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Abstract

Antibacterial agents structurally based on quinazolin-4-one pharmacophore, have been designed and synthesized. Where the
targeted compounds 5a, ¢ and 6a-c were in vitro screened against three gram positive and three gram negative bacteria strains
compared to ciprofloxacin as reference drug. Most of compounds had moderate antibacterial activity while compound 5c
showed the most significant activity and could be considered as a new lead compound for antibacterial drug design.
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1. Introduction

Quinazolinones are important core structure
with a variety of biological activities as analgesic [1],
anti-inflammatory [2], antifungal [3]
antimycobacterial [4, 5], anticancer [6, 7] and
antibacterial  [8-13].  Antibacterial activity of
quinazolinones is demonstrated via  various
mechanisms as PBP inhibitors [8], DNA inhibition [9],
Mur A inhibitors [10], inhibition of tubulin
polymerization [11] and DNA gyrase inhibitors [12].
Also 2,3 disubstituted quinazolinones have been
evaluated as new antibacterial agents in many
literatures [13-16] . Substitution at position- 2 with
either methyl, phenyl or even unsubstituted (I) was
found to be favoured for antibacterial activity [14]. In
addition, it has been reported that if the 3-position has
p- substituted phenyl ring will enhance the
antibacterial activity (I1,111) [15, 16].

Considering  the aforementioned, our
rationale is to design and synthesize new antibacterial
quinazolinone where we combined the advantage of
the substitutions at both 2 and 3 positions as position-
2 was either unsubstituted or substituted with methyl
or phenyl moieties and position-3 carrying p-
substituted phenyl ring. We changed this para
substitution with either acetyl or hydrazone moieties
in order to investigate their effect on the antibacterial
activity. (As shown in Figure 1)

The targeted compounds 5a,c and 6a-c are
designed and evaluated as antibacterial agents against
six bacterial strains (three gram positive and three

gram negative). The most potent compound is 5c
which showed broad spectrum activity towards the all
tested bacterial strains comparable to the standard
ciprofloxacin and which will be considered as a new
antibacterial lead compound.
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Figure 1: Reported antibacterial quinazolines
and rationale design of the targeted compounds 5a,c and
6a-c

2. Experimental
2.1. Chemistry

Chemicals and reagents were purchased from
Alfa- Asser Organics, Trading dynamic company and
sigma Aldrich with high purity and used without
further purification. Reactions were monitored by thin
layer chromatography (TLC) on silica gel 60 GF254
purchased from E-Merck, Germany and visualized by
UV-lamp at wave length (A) 254 nm. Melting points
(°C) were measured on a Gallenkamp apparatus (UK)
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and the results are uncorrected.'HNMR spectra were
recorded on Bruker (High performance Digital FT-
NMR Spectrometer Avance |11 400MHz) at 400 MHz
at the Faculty of Pharmacy, Cairo University, Egypt.
Elemental and mass analyses were performed at the
Regional Center for Mycology and Biotechnology,
Faculty of pharmacy Al-Azhar University.
Preparation of 2-(methylamino)benzoic acid 2: [17,
18]

Anthranilic acid (20 gm, 0.146 mole) was
added portion-wise to a stirred solution of Na,COz (7.7
gm, 0.073 mole) in 200 ml water, the mixture was
continued to stir for 30 minutes at room temperature.
The reaction mixture was filtered then dimethyl
sulfate (18.39 gm, 0.146 mole) was added to the
filtrate and the reaction mixture was stirred for further
30 minutes. The formed solid was collected by
vacuum filtration, washed with water and dried. The
resulting 2-(methylamino)benzoic acid 2 was used in
the next step without further purification. Yield= 65%,
M.P. 168-170 °C as reported [17- 18]
Preparation of 1-methyl-2H-benzo[d][1,3]oxazine-
2,4(1H)-dione 3:[19, 20]

A mixture of 2-(methylamino)benzoic acid
(2, 5 gm, 0.033 mole) in ethyl chloroformate 10 ml
was refluxed for 4 hrs, then the mixture was cooled
and the formed crystals was filtered and washed
several times with petroleum ether then dried to obtain
the desired product 3. Yield= 51.7%, M.p.175-180°C
as reported [19, 20].

Preparation of N-(4-acetylphenyl)-2-
(methylamino)benzamide 4: [21-23]
A mixture of 1-methyl-2H-

benzo[d][1,3]oxazine-2,4(1H)-dione (3, 5 gm, 0.0028
mole) and p-aminoacetophenone (3.8 gm, 0.028 mole)
in glacial acetic acid (50 ml) was refluxed for 4 hrs.
The solution was cooled then poured into distilled
water and the yellowish green solid formed was
filtered and washed with water then dried to obtain the
desired product 4, which has yellowish green color,
yield= 83%, M.p.175-176°C as reported 21231,
General procedure for synthesis of 3-(4-
acetylphenyl)-1-methyl-2-substituted-2,3-
dihydroquinazolin-4(1H)-one 5a-c:

A mixture of  N-(4-acetylphenyl)-2-
(methylamino)benzamide (4, 5 gm, 0.0186 mole) and
an appropriate aldehyde (0.0186 mole) in a suitable
solvent (ethanol (70 ml) /1-2 ml glacial acetic acid for
compounds 5a, b and glacial acetic acid (50 ml) for
compound 5c) was refluxed 18 hrs. The reaction
mixture was allowed to cool, the formed crystals were
collected and dried to obtain the desired product (5a,
c). Compound 5b was separated as sticky material
which used in the next step without further
purification. The product 5¢ was further crystallized
from dioxane.
3-(4-acetylphenyl)-1-methyl-2,3-dihydroquinazolin-
4(1H)-one 5a:[22]
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White solid, yield= 50%, M.p.150-153°C ( as
reported)[22], MS: (m/z) = 280.25 [M+, 100%]. Anal.
Calcd for Ci7H16N2O,: C, 72.84; H, 5.75; N, 9.99.
Found: C, 73.01; H, 5.89; N, 10.23
3-(4-acetylphenyl)-1-methyl-2-phenyl-2,3-
dihydroquinazolin-4(1H)-one 5c:

Yellow powder, yield= 32.2 %, M.p.167-170°C, *H
NMR (400 MHz, CDCl3, d) 8 2.59, 2.63 (3H.2s, CHs),
3.03 (3H, s, NCH3), 5.90 (1H, s, NCHN), 6.65 (1H, d,
J=8.2, ArH), 6.94 (1H, t, J=7.6, ArH), 7.24-7.37 (4H,
m, ArH), 7.40-7.45 (3H, m, ArH), 7.95 (2H, d, J=8.56,
ArH), 8.10 (1H, d, J=7.72, ArH). MS: (m/z) = 356.18
[M+, 68.58 %] Anal. Calcd for Ca3sHxoN.O5: C, 77.51;
H, 5.66; N, 7.86. Found: C, 77.28; H, 5.83; N, 8.09
General procedure for synthesis of 3-(4-(1-
Hydrazonoethyl)phenyl)-1-methyl-2-un/substituted-
2,3-dihydroquinazolin-4(1H)-one 6a-c.

A mixture of the appropriate 3-(4-
acetylphenyl)-1-methyl-quinazolinone derivatives 5a-
¢ (0.01 mole) and hydrazine hydrate (0.07 mole) in
ethanol was heated under reflux (2 hrs for compound
4a & 18 hrs for 4b-c) then the reaction mixture was
allowed to cool and the crystals allowed to be formed,
the crystals was filtered, washed with small amount of
methanol and dried to obtain the desired products 6a-
C.
(E,Z)-3-(4-(1-hydrazonoethyl)phenyl)-1-methyl-2,3-
dihydroquinazolin-4(1H)-one 6a:

Off white fluffy crystals, yield= 83.3%, M.p.173°C,
!H NMR (400 MHz, CDCls, d) & 2.16, 2.35 (3H,2s,
CHzs), 2.99, 3.00 (3H, 2s, NCH3), 4.84, 4.89 (2H, 2s,
NCH2N), 5.40 (2H, bs, NH: exch.), 6.81 (1H, t,
J=8.08, ArH), 6.96-7.01 (1H, m, ArH), 7.37-7.49 (3H,
m, ArH), 7.71 (2H, d, J=8.44, ArH), 8.10 (1H, d,
J=7.72, ArH). MS: (m/z) = 294.27 [M+, 88.62 %].
Anal. Calcd for Ci7H1sN4O: C, 69.37; H, 6.16; N,
19.03. Found: C, 69.58; H, 6.29; N, 19.27
(E,Z)-3-(4-(1-hydrazonoethyl)phenyl)-1,2-dimethyl-
2,3-dihydroquinazolin-4(1H)-one 6b:

Pale yellow crystals, yield= 35 %, M.p.189-192°C, 'H
NMR (400 MHz, CDCls, d) 6 1.38 (3H, d, J=6.04,
CHCHs3), 2.15, 2.35 (3H,2s, CH3), 2.97, 3.00 (3H, 2s,
NCH3), 5.02 (1H, g, J=12.08, NCHN), 5.41 (2H, bs,
NH; exch.), 6.71 (1H, d, J=8.12, ArH), 6.92 (1H, t,
J=7.28, ArH), 7.40-7.52 (3H, m, ArH), 7.72 (2H, d,
J=8.6, ArH), 8.05 (1H, d, J=7.72, ArH). MS: (m/z) =
308.18 [M+, 32.81%]. Anal. Calcd for C1sH20N4O: C,
70.11; H, 6.54; N, 18.17. Found: C, 70.39; H, 6.75; N,
18.04
(E,2)-3-(4-(1-hydrazonoethyl)phenyl)-1-methyl-2-
phenyl-2,3-dihydroquinazolin-4(1H)-one 6c:

Yellow crystals, yield= 30.4%, M.p.173-176°C, 'H
NMR (400 MHz, CDCl3, d) §2.11, 2.29 (3H.,2s, CH3),
2.96, 3.00 (3H, 2s, NCHs3), 5.37 (2H, bs, NHz exch.),
5.82, 5.87 (1H, 2s, NCHN), 6.61 (1H, d, J=8.16,
ArH), 6.91 (1H, t, J=7.4, ArH), 7.21-7.32 (7H, m,
ArH), 7.41 (1H, t, J=7.4, ArH), 7.62 (2H, d, J=8.48,
ArH), 8.10 (1H, d, J=7.56, ArH). MS: (m/z) = 370.32
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[M+, 100 %]. Anal. Calcd for Cy3H22N4O: C, 74.57;
H, 5.99; N, 15.12. Found: C, 74.33; H, 6.18; N, 15.38

2.2. Antibacterial activity

Antibacterial activities were performed at the
Regional Center for Mycology and Biotechnology
(RCMB), Al-Azhar University, Cairo, Egypt.

The MICs of the targeted compounds were
obtained using the micro-dilution method [24]. Where
the microbial inoculates were prepared, and the
suspensions were adjusted to 10 CFU/mL. The
compounds and the standard drug (Ciprofloxacin)
were dissolved in dimethyl sulfoxide (DMSO). Then,
two fold dilutions were performed in a 96 well plate.
Each well of the microplate included 40 pL of the
growth medium brain heart infusion (BHI), 10 pL of
inoculum, and 50 pL of the diluted compounds and the
standard. DMSO was used as a negative control. The
plates were incubated at 37 °C for 24 h. After that, 40
ML of tetrazolium salt (2,3-bis[2-methyloxy-4-nitro-5-
sulfophenyl]-2H-tetrazolium-5-carboxanilide) (XTT)
was added to the wells. The plates were incubated at
37°C for 1 h in a dark place, after which colorimetric
change in the XTT reduction assay was measured
using a microtiter plate reader (Tecan Sunrise
absorbance reader; Tecan UK, Reading, United
Kingdom) at 492 nm. The lowest concentration that
completely inhibited microbial growth was taken as
the MIC [25]. All experiments were performed in
triplicate.

3. Results and discussion
3.1. Chemistry

Our targeted compounds 5a,c and 6a-c were
prepared according to the defined scheme 1. Using a
reported procedure, N-methyl isatoic anhydride 3; the
starting material; was refluxed for 4 hrs with p-
aminoacetophenone in glacial acetic acid to produce
the benzamide intermediate 4 [21-23]. Benzamide 4 is
a versatile intermediate for the synthesis of different
quinazolinones derivatives [26-28]. The benzamide
intermediate 4 was identified by matching its M.p.
with the reported one [22] and incorporation in the
formation of the 2,3-dihydroquinazolin-4(1H)-one
derivatives 5a-c. Cyclization of benzamide 4 with
three aldehydes resulted in formation of 2,3-
dihydroquinazolin-4(1H)-one derivatives 5a-c. The
difference in aliphatic and aromatic aldehydes
reactivity investigates the using of different solvents
where acidified ethanol was used either with
formaldehyde or acetaldehyde while glacial acetic
acid was used in case of benzaldehyde. The chemical
structure of the 2,3-dihydroquinazolin-4(1H)-one
derivatives 5a-c was defined by matching the M.p. of
5a with its reported one in addition to mass and
elelmental analysis , while the compound 5c was
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identified by 'H NMR, mass spectra in addition to
elemental analysis. 'H NMR spectrum of 3-(4-
Acetylphenyl)-1-methyl-2-phenyl-2,3-
dihydroquinazolin-4(1H)-one  5c  revealed the
appearance of 2,3-dihydroquinazolin-4(1H)-one-2H
as singlet peak at 8= 5.90 ppm. The identity 3-(4-
acetylphenyl)-1,2-dimethyl-2,3-dihydroquinazolin-
4(1H)-one 5b was achieved by incorporation in the
next reaction due to difficulty of purification.
Hyrazones 6a-c were prepared by condensation of 2,3-
dihydroquinazolin-4(1H)-one derivatives 5a-c with
excess hydrazine hydrate in ethanol. Where the
chemical structure of the hydrazone intermediates 6a-
c was identified by using instrumental analysis
including *HNMR, mass spectra in addition to
elemental analysis. The 'H NMR showed the
appearance of broad singlet peaks at (6=5.40 for 6a,
5.41 for 6b and 5.37 for 6¢) which indicates the
protons of NH, group. The presence of azomethene
group resulted in Z and E geometrical isomers which
is difficulty separated and affects the splitting of the
'HNMR peaks of adjacent methyl, N- methyl and 2,3-
dihydroquinazolin-4(1H)-one-2H — protons [29, 30].
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Scheme 1 for target compounds, reagents and
conditions: (I) Na2COs, water, stirr on cold for 1 hr,
dimethylsulfate, stir on cold 1 hr; (II)
ethylchloroformate, reflux 4  hrs;  (lIl) p-
aminoacetophenone, glacial acetic acid, reflux 4hrs; (1V)
for 5a,b appropriate aldehyde, absolute ethanol, drops of
glacial acetic acid, reflux overnight; (V) for 5c,
appropriate aldehyde, glacial acetic acid, reflux
overnight; (V1) hydrazine hydrate, absolute ethanol,
reflux 2hrs for 6a, reflux overnight for 6b,c.
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3.2. Antibacterial activity

The targeted quinazolinones 5a,c and 6a-c
were in vitro evaluated for their antibacterial activities
by measuring MIC using microtiter assay against six
bacterial strains obtained from the American Type
Culture Collection; three gram-positive bacteria:
Staphylococcus aureus (ATCC 6538), Staphylococcus
epidermidis (ATCC 12228) and Enterococcus faecalis
(ATCC 29212) three gram-negative bacteria:
klebsiella pneumoniae (ATCC 13883), proteus
mirabilis (ATCC 12453) and salmonella typhimurium
(ATCC 14028) using the ciprofloxacin as reference.

As shown in Table 1, Most of compounds
showed promising antibacterial activity. Compound
5c displayed the most significant antibacterial activity
against all the bacterial strains with MIC values
ranging from 1.95 to 7.81 pg/mL. Compound 5a
showed good antibacterial activity against two gram
positive bacteria Staphylococcus aureus and
Enterococcus faecalis with MIC value 15.63 pg/mL
while showed moderate activity against two gram
negative bacteria klebsiella pneumonia , salmonella
typhimurium and one gram positive bacterium
Staphylococcus epidermidis with MIC value 31.25
pg/mL. Compound 6b showed moderate activity
against two gram positive bacteria Staphylococcus
epidermidis and Enterococcus faecalis with MIC
value 31.25 pg/mL and two gram negative bacteria
klebsiella pneumoniae and salmonella typhimurium
with MIC value 31.25 pg/mL. Compound 6c showed
moderate activity against salmonella typhimurium
with MIC value 31.25 pg/mL. Compound 6¢ was the
least active one against all the six bacterial strains.

Table 1. Antibacterial activity as MICs
(ug/mL) of tested compounds 5a,c and 6a-c against
six bacterial strains.

Co Gram positives bacteria  Gram negative bacteria
mp MICs (pg/mL) MICs (ng/mL)

S. S. E. k. p. Sal.
aure  epider faecal pneu mira  typhimu
us midis  is monia  bilis rium

e
5a 1563 3125 1563 3125 625 31.25
5c 195 781 3.9 1.95 7.81 3.9
6a 250 125 250 62.5 250 125
6b 125 3125 3125 3125 625 31.25
6c 250 125 125 62.5 62.5 31.25
Cip 098 1.95 0.98 0.98 3.9 1.95
ro.

4. Conclusions

In the current work, quinazolinones 5a,c and
6a-c have been synthesized and screened as new
antibacterial agents against six bacterial strains. Most
of these compounds show good to moderate
antibacterial activity. Among the tested compounds,
5c was the most active one as it showed a broad
spectrum activity and could be considered as a new
lead compound in antibacterial drug design.
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