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Some new benzoxazinonylhydrazone analogs derived from
substituted benzaldehydes and benzoxazin-3(4H)-one
pharmacophore have been synthesized by simple and
efficient methods, using ultrasound (US) irradiations as
well as conventional thermal heating (CTH). The treatment
of the benzoxazinonylhydrazide (3) with the corresponding
aromatic aldehyde, resulted in the formation of
benzoxazinonylhydrazones (4a—4f) in good yields and
short reaction times. The proposed structures of the
obtained hydrazone compounds were identified and
elucidated on the basis of FT-IR and nuclear magnetic
resonance ('H-NMR and "*C-NMR) spectroscopy. The
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synthesized compounds were screened in vitro for their antibacterial and antifungal activities against three types of bacteria (S.
aureus, E. coli, P. aeruginosa) and one type of fungi (C. albicans), respectively, by disc diffusion method. All of these hydrazone
compounds exhibited remarkable antifungal activity and very moderate antibacterial activity.

INTRODUCTION

The appearance of multi-drug resistant microbial
pathogens is due to the extensive use of antibiotics.'
The rapidly increasing of antimicrobial resistance
problem shown by some species of microorganism
to multiple antimicrobial drugs reported in recent
years, requiring the discovery of new molecules.
Thus, there is urgency for the discovery of new
chemical entities with enhanced activity profiles.
Among the many approaches for the discovery of
new drugs, an alternative approach for the
development of novel chemotherapeutic agents is
based on the concept of modifying the chemical
structure of the existing lead compounds.

The remarkable importance of nitrogen het-
erocycles, such as hydrazides-hydrazones has been
the focus of several recent published research
works.>™ They have been largely investigated and
extensively studied by both experimental and
computational methods,””’ that can help in the
conception and development of novel bioactive
molecules and drug entities. Furthermore, some
substituted hydrazones have been the subject of
particular consideration, because it is well known
that Schiff bases generated from hydrazides
produce hydrazone derivatives, and lead usually to
an iminic structure,® in both solution and the solid
state.” Hydrazones derived from substituted
benzaldehydes often exhibit diverse and important
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biological properties, and some of them have
considerable potential for pharmacological applica-
tions. They were also reported to have lower
toxicity than hydrazides because of the blockage of
the amino group.'’ They have also been found to
have invaluable medicinal applications including a
wide range of pharmacological effects and
biological activities, such as antibacterial activity
against various pathogenic bacterial strains.'"™"* We
noted that pyridazine derivatives, for example,
have been reported to posses various biological
activities.””'> Therefore, a large number of this
type of products have been prepared, and several
methodologies have been already reported for their
synthesis via condensation of hydrazides with
various suitably substituted benzaldehydes.'**

In recent time, many research studies directed
towards the development of new greener and eco-
friendly methodologies, for the synthesis of
heterocyclic compounds, under non-conventional
energy source have received considerable interest
because of growing environmental concerns. In this
optic, the use of sonication has emerged over recent
years as one of the most powerful strategies for green
and sustainable supports in organic synthetic
chemistry.”" > Thus, in addition to the main require-
ments mentioned above, it has been used in various
organic transformations. Ultrasound-mediated syn-
thesis of interesting heterocyclic  bioactive
compounds has produced many research studies
since its discovery. Several methods reported in the
literature have mentioned that many important
bioactive molecules can easily be synthesized, from
readily available starting materials under ultrasonic
irradiations.””” For example, I. 1. Mangalagiu
et al”®** in their recently published research papers
have presented several contributions concerning the
chemical applications of ultrasound irradiation
“Sonochemistry”, in the synthesis of a variety of
biologically important azaheterocyclic systems. As a
result, ultrasound-assisted synthesis constitutes an
especially attractive synthetic strategy, since they
provide simple access to a large number of organic
compounds with diverse substitution patterns.

1,4-Benzoxazin-3-(4H)-one derivatives, on the
other hand, are known to possess diverse interesting
biological activities such as antimicrobial,”*
anticancer,”’ herbicidal,®® non-steroidal anti-inflam-
matory® and neuroprotective antioxidants.*'"**
Thus, a large number of compounds based on
benzoxazinone scaffold has been described and
evaluated for their antifungal and antibacterial
activities.” *® The Structure Activity Relationships
(SAR) of these compounds has also been
investigated.”’

In this context, and in an effort to pursue the
study of the structure-activity relationships of
general structure A, we report in this research
study, an efficient eco-friendly synthesis and in
vitro antibacterial as well as antifungal activities of
some novel benzoxazinonic hydrazone derivatives
(Figure 1, General structure A).
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Fig. 1 — General structure A.

EXPERIMENTAL

General

Melting points have been determined in open capillary
tubes and were uncorrected. The structure of synthesized
compounds were characterized through FT-IR, 'H and
BC-NMR spectral studies and evaluated for their antibacterial
as well as antifungal activities by disc diffusion method, using
Mueller-Hinton agar medium under described standard
conditions.*® The NMR spectra were recorded in solutions on
a Bruker AC 400 spectrometer using dimethylsulfoxide-ds and
chloroform CDCl; as solvents with TMS as internal standard,
with chemical shifts reported as (ppm). Analytical thin layer
chromatography was performed with commercial silica gel
plates 60 F254 (Merck) and visualized with UV light, using
ethylacetate/cyclohexane (8:2, v/v) solvent system as eluent.
Ultrasound assisted reactions were carried out using a
FUNGILAB ultrasonic bath with a frequency of 40 kHz and a
nominal power of 250 W. The reactions were carried out in an
open glass tube (diameter: 25 mm; thickness: 1 mm; volume:
20 mL) at room temperature. The starting compound 2H-
benzo[b][1,4]oxazin-3(4H)-one (1) was prepared according to
published protocol,”** and was used in the next step without
any further purification.

Methods and procedures for the synthesis of ethyl
(3-0x0-2,3-dihydro-4H-1,4-benzoxazin-4-yl)acetate (2)

The ethyl (3-0x0-2,3-dihydro-4H-1,4-benzoxazin-4-yl)acetate
(2) has been previously reported. We have prepared and
compared this compound from 2H-benzo[l,4]oxazin-3(4H)-
one (1) and ethyl bromoacetate in two different conditions.
The obtained compound was then recrystalized from ethanol
to give the desired product. The melting points as well as
spectroscopic data of this ethyl ester derivative are in
accordance with published data.>*"

Method A: A mixture of benzoxazin-3(4H)-one (2g,
13 mmol) and ethyl bromoacetate (3.34g, 20 mmol) in the
presence of anhydrous K,COs (3.59g, 26 mmol) was dissolved
in dry acetone and was stirred at 60°C for 2h. The progress of
the reaction was monitored by TLC. After the completions of
the reaction, the reaction mixture was filtered and the filtrate
evaporated under reduced pressure. The residue obtained was
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recrystallized from ethanol to give the suitable compound as a
white solid.

Method B: Compound (2) was synthesized in the similar
manner by a mixture of benzoxazin-3(4H)-one (2g, 13 mmol),
ethyl bromoacetate (2.67g, 16. mmol), K,CO; (0.10g,
14.37 mmol) in DMF as solvent, and the reaction was stirred
at 100°C for 2h. At the end of this period, the mixture was
diluted with water. The separated solid formed was filtered,
washed repeatedly with water and recrystallized from ethanol
to give the desired compound, which is in any point identical
to that found by method A.

Compounds 2 (method A and method B) was obtained as
white solid. Yield: method A (84%) and method B (82%); Mp
81-82°C. IR (KBr, ecm™): 1738, 2915, 2983. 'H-NMR (400
MHz, DMSO-dy): 6 = 1.26-1.29 (t, 3H, CH,-CHj;, CHjy), 4.21-
4.27 (q, 2H, -CH,-CH;, CH,) 4.65-4.68 (d, 4H, CH,COOEt,
-NCO-CH,0-, 2CH,), 6.74-7.26 (m, 4H, Ar-H). C-NMR
(100 MHz, CDCl;): 167.91 (C=0), 165.04 (C=0), 145.2,
128.76, 124.37, 123.06, 117.33, 114.53 (aromatic carbons),
67.62 (CH,), 62.00 (CH,), 43.07 (CH,), 14.27 (CH3).

Synthesis  of  2-(3-oxo-2H-benzo[b][1,4]oxazin-4(3H)-
yl)acetohydrazide (3)

A solution of the ethyl 2-(3-oxo-2H-benzo[b][1,4]oxazin-
4(3H)-yl)acetate ester (2) (2.55g, 11 mmol) in absolute
ethanol was refluxed with hydrazine hydrate (2.75g, 55 mmol)
for 3h, monitored by TLC until completion. The solid residu
was filtered out and dried to isolate the corresponding pure
2-(3-0x0-2H-benzo[b][ 1,4]oxazin-4(3H)-yl)acetohydrazide.

Compound 3 was obtained as a white solid. Yield: 83%;
Mp: 171-173°C. IR (KBr, cm™): 1593, 1670, 1693, 2850,
2893, 2920, 3055, 3217, 3259, 3298, 3332. 'H-NMR (400
MHz, DMSO-d6): 6 = 4.66-4.69 (d, 4H, CH,CONHNH,, -
NCO-CH,0-, 2CH,), 4.27-4.28 (d, 2H, NH,), 6.89-7.03 (m,
4H, Ar-H), 8.00 (s, H, NH). >C-NMR (100 MHz, CDCl):
165.9 (C=0), 164.12 (C=0), 144.43, 128.74, 123.41, 122.35,
116.23, 115.07 (aromatic carbons), 66.82 (CH,), 42.28 (CH,).

General procedure for the synthesis of N'-(substituted
benzylidene)-2(3-oxo-2H-Benzo[b] [1,4] oxazin-4(3H)-
yl)acetohydrazides (4a—4f)

Conventional method (method A): Substituted aromatic
aldehyde derivatives (1.0 equiv., 0.23 mmol) dissolved in pure
ethanol, was mixed with a boiling solution of acetohydrazide 3
(50 mg, 0.23 mmol) in the same solvent. The resulting mixture
was stirred under reflux conditions for 35 in the presence of a
catalytic amount of glacial acetic acid (2-3 drops). After the
completion monitored by TLC using ethylacetate/cyclohexane
(8:2, v/v) as eluent, the formed product was filtered off,
washed with cold ethanol and then dried. The product was in
addition purified.

Ultrasound method (method B): The procedure was similar
to that described in conventional method, except that the
mixture was placed in an open glass tube and exposed to
ultrasound irradiation (40 kHz and nominal power 250 W) at
room temperature, under catalyst-free condition for the
appropriate time until completion of the reaction (monitored by
TLC). The resulting solid was collected by filtration and
purified.

N'-(2-hydroxybenzylidene)-2-(3-oxo-2H-
benzo[b][1,4]oxazin-4(3H)-yl)acetohydrazide (4a)

Yellow powder; Yield: method A (88%) and method B
(94%); Mp: 270-271°C. IR (KBr, em™): 1573, 1608, 1622,
1693, 2850, 2943, 3074, 3425. 'H-NMR (400 MHz, DMSO-
dg): 0 4.78 (s, 2H, CH,CONHNH-, CH,), 5.05 (s, 2H, -NCO-
CH,O-, CH,), 8.85 (s, 1H, N=CH, azomethine), 8.36 (s, 1H,
N-H), 6.87-7.78 (m, 8H, Ar-H), 11.66 (s, 1H, OH). *C-NMR
(100MHz, DMSO-d6): 6 168.00 (C=0), 165.07 (C=0), 163.70

(N=C), 157.74, 147.78, 145.06, 131.97, 131.73, 129.56,
129.47, 126.83, 123.16, 120.56, 117.01, 115.98 (aromatic
carbons), 67.44 (CH,), 69.92 (CH,).

N'-(5-chloro-2-hydroxybenzylidene)-2-(3-oxo-2H-
benzo[b][1,4]oxazin-4(3H)-yl)acetohydrazide (4b)

Yellow powder; Yield: method A (74%) and method B
(86%); Mp: 290-291°C. IR (KBr, cm’): 756, 1701, 1662,
1608, 2981, 3082, 3433. 'H-NMR (400 MHz, DMSO-d,): ¢
4.77 (s, 2H, CH,CONHNH-, CH,), 5.09 (s, 2H, -NCO-CH,O-,
CH,), 8.42 (s, 1H, N=CH, azomethine), 8.29 (s, 1H, N-H),
6.91-7.80 (m, 7H, Ar-H), 11.73 (s, 1H, OH). “C-NMR
(100MHz, DMSO-d6): ¢ 168.30 (C=0), 165.05 (C=0), 163.45
(N=C), 155.63, 145.07, 140.31, 131.11, 129.55, 123.93,
123.76, 123.14, 122.49, 118.40, 116.02, 115.98 (aromatic
carbons), 67.44 (CH,), 75.92 (CH,).

N'-(3,5-di-tert-butyl-2-hydroxybenzylidene)-2-(3-oxo-2H-
benzo[b][1,4]oxazin-4(3H)-yl)acetohydrazide (4c)

Yellow powder; Yield: method A (55%) and method B
(60%); Mp: 226-227°C. IR (KBr, em™): 1589, 1612, 1670,
1687, 2908, 2962, 3051, 3232, 3440. '"H-NMR (400 MHz,
DMSO-d6): o 1.48 (s, 18H, 6 CH;), 4.75 (s, 2H,
CH,CONHNH-, CH,), 5.17 (s, 2H, -NCO-CH,0-, CH,), 8.49
(s, 1H, N=CH, azomethine), 9.18 (s, 1H, N-H), 7.02-7.95 (m,
6H, Ar-H), 11.28 (s, 1H, OH). *C-NMR (100MHz, DMSO-
d6): 6 169.53 (C=0), 168.31 (C=0), 168.08 (N=C), 165.24,
146.03, 145.74, 145.10, 145.05, 143.19, 123.88, 122.82,
117.12, 116.95, 115.43, 114.83 (aromatic carbons), 82.39 (C),
77.46 (C), 74.90 (CH,), 67.58 (CH,) ,43.11 (CH;), 40.15
(CH,), 33.64 (CH3), 31.45 (CH3), 29.42 (CH3), 25.41 (CH3).

N'-(3,5-di-tert-butyl-4-hydroxybenzylidene)-2-(3-oxo-2H-
benzo[b][1,4]oxazin-4(3H)-yl)acetohydrazide (4d)

Yellow powder; Yield: method A (68%) and method B
(91%); Mp: 240-241°C. IR (KBr, cm™): 1577.66, 1608.52,
1681.81, 2954.74, 3433.06. 'H-NMR (400 MHz, DMSO-d6):
0 1.48 (s, 18H, 6CHj;), 4.79 (s, 2H, CH,CONHNH-, CH,),
527 (s, 2H, -NCO-CH,0-, CH,), 8.59 (s, 1H, N=CH,
azomethine), 9.28 (s, 1H, N-H), 7.04-7.99 (m, 6H, Ar-H),
11.28 (s, 1H, OH). *C-NMR (100MHz, DMSO-d6): 6 169.35
(C=0), 168.21 (C=0), 168.08 (N=C), 165.54, 146.13, 145.47,
145.17, 145.05, 143.13, 123.88, 122.82, 117.19, 116.95,
115.33, 114.83 (aromatic carbons), 83.39 (C), 77.46 (C), 74.90
(CH,), 67.58 (CH,), 43.15 (CHj3;), 40.05 (CH3;), 33.64 (CHj),
31.45 (CH3;), 29.45 (CHjy), 25.47 (CHj).

2-(3-oxo0-2H-benzo[b][1,4]oxazin-4(3H)-yl)-N'-(2,4,6-
trimethoxybenzylidene)acetohydrazide (4e)

Yellow powder; Yield: method A (70%) and method B
(77%); Mp: 141-242°C. IR (KBr, em™): 1573, 1593, 1598,
1612, 1670, 1701, 2962, 3055, 3193. 'H-NMR (400 MHz,
DMSO-ds): 6 391 (s, 9H, 30CH;), 4.74 (s, 2H,
CH,CONHNH-, CH,), 5.15 (s, 2H, -NCO-CH,0-, CH,), 6.13-
7.28 (m, 6H, Ar-H), 8.10 (s, 1H, N=CH, azomethine), 8.68 (s,
1H, N-H). “C-NMR (100MHz, DMSO-d6): § 168.29 (C=0),
165.14 (C=0), 163.75 (N=C), 153.84, 152.78, 147.74, 139.94,
129.56, 123.26, 117.11, 116.84, 115.92, 113.75, 110.06,
109.82 (aromatic carbons), 88.12 (O-CHj3), 82.19 (O-CHs),
79.53 (O-CH3;), 55.95 (CH,), 67.66 (CH,).

2-(3-oxo-2H-benzo[b][1,4] oxazin-4(3H)-yl)-N'"-(3,4,5-
trimethoxybenzylidene)acetohydrazide (4f)

Yellow powder; Yield: method A (74%) and method B
(87%); Mp: 249-250°C; IR (KBr, cm™): 1581, 1608, 1677,
2943, 2974, 3186. "H-NMR (400 MHz, DMSO-dy): d 3.93 (s,
9H, 30CH,), 4.76 (s, 2H, CH,CONHNH-, CH,), 5.17 (s, 2H,
-NCO-CH,O-, CH,), 6.15-7.24 (m, 6H, Ar-H), 8.11 (s, 1H,
N=CH, azomethine), 8.88 (s, 1H, N-H), 6.15-7.24 (m, 6H, Ar-
H). *C-NMR (100MHz, DMSO-d6): § 168.27 (C=0), 165.18
(C=0), 162.75 (N=C), 153.84, 152.78, 147.74, 139.94,
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129.55, 123.26, 117.12, 116.84, 115.94, 113.57, 111.06,
108.82 (aromatic carbons), 86.15 (O-CHj3), 83.33 (O-CHs),
78.29 (O-CH3), 59.95 (CH,), 67.65 (CH,).

Biological study
Antimicrobial activity

The synthesized compounds (4a—4f) were screened for
their in vitro antibacterial and antifungal activities, against two
pathogenic Gram-negative bacteria (Escherichia Coli and
Pseudomonas aeruginosa) and one Gram-positive bacteria
(Staphylococcus aureus) as well as one fungal strain (Candida
Albicans). Ampicillin, Pénicillin and Amphotericin-B were
used as reference standards, and dimethylsulfoxide (DMSO)
was used both as a solvent and as a control (no inhibition zone
was observed in control). The minimum inhibitory concentration
(MIC) of these compounds against all bacterial and fungal
strains was determined by serial dilution method. Stock
solutions of tested compounds with 500, 200, 100 and
50 pg.mL™" concentrations were prepared with DMSO solvent.
The solutions of standard drugs Ampicillin, Pénicillin,
Amphotericin-B were prepared in concentration of 10 pg.mL"
' 6 pgmL" and 20 pgmL’ respectively. The minimum
inhibitory concentration was defined as the highest dilution
showing complete inhibition of the tested strains. The
comparison of the MICs (in pg.mL™") of potent compounds
and standard drugs against tested strains are summarized and
classified as sensitive, intermediate or resistant. Activity was
determined by measuring the diameter of the zone of
inhibition in millimeters (mm). The bacterial strains were
incubated for 24 h at 37°C, and fungi strains were incubated
for 48 h at 37°C.

RESULTS AND DISCUSSION

Chemistry

The desired hydrazone derivatives were
prepared according to the synthesis general
pathway as shown in Scheme 1, using both
conventional and Ultrasound-assisted methods.
The starting material, 1,4-benzoxazin-3-(4H)-one
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(1) was prepared according to the reported
procedures from chloroacetyl chloride and
appropriate 2-aminophenol.” N-Alkylation of 1,4-
benzoxazin-3-(4H)-one (1) with ethyl bromoacetate
in the presence of K,COj; in acetone (method A) or
DMF (method B) led to the formation of ethyl (3-
ox0-2,3-dihydro-4H-1,4-benzoxazin-4-yl)acetate
(2).%" The acid hydrazide (3) was prepared by the
reaction of ethyl (3-ox0-2,3-dihydro-4H-1,4-
benzoxazin-4-yl)acetate (2) with hydrazine hydrate
in ethanol with good yield (83%). In the final step,
compounds (4a—4f) were obtained by condensing
acid hydrazide (3) with appropriate aromatic
aldehydes in ethanol at reflux, with yields ranging
from 55-88% when synthesized by conventional
method (method A). On the other hand, the use of
the ultrasound irradiations under catalyst-free
condition (method B) has resulted in the formation
of the desired benzoxazinonylhydrazone derivatives
with a short reaction time (6—7 minutes) and good to
excellent yields (60—94%). The comparative study
for ultrasound irradiation method as well as
conventional heating, and the physicochemical data
of the synthesized compounds are presented in
Table 1.

For the prepared hydrazone derivatives (4a—4f),
reaction time and yields are much better by using
ultrasound irradiation compared to conventional
heating. Therefore, ethanol was preferred as
solvent for both conventional heating and
ultrasound irradiation. Thin layer chromatography
(TLC) was used for the purity characterization for
the synthesized hydrazone products. The chemical
structures of the synthesized compounds were
consistent with their FT-IR as well as '"H-NMR
and "C-NMR spectroscopic data (details in the
Experimental part).
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Scheme 1 — Synthesis of the target hydrazones; Reagents and conditions: A: Method A, Conventional heat, reflux, absolute ethanol,
glacial acetic acid, 35 min; B: Method B, Ultrasound irradiations, catalyst-free, absolute ethanol, 6—7 min.
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Table 1

Comparative study of the synthesized hydrazone compounds (4a—4f)

Product R "Mp (C) CH US
Time "Yield Time ‘Yield
(min) (%) (min) (%)
4a 2-OH 270-271 35 88 6 94
4b 5-Cl1,2-OH 290-291 35 74 6 86
4c 3,5-dit-2-OH 226-227 35 55 7 60
4d 3,5-dit-4-OH 240-241 3579 6 91
4e 2,4,6-OCH, 241-242 35 70 777
4f 3,4,5-OCH, 249-250 35 74 6 87

Notes: *Melting point; "Isolated yield; CH: Conventional heat; US: Ultrasound irradiation.

The FT-IR spectra analysis of all compounds
(4a—4f) showed a characteristic absorption bands,
by the disappearance of the C-O stretching band at
1153 ecm™ and the presence of the strong band in
the region 1684-1701 cm™, due to a carbonyl
group of amide v(C=0) derived from the
hydrazone structure instead of a C=0O stretching
band at 1738 cm™, is a good evidence for the
presence of an azomethine linkage. Other
functional groups (NH, OH, CH,, CH; and OCHs)
were also detected well. Furthermore, 'H-NMR
spectra of all studied compounds revealed the
presence of the aromatic protons in the region of ¢
from 6.13 to 7.99. Signals for the protons of the
azomethine group —-NH-N=CH- (characteristic for
hydrazone Schiff bases) were observed between J
8.11-8.85 ppm. “C—NMR spectra demonstrated
signals corresponding to the carbon atoms of
azomethine group between J 162.75 and 163.45.
The peaks at 6 165.05-169.53 ppm were assigned
to the C=0 group.

Antimicrobial studies

We have synthesized hydrazone derivatives
having benzoxazinone ring (4a—4f), to develop
new potential antimicrobial agents. The in vitro
antimicrobial  activity of the synthesized
compounds was evaluated, using the broth
microdilution method against two representative
Gram-negative bacteria (Escherichia coli and
Pseudomonas aeruginosa) and Gram positive
bacteria staphylococcus aureus as well as fungal
strains C. albicans. The results of the minimum
inhibitory concentration (MIC) as well as the zone
of inhibition values of the tested compounds are
presented in Table 2. They revealed that most of
the newly synthesized compounds exhibited
promising antifungal activities, whereas poor
antibacterial activities have been observed.

Antibacterial activity

The newly synthesized compounds were
screened for their antibacterial activity against
Escherichia coli, Staphylococcus aureus and
Psuedomonas aeruginosa bacterial strains by disc
diffusion method. It has been observed that
Pseudomonas aeruginosa has developed resistance
against the all synthesized derivatives at 50-500
ng.mL™ concentrations. Furthermore, Escherichia
coli was found to be resistant against all the
synthesized derivatives except 4a with 2-hydroxy
substitution. Also, it should be noted that the
compounds 4b—4f were not active against
Escherichia coli. Most of them were found to be
inactive against E. coli and Psuedomonas
aeruginosa. The compounds 4a, 4c, 4d, 4e and
compound 4f at the same concentrations were also
characterized by moderate activity, while
compounds 4b  with 5-Chloro, 2-hydroxy
substitution was found not active against
Staphylococcus aureus.

Antifungal activity

In the case of antifungal study, the newly
prepared compounds were screened for their
antifungal activity against Candida albicans. From
the obtained results, it is clear that all these
compounds possess moderate to good antifungal
activity (MIC 50-500 pg.mL™) against Candida
albicans as compared to Amphotericine-B.
Compounds 2-hydroxy substituted derivative 4a
(1424 mm at 50-500 pug.mL™"), 4b with a 5-
Chloro-2-hydroxy substitution (14-22 mm at 50—
500 pg.mL™") and 4e with a 2.4.6-trimethoxy
substitution (10-23 mm at 50-500 pg.mL™) have
emerged as the most active products.



890 Naoul Chettibi et al.
Table 2
Antibacterial and antifungal activity (zone of inhibition in mm) of compounds 4a—4h
Bacterial and Concentration Compounds Standards
Fungal (ngmL™) TZD (mm) A P A-B
species 42 4b 4c 4d  4de 4f 10pg.mL™! 6ug.mL’ 20pg.mL!
S. aureus 500 10 - 15 08 11 08 24 22 -
200 07 - 13 06 09 05
100 06 - 07 - 05 04
50 05 - - - - -
E. coli 500 13 - - - - - 16 - -
200 M - - - - -
100 08 - - - - -
50 - - - - - -
P. aeruginosa 500 - - - - - - - - -
200 - - - - - -
100 - - - - - -
50 - - - - - -
C. albicans 500 24 22 12 11 23 13 - - 13
200 21 20 10 09 20 11
100 18 17 09 06 16 08
50 14 14 08 05 10 -

Notes: A: Ampicillin, P: Pénicillin, A—B: Amphotericin—B; —: No sensitivity; IZD: Inhibition zone diameter (mm).

CONCLUSIONS

In conclusion, we have successfully synthesized
and characterized a new series of novel biologically
significant benzoxazinone-based hydrazone
derivatives, by condensation of different substituted
aromatic benzaldehydes and benzoxazinonylhy-
drazide under green aspects, using ultrasound
irradiations without any catalyst as well as
conventional heating methods to give the desired
products. The ultrasound method affords good to
excellent yield of the isolated compounds, in
shorter reaction times with no by-products.
Furthermore, the in vitro antimicrobial activities
against bacterial strains E. coli, P. aeruginosa and
S. aureus as well as fungal strains C. albicans of
these compounds were investigated. All of these
compounds exhibited remarkable antifungal
activity against C. albicans. They showed
moderate antibacterial activity against S. aureus, as
Gram—positive bacteria, and most of them were
found to be inactive against E. coli and
P. aeruginosa. Thus, the present study has expanded
the scope for developing these derivatives as
promising antifungal agents. Therefore, it can be
concluded that these compounds merits further
investigation, and may serve as a basis for the
chemical modifications directed towards the
development specifically of a new class of
antifungal agents.
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