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SONOCHEMICAL SYNTHESIS OF SOME NOVEL
6-IMINOBENZOXAZOLINONES WITH POTENTIAL
ANTIBACTERIAL AND ANTIFUNGAL ACTIVITIES

Houria BENTOUMI!, Naouel CHETTIBI?, Abdelhafid DJEROUROUS, Nour
Eddine AOUF*, Messaoud LIACHA®"

An environmentally benign protocol for the synthesis of a novel series of
imine derivatives containing 2-oxo-3H-benzoxazole scaffold was successfully
developed. Thus benzoxazolinone-6-carbaldehyde (3) was carried out by the
formylation of 3-methyl-2-oxo0-3H-benzoxazole (1) using hexamethylenetetramine
(HMTA) in polyphosphoric acid (PPA). The designed compounds were prepared by
the treatment of compound (3) with primary amines in the presence of methanol as
solvent, by using ultrasonic-assisted method under catalyst-free conditions and
conventional heat in methanol at reflux in presence of catalytic amount of acetic
acid, to afforded the pure desired 6-imino-2-oxo-3H-benzoxazoles (4a-4f) in
appreciable yields; their purity was confirmed by melting point as well as thin layer
chromatography (TLC). The chemical structures of the new synthesized compounds
were elucidated on the basis of the FT-IR, 'H and '¥C-NMR spectroscopic
techniques.

Keywords:  2-Oxo-3H-benzoxazole, Imines,  Ultrasound irradiations,
Conventional heat.

1. Introduction

2-0x0-3H-benzoxazole ring represents one of the important and preferred
scaffolds for a bioisosteric replacement in the field of medicinal chemistry, to
develop new molecules with interesting potential biological activities [1]. 2-oxo-
3H-benzoxazole derivatives have been described as allochemical compounds,
which play an important role in the resistance of plant to insect pests and plant
pathogenic fungi; these compounds are therefore also relevant as potential
substitutes for pesticides in plant protection [2-3]. 2-0x0-3H-benzoxazole is also a
cyclic isostere of coumarin whose antimicrobial activities have been extensively
investigated and performed [4-5]. They have been incorporated into a wide variety
of pharmaceutically interesting drug candidates and have also been used as lead
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structure in the design of novel antiviral compounds, particularly directed against
Human immunodeficiency Virus (HIV) and cytomegalovirus (CMV) species [6].
In the literature, several works on the bioactive substances based on the
benzoxazolinonic nucleus have led to the discovery of a number of derivatives
endowed with various types of biological activities, such as antibacterial and
antifungal [7], insecticide [8], anti-HIV [9], analgesic and anti-inflammatory [10-
12] as well as cytotoxicity against various cancer cell lines [13-15].

Imines derivatives possessing an azomethine group —N=CH-, on the other
hand, are an important class of compounds that have a wide variety of
applications in many fields [16-18]. The considerable number of publications, and
the various applications concerning this type of compounds in organic synthesis,
especially for the synthesis of nitrogen-containing heterocyclic compounds,
implicates that these derivatives are one of the most widely studied organic
compounds. So much interest in imines can be explained by the fact that the
presence of the carbon-nitrogen (C=N) bond in imines, makes them one of the
most important functional groups in organic chemistry, chemical catalysis and
medicinal chemistry. They have also received much interest in the field of
biochemistry and medicinal chemistry due to the wide range of their potential
pharmacological properties, including antimicrobial [19-21], antibacterial [22],
antifungal [23], antitumor [24], anticancer [25], antiviral [26] and antioxidant [27]
activities. The development of efficient methods to construct new imine
derivatives has attracted the interest of researchers and has been the subject of
considerable synthetic effort for organic reactions [28]. Therefore, several
strategies have been developed for the formation of the nitrogen—carbon double
bond; this can be realized by the reaction of carbonyl compounds with primary
amines under a variety of conditions [29-31]. Thus, the benzoxazolone containing
heterocyclic imine appears to be an ideal pharmacophore for design and
development of various pharmacologically active lead compounds.

In addition, in view of the restricted applications of protocols using
conventional heat with strong acidic conditions, requiring prolonged reaction
time, toxic organic solvents, expensive and toxic catalysts as well as higher
temperatures; recent several studies directed towards the development of eco-
friendly approaches have been reported in the literature [32-36]. Consequently,
intensive research efforts based on the use of methodologies employing green
approaches have been reported to promote the synthesis of highly functionalized
Schiff base compounds [37-41].

In this regard, the ultrasound irradiation has been used over the last few
years as a versatile tool in a large variety of applications [42-45]. Ultrasound-
assisted chemical reactions can be considered environmentally benign methods.
They possess several advantages such as improved yields and selectivity, easy
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purification, significant decreases of reaction time, lower costs, and are more
energy efficient [46-47].

Motivated by these interesting results and in continuation of our efforts
toward development of useful green synthetic methodology [48-50], we report a
successful and convenient procedure for the preparation of some novel
heterocyclic imines as potential antimicrobial agents. The benzoxazole nucleus
was used as precursors from reaction of 3-methyl-2-oxo0-3H-benzoxazole-6-
carbaldehyde with different primary amines (Fig. 1), under ultrasound irradiations
as well as conventional heat.
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Fig. 1: General structure of the synthesized Schiff base ligands (4a-4f).

2. Materials and methods
2.1. General

Melting points were determined using a Kofler apparatus and are
uncorrected. The structures of the newly synthesized compounds were elucidated
by IR and nuclear magnetic resonance (NMR) spectroscopy. The Fourier
Transform Infrared (FT-IR) spectra were measured by the KBr disc method using
Shimadzu FT-IR 8300S infrared spectrophotometer. FT-IR spectra were recorded
in the transmittance mode over the range of 500-4000 cm™t. The H-NMR and
13C-NMR spectra were measured in solutions on a Bruker AC 400 spectrometer
using dimethylsulfoxide-de and chloroform CDCIs 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 ethyl acetate/cyclohexane (6:4, 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 80°C. The purity and chemical structures
were detected by sharp melting point, IR and *H-NMR as well as *C-NMR
spectra.
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2.2. Methods and procedures

2.2.1. Synthesis of 2-oxo0-3H-benzoxazole (1)

A mixture of 2-aminophenol (10.91 g, 0.1 mol) and urea (18.01 g, 0.3 mol,
3 equiv.) was placed in a flask equipped with a reflux condenser, and a few drops
of concentrated hydrochloric acid were added under magnetic agitation. The
reaction mixture was stirred and heated at 160-165°C for 3 hours. After cooling,
the mixture was diluted with water under stirring. The precipitate formed was
filtered using a Buchner funnel, and washed repeatedly with water to produce 2-
ox0-3H-benzoxazole (1). Compound 1 was obtained as beige solid. Yield 10.45 g
(97%). Mp: 136-138°C (Ref. [51]; 137-138°C).

2.2.2. Synthesis of 3-methyl-2-oxo0-3H-benzoxazole (2)

To a solution of the sodium hydroxide (1.77 g, 0.044 mol) in 20 mL of ice
water, was added the 2-oxo0-3H-benzoxazole (5g, 0.037 mol) and then dimethyl
sulfate (5.54 g, 0.044 mol) was added slowly under magnetic agitation for 3 hours
at room temperature. The progress of reaction was monitored by thin layer
chromatography (TLC). After completion of reaction, the residue formed was
filtered, dried and recrystallized from cyclohexane to isolate pure 3-methyl-2-oxo-
3H-benzoxazole (2). Compound 2 was obtained as light green solid. Yield: 72%;
Mp: 83-84°C. The melting point as well as spectroscopic data of the obtained
compound is in accordance with published data [52].

2.2.3. Synthesis of 2,3-dihydro-3-methyl-2-oxobenzo[d]oxazole-6-

carbaldehyde (3)

into a flask equipped with a reflux condenser containing 3-methyl-2-oxo-
3H-benzoxazole (2 g, 0.013 mol) in 34.05 g of polyphosphoric acid (PPA), was
added hexamethylenetetramine (HMTA) (0.02 mol, 3.08 g), and the mixture was
heated at 150°C for 10 minutes. The resultant mixture was poured into ice water
(50 mL) with vigorous stirring for 1h, and extracted with chloroform (3x20 mL).
The combined organic layers were washed with water (2x40 mL) and dried over
calcium chloride. After removal of the solvent in vacuo, the formylated derivative
was purified by recrystallization from ethanol to give pure desired product.
Compound 3 was obtained as light yellow solid. Yield: 77%; Mp: 145-146°C
((Lit. [53]; 145-146°C).

2.2.4. General procedure for the preparation of 3-methyl-6-((E)-
(arylimino)methyl)benzo[d]oxazol-2(3H)-ones (4a-4q)

The following procedures illustrate the two general methods used to
convert the parent 3-methyl-2-oxobenzo[d]oxazole-6-carbaldehyde (3) into
substituted 6-iminobenzoxazolone derivatives.
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Conventional method (Method 1): To a solution of amine derivatives (1.0
equiv., 2.8 mmol) dissolved in pure methanol, was added a solution of 6-
carbaldehyde 3 (50 mg, 2.8 mmol) in the same solvent. The resulting mixture was
stirred under reflux conditions for 1-5h in the presence of acetic acid as catalyst,
until  completion of the reaction (monitored by TLC) using ethyl
acetate/cyclohexane (6:4, v/v) as eluent. The resulting solid was collected by
simple filtration, washed with cold methanol, dried and purified to afford the
suitable pure products in satisfactory yields.

Ultrasound method (Method 2): The procedure was similar to that
described in method 1, except that the mixture was placed in an open glass tube
and exposed to ultrasound irradiations (40 kHz and nominal power 250 W) at
80°C, under catalyst-free conditions for the appropriate time, until completion of
the reaction (monitored by TLC).

2.2.4.1. 3-methyl-6-((E)-(phenylimino)methyl)benzo[d]oxazol-2(3H)-one (4a)

Following the typical procedure 2.2.4 (method 1 and method 2), pure 3-
methyl-6-((E)-(phenylimino)methyl)benzo[d]oxazol-2(3H)-one 4a was obtained
as Light brown powder by the reaction of aniline and 3-methyl-2-
oxobenzo[d]oxazole-6-carbaldehyde 3. Yield: method 1 (28%) and method 2
(52%). Mp: 188-190°C. IR (KBr, cm™): 2954 (CHa), 1774 (C=0, oxazole), 1623
(C=N in imine), 1602-1585 (aromatic C=C). *H-NMR (400 MHz, CDClz): 6 = 3.
48 (s, 3H, CHs-N), 7.05-7.89 (m, 8H, Ar-H), 8.46 (s, 1H, CH=N, azomethine).
13C-NMR (100MHz, CDCls): § 28.38 (CHs-N), 120.82-143.09 (Aromatic
carbons), 158.95 (C=0), 151.61 (N=C).

2.2.4.3. 6-((E)-(2-mercaptophenylimino)methyl)-3-methylbenzo[d]oxazol-
2(3H)-one (4b)

Following the typical procedure 2.2.4 (method 1 and method 2), pure 6-
((E)-(2-mercaptophenylimino)methyl)-3-methylbenzo[d]oxazol-2(3H)-one 4b
was obtained as white powder by the reaction of 2-mercaptoaniline and 3-methyl-
2-oxobenzo[d]oxazole-6-carbaldehyde 3. Yield: method 1 (64%) and method 2
(91%). Mp: 252-254°C. IR (KBr, cm™): 2943-2981 (CHs), 1774 (C=0, oxazole),
1612 (C=N in imine), 1557 (aromatic C=C). 'H-NMR (400 MHz, CDCI3): ¢ =
3.48 (s, 3H, CHs-N), 7.05-7.89 (m, 7H, Ar-H), 8.46 (s, 1H, CH=N, azomethine).
13C-.NMR (100MHz, CDCls): 6 28.38 (CHs-N), 108.20-154.07 (Aromatic
carbons), 166.95 (C=0), 154.61 (N=C).

2.2.4.4. 6-((E)-(4-methoxyphenylimino)methyl)-3-methylbenzo[d]oxazol-
2(3H)-one (4c)
Following the typical procedure 2.2.3 (method 1 and method 2), pure 6-
((E)-(4-methoxyphenylimino)methyl)-3-methylbenzo[d]oxazol-2(3H)-one 4c was
obtained as white powder by the reaction of 4-methoxyaniline and 3-methyl-2-
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oxobenzo[d]oxazole-6-carbaldehyde 3. Yield: method 1 (75%) and method 2
(88%). Mp: 202-204°C. IR (KBr, cm™): 2889-2954 (CHs), 1762 (C=0, oxazole),
1604 (C=N in imine), 1578 (aromatic C=C). 'H-NMR (400 MHz, CDCls): 6 =
3.48 (s, 3H, CHz-N), 3.87 (s, 3H, -O-CHj3), 6.95-7.88 (m, 7H, Ar-H), 8.49 (s, 1H,
CH=N, azomethine). 3C-NMR (100MHz, CDCls): 6 28.36 (CH3-N), 55.54 (CHs-
0), (CHsz-Ar), 107.88-143.08 (Aromatic carbons), 162.00 (C=0), 156.93 (N=C).

2.2.4.5. 6-((E)-(4-hydroxyphenylimino)methyl)-3-methylbenzo[d]oxazol-
2(3H)-one (4d)

Following the typical procedure 2.2.4 (method 1 and method 2), pure 6-
((E)-(4-hydroxyphenylimino)methyl)-3-methylbenzo[d]oxazol-2(3H)-one 4d was
obtained as white powder by the reaction of 4-hydroxyaniline and 3-methyl-2-
oxobenzo[d]oxazole-6-carbaldehyde 3. Yield: method 1 (72%) and method 2
(83%). Mp: 270-272°C. IR (KBr, cm™): 3421 (OH), 2916-2947 (CHs), 1760
(C=0, oxazole), 1605 (C=N in imine), 1581 (aromatic C=C). *H-NMR (400 MHz,
DMSO-d6): ¢ = 3.38 (s, 3H, CH3-N), 3.33 (s, 1H, OH), 6.79-7.82 (m, 7H, Ar-H),
[18.61 (s, 1H, CH=N, azomethine). *C-NMR (100MHz, CDCls): ¢ 28.76 (CHzs-
N), 108.27-154.57 (aromatic carbons), 156.67 (N=C), 156.92 (C=0).

2.2.4.6. 6-((E)-(2-hydroxyphenylimino)methyl)-3-methylbenzo[d]oxazol-
2(3H)-one (4e)

Following the typical procedure 2.2.4 (method 1 and method 2), pure 6-
((E)-(2-hydroxyphenylimino)methyl)-3-methylbenzo[d]oxazol-2(3H)-one 4e was
obtained as yellow powder by the reaction of 2-hydroxyaniline and 3-methyl-2-
oxobenzo[d]oxazole-6-carbaldehyde 3. Yield: method 1 (48%) and method 2
(72%). Mp: 250-252°C. IR (KBr, cm™): 3421 (OH), 2920 (CHs), 1775 (C=0,
oxazole), 1620 (C=N in imine), 1585 (aromatic C=C). 'H-NMR (400 MHz,
DMSO-d6): ¢ = 3.39 (s, 3H, CHs-N), 6.82-8.16 (m, 7H, Ar-H), 8.74 (s, 1H,
CH=N, azomethine), 8.95 (s, 1H, OH). *C-NMR (100MHz, CDCls): ¢ 28.78
(CHs-N), 108.75-152.02 (Aromatic carbons), 154.62 (N=C), 158.50 (C=0).

2.2.4.7. 6-((E)-(5-chloro-2-hydroxyphenylimino)methyl)-3-
methylbenzo[d]oxazol-2(3H)-one (4f)

Following the typical procedure 2.2.4 (method 1 and method 2), pure 6-
((E)-(5-chloro-2-hydroxyphenylimino)methyl)-3-methylbenzo[d]oxazol-2(3H)-
one 4f was obtained as yellow powder by the reaction of 5-chloro-2-
hydroxyaniline and 3-methyl-2-oxobenzo[d]oxazole-6-carbaldehyde 3. Yield:
method 1 (53%) and method 2 (79%). Mp: 276-278°C. IR (KBr, cm™): 3390
(aromatic O-H), 2696 (CHs), 1766 (C=0, oxazole), 1627 (C=N in imine), 1605-
1589 (aromatic C=C), 748 (C-CI). 'H-NMR (400 MHz, DMSO-ds): ¢ = 3.33 (s,
3H, CHs-N), 6.89-8.13 (m, 6H, Ar-H), 8.76 (s, 1H, CH=N, azomethine). *3C-
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NMR (100MHz, CDCls): ¢ 28.78 (CHs-N), 108.75-152.02 (Aromatic carbons),
154.59 (N=C), 160.24 (C=0)

3. Results and discussions
3.1. Chemistry

The synthesis pathway illustrating our strategy for the preparation of the
title compounds is given in Scheme 1. 2-oxo0-3H-benzoxazole, starting material
(1), was synthesized according to the literature method using 2-aminophenol and
urea [51]. The 2-aminophenol was treated with urea under acidic conditions to
obtain 2-ox0-3H-benzoxazole (1), which was further reacted with dimethyl sulfate
in basic medium NaOH to afford the N-methylated compound 3-methyl-2-oxo-
3H-benzoxazole (2) [52]. The 3-methyl-2-ox0-3H-benzoxazole-6-carbaldehyde
(3) was prepared via formylation reaction of the 3-methyl-2-oxo0-3H-benzoxazole
(2) with hexamethylenetetramine (HMTA) in polyphosphoric acid (PPA) at
150°C, which produced a 77% yield. For formylation; as both the 3-nitrogen and
1-oxygen atoms are electron-donating, both 5- and 6-position are activated, but
the reaction is regioselective and only the 6-formyl derivative is formed [53]. This
carbaldehyde derivative was then reacted with various primary amines, using two
different methods (conventional synthesis and reaction under ultrasound
conditions); resulting in imine compounds (4a—4f) with an azomethine group at
the 6-position of the benzoxazole ring. The yields were moderate when the imines
were synthesized by conventional method in methanol at reflux in presence of
catalytic amount of acetic acid. The use of ultrasound irradiations under catalyst-
free condition, on the other hand, has resulted in the formation of the desired
imine derivatives in shorter reaction times (2-15 minutes), higher yields (52—
91%) and purity of the final products. The proposed structures of the synthesized
products, yields and reaction times for the condensation of various primary
amines 3-methyl-2-oxo-3H-benzoxazole-6-carbaldehyde, using conventional heat
synthesis (Method 1) and reaction under ultrasound conditions (Method 2) are
listed in Table 1. The spectroscopic data related to these new products were in
complete accord with the proposed structures.
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Scheme 1: Synthesis of the target imines. A: Method 1 (Conventional heat: Methanol, Reflux,
Glacial acetic acid, 28-75%, 2.30-5h); B: Method 2 (Ultrasound irradiations: Catalyst-free
conditions, 80°C, Methanol, 52-91%, 2—-15min).

The structure of the synthesized compounds were elucidated by IR, H-
NMR and ¥C-NMR spectra. The spectral data of the isolated products were
completely compatible with their proposed structures. For example, the infrared
spectra of the prepared compounds reveals the absence of the band at about 1700
cm? for the carbonyl group (C=0) of starting aldehyde, and the presence of a
band in the region 1600—1627 cm™ attributed to the azomethine (-N=C—H) bond,
thereby confirming the formation of the imine in all cases. Furthermore, the
formation of the imine group was confirmed by appearance of a singlet at ¢ 8.46
to 8.76 for the methine protons characteristic of the azomethine proton, —N=C(H)
in the *H-NMR spectra. The aromatic protons in the imine derivatives appeared in
the range at 6 6.79-8.16. The signals due to benzoxazolone methylene protons
present in all the prepared compounds appeared at 3.33-3.48 ppm, as singlets. The
13C-NMR spectra gave more information on the formation of the imine products.
A signal at 165.4 ppm in compounds 4a—4f was assigned to the carbonyl carbon
C=0 of the benzoxazole moiety. The azomethine carbon is observed at 151.61—
156.93 ppm in the spectrum of all compounds. Also, signals due to aromatic
carbon atoms are resonating at a chemical shift between 107.88-154.07 ppm.
Aliphatic methyl carbon was assigned to a signal between 28.38-28.78 ppm. All
other aliphatic and aromatic protons, which were observed at the predictable
regions, support the proposed structures.
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Table 1
Newly synthesized 6-Iminobenzoxazole derivatives (4a-4f)
Compound aStructure Method 1 Method 2 Mp(°C) Mol. Formula
Time PYield Time "Yield
(h) (%) (min) (%)
4a H3°\N 5 28 3 52 188-190 CisH1202N2
O:<o:©\//"‘
A
4b HsQ 4 64 15 91 252-254 Ci15H1202N2S
O:<N SH
o N
H
4c HSC\N 2.30 75 3 88 202-204 C16H1403N2
oz<o:©\//’\‘
e
OCH,4
4d H3C\N 3 72 2 83 270-272 C15H1203N2
O:<o]©\(/’\‘
e
OH
de H3C\N 5 48 5 72 250-252 C15H1203N2
OH
O:<o:©\/)‘
H
4f HsQ 3 53 7 79 276-278  CisH1102N.ClI

2All the products were characterized by *H-NMR, 3C-NMR, and IR spectroscopy.

bIsolated and optimized yields.
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4. Conclusions

In this study, an environmentally benign synthesis approach has been
successfully applied for preparing new substituted five-membered heterocycle
derivatives containing 2-oxo-3H-benzoxazole using ultrasound irradiation and
conventional heating methodologies. The ultrasound-assisted synthesis has been
compared with the conventional method and the results obtained from this
comparative study showed that the ultrasound technique is superior. Additionally,
high yields of the products, shorter reaction times and high purity of the final
isolated compounds make it an attractive and advantageous method in organic
synthesis. Thus, this protocol can be applied and extended to the preparation of
various other heterocyclic substrates structurally comparable having important
pharmaceutical interest. Furthermore, this research study was essential to
accelerate the drug discovery and development process, and can be used to
discover biologically active compounds that may serve as leads for the
development of new and more potent synthetic compounds. However, we hope
that these results could make an additional contribution and a solid platform for
future studies in the development of novel antimicrobial drugs bioactive
compounds.
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