.65) 12 (0.57) 12 (0.66) 20 (0.87) 22 (0.88)
Amicacin 24 22 26 23 20 25 21 18 - -
Fluconazole - - - - - - - - 23 25

@ Activity index - zone of inhibition of the sample/zone of inhibition of the standard.

and moderate to low activity on fungi. Compound 7a was good
active only against S. faecalis and almost inactive toward E. coli.
This compound exhibited moderate activity against the rest of
organisms. Compound 7b showed mild to moderate activity
against the tested Gram-positive and Gram-negative organisms. In
contrast, surprisingly the compound 7c¢ with ethyl substituent is
compare with other molecules was found to be totally inactive
against E. coli. Highest antimicrobial activity was observed in the
product 7h with para nitro phenyl derivative against S. aureus, S.
albus, S. faecalis, K. pneumoniae and P. aeuroginosa as compared to
the standard, but shows only moderate activity against E. coli and P.
mirabilis. This compound also performed high activity against two
fungal organisms with marked activity index. In antimicrobial
activity studies, it is clear that, an introduction of nitro group
reflected better activity against different organisms. Both com-
pounds 7f and 7g with relative substituents exhibit highest
antifungal activity against C. albicans and A. fumigatus as compared
to the standard drug used. It can be concluded that the
antimicrobial activity of such compounds may change by
introduction or elimination of a specific group. The remaining
compounds exhibit moderate to good antimicrobial activity
against all organisms employed.

4. Conclusion

The outstanding properties of this new class of antibacterial and
antifungal substances deserve further investigation in order to
clarify the mode of action at molecular level, responsible for the
activity observed. More extensive study is also warranted to
determine additional physicochemical and biological parameters
to have a deeper insight into structure-activity relationship and to
optimize the effectiveness of this series of molecules.

References

[1] M.P. Hutt, E.F. Elstager, L.M. Werbet, 2-Phenyl-5-(trichloromethyl)-1,3,4-oxadia-
zoles, a new class of anti-malarial substances, ]. Heterocycl. Chem. 7 (1970)
511-581.

[2] F.Omar, N. Mahfouz, M. Rahman, Design, synthesis and antiinflammatory activity
of some 1,3,4-oxadiazole derivatives, Eur. J. Med. Chem. 31 (1996) 819-825.

[3] A. Zarghi, S.A. Tabatabai, M. Faizi, et al., Synthesis and anticonvulsant activity of
new 2-substituted-5-(2-benzyloxyphenyl)-1,3,4-oxadiazoles, Bioorg. Med. Chem.
Lett. 15 (2005) 1863-1865.

[4] A. Husain, M. Ajmal, Synthesis of novel 1,3,4-oxadiazole derivatives and their
biological properties, Acta Pharm. 59 (2009) 223-233.

[5] S.L. Gaonkar, K.M. Rai, Synthesis and antimicrobial studies of a new series of 2-{4-
[2-(5-ethylpyridin-2-yl)ethoxy]phen-yl}-5-substituted-1,3,4-oxadiazoles, Eur. J.
Med. Chem. 41 (2006) 841-846.

[6] M.A. Ali, M.S. Yar, Oxadiazole mannich bases: synthesis and antimycobacterial
activity, Bioorg. Med. Chem. Lett. 17 (2007) 3314-3316.

[7] Z.H. Luo, S.Y. He, B.Q. Chen, et al., Synthesis and in vitro antitumor activity of 1,3,4-
oxadiazole derivatives based on benzisoselenazolone, Chem. Pharm. Bull. 60
(2012) 887-891.

[8] VJ.Ram, H.N. Pandey, Synthesis and anti-inflammatory activity of benzal-3-penta-
decylaryloxyalkyl carboxylic acid hydrazides and 2-benzalamino-5-(3'-pentadecy-
laryloxyalkyl)-1,3,4-oxadiazoles, Eur. ]. Med. Chem. 25 (1990) 541-548.

[9] PJ. Shirote, M.S. Bhatia, Synthesis, characterization and antiinflammatory activity
of  5-{[((5-substituted-aryl)-1,3,4-thiadiazol-2-yl)thio]-n-alkyl}-1,3,4-oxadia-
zole-2-thiol, Chin. ]. Chem. 28 (2010) 1429-1436.

[10] V. Padmavathi, G.S. Reddy, A. Padmaja, P. Kondaiah, A. Shazia, Synthesis, antimi-
crobial and cytotoxic activities of 1,3,4-oxadiazoles, 1,3,4-thiadiazoles and 1,2,4-
triazoles, Eur. J. Med. Chem. 44 (2009) 2106-2112.

[11] B. Jayashankar, KM.L. Rai, N. Baskaran, H.S.S. Shazia, Synthesis and pharmaco-
logical evaluation of 1,3,4-oxadiazole bearing bis(heterocycle) derivatives as anti-
inflammatory and analgesic agents, Eur. J. Med. Chem. 44 (2009) 3898-3902.

[12] F.A. Omar, N.M. Mahfouz, M.A. Rahman, Design, synthesis and antiinflammatory
activity of some 1,3,4-oxadiazole derivatives, Eur. J. Med. Chem. 31 (1996) 819-825.

[13] T. Hisano, M. Ichikawa, K. Tsumoto, M. Tasaki, Synthesis of benzoxazoles, ben-
zothiazoles and benzimidazoles and evaluation of their antifungal, insecticidal
and herbicidal activities, Chem. Pharm. Bull. 30 (1982) 2996-3004.

[14] A.Kumar, D. Kumar, Synthesis and antimicrobial activity of metal complexes from
2-(1'/2'-hydroxynaphthyl)benzoxazoles, Arkivoc (2007) 117-125.

[15] Y. Katsura, Y. Inoue, S. Nishino, et al., Synthesis and antiulcer activities of
imidazo[1,2-a|pyridinylethyl-benzoxazoles and related compounds. A novel
class of histamine H2-receptor antagonists, Chem. Pharm. Bull. 40 (1992)
1424-1438.

[16] R.D.Haugwitz, R.G. Angel, G.A. Jacobs, et al., Synthesis and anthelmintic activities
of novel 2-heteroaromatic-substituted isothiocyanatoben-zoxazoles and ben-
zothiazoles, . Med. Chem. 25 (1982) 969-974.

[17] CJ. Paget, K. Kisner, R.L. Stone, D.C. DeLong, Immunosuppressive and antiviral
activity of benzothiazole and benzoxazoleureas, ]J. Med. Chem. 12 (1969) 1016-
1018.

[18] T.A. Ozlem, Y. Ilkay, O. Semih, et al., Synthesis and biological activity of some new
benzoxazoles, Eur. J. Med. Chem. 43 (2008) 1423-1431.

[19] R. Cruickshank, Medicinal Microbiology. A Guide to Diagnosis and Control
of Infection, 11th ed., E & S Livingstone, Edinburgh and London, UK, 1986,
pp. 888-902.


http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0005
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0005
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0005
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0010
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0010
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0015
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0015
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0015
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0020
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0020
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0025
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0025
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0025
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0030
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0030
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0035
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0035
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0035
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0040
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0040
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0040
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0040
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0045
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0045
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0045
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0050
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0050
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0050
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0055
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0055
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0055
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0060
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0060
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0065
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0065
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0065
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0070
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0070
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0070
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0070
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0075
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0075
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0075
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0075
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0080
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0080
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0080
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0085
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0085
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0085
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0090
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0090
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0095
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0095
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0095
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0095
http://refhub.elsevier.com/S1001-8417(13)00199-X/sbref0095

	Design, synthesis and screening of some novel benzoxazole based 1,3,4-oxadiazoles as potential antimicrobial agents
	Introduction
	Experimental
	Results and discussion
	Conclusion
	References


