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Abstract

Reaction of phenyl acetic acid derivatives with thiosemicarbazide in the presence of POCl; afforded
5-(4-bromobenzyl)-1,3,4-oxadiazole-2-amine 1 and 5-(3-nitrophenyl)-1,3,4-oxadiazole -2-amine 2. Acylation of

the amino group of oxadiazoles 1 and 2 with some acid chlorides such as methyl 4-(chlorocarbonyl) benzoate,
3-nitrobenzoyl chloride, 4-methoxy-benzoyl chloride, 4-isobutylbenzoyl chloride and chloroacetyl chloride yielded
the acylated compounds 3-8. Cyclization of acetamides 7 and 8 by reaction with ammonium thiocyanate gave the
thiazolidinones 9 and 10. Coupling of chloroacetamide 7 with two mercaptothiazoles gave coupled heterocyclic
derivatives 11 and 12. Coupling of amino-oxadiazole 1 with N-Boc-glycine and N-Boc-phenylalanine lead to the
formation of 16 and 17 respectively. All compounds were screened for their antibacterial activity against Salmonella
typhi where compounds 3,4, 10, 11 and 15 showed significant activity. Structures of the new synthesized com-
pounds were confirmed using the spectral analysis such as IR, "H NMR and '*C NMR and mass spectrometry.
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Introduction

Oxadiazoles derivatives represent an important class of
heterocyclic compounds with broad spectrum of biologi-
cal activity. Oxadiazoles have been reported to possess
anti-inflammatory [1, 2], anti-HIV [3], antibacterial [4, 5],
anticonvulsant activities [6], antimalarial [7], herbicidal
[8], antianxiety [9], insecticidal [10], antitubercular [11],
antiviral [12], antifungal [13, 14], anti-HBV [15], antican-
cer [16], analgesic [17].

Typhoid is actually an infection as a result of Salmo-
nella typhi which causes symptoms [18]. Symptoms can
vary from gentle to extreme and in most cases, start 6 to
30 days soon after exposure. Frequently there is a pro-
gressive beginning of a very high fever more than sev-
eral days. Weaknesses, abdominal pain, constipation,
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and migraines also commonly happen [19]. Diarrhea is
uncommon, and vomiting is not usually severe. Some
people develop a skin rash with rose-colored spots [20,
21].

Salmonella enterica subsp. enterica is a subspecies of
Salmonella enterica, the rod-shaped, flagellated, aero-
bic, Gram-negative bacterium. Many of the pathogenic
serovars of the S. enterica species are in this subspecies,
including that responsible for typhoid [22].

Herein, we synthesized about seventeen new oxa-
diazole derivatives and screen them against Salmonella
typhi to find new leads.

Results and discussion

4-Bromophenylacetic acid and 3-nitrobenzoic acid
was allowed to react with semicarbazide in pres-
ence of phosphorus oxychloride followed by basifi-
cation of product with potassium hydroxide to give
5-(4-bromobenzyl)-1,3,4-oxadiazole-2-amine 1  and
5-(3-nitrophenyl)-1,3,4-oxadiazole-2-amine (2).
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Oxadiazole 1 or 2 were acylated by methyl-
4-(chlorocarbonyl)-benzoate, 3-nitrobenzoyl chloride,
4-methoxybenzoyl chloride or 4-tert-butylbenzoyl chlo-
ride in presence of triethylamine to give N-acyl deriva-
tives 3—6 (Scheme 1).

Oxadiazole 1 and 2 were reacted with chloroa-
cetyl chloride in presence potassium carbonate to give
N-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-2-chlo-
roacetamide 7 and N-(5-(3-nitrophenyl)-1,3,4-oxadia-
zol-2-yl)-2-chloroacetamide 8 respectively. Refluxing
7 and 8 with ammonium thiocyanate in ethanol gave
2-[{(5-(4-bromobenzyl)-[1, 3, 4] oxadiazol -2-yl}-imino]-
1,3-Thiazolidin-4-one 9 and 2-[{5-(3-nitrophenyl)-[1, 3,
4]-oxadiazol-2-yl}-imino]-1,3-thiazolidin-4-one 10. Acyl
chloride 7 reacted with benzo[d]thiazole-2-thiol and
4,5-dihydro-thiazole-2-thiol to give compounds 11-12
(Scheme 2).

Oxadiazole 1 was refluxed with 3-chlorophenyl isocy-
anate in ethanol to afford 1-(5-(4-bromobenzyl)-1,3,4-
oxadiazole-2-yl)-3-(3-chlorophenyl)urea 13.

Coupling of oxadiazole 1 with N-protected amino
acids such as N-Boc glycine and N-Boc phenylala-
nine gave tert-butyl-(5-(4-bromobenzyl)-1,3,4-oxa-
diazole-2-ylcarbamoyl)-methyl-carbamate 14 and
tert-butyl-1-(5-(4-bromobenzyl)-1,3,4-oxadiazol-2-yl-
carbamoyl)-2-phenylethyl-carbamate 15 respectively.
Deprotection of 14 and 15 was carried out by reaction
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with trifluoroacetic acid in presence of anisol to give
N-(5-(4-bromobenzyl)-1,3,4-oxadiazol-2-yl)-2-amino
acetamide 16 and N-(5-(4-bromobenzyl)-1,3,4- oxadi-
azol-2-yl)-2-amino-3-phenyl propanamide 17 as salts
(Scheme 3).

Structure confirmation

Structure 1 has confirmed by infrared spectra which
showed well defined bands attributable for v._y at
1610 cm™" and vy, at 3310-3400 cm ™. The 4-bromo-
phenyl ring revealed two doublets at d 7.215 and
7.497 ppm. Characteristic singlet of methylene group
appeared at 4.097 ppm and the amino group was found
as singlet at 7.006 ppm. *C-NMR of 1 revealed the
presence two carbon of oxadiazole ring around 169.0
and 157.3 ppm, carbons of 4-bromophenyl appeared
around 137.9 and 120.5 ppm whereas, the methyl-
ene carbon appeared at 352 ppm. The 'H-NMR of
5-(3-nitrophenyl)-1,3,4-oxadiazole-2-amine 2 amino
group at 7.622 ppm. *C NMR spectrum revealed the
two oxadiazole carbons at 169.0 and 164.7 ppm. 'H-
NMR spectrum for compounds 3—-6 showed NH signal
appeared around 12.00 ppm. Infrared spectra showed
well-defined bands attributed to vy at 3200-3400 cm ™
'"H NMR of 7 and 8 showed new signal for CH, around
4.00 ppm. *C NMR of 9 and 10 spectrum showed sig-
nal for Carbon of methylene group at signal at 35.4 ppm.

X —_—

n + H,N

1.X=4-Br, n=1

2. X=3-NO,,n=0

3.X=4-Br, n=1, R=4-COOCH;
4.X=4-Br, n=1, R=3-NO,
5.X=4-Br, n=1, R=4-OCHj;

6. X =3-NO,,n=0, R =4-C(CHjy);

Scheme 1 Synthesis of N-substituted oxadiazole derivatives
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Scheme 2 Cyclization and thiolation of chloroacetamide oxadiazole derivatives
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Structure of 12 deduced from 'H NMR which displayed
two triplet signals at 3.43 and 4.05 ppm for two methyl-
ene groups.

Structure of compound 13 was assigned from the char-
acteristic two singlet’s for two NH groups at 9.52 and
12.23 ppm. The methylene protons found at 4.26 ppm.
Infrared spectra showed well-defined bands attributable
for ve_g at 1653.80 cm ™! and vy at 3369.59 cm ™. Struc-
ture of compound 14 and 15 confirmed from 'H NMR
which revealed the nine protons of tert-butyl group at
1.34 ppm, two methylene groups at 3.81 and 4.31 ppm,
two NH groups at 7.16 and 12.80 ppm. '"H NMR of 16
and 17 proved the removal N-Boc group and formation
of 16 and 17 moreover, F' NMR showed signal around
73.84 ppm indicating the presence of fluoride.

Antibacterial activity

The novel seventeen compounds were screened for
their antibacterial activity against gram negative bacte-
ria Salmonella typhi at three concentrations i.e. 1000,

100 and 10 ppm using ditch dilution method. The test
organism was a 2-h culture of Salmonella typhi incu-
bated and grown in peptone-water medium (tempera-
ture 37 °C). DMF was used as solvent control which
did not show any zone of inhibition. Muller-Hilton
agar medium was used as culture medium. The culture
plates were incubated at 37 °C for 24 h. Antibacterial
activity was determined by measuring the diameter of
the inhibition zone. The results are given in Table 1.
Compounds 3, 4, 10, 11 and 15 displayed greater anti-
bacterial activity against Salmonella typhi. Especially
Compounds 10 and 11 exhibited the broadest spec-
trum activity in this series due to the heterocyclic ring
of the imine and sulfide. Whereas, compounds 2, 5, 6,
8,9, 12 and 16 showed moderately activity. Resistance
of bacteria to these synthesized compounds could be
associated to alteration of the bacterial protein targeted
by compounds, enzymatic degradation of the synthe-
sized compounds, or change in the membrane perme-
ability to them.
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Scheme 3 Reaction of oxadiazole 1 with chlorophenyl isocyanate, glycine and phenylalanine

Table1 The activity of the tested compounds
against Salmonella typhi

Compound S. typhi Compound S. typhi
1 + 10 +++

2 ++ 1 +++

3 +++ 12 ++

4 +++ 13 +

5 ++ 14 +

6 ++ 15 +++

7 - 16 ++

8 ++ 17 +

9 ++

~+++strongly active, ++moderately active, +weakly active range, -inactive

Experimental

All melting points were uncorrected, performed on
a MEL-TEMP II. Melting point apparatus. Microa-
nalysis was performed by micro analytical labora-
tory, Cairo University, Egypt. Infrared spectra were
recorded (v in cm™!) with pye Unicam SP 1200 spec-
trophotometer and using KBr Wafer technique. Mass
spectra were measured with a Thermo Scientific LTQ
Linear Ion Trap. Nuclear magnetic resonance spec-
tra ("H NMR, '*C NMR) were recorded (8 in ppm)
on Bruker (300 MH,) spectrometer. The purity of the

synthesized compounds was checked by TLC on glass
coated plates in the laboratory with silica gel GF 254
type, 60 mesh, size 50-250.

Synthesis of 5-(4-bromobenzyl)-1,3,4-oxadiazole-2-amine
(1) and 5-(3-nitrophenyl)-1,3,4-oxadiazole-2-amine (2)

The mixture of 4-bromophenyl acetic acid and/or 3-nitro
benzoic acid (1 mol) and semicarbazide (0.455 g, 1 mol)
were dissolved in 3 mL of phosphorus oxychloride and
refluxed for 45 min. The reaction was cooled to room
temperature then 3 mL of water was added carefully. The
mixture was refluxed for 4 h, filtered on hot and the solid
washed by warm water and the filtrate was basified with
saturated potassium hydroxide. The precipitate was fil-
tered off and recrystallised from ethanol.

5-(4-Bromobenzyl)-1,3,4-oxadiazole-2-amine 1

Yield 65%; mp: 200-202 °C; IR (KBr) cm™': 3310-3400
(NH,), 1610 (C=N); 'H NMR (300 MHz, DMSO-d,, §
ppm): 4.097 (s, 2H,—~CH,-), 7.006 (s, 2H, -NH,), 7.215 (d,
2H, ]=8.18 Hz), 7.4971 (d, 2H, J=8.079 Hz); *C NMR
(DMSO-d,, & ppm): (169.0, 157.3, 137.9, 132.0, 131.4,
120.5, 35.2); ESI-MS: 252 (100%), 254 (98%). Anal. Calcd.
For CoHgBrN,O (252.99): C, 42.54; H, 3.17; N, 16.54.
Found C, 42.51; H, 3.12; N, 16.50.
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5-(3-Nitrophenyl)-1,3,4-oxadiazole-2-amine 2

Yield 60%, mp: 236-238 °C. IR (KBr) cm™': 3330-3410
(NH,), 1610 (C=N); '"H NMR (300 MHz, DMSO-dg, &
ppm): 7.71-8.45 (m, 4H, ArH), 7.622 (s, 2H, -NH,); *C
NMR (DMSO-dg, 6 ppm): (169.0, 164.7, 148.5, 133.7,
130.6, 127.4, 122.4, 121.6); ESI-MS: 206 (100%). Anal.
Calcd. For (206.04): C, 46.61; H, 2.93; N, 27.18. Found: C,
46.57; H, 2.89; N, 27.14.

Reaction of oxadiazoles 1 and 2 with acid chlorides deriva-
tives

To a solution of 5-(4-bromobenzyl)-1,3,4-oxadiazole-
2-amine 1 and/or 5-(3-nitrophenyl)-1,3,4-oxadiazole-
2-amine 2 (0.5 mol) in methylene chloride (20 mL)
containing triethylamine (0.069 mL, 0.5 mol), methyl-
4-(chlorocarbonyl)-benzoate, 3-nitro-benzoyl chloride,
4-methoxybenzoyl chloride and/or 4-tert-butylbenzoyl
chloride (0.5 mol) were added. The reaction mixture was
stirred continuing at room temperature for overnight.
The solvent was evaporated under vaccum and the resi-
due was extracted by EtOAc and washed by NH,Cl, dil
HCI(1 N)/water and brain (NaCl). The product formed
after evaporation was recrystallized from ethanol.

Methyl-4-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-ylcarba-
moyl)benzoate 3

Yield 70%, mp: 281-283 °C. 3430 (NH), 3057 (aromatic
C-H), 1683 (C=0), 1605, 1551, 1440 (C=N and C=C).
"H NMR (300 MHz, DMSO-d,, 8 ppm): 3.8622 (s, 3H, —
CH,), 4.3417 (s, 2H, —CH,), 7.2866 (d, ] =8.199 Hz, 2H),
7.5122 (d, J=8.202 Hz, 2H), 8.0324 (d, J=8.3310 Hz,
2H), 8.1431 (d, J=8.253 Hz, 2H), 12.6132 (s, 1H, —NH);
3C NMR (DMSO-d,, 8 ppm): (166.1, 165.6, 163.3, 161.4,
137.7, 137.1, 133.2, 132.1, 131.6, 129.7, 129.2, 120.6,
53.0, 34.8); ESI-MS: 415 (100%), 417 (98%). Anal. Calcd.
For C,gH,,BrN;0O, (415.02): C, 51.94; H, 3.39; N, 10.10.
Found: C, 51.91; H, 3.36; N, 10.07.

N-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-3-nitrobenza-
mide 4

Yield 75%, mp: 294—296 °C; IR (KBr) cm™: 3420 (NH),
1610 (C=N), 1670 (C=0); 'H NMR (300 MHz, DMSO-
de, & ppm): 4.336 (s, 2H,—CH,), 7.274 (d, ] = 8.24 Hz, 2H),
7.4900 (d, J=8.1 Hz, 2H), 7.7516 (t, 1H), 8.389-8.414
(dd, 2H), 8.866 (s, 1H), 12.3157 (s, 1H, —-NH); 3C NMR
(DMSO-dg, & ppm): (165.6, 163.3, 161.4, 148.2, 137.4,
135.1, 134.0, 132.0, 131.5, 130.7, 127.5, 123.6, 120.7,
34.7); ESI-MS: 402 (100%), 404 (98%). Anal. Calcd. For
C,¢H11BrN,O, (402): C, 47.66; H, 2.75; N, 13.90. Found:
C,47.63; H, 2.73; N, 13.86.
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N-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-4-methoxyben-
zamide 5

Yield 70%, mp: 281-283 °C; IR (KBr) cm™!: 3260 (NH),
1635 (C=N), 1673 (C=0); 'H NMR (300 MHz, DMSO-
dg, & ppm): 3.3447 (s, 3H, —CHj;), 4.3263 (s, 2H, —CH,),
7.0336 (d, J=8.61 Hz, 2H), 7.2713 (d, ]=7.95 Hz, 2H),
74913 (d, J=8.13 Hz, 2H), 8.0581 (d, J=8.85 Hz,
2H), 12.7404 (s, 1H, -NH); *C NMR (DMSO-d,, §
ppm): (164.7, 163.4, 160.2, 137.6, 132.0, 131.5, 130.9,
123.9, 120.6, 114.3, 56.0, 34.6); ESI-MS: 387 (100%),
389 (98%). Anal. Calcd. For C;;H,,BrN;O; (387.02):
C,52.60; H, 3.63; N, 10.82. Found: C, 52.57; H, 3.59; N,
10.78.

4-tert-Butyl-N-(5-(3-nitrophenyl)-1,3,4-oxadiazole-2-yl)
benzamide 6

Yield 65%, mp: 290-291 °C; IR (KBr) cm™!: 3320 (NH),
1640 (C=N), 1674 (C=0); 'H NMR (300 MHz, DMSO-
de, 8 ppm): 1.29 (s, 9H, —(CH,);), 7.55-8.69 (m, 8H,
ArH), 11.53 (s, 1H, -NH); *C NMR (DMSO-d,, &
ppm): (165.6, 160.8, 160.4, 156.8, 148.8, 133.8, 132.2,
131.7, 128.9, 126.0, 125.3, 121.3, 35.4, 31.3); ESI-MS:
366 (100%). Anal. Calcd. For C;4H;gN,O, (366.13): C,
62.29; H, 4.95; N, 15.29. Found: C, 62.24; H, 4.90; N,
15.24.

Reaction of oxadiazole-2-amine 1 and 2 with chloroacetyl
chloride

To a solution of 5-(4-bromobenzyl)-1,3,4-oxadiazole-
2-amine 1 and/or 5-(3-nitro-phenyl)-1,3,4-oxadiazole-
2-amine 2 (1 mol) and potassium carbonate (0.69 g,
mmole) in Dimethylformamide (11 mL), chloroacetyl
chloride (0.075 mL, 1 mol) was added dropwise. The
mixture was stirred well at room temperature for 4 h.
Left to cool then pour the reaction mixture carefully
onto crushed ice/water. The solid product that formed
was filtered, washed with water three times, dried and
recrystallised from ethanol.

N-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-2-chloroaceta-
mide 7

Yield 80%, mp: 233-234 °C; IR (KBr) cm™!: 3419 (NH),
1653 (C=0); '"H NMR (300 MHz, DMSO-d,, § ppm):
4.2554 (s, 2H, —CH,), 4.3675 (s, 2H, —CH,), 7.2493 (d,
J=28.31 Hz, 2H), 7.4971 (d, ] = 8.34 Hz, 2H), 12.8013 (s,
1H, —-NH); '*C NMR (DMSO-d,, § ppm): (165.8, 163.9,
159.1, 137.5, 132.1, 131.6, 120.7, 42.8, 34.6); ESI-MS:
328 (77), 330 (100). Anal. Calcd. For C,;HBrCIN;O,
(328.96): C, 39.97; H, 2.74; N, 12.71. Found: C, 39.92; H,
2.70; N, 12.67.
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N-(5-(3-nitrophenyl)-1,3,4-oxadiazole-2-yl)-2-chloroaceta-
mide 8

Yield 65%, mp: 168—170 °C; IR (KBr) cm™': 3419 (NH),
1653 (C=N); '"H NMR (300 MHz, DMSO-d,, § ppm):
4.45 (s, 2H, -CH,), 7.73-8.61 (m, 4H, ArH), 12.91 (s,
1H, -NH); '*C NMR (DMSO-d,, § ppm): (166.0, 160.4,
159.4, 148.6, 133.7, 131.5, 131.2, 125.3, 120.4, 42.7);
ESI-MS: 282 (100%). Anal. Calcd. For C,,H,CIN,O,
(282.02): C, 42.49; H, 2.50; N, 19.82. Found: C, 42.45; H,
2.45; N, 19.78.

Synthesis of thiazolidin-4-ones 9 and 10

Compound 7 and/or 8 (7 mmol) and ammonium thi-
ocyanate (15 mmol) in ethanol 35 mL were refluxed
for 3 h, the reaction mixture was left overnight. The
obtained precipitate was filtered off, dried and recrys-
tallised from ethanol-water to yield compounds 9 and
10.

2-(5-(4-bromobenzyl)-1,3,4-oxadiazol-2-ylimino)thiazoli-
din-4-one 9

Yield 75%, mp: 261-263 °C; IR (KBr) cm™': 3215 (NH),
1641 (C=N), 1672 (C=0); 'H NMR (300 MHz, DMSO-
de, 8 ppm): 4.3292 (s, 2H, —CH,), 4.0470 (s, 2H, —CH,),
7.2614 (d, J=8.31 Hz, 2H), 7.5054 (d, J]=8.31 Hz, 2H),
12.2460 (s, 1H, -NH); *C NMR (DMSO-d,, 8 ppm):
(174.4, 170.9, 166.09, 166.05, 137.3, 132.0, 131.5, 120.7,
36.0, 35.4); ESI-MS: 351 (100), 353 (98). Anal. Calcd.
For C;,HyBrN,0,S (351.96): C, 40.81; H, 2.57; N, 15.86.
Found: C, 40.76; H, 2.52; N, 15.81.

2-(5-(3-nitrophenyl)-1,3,4-oxadiazole-2-ylimino) 1,3-thiazoli-
din-4-one 10

Yield 60%, mp: 107-110 °C; IR (KBr) cm™!: 3230 (NH),
1645 (C=N), 1674 (C=0); '"H NMR (300 MHz, DMSO-
de, & ppm): 4.10 (s, 2H, —CH,), 7.77-8.62 (m, 4H, ArH),
124 (bs, 1H, -NH); *C NMR (DMSO-d,, § ppm):
(173.6, 171.2, 164.1, 163.4, 148.3, 133.3, 130.1, 127.6,
123.5, 122.7, 32.4); ESI-MS: 305 (100%). Anal. Calcd. For
C;1HN:;O,S (305.02): C, 43.28; H, 2.31; N, 22.94. Found:
C,43.24; H, 2.27; N, 22.89.

Reaction of 7 with aromatic thiols

To a solution of N-(5-(4-bromobenzyl)-1,3,4-oxadiazole-
2-yl)-2-chloroacetamide 7 (0.314 g, 1 mol) in dimethyl-
formamide (20 mL), containing diisopropylethylamine
(0.17 mL, 1 mol) under nitrogen, benzo[d]thiazole-2-thiol
and/or 4,5-Dihydrothiazole-2-thiol (1 mol) was added.
The reaction mixture was stirred well at room tempera-
ture for 4 h. Then the reaction mixture was poured into
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crushed ice/water, the formed solid was filtered, washed
by water and recrystallised from chloroform.

N-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-2-(benzo[d]
thiazol-2-ylthio)-acetamide 11

Yield 60%, mp: 240-242 °C; IR (KBr) cm™!: 3310 (NH),
1640 (C=N), 1680 (C=0); 'H NMR (300 MHz, DMSO-
dg, 8 ppm): 4.42 (s, 2H, —-CH,CO), 4.22 (s, 2H, —-CH,),
7.22-7.97 (m, 8H, ArH), 11.86 (s, 1H, —NH); *C NMR
(DMSO-dg, 8 ppm): (170,2, 168.6, 166.3, 166.8, 154.1,
135.7, 133.7, 1329, 131.2, 125.1, 124.6, 122.3, 121.5,
120.4, 39.2, 32.1); ESI-MS: 461 (100%), 459 (98%). Anal.
Calcd. For C,4H,3BrN,O,S, (459.97): C, 46.86; H, 2.84; N,
12.14. Found: C, 46.81; H, 2.80; N, 12.11.

2-(4,5-dihydrothiazol-2-ylthio)-N-(5-(4-bromo-benzyl)-1,3,4
-oxadiazole-2-yl)-acetamide 12

Yield 60%, mp: 259-260 °C; IR (KBr) cm™!: 3290 (NH),
1644 (C=N), 1685 (C=0); '"H NMR (300 MHz, DMSO-
de, 8 ppm): 3.4321 (t, 2H, —CH,), 4.0512 (t, 2H, —CH,),
4.0783 (s, 2H, —CH,), 4.3213 (s, 2H, —CH,), 7.2637 (d,
J=8.33 Hz, 2H), 7.5053 (d, J]=8.35 Hz, 2H), 12.4894 (s,
H, -NH); 3C NMR (DMSO-d,, § ppm): (171.1, 167.9,
165.8, 163.1, 133.1, 1324, 131.6, 121.3, 68.1, 35.2, 31.4,
30.1). ESI-MS: 413 (100%), 411 (96%). Anal. Calcd. For
C,,H;5BrN,O,S,. (411.97): C, 40.68; H, 3.17; N, 13.56.
Found: C, 40.62; H, 3.13; N, 13.52.

Synthesis of 1-(5-(4-bromobenzyl)-1,3,4-oxadia-
zole-2-yl)-3-(3-chloro-phenyl)urea 13

To a solution of 5-(4-bromobenzyl)-1,3,4-oxadiazole-
2-amine 1 (0.15 g, 0.5 mol) in ethanol (15 mL), 3-chlo-
rophenyl isocyanate was added, the reaction mixture
was refluxed for 6 h. The precipitate was filtered off and
recrystallized from ethanol.

1-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-3-(3-chloro-phe-
nyl)urea 13

Yield 60%, mp: 178—180 °C; IR (KBr) cm™: 3369.59 (NH),
1653.80 C=0 (amide); 'H NMR (300 MHz, DMSO-d, §
ppm): 4.26 (s, 2H, —CH,), 7.02-7.68 (8H Ar), 9.52 (s, 1H,
—-NH), 12.23 (s, H, -NH); '*C NMR (DMSO-d,, § ppm):
(161.9, 153.5, 140.9, 137.5, 133.7, 132.1, 131.6, 130.9,
122.8, 120.7, 118.5, 117.6, 34.9); ESI-MS: 405 (78%),
407 (100%). Anal. Calcd. For C,¢H;,BrCIN,O, (405.98):
C, 47.14; H, 2.97; N, 13.74. Found: C, 47.11; H, 2.92; N,
13.70.

Reaction oxadiazole-2-amine 1 with amino acid

To a solution of 5-(4-bromobenzyl)-1,3,4-oxadiazole-
2-amine 1 in methylene chloride (20 mL), (0.268 g, 1 mol)
and/or N-(tert-butoxycarbonyl)glycine, N-(tert-butoxy-
carbonyl)phenylalanine was added followed by addition
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of dimethyl-aminopyridine (DMAP) (0.0122 g, 0.1 mol).
N,N’-dicyclohexyl-carbodiimid (0.206 g, 1.1 mol) was
added to the reaction mixture. The mixture was stirred
at 0 °C for 1 h and it continued overnight at room tem-
perature. The reaction mixture filtered off and washed
with methylene chloride. The filtrate evaporated under
vacuum and the residue was purified by column chro-
matography (EtOAc: Hexane, 1:1). The solid formed after
evaporation was recrystallised from ethanol.

tert-Butyl-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-ylcarba-
moyl)methyl-carbamate 14

Yield 60%, mp: 188—190 °C; IR (KBr) cm™': 3425.8 (NH),
1667.3, 1700.5 (2C=0); 'H NMR (300 MHz, DMSO-d,,
0 ppm): 1.3390 (s, 9H), 3.8112 (d, J=5.8 Hz, 2H, -CH,),
4.3102 (s, 2H, —CH,), 7.1556 (s,1H, —-NH), 7.2489 (d,
J=8.106 Hz, 2H), 7.4843 (d, J=8.127 Hz, 2H), 12.8013
(s, 1H, -NH); 3C NMR (DMSO-d,, § ppm): (169.4,
163.3, 159.3, 156.3, 137.6, 132.1, 131.5, 120.7, 78.7, 43.6,
34.6, 28.6); ESI-MS: 410 (57.7), 412 (56.9), 354 (98),
356 (100), 310 (50.7), 352 (50), 208 (59.2). Anal. Calcd.
For C,4H,4BrN,O, (410.06): C, 46.73; H, 4.66; N, 13.62.
Found: C, 46.69; H, 4.61; N, 13.57.

tert-Butyl-1-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-ylcarba-
moyl)-2-phenyl-ethylcarbamate 15

Yield 60%, mp: 177-180 °C; IR (KBr) cm™': 3250-3440
(NH), 1675, 1755 (2C=0); 'H NMR (300 MHz, CDCl,,
S ppm): 1.2341 (s, 9H), 3.8124 (d, 2H, —CH,), 4.2974
(s, 2H, —-CH,), 4.7374 (s,1H, CH), 6.4417 (s,1H, —-NH),
7.1605-7.4558 (m, 9H), 12.8013 (s, 1H, —-NH); 13C NMR
(300 MHz, CDCl;, 8§ ppm): (171.7, 163.5, 160.9, 155.5,
136.0, 1354, 132.1, 130.5, 129.2, 128.6, 127.3, 121.6, 79.8,
56.8, 35.5, 37.8, 28.1); ESI-MS: 500 (61.7), 502 (64.7),
446 (100), 444 (94.6), 402 (51.8), 400 (48.1). Anal. Calcd.
For C,;H,-BrN,O, (500.11): C, 55.10; H, 5.03; N, 11.17.
Found: C, 55.06; H, 4.97; N, 11.12.

Deprotection of N-protected group in compound 14

and 15

Protected compounds 14 and 15 (1 mol) in methylene
chloride (3.75 mL) was stirred under nitrogen followed by
cooling in an ice bath then trifluoroacetic acid (1.25 mL)
was added dropwise for 10 min followed by 0.05 mL of
anisole. The reaction mixture was stirred for 2 h. Then it
evaporated under vaccum. The oil product was crushed
by ether (30 mL) and formed solid was recrystallised
from acetone.

N-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-2-aminoaceta-
mide 16

Yield 75%, mp: 270—272 °C; IR (KBr) cm™': 3320 (NH), 1660
(C=0), 2950 (NH salt); 'H NMR (300 MHz, DMSO-d,, &
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ppm): 3.8975 (s, 2H, —CH,), 4.3482 (s, 2H, —~CH,), 7.2637
(d, J=6.39 Hz, 2H), 7.5034 (d, ] =6.813 Hz, 2H), 9.34179 (s,
3H, -NH,), 12.5478 (s, 1H, -NH); *C NMR (DMSO-d,, §
ppm): (166.2, 163.8, 158.7, 137.5, 132.1, 131.6, 120.7, 41.3,
34.6); F** NMR (DMSO-d,, § ppm): —73.838 (F); ESI-
MS: 310 (100), 312 (97.8). Anal. Calcd. For C;;H;;BrN,O,
(310.01): C, 42.46; H, 3.56; N, 18.01. Found: C, 42.41; H,
3.52; N, 17.96.

N-(5-(4-bromo-benzyl)-1,3,4-oxadia-
zole-2-yl)-2-amino-3-phenylpropanamide 17

Yield 75%, mp: 263-265 °C; IR (KBr) cm™%: 3270 (NH),
1672 (C=0) 2970 (NH salt); '"H NMR (300 MHz, DMSO-
de, 8 ppm) 3.7516 (s, 2H, —CH,), 4.1342 (s, 2H, —CH,),
4.8951 (t, 1H, CH), 8.6579 (s, 3H, —NH,), 7.1203-7.8542
(m, 9H), 12.8013 (s, 1H, -NH); *C NMR (DMSO-d,, §
ppm): (168.1), 164.0, 158.8, 137.4, 134.8, 132.0, 131.5, 129.8,
129.0, 127.7, 120.7, 54.3, 39.0, 37.1); F* NMR (DMSO-d,,
S ppm): —73.934 (F); ESI-MS: 400 (95.4), 402 (100). Anal.
Calcd. For C,¢H;,BrN,O, (400.05): C, 53.88; H, 4.27; N,
13.96. Found: C, 53.82; H, 4.21; N, 13.90.

Conclusion

Seventeen new functionalized oxadiazole hits were syn-
thesized and characterized. The new hits were evaluated
for their biological activity against gram-negative bacteria
Salmonella typhi, among synthesized 3, 4, 10, 11 and 15
demonstrated strong activities which recommends them
for further studies to be future leads.

Acknowledgements
This work was supported by Dr. Ahmed Yousef Ali Desoky, University of
waterloo, Canada.

Authors’ contributions
The author read and approved the final manuscript.

Funding
This work only funded by me.

Availability of data and materials

All data and material analyzed or generated during this investigation are
included in this manuscript. The raw data can be requested from email of Eid:
eidsalama2000@gmail.com.

Competing interests
The author declares no competing interests.

Author details

! Chemistry Department, College of Science and Arts, Jouf University,
Qurayyat, Kingdom of Saudi Arabia. 2 Chemistry Department, Faculty of Sci-
ence, Suez Canal University, Ismailia, Egypt.

Received: 24 November 2019 Accepted: 7 April 2020
Published online: 20 April 2020

References
1. Santosh R, Prabhu A, Selvam MK, Krishna PM, Nagaraja GK, Rekha PD
(2019) Design, synthesis, and pharmacology of some oxadiazole and



Salama BMC Chemistry

(2020) 14:30

hydroxypyrazoline hybrids bearing thiazoyl scaffold: antiproliferative
activity, molecular docking and DNA binding studies. Heliyon 5:1-30
Chenna-Reddy ML, Khan FRN, Saravanan V (2019) Facile synthesis

of N-1,2,4-oxadiazole substituted sulfoximines from N-cyano sulfoxi-
mines. Organ Biomol Chem 17:9187-9199

Siddiqui T, Alam MG, Dar AM (2015) Synthesis, characterization and
anticancer studies of new steroidal oxadiazole, pyrrole and pyrazole
derivatives. J Saudi Chem Soc 19:387-391

Koksal M, Bilge SS, Bozkurt A, Sahin ZS, Isik S, Erol DD (2008) Syn-

thesis, characterization and anti-inflammatory activity of new
5-(3,4-dichlorophenyl)-2-(aroylmethyl) thio-1,3,4-oxadiaxoles. Arzneimit-
telforschung 58:510-514

Zareef M, Igbal R, De Dominguez NG, Rodrigues J, Zaidi JH, Arfan M,
Supuran CT (2007) Synthesis and antimalarial activity of novel chiral and
achiral benzenesulfonamides bearing 1,3,4-oxadiazole moieties. J Enzym
Inhibit Med Chem 22:301-308

Holla BS, Gonsalves R, Shenoy S (2000) Synthesis and antibacterial studies
of a new series of 1,2-bis(1,3,4- oxadiazol-2-yl)ethanes and 1,2-bis(4-
amino-1,2,4-triazol-3-yl)ethanes. Eur J Med Chem 35:267-271

Zarghi A, Tabatabai SA, Faizi M, Ahadian A, Navabi P, Zanganeh V, Shafiee
A (2005) Synthesis and anticonvulsant activity of new 2-substituted-
5-(2-benzyloxyphenyl)-1,3,4-oxadiazoles. Bioorgan Med Chem Lett
15:1863-1865

Zareef M, Igbal R, Al-Masoudi NA, Zaidi JH, Arfan M, Shahzad SA (2007)
Synthesis, anti-HIV, and antifungal activity of new benzensulfonamides
bearing the 2, 5-disubstituted-1, 3, 4-oxadiazole moiety. Phosphorus
Sulfur Silicon Relat Elem 182:281-298

ChavanV, Sonawane S, Shingare M, Karale B (2006) Synthesis, characteri-
zation, and biological activities of some 3,5,6-trichloropyridine deriva-
tives. Chem Heterocycl Compounds 42:625-630

Amr AE-GE, Mohamed SF, Abdel-Hafez NA, Abdalla MM (2008) Antian-
exiety activity of pyridine derivatives synthesized from 2-chloro-6-hy-
drazino-isonicotinic acid hydrazide. Monatshefte fir Chemie-Chemical
Monthly 139:1491

. Zheng X, Li Z, Wang Y, Chen W, Huang Q, Liu C, Song G (2003) Syntheses

and insecticidal activities of novel 2,5-disubstituted 1,3,4-oxadiazoles. J
Fluor Chem 123:163-169

Macaev F, Rusu G, Pogrebnoi S, Gudima A, Stingaci E, Vlad L, Shvets N,
Kandemirli F, Dimoglo A, Reynolds R (2005) Synthesis of novel 5-Aryl-
2-thio-1,3,4-oxadiazoles and its structure-anti-mycobacterial activity
study. Bioorgan Med Chem 13:4842-4850

20.

21.

22.

Page 8 of 8

. Farghaly A-R, El-Kashef H (2006) Synthesis of some new azoles with antivi-

ral potential. Arkivoc 11:76-90

. Medina JM (2017) Harnessing cyclic alkynes for the synthesis of hetero-

cyclic compounds and nickel-catalyzed CC bond forming reactions from
amide derivatives. University of California, Los Angeles

. LiuF, Luo X-Q, Song B-A, Bhadury PS, Yang S, Jin L-H, Xue W, Hu D-Y (2008)

Synthesis and antifungal activity of novel sulfoxide derivatives containing
trimethoxyphenyl substituted 1,3,4-thiadiazole and 1,3,4-oxadiazole
moiety. Bioorgan Med chem 16:3632-3640

. El-Essawy FA, Khattab AF, Adel A-H (2007) Synthesis of 1,2,4-Triazol-

3-ylmethyl-, 1,3,4-Oxa-, and -Thiadiazol-2-ylmethyl-1H-[1,2,3]-triazolo[4,5-
dlpyrimidinediones. Monatshefte fir Chemie-Chemical Monthly
138:777-785

. Kumar A, D'Souza SS, Gaonkar S, Rai KL, Salimath BP (2008) Growth

inhibition and induction of apoptosis in MCF-7 breast cancer cells by a
new series of substituted-1, 3, 4-oxadiazole derivatives. Invest New Drugs
26:425-435

. Narayana B, Raj V, Kulangara K, Ashalatha BV, Kumari NS (2005) Synthesis

of some new 2-(6-methoxy-2-naphthyl)- 5-aryl-1,3,4-oxadiazoles as pos-
sible non-steroidal anti-inflammatory and analgesic agents. Arch Pharm
338:373-377

. Faisal SMW, Alam AK; Sajed MN (2017) Study of antibiotic sensitivity

pattern of Salmonella typhi and Salmonella paratyphiisolated from blood
samples in Dhaka city. Pharma Innov J 6(1):93-97

Langridge GC, Fookes M, Connor TR, Feltwell T, Feasey N, Parsons BN,
Seth-Smith HM, Barquist L, Stedman A, Humphrey T (2015) Patterns of
genome evolution that have accompanied host adaptation in Salmo-
nella. Proc Natl Acad Sci 112:863-868

Crump JA, Mintz ED (2010) Global trends in typhoid and paratyphoid
fever. Clin Infect Dis 50:241-246

Jackson BR, Igbal S, Mahon B, C. f. D. Control and Prevention (2015)
Updated recommendations for the use of typhoid vaccine—Advisory
Committee on Immunization Practices, United States, 2015. MMWR Morb
Mortal Wkly Rep 64:305-308

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Synthesis of new 2-amino-1,3,4-oxadiazole derivatives with anti-salmonella typhi activity evaluation
	Abstract 
	Introduction
	Results and discussion
	Structure confirmation
	Antibacterial activity
	Experimental
	Synthesis of 5-(4-bromobenzyl)-1,3,4-oxadiazole-2-amine (1) and 5-(3-nitrophenyl)-1,3,4-oxadiazole-2-amine (2)
	5-(4-Bromobenzyl)-1,3,4-oxadiazole-2-amine 1
	5-(3-Nitrophenyl)-1,3,4-oxadiazole-2-amine 2

	Reaction of oxadiazoles 1 and 2 with acid chlorides derivatives
	Methyl-4-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-ylcarbamoyl)benzoate 3
	N-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-3-nitrobenzamide 4
	N-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-4-methoxybenzamide 5
	4-tert-Butyl-N-(5-(3-nitrophenyl)-1,3,4-oxadiazole-2-yl)benzamide 6

	Reaction of oxadiazole-2-amine 1 and 2 with chloroacetyl chloride
	N-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-2-chloroacetamide 7
	N-(5-(3-nitrophenyl)-1,3,4-oxadiazole-2-yl)-2-chloroacetamide 8

	Synthesis of thiazolidin-4-ones 9 and 10
	2-(5-(4-bromobenzyl)-1,3,4-oxadiazol-2-ylimino)thiazolidin-4-one 9
	2-(5-(3-nitrophenyl)-1,3,4-oxadiazole-2-ylimino)1,3-thiazolidin-4-one 10

	Reaction of 7 with aromatic thiols
	N-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-2-(benzo[d]thiazol-2-ylthio)-acetamide 11
	2-(4,5-dihydrothiazol-2-ylthio)-N-(5-(4-bromo-benzyl)-1,3,4-oxadiazole-2-yl)-acetamide 12

	Synthesis of 1-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-3-(3-chloro-phenyl)urea 13
	1-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-3-(3-chloro-phenyl)urea 13
	Reaction oxadiazole-2-amine 1 with amino acid
	tert-Butyl-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-ylcarbamoyl)methyl-carbamate 14
	tert-Butyl-1-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-ylcarbamoyl)-2-phenyl-ethylcarbamate 15

	Deprotection of N-protected group in compound 14 and 15
	N-(5-(4-bromobenzyl)-1,3,4-oxadiazole-2-yl)-2-aminoacetamide 16
	N-(5-(4-bromo-benzyl)-1,3,4-oxadiazole-2-yl)-2-amino-3-phenylpropanamide 17


	Conclusion
	Acknowledgements
	References




