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Abstract

A series of hydrazide hydrazones and 1,3,4-oxadiazolines of 4-fluorobenzoic acid hydrazide were prepared and evaluated as
potential antimicrobial agents and were tested for their antibacterial and antifungal activities against Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa and Candida albicans. From these compounds, 4-fluorobenzoic acid[(5-nitro-2-
furanyl)methylenelhydrazide (1a) showed equal activity with ceftriaxone against S. aureus. In addition, the MIC values of
compounds 1c¢, 1d and 2a for the same strain were in the range of those reported for ceftriaxone according to NCCLS 1997.
© 2002 Editions scientifiques et médicales Elsevier SAS. All rights reserved.
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1. Introduction

Hydrazone derivatives are reported to possess an-
timicrobial [1], antitubercular [2], anticonvulsant [3] and
anti-inflammatory [4] activities. 3-Acetyl-2,5-disubsti-
tuted-2,3-dihydro-1,3,4-oxadiazolines are also known to
exhibit antimicrobial [5,6] activity. Following these ob-
servations, we have designed and synthesized a series of
4-fluorobenzoic acid(substituted methylene) hydrazides
and 3-acetyl-2,5-disubstituted-2,3-dihydro-1,3,4-oxadia-
zoles. These derivatives were evaluated in vitro for their
antimicrobial activity against Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa and Candida
albicans.

* Corresponding author.
E-mail address: sevim@sevimrollas.com (S. Rollas).

2. Experimental
2.1. Chemistry

Melting points were determined by using a Buchi-530
melting point apparatus and are uncorrected. Spectro-
scopic data were recorded on the following instruments:
UV: Shimadzu UV 2100S spectrophotometer, IR:
Perkin Elmer 1240 and 1600 FTIR spectrophotometers,
'H NMR and *C NMR: Bruker AC 200L spectrome-
ter, E1 MS: VG Zabspec GC MS spectrometer. Elemen-
tal analyses were performed by Carlo Erba 1106
instrument. The purity of the compounds was confir-
med by thin layer chromatography on silica gel HF,5,
(Merck).

2.1.1. 4-Fluorobenzoic acid(substituted
methylene)hydrazide la—d

Equimolar amounts of 4-fluorobenzoic acid hydra-
zide (0.005 mol) and appropriate aldehyde (0.005 mol)
were refluxed in ethanol (25 ml) for 1 h. The mixture
was cooled, filtered and recrystallized from ethanol.
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2.1.1.1. 4-Fluorobenzoic acid[(5-nitro-2-furanyl)methyl-
enejhydrazide (1a). '"H NMR (DMSO-d) § (ppm): 7.24
(d, TH, Hs.ivorurany Cs—H, J=3.82), 7.37 (t, 2H,
Hynuorophenyy Ci—H, Cs—H, J=28.69), 7.75 (d, 1H,
Hs niroturanyy  Co=H,  J=3280), 799 (dd, 2H,
Hy fuorophenyts Co—H, Ce—H), 8.40 (s, 1H, N=CH), 12.13
(s, 1H, CONH).

2.1.1.2.  4-Fluorobenzoic  acid[(4-nitrophenyl)methyl-
enejhydrazide (1b). '"H NMR (DMSO-d,) § (ppm): 7.38
(t, 2H, Hy_puorophenys C3—H, Cs—H, J = 8.82), 8.01 (t, 4H,
Hy fworophenyts Co—H, Ce—H and Hynivrophenyt  Co—H,
Cs—H), 8.31 (d, 2H, Hy nirophenyt Cs—H, Cs—H, J = 8.69),
8.55 (s, 1H, N=CH), 12.11 (s, IH, CONH). EI MS [m/z
(rel.%)]: 288(11), 287(48), 165(21), 139(62), 124(100),
123(62), 122(18), 121(13), 118(35), 102(7), 96(35),
95(62), 94(22), 91(17), 83(51), 77(11), 75(66), 65(6),
63(37).

2.1.2. 3-Acetyl-5-(4-fluorophenyl)-2-substituted-2,3-
dihydro-1,3,4-oxadiazole 2a—d

A mixture of 1la—d (0.003 mol) and acetic anhydride
(6 ml) were refluxed at 140-200 °C for 45 min. The
solution was poured into ice cold water and the solid
was recrystallized from ethanol or ethanol/water (1/1).

2.1.2.1.  3-Acetyl-5-(4-fluorophenyl)-2-(5-nitro-2-fura-
nyl)-2,3-dihydro-1,3,4-oxadiazole  (2a). 'H NMR
(CDCl,) ¢ (ppm): 2.38 (s, 3H, COCH,;), 6.81 (d, 1H,
Hs itroturanyt C3—H, J =3.78), 7.08 (s, IH, OCHR), 7.15
(t, 2H, Hygyorophenys Cs—H, Cs—H, J=18.59), 7.30 (d,
IH, Hsivorurany Ca—H, J=3.69), 7.88 (dd, 2H,
Hy fuorophenys  Co—H, Cg—H). EI MS [m/z (rel.%)]:
320(5), 319(28), 277(57), 165(19), 154(6), 139(12),
138(35), 137(26), 124(30), 123(100), 122(5), 121(7),
95(68), 94(7), 83(16), 79(25), 75(20), 57(7).

2.1.2.2.  3-Acetyl-5-(4-fluorophenyl)-2-(4-nitrophenyl)-
2,3-dihydro-1,3,4-oxadiazole (2b). '"H NMR (CDCl,) ¢
(ppm): 2.35 (s, 3H, COCH,;), 7.14 (s, 1H, OCHR), 7.16
(t, 2H, Hyayorophenyr Cs—H, Cs—H, J=8.71), 7.68 (d,
2H, Hy pivvophenyt Co—H, Ce—H, J=18.75), 7.90 (dd, 2H,
H4-ﬂuorophenyl’ C27Ha C67H)a 8.27 (da 2H> H4—nitrophenyl
Cs-H, Cs-H, J=138.75). 3C NMR (CDCl;) 6 (ppm):
21.33 (COCH;), 9091 (oxadiazoline C,), 115.98,
116.92 (Cy nuoropensts Cor €)1 12012 (Co uonopensts €1
124.02 (Cy nigoptenst Cor C3): 127.23 (Coaitroppenst Co. Co):
129.24, 12941  (Cypuorophenys  Car  Co), 14221
(C4»nitropheny1 Cl )’ 1 48 25 (C4-nitropheny1 C4) s 1 62 . 30
(oxadiazoline Cs), 167.21 (Cygyorophenyrr Ca)s 168.79
(COCH,).

2.2. Microbiology

All of the compounds synthesized were screened in
vitro for antimicrobial activity by microdilution suscep-

tibility method. In the determination of antibacterial
activity S. aureus ATCC 29213, E. coli ATCC 25922
and P. aeruginosa ATCC 27853 were used as the refe-
rence strains and Mueller—Hinton Broth (pH 7.3) was
used as the medium. In the investigation of antifungal
activity, C. albicans ATCC 2091 and Yeast Nitrogen
Base (pH 7) were used.

All the compounds were dissolved in DMSO and
concentration were compared with those of ceftriaxone
(Roche) and miconazole (Sigma) as reference antibacte-
rial and antifungal agents, respectively. Ceftriaxone
were used at concentration of 0.015-32 pg/ml, 0.0019—
3.84 pg/ml and 0.12-256 pg/ml against S. aureus, E.
coli and P. aeruginosa, respectively. For the limit of
MIC ranges of miconazole for C. albicans, concentra-
tions 0.05-100 pg/ml were examined. Each test was
performed twice and the average of the results was
calculated [7-9].

3. Results and discussion

The synthetic pathway followed for the preparation
of the compounds is represented in Scheme 1. 4-Fluo-
robenzoic acid(substitutedmethylene)hydrazides (1a—d)
were prepared by condensation of 4-fluorobenzoic acid
hydrazide with appropriate aldehydes [10]. 3-Acetyl-
2,5-disubstituted-2,3-dihydro-1,3,4-oxadiazoles (2a—d)
were then synthesized by heating these compounds
(1a—d) with acetic anhydride [11]. The structure of the
synthesized compounds was elucidated using UV, IR,
'"H NMR (1a, 1b, 2a, 2b), '3C NMR (2b) and mass (1b,
2a) spectroscopic methods besides elemental analyses
(Table 1). The IR spectra of 1a—d showed hydrazone
N-H bands in 3210-3170 cm ! and C=O bands in
1680—1670 cm ~ ! region. '"H NMR spectra of 1a and 1b
showed two signals in the ¢ 8.40, 8.55 ppm and ¢ 12.13,
12.11 ppm which were attributed to the N=CH and NH
protons, respectively [12,13]. The EI-MS spectrum of
selected prototype 1b showed the molecular ion at m/z
287 and this fragmentation pattern was also cited in
similar structures [14,15]. IR spectra of 2a—d had diffe-
rent characteristics as they showed no N-H stretching
bands and only C=O bands in the 1685-1674 cm !
region which were attributed to the C=O stretching of
acetyl group. '"H NMR spectra of 2a,b displayed the
O-CHR~-N resonance of the oxadiazoline ring in the ¢
7.08, 7.14 ppm in accordance with the literature [16].
The formation of the oxadiazolines was further sup-
ported by recording the '*C NMR spectrum of selected
compound 2b. While the N=CH carbon of the com-
pounds in the hydrazone structures were observed at ¢
143.5-149.8 ppm in their '*C NMR spectra; the same
carbon atoms (OCHR-N) were observed at ¢ 89.5-
91.7 ppm after cyclization of oxadiazoline ring [16,17].
In the *C NMR of 2b, this signal was also observed at
6 90.91 ppm due to the sp> hybridization. The EI MS
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Scheme 1.

spectrum of 2a showed the molecular ion peak at m/z
319 corresponding to C,,H,,FN;O5 and the base peak
at m/z 123. The possible fragmentation pattern was in
accordance with the literature values [18].
Antimicrobial activities of the hydrazide hydrazones
(1a—d) and 1,3,4-oxadiazolines (2a—d) listed in Table 2

Table 1
Some characteristics of 1a-d and 2a-d

were evaluated against S. aureus, E. coli, P. aeruginosa
and C. albicans by the microdilution susceptibility
method [7-9]. In our work, the MIC value of the
ceftriaxone was 2 pg/ml for the S. aureus strain. Ac-
cording to NCCLS 1997, the MIC value of ceftriaxone
is 1-8 pg/ml for the same strain [9]. From the

Comp. R Yield m.p.[°C] UV (EtOH) IR (KBr) [em™] Formula Elemental Analysis
[%] A max, nm NH C=0 (mol. Mass) calc./ found.
%C  %H %N

la - :o: o, 91 243° 202,276 3170 1670 CHsFN3;O4 51.99 291 15.16
(sh), 359 277.214) 51.99 281 1523

—<: :>—N
1b 87  239-240° 204, 329 3180 1680 C14HoFN;05 58.54 3.51 14.63
(287.25) 58.77 3.42 1445
I @ 87 196* 203, 226 3210 1675 C14H;0FN30; 58.54 3.51 14.63
No, (sh), 342 (287.25) 5820 3.59 1442
1d Q Y83 2442450 206, 293 3175 1675 C4HoFN4O:s 50.61 2.73 16.86
ON (332.252) 51.05 2.68 16.51
2a - :0: Mo, 63 175-178° 202, 220 - 1678 Cy4HoFN305 52.67 3.16 13.16
(sh), 271 (319.25) 5273 3.05 13.32
2b C " 66 121° 203, 220 - 1675 Ci6H2FN;04 5836 3.67 12.76
(sh), 271 (329.30) 58.13 3.61 12.65
2¢ -@ 65 144-145° 206, 289 - 1685 Ci6H12FN;04 5836 3.67 12.76
NO, (329.30) 57.89 3.56 12.67
2d >/__\_/ Y69 166° 205, 226, - 1674 Ci6H11FN,4Op 51.34 296 1497
o 263 (374.30) 5115 2.83 1473

@ Recrystallized from ethanol.
® Recrystallized from ethanol-water (1/1).
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Table 2
Antimicrobial activity of 1a-d and 2a-d

Comp. MIC values (pg/ml)

S. aureus ATCC 29213

E. coli ATCC 25922

P. aeruginosa ATCC 27853 C. albicans ATCC 2091

1a 2 250

1b 16 250

1c 8 125

1d 4 125

2a 8 250

2b 62.5 500

2c 16 250
2d 125 125
Ceftriaxone 2 0.06
Miconazole

250 62.5
125 125
125 125
125 125
250 8
250 250
250 250
125 125
8
0.05

synthesized compounds, 1a, 1c¢, 1d having hydrazone
structure and 2a in the structure of 3-acetyl-1,3,4-oxa-
diazoline were found to have reasonable activity against
S. aureus. In regard to structure, the most important
variable effecting the antimicrobial activity against S.
aureus was the substituted phenyl/furanylnitro group
on the hydrazone moiety. A remarkable activity was
found in compound 1d carrying 2,4-dinitrophenyl
moiety. Compound 1c¢ having meta nitrophenyl was
more active than the corresponding para nitrophenyl
derivative. The most active compound was 1a (2 pg/ml)
having 5-nitro-2-furanyl moiety. Cyclization of hydra-
zones into corresponding 3-acetyl-1,3,4-oxadiazolines
resulted in lowering their ability of antimicrobial acti-
vity against S. aureus strain. However, 1,3,4-oxadiazo-
line derivative (2a), which was the cyclization product
of 1a, exhibited a MIC value 8 pg/ml against S. aureus
and the tested strain of C. albicans. The results ob-
tained show that some of the prepared and tested
compounds, especially the nitrophenyl/furanyl deriva-
tives, may be considered promising for the development
of new antibacterial and antifungal agent.
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