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Considering the promising antimicrobial activity of compounds bearing the thiazole or the oxadiazole rings
in their structures, we set out to obtain new antimicrobial molecules bearing the 2-(thiazol-5-yl)-1,3,4-
oxadiazole schaffold. The structures of the 8 new compounds obtained was confirmed by physicochemical
characterization including: *H-NMR, MS and elemental analysis. Antimicrobial activity was investigated
against 5 Gram-positive bacterial strains, 2 Gram-negative bacterial strains and 2 fungal strains. The newly
synthesized compounds showed modest antimicrobial activity.
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Developing new antimicrobial drugs is a key concern as
the emergence of multi-drug, extended-drug and pan-drug
resistance among bacterial and fungal pathogens is a
worldwide health threat [1].

Thiazole containing molecules have a highly versatile
biological activity. The thiazole nucleus is present in some
already approved medicines like: xanthine oxidase
inhibitors (Febuxostat), NSAIDs (meloxicam), H, receptor
antagonists (nizatidine), leukotriene receptor antagonists
(cinalukast), dopamine agonists (pramipexol) as well as
a series of antimicrobial agents (abafungin, acinitrazole,
aztreonam, ceftriaxone) or antineoplastic drugs
(bleomycin, tiazofurin) [2,3]. However, a great deal of
interested is still bestowed upon this molecular moiety by
current research [4] that aims at identifying new lead
compounds to act as: antineoplastic agents [5-9],
prostaglandin receptor antagonists [10], antiprotozoal
drugs [11,12] or antimicrobial agents [13]. Alongside
thiazole, oxadiazole is also a versatile moiety present in a
series of antimicrobial agents [14,15]. Given our research
group’s previous expertise concerning thiazole based
antimicrobial agents [16-24], we decided to synthesize a
new series of thiazolyl-1,3,4-oxadiazole derivatives in order
to reunite the potential antimicrobial benefit of the 2 nuclei
into a new scaffolds. As such we set out to obtain new
compounds that have a common motif of 2-(4-methyl-2-
phenylthiazol-5-yl)-5-aryl-1,3,4-oxadiazole with various
substituents at 5 aryl moiety. In this manner, we wanted to
investigate the importance and impact of both: common
scaffold and substituents, on antimicrobial activity.

Experimental part
Chemistry

All chemical reagents and solvents used in the synthesis,
isolation and purification process were of analytical grade
purity and were purchased from Alfa Aesar (Karlsruhe,
Germany). Initial reaction progress monitoring and initial
purity assessment were performed using Silica Gel thin
layer chromatography sheets and UV visualization. The
melting points are uncorrected and were obtained by using
an Electrothermal 9100 melting point apparatus. The H-
NMR were recorded on a Bruker Avance NMR
spectrometer, operating at 500MHz, in DMSO-d6 as solvent.
Chemical shift values are reported in & units, relative to
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TMS as internal standard. Elemental analyses were
performed by an Elemental Analyser Systeme GmbH
VarioEL. MS spectra were recorded on a LC-MSD-Trop-VL
mass spectrophotometer.

Synthesis of ethyl 4-methyl-2-(pyridin-3-yl)-thiazole-5-
carboxylate (A)

To a solution of thiobenzamide (13.7 g, 0.1 mol) in 40
mL ethanol an equimolar quantity of ethyl-2-
chloroacetoacetate (16.45 g, 0.1 mol) was added and it
was refluxed for 5 h. The reaction mixture was cooled to
room temperature and neutralized with sodium hydrogen
carbonate. The solid obtained was filtered, washed with
water and then with acetone and recrystallised from
ethanol [25,26].

Synthesis of the 4-methyl-2-phenylthiazole-5-carbo-
hydrazide (B)

The solution obtained by dissolving 10 mM of the
corresponding ester in 4 mL ethanol was treated with 5
mL hydrazine hydrate and refluxed for 5h. The resulting
mixture was allowed to cool overnight and then poured
over ice water. The resulting solid was filtered and washed
with water in order to yield the pure compound [25,26].

General procedure for the synthesis of the 2-(4-methyl-2-
phenylthiazol-5-yl)-5-aryl-1,3,4-oxadiazoles (C1-8)

A mixture of the 4-methyl-2-phenylthiazole-5-
carbohydrazide (0.001 M) and the appropriate aromatic
acid (0.001 M) was refluxed in 3 mL phosphorus oxychloride
for 8 h. The reaction mixture was allowed to cool down
and then slowly poured over crushed ice. The resulting
mixture was neutralized with solid sodium hydrogen
carbonate and kept overnight. The solid that separated was
filtered, washed with cold water and recrystallised from
methanol.

Biological Assays. The in vitro qualitative screening of the
antimicrobial activity

The in vitro qualitative screening of the antimicrobial
activity was carried out by an adapted agar disk diffusion
technique using a bacterial suspension of 0.5 McFarland
obtained from 24 h cultures. The antimicrobial activities of
the newly synthesized compounds were determined
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against: 5 reference Gram-positive microbial strains
(Enterococcus faecalis ATCC 29212, Staphylococcus
aureus ATCC 6538, Staphylococcus aureus BAA 1026,
Staphylococcus saprophyticus, Bacillus subtilis ATCC
6633), 2 reference Gram-negative microbial strains
(Escherichia coli ATCC 8739 and Pseudomonas aeruginosa
ATCC 27853) as well as 2 fungal strains (Candida albicans
ATCC 10231 and Candida parapsilopsis ATCC 22019).

The antimicrobial activity was tested on Mueller-Hinton
Agar (MHA) medium, while yeast peptone glucose (YPG)
medium was used in the case of Candida spp.. The
compounds or standards (ciprofloxacin, fluconazole) were
solubilised in dimethylsulfoxide to a final concentration of
10 mg/mL. A volume of 5uL of each tested compound
solution was distributed directly on the solid medium
previously seeded with the microbial inocula. The
inoculated plates were incubated for 24 h at 37 °C.
Antimicrobial activity was assessed by measuring the
growth inhibition zones diameters expressed in mm
[21,22,27].

Results and discussions
Chemistry

The 3 step reaction path used proved very efficient as it
was characterized by high yields. The first step of the
synthesis was a Hantzsch condensation between
thiobenzamide and the alpha-keto carbonyl component
represented by ethyl-2-chloroacetoacetate. This led to the
formation of a new thiazole ring with an ethyl carboxylate
substituent in the 5 position. The ester derivative (A) was
then transformed in the corresponding 5-carbohydrazide
(B) by reflux with hydrazine hydrate. The structural variety
of the 2-(thiazol-5-yl)-1,3,4-oxadiazole final products was
due to the various aromatic carboxylic acids used in the
last condensation reaction, as shown in figure 1.

All new compounds presented spectral data consistent
with the proposed structure and elemental microanalysis
within 0.4% of the theoretical values, as described in the
following paragraphs.

2-(4-Methyl-2-phenylthiazol-5-yl)-5-phenyl-1,3,4-
oxadiazole (C1)

Yellow green powder. Yield 65%. m.p. 220 °C. *H NMR
(DMSO-d6, 500 MHz, ppm): & 8,15 (dd, 2H, C, and C_ 5
Ph), 8.01 (dd, 2H, 2-Ph), 7.52 (m, 6H, 2-Ph and 5-Ph), 7,35
(dd, 2H, Ph-CI), 2.84 (s, 3H, Tz-CH ) Anal. calcd. (%) for
C,H,.N.OS (319.08). C, 67. 69 H, 4°10; N, 13.16; S, 10.04.
Found: T, 67.58; H, 4.19; N, 1305 S, 11.04, MS(EI 70eV):
m/z 320,3 (M+1)

2-(1-(4-isobutylphenyl)ethyl)-5-(4-methyl-2-
phenylthiazol-5-yl)-1,3,4-oxadiazole (C2)

Yellow powder. Yield 70%. m.p. 285 °C. *H NMR (DMSO-
d6, 500 MHz, ppm): & 8.02 (dd, 2H, 5-Ph), 7.52 (m, 3H, 5-
Ph), 7,28 (dd, 2H, 2-Ph), 7,17 (dd, 2H, 2-Ph), 4,57 (q, 1H,
CH-CH,), 3,33 (d, 3H, CH-CH,), 285(s 3H, Tz-CH,), 245
(d, 2H,’ -CH,-CH-(CH,),), 17(m 1H, CH CH(CH)) 0,85
(dd, 6, CH.-CH- (CH3)2) Anal. calcd. (%) for C, H.N.OS
(403,17): ¢, 71.43; F176.24; N, 10.41; S, 7.95. FouRd’ C,
71.30; H, 6.16; N, 10, 48 S, 7.76. MS (EI, 70eV): m/z 4044
(M+1).

2-(4-chlorophenyl)-5-(4-methyl-2-phenylthiazol-5-yl)-
1,34-oxadiazole C(3)

Yellow powder. Yield 75%. m.p. 190 °C. *H NMR (DMSO-
d6, 500 MHz, ppm): & 8,20 (dd, 2H, C, and C,Ph-Cl), 8.02
(dd 2H, Ph), 7.50 (m, 3H, Ph), 7,35 (dcf 2H, Ph- -Cl), 2.84 (s,
3H, Tz- CH) Anal. calcd. (%) for C H,,CIN,0S (353,04): C,
61.10; H, 342; Cl, 10.02; N, 11.88; $: 9:06. Found: C, 61.25:
H, 3.2; CI 10.15; N, 11.98; S, 9.16 . MS (El, 70eV): m/z
354,4 (M+1).

2-(4-methyl-2-phenylthiazol-5-yl)-5-(3-nitrophenyl)-
1,3 4-oxadiazole (C4)

White powder. Yield 65%. m.p. 221 °C. *H NMR (DMSO-
d6, 500 MHz, ppm): 8 8.679 (s, 1H, C, Ph-NO,), 8.472 (m,
2 H, C, and C_ din Ph-NO,), 8.02 (dd, 2H, Ph). 7.917-7.948
(t, 1H C PhNO) 754(m 3H, Ph), 284(s 3H, Tz-CH,).
Anal. calcd. (%)?orC H.N,O S(364 06): C, 59. 33 H, 3.32;
N, 15.38; S, 8.80. Found: €, 5953; H, 3.55; N, 15.18; S, 8.89.
MS (EI, 70eV): m/z 3654 (M-+1).

2-(2-chlorophenyl)-5-(4-methyl-2-phenylthiazol-5-yl)-
1,3/4-oxadiazole (C5)

Yellow powder. Yield 70%. m.p. 219 °C. *H NMR (DMSO-
d6, 500 MHz, ppm): & 8,15 (d, 1H, C, Ph-Cl), 8.0 (dd, 2H,
Ph) 7.52 (m, 3H, Ph), 730740(m 3ﬁ Ph-Cl), 2.84 (s, 3H,
Tz-CH,). Anal. calcd. (%) for C H CIN.OS (353,04): C,
61.10; 14 3.42; Cl,10.02; N, 11.88;'S, 6.06. Found: C, 61.15;
H, 3.28; Cl, 10.19; N, 11.94; S, 9.26. MS (El, 70eV): m/z
354,7 (M+1).

2-(4-methyl-2-phenylthiazol-5-yl)-5-(2-nitrophenyl)-
1,3,4-oxadiazole (C6)

White powder. Yield 75%. m.p. 179°C. *H NMR (DMSO-
d6, 500 MHz, ppm): & 8,25 (m, 3H, C,Ph-NO,), 8.04 (dd,
2H, Ph), 755(m 3H, Ph), 7,30 (t, 1H, Ph- NO)284(s 3H,
Tz- CH) Anal. calcd. (%) pentru C_H NO§(364 06): C,
59.33; H, 3.32; N, 15.38; S, 8.80. Found: C, 59.45; H, 3.59;
N, 15.28: S, 8.71 . MS (El, 70eV): m/z 365,7 (M-+1).
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Fig. General synthesis procedure and
structures for the new 2-(thiazol-5-yl)-
1,3,4-oxadiazoles
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Table 1
THE ANTIMICROBIAL ACTIVITY OF THE TESTED COMPOUNDS EXPRESSED AS MICROBIAL GROWTH INHIBITION MDIAMETERS (mm)
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2-(4-methoxyphenyl)-5-(4-methyl-2-phenylthiazol-5-yl)-
1,3 4-oxadiazole (C7)

Yellow powder. Yield 75%. p.t. 285°C. *H NMR (DMSO-
d6, 500 MHz, ppm): 8 8.04 (dd, 2H, Ph), 7.75 (dd, 2H, Ph-
OCH,), 7.55 (m, 3H, Ph), 7.0 (dd, 2H, Ph-OCH,), 3.75 (s,
3H, OCH) 2.80 (s 3H, Tz-CH,). Anal. calcd. (%) for
C19H15N OS(349 09): C, 5. 31, H 4.33; N, 12.03; S, 9.18 .
Found: C “65. 39; H, 4.35; N, 12. 23 S, 9.38. MS (EI 70eV):
m/z 350,7 (M+1)

2-(4-methyl-2-phenylthiazol-5-yl)-5-(pyridin-4-yl)-1,3 4-
oxadiazole (C8)

Pale yellow powder. Yield 75%. m.p. >360 °C. 'H RMN
(DMSO-d6, 500 MHz, ppm): & 8.472 (dd, 2 H, 8.84 C, and
C, from Py) 8.43(dd, 2H,C,’iC_Py), 8.02 (dd, 2H Ph) 7.54
(M, 3H, Ph), 2.84 (s, 3H, Tz-CH,). Anal. calcd. (%) for
C,H,,N,0S (320.07): C, 63.73; H, 378 N, 17.49; S, 10.01.

Found: C 63.53; H, 3.88; N, 17.59; S, 10. 21, MS (El, 70eV):
m/z 321,6 (M+1)

The *H-NMR spectra of the compounds show an
abundance of signals in the interval & 7.5-8.7
corresponding to the numerous protons from the aromatic
rings. Acommon element of all the spectra is represented
by the signal of the 3 protons in the thiazole 4-methyl group
at § 2.84. Characteristic signals can be found in C2, due to
a multitude of aliphatic protons, and in C7, due to the
methoxy group that provides a singlet 3H at & 3.75.

Biological evaluation

The in vitro qualitative screening of the antimicrobial
activity showed an overall modest activity for the tested
compounds, as can be seen from table 1. Antibacterial
activity was varied with the most promising being that of
C1 against B. subtilis. Generally the tested molecules
performed better against Gram-positive strains than
against Gram-negative strains.
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The weakest activity was observed against the fungal
strains, with practically no activity against C. parapsilopsis.

Although most of the tested compounds showed a
certain degree of antimicrobial action it was modest in
comparison with the activity of the standard substances
used. This may indicate that the new molecules could be
active only at higher concentrations. Also it is imperative
to analyze the antimicrobial data from these findings and
corroborate them with our previous results in order to
highlight some structure-activity relationships that can
eventually lead to better agents.

Conclusions

A series of 8 new thiazolyl-oxadiazoles were synthesized
and characterized via H-NMR, mass spectrometry and
elemental analyses. The structures of all new compounds
were verified and confirmed. Also, a preliminary biological
evaluation was performed under the form of an in vitro
qualitative antimicrobial activity screening. Despite their
structural similarities with other active compound the new
molecule seem to have limited antimicrobial effect.
Further molecular modeling must be undertaken in order
to generate new molecules with improved antimicrobial
effect.
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