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ABSTRACT

Mesoporous CoAl;O4 spinel nanocrystals ( nano-CoAl;O. ) were synthesized and fully characterized by X- ray diffraction
patterns (XRD), energy-dispersive X-ray spectroscopy (EDS), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), DLS (dynamic light scattering) and FT-IR. The nanocrystals promoted the preparation of quinazolinones via
the one-pot, three component condensation reaction of benzaldehydes, isatoic anhydride, primary aromatic amine or ammonium
acetate at 45°C under ultrasound irradiation. Experimental simplicity, great yields in concise times, the retrievability of the
nanocrystals and performing the sonochemical methodology as an effective way in synthetic chemistry for the preparation of
medicinally privileged heterocyclic molecules are some of the substantial features of this method. The present catalytic process
is applicable to an extensive diversity of substrates for the preparation of a variety-oriented library of dihydroquinazolinones.
The feasibility of doing one-pot synthesis under ultrasonic irradiation with a heterogeneous nanocrystal could improve the

reaction rates and shorten the reaction times.
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1. Introduction

Throughout the last decades, sonochemistry was chiefly
applied in the extraction operations and cleaning but this
instrument has now gradually gained striking attention
in the compound synthesis [1-3]. The ultrasound can be
employed for reactions including enzyme-promoted
reactions, phase transfer promoted reactions and ion
exchange resin promoted reactions [4—-8]. The usage of
ultrasound in organic synthesis has been developing due
to its substantial features containing great yields in
concise times in comparison with the classical ways [9,
10]. The ultrasound effects are created from the
cavitational collapse which generate intense conditions
locally and hence compel the production of chemical
components which are not facilely achieved under
conventional conditions [11].

Nitrogen containing fused-heterocycles display many
biological attributes [12, 13]. Hence, among a large
diversity of N-containing heterocyclic compounds,
quinazolinones (DHQZ-1) have received lots of attenti-
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-on owing to their pharmacological activities: anti-
inflammatory, anti-tumor, anti-bacterial, and anti-
convulsant [14-17].

There are many paths for quinazolinone preparation
containing high temperature, microwave or refluxing
procedure [18-20]. In addition, diverse catalysts were
used including, alum [18], silica sulfuric acid [20],
aluminum methanesulfonate [21], nano zinc oxide [22],
and Al(H2PO4)s [23]. Whereas these methods have
substantial negative aspects including high times, low
efficiency, unwanted reaction status, costly and non-
green catalysts applications. Cobalt aluminate
(CoAl,Q,) is a ternary oxide containing AB,O. spinel
structure which is notable owing to its great surface
area, excellent mechanical resistance, and great thermal
as well as chemical stabilities [24, 25]. Mesoporous
metal aluminate (MMA) nanoparticles have been
extensively investigated as catalyst materials for diverse
chemical reactions [26, 27]. Consequently, a prompt and
favorable ultrasound-assisted procedure for the
synthesis of quinazolinones was performed by reaction
of benzaldehydes, isatoic anhydride, primary amine or
ammonium acetate by nano-CoAl.O4 (Scheme 1).
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Scheme 1: Preparation of quinazolinones under ultrasound irradiation

2. Experimental
2.1. Chemicals and apparatus

The NMR was received on a Bruker spectrometer. *H
NMR and *C NMR spectra were obtained at 400 and
100 MHz respectively in DMSO-dgs as solvent. CHN
tests were achieved from a Carlo ERBA 1108. XRD of
nano-CoAl,Os was determined  with  Philips
diffractometer from X’pert Corporation. SEM was
taken by TESCAN: MIRA 3. EDX of the nanocrystals
was determined with Sigma ZEISS, Oxford.

2.2. Synthesis of nano-CoAl;04

Nanocrystals of CoAloO4 were synthesized using sol-gel
technique by citric acid. At first, a determined amount
of AI(NOs)3-9H,0 and Co(NOs),-6H,0 was solved in
deionized water. Afterward, an appropriate amount of
citric acid was added (molar ratio of citric acid to metal
ions was 2 to 1). Subsequently, the solution was stirred
for 60 minute and heated at 80 °C until a gel was created.
The gel was dried in an oven at 110 °C and fired at 500
°C for5h.

2.3. Synthesis of quinazolinones

A mixture of isatoic anhydride (1 mmol), primary
aromatic amine (1.1 mmol) or ammonium acetate (1.2
mmol), benzaldehyde (1.0 mmol) and nano-CoAl;O4 in
ethanol (10 mL) was sonicated at 40 W power at 45°C.
The reaction was investigated by TLC. Then the nano-
CoAl,O4 was filtered. lce-water (10 mL) was added.
The precipitate was filtered and recrystallized from
EtOH.

2.4. Spectral information of products
2-Phenyl-2,3-dihydroquinazolin-4(1H)-one (4a):

M.p. 219-221 °C. *H NMR: &(ppm): 8.24 (1H, br s),
7.56 (1H, d, J = 7.8 Hz), 7.45 (2H, d, J = 7.2 Hz), 7.38—

7.32 (3H, m,), 7.21 (1H, t, J = 7.8 Hz), 7.08 (1H, br s),
6.72 (1H, d, J = 7.8 Hz), 6.64 (1H, t, J = 7.8 Hz), 5.72
(1H, s). °C NMR: 5(ppm): 162.4, 145.8, 140.3, 132.2,
127.3, 127.8 (2C), 126.4, 124.6 (2C), 116.4, 113.6,
112.8, 65.2. — FT-IR: 3308, 3185, 1662, 1603, 1512,
1484 cm™.

2-(4-Nitrophenyl)-2,3-dihydroquinazolin-4(1H)-one
(4b):

M.p. 214-215 °C. 'H NMR: d(ppm): 8.53 (LH, br s),
8.28 (2H, d, J= 8.7 Hz), 7.76 (2H, d, J= 8.7 Hz), 7.56
(1H, dd, J= 7.9 Hz, J= 1.6 Hz), 7.32 (1H, br s,), 7.26
(1H,t,), 6.77 (1H, d, J = 7.9 Hz), 6.67 (1H, t,), 5.88 (LH,
5). 3C NMR: 6(ppm):161.5, 148.2, 146.5, 147.4, 131.5,
127.2, 126.3, 122.7, 116.7, 112.4, 112.1, 63.8. FT-IR:
3432, 3282, 1645, 1610, 1523, 1485, 1344 cm.

2-(p-Tolyl)-2,3-dihydroquinazolin-4(1H)-one (4d):

M.p. 233-235 °C. 'H NMR: d(ppm): 8.32 (1H, br s),
7.63 (1H, d, J=7.8 H2),7.29 (2H, d, J = 7.8 Hz), 7.18—
7.26 (3H, m), 7.14 (1H, s), 6.58 (1H, d, J = 8.0 Hz), 6.52
(1H,t,J=7.8 Hz), 5.38 (1H,s,) 2.25 (3H, 5). °C NMR:
o(ppm):164.5, 147.3, 137.5, 136.3, 132.5, 128.6, 126.6,
126.5, 115.2, 114.7, 113.8, 67.5, 21.4. FT-IR: 3314,
3185, 1662, 1601, 1504, 1462 cm™™,

2-(2-Nitrophenyl)-2,3-dihydroquinazolin-4(1H)-one
(4e):

M.p. 192-193 °C. *H NMR: J(ppm): 8.85 (1H, br s),
8.16 (1H, d, J= 8.4 Hz), 7.92-7.78 (4H, m), 7.55 (2H, t,
J=8.0Hz), 7.37 (1H, t, J=7.2), 7.19 (1H, d, J=7.6 H2),
6.32 (1H, br s). 3C NMR: 6(ppm): 164.2, 148.4, 146.9,
145.5, 133.6, 133.4, 132.9, 128.1, 126.9, 122.8, 118.3,
114.7, 114.7, 65.5. FT-IR: 3304, 3189, 1646, 1614,
1525, 1470 cm™,

2-(2-Chlorophenyl)-2,3-dihydroquinazolin-4(1H)-one
(4f):
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M.p. 202-204 °C. *H NMR: §(ppm): 8.18 (1H, s), 7.60
(2H, d, J=6.0 Hz,), 7.52-7.47 (1H, m), 7.43-7.39 (2H,
m,), 7.26 (1H, t, J=8.4 Hz), 7.12 (1H, br s,), 6.55 (1H,
d, J = 8.0 Hz), 6.68 (1H, t, J=7.2 Hz), 6.12 (1H, s), *C
NMR: 6(ppm): 162.2, 145.8, 138.7, 134.1, 130.3, 129.7,
129.2, 127.3, 126.5, 125.6, 118.2, 115.3, 114.2, 64.5.
FT-IR: 3363, 3181, 1652, 1506, 1395, 753 cm™.

2-(3-Methylphenyl)-2,3-dihydroquinazolin-4(1H)-one
(49):

M.p. 225-226 °C. 'H NMR: 5(ppm): 8.28 (1H, br s),
7.58 (1H, d, J = 7.4 Hz), 7.27-7.32 (1H, m), 7.26-7.22
(1H, m,), 7.14 (1H, br s,), 7.05 (2H, s), 6.91-6.88 (LH,
m), 6.75-6.75 (1H, m), 6.64-6.65 (1H, m), 5.73 (1H, s),
3.34 (3H, s). BC NMR: d6(ppm): 163.4, 147.7, 137.1,
135.2, 132.5, 131.0, 127.8, 126.7, 124.3, 117.6, 115.4,
114.2,62.8, 47.3, 19.2. FT-IR: 3303, 3187, 1655, 1608,
1508, 1484 cm™.

2-(4-nitrophenyl)-3-phenyl-2,3-dihydroguinazolin-
4(1H)-one (41):

M.p. 193-195 °C. *H NMR: 5(ppm): 8.02 (2H, d, J=8.8
Hz), 7.89(1H, dd, J=7.9, 1.4 Hz), 7.46(2H, d, J=8.7 Hz),
7.22 (3H, t, J=7.5 Hz), 7.15 (3H, dd, J = 7.5, 6.2 Hz),
6.85-6.78 (1H, m), 6.67 (1H, d, J = 8.0 Hz), 6.15 (1H,
s), 455 (1H, s). C NMR: ¢ (ppm): = 157.5, 132.8,
131.6, 129.4, 128.8, 128.4, 127.2, 126.3, 125.6, 125.2,
122.3(2C), 120.8, 116.6, 114.5, 68.7. FT-IR: 3272,
1633, 1524, 1346, 752 cm.

2-(4-chlorophenyl)-3-phenyl-2,3-dihydroquinazolin-
4(1H)-one (4m):

M.p. 217-219 °C. *H NMR: §(ppm): 8.23 (1H,d, J=7.9
Hz), 7.32-7.40 (2H, m), 7.20-7.27 (5H, m), 7.14-7.19
(3H, m), 6.74-6.77 (1H, m), 6.54 (1H, d, J= 8.1 H2),
6.02 (1H, brs,), 4.56 (1H, s). °C NMR: é(ppm): 161.3,
144.6, 132.8, 130.3, 126.6, 125.6, 124.4(2C), 123.8,
120.6, 120.1(2C), 119.8, 113.2, 112.4, 65.4, FT-IR:
3308, 1651, 1642, 1611, 1504, 1432 cm™,

3-phenyl-2-(p-tolyl)-2,3-dihydroquinazolin-4(1H)-one
(4n):

M.p. 213-214 °C. *H NMR: §(ppm): 8.17 (1H,d, J=7.6
Hz), 7.51-7.49 (2H, m), 7.47-7.33 (6H, m), 7.09-7.06
(1H, m), 6.84 (1H, d, J = 8.0 Hz), 6.62 (2H, d, J = 8.4
Hz), 6.08 (1H, s), 4.68 (1H, s,), 2.14 (3H, 5,). **C NMR:
o(ppm): 164.7, 149.3, 134.2, 127.4 126.7, 125.5(2C),
124.6, 123.8, 122.3, 120.5, 117.6, 116.4, 113.5, 109.3,
72.9, 19.8. FT-IR: 3305, 3177, 1654, 1601, 1512, 1462
cmt,

2-(3-nitrophenyl)-3-phenyl-2,3-dihydroquinazolin-
4(1H)-one (40):

M.p. 184-185 °C. *H NMR: §(ppm): 8.46 (1H, d, J=7.9
Hz), 7.72-7.70 (2H, m), 7.56-7.48 (2H, m), 7.37-7.30
(6H, m), 6.61-6.52 (1H, m), 6.47 (1H, d, J= 7.9 Hz),
6.12 (1H, s), 4.40 (1H, s). ¥C NMR: J(ppm): 160.3,
147.2, 1318, 126.2 (2C), 123.9(2C), 121.6, 120.5,
115.4, 113.5, 112.7, 70.2, 33.4, 17.4, 14.3. FT-IR
(KBr): 3276, 1626, 1524, 1333, 752 cm'L.

2-(4-bromophenyl)-3-phenyl-2,3-dihydroquinazolin-
4(1H)-one (4p):

M.p. 217-218 °C. *H NMR: 6(ppm): 7.73-7.63 (2H, m),
7.56-7.47 (2H, m,), 7.32-7.10 (8H, m), 6.82-6.75 (2H,
m), 6.25 (LH, d, J = 4.8 Hz); *C NMR: &(ppm):161.6,
145.2, 140.8, 139.9, 133.3, 131.2, 128.5, 127.8, 127.4,
125.8,122.2, 120.9, 117.2, 115.6, 114.7, 73.2. FT-IR:
3347, 1660, 1607, 1517, 1454 cm.

2-(4-nitrophenyl)-3-(p-tolyl)-2,3-dihydroquinazolin-
4(1H)-one (4q):

M.p. 212-213 °C. 'H NMR: 6(ppm): 10.23 (1H, s), 8.75
(1H, s,), 8.35 (2H, d, J = 8.6 Hz), 8.18 (2H, d, J= 8.6
Hz), 7.75 (1H, dd, J = 1.0, 6.4 Hz,), 7.61-7.55 (3H, m),
7.39 (1H,t, J=7.6 Hz,), 7.28 (1H, d, J=7.8 Hz,), 7.16
(2H, d, J= 8.2 Hz,), 2.49 (3H, s). °C NMR: §(ppm):
161.4, 148.7, 147.5, 140.6, 135.3, 133.4, 132.4, 130.3,
128.8, 129.2, 128.7, 125.9, 123.5, 118.5, 118.4, 73.1,
21.3. FT-IR: 3654, 3032, 2361, 1663, 1594, 1512, 1456,
764 cm .

3-benzyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one
(4t):

M.p. 156-157 °C. *H NMR: §(ppm): 7.92 (1H, dd, J=
1.4, 6.4 Hz), 7.34-7.18 (12H, m), 6.55-6.47 (2H, m),
5.49 (1H, d, J= 2.6 Hz), 5.56 (1H, d, J= 15.4 Hz), 3.32
(1H, d, J= 15.4 Hz). C NMR: §(ppm): 164.1, 142.7,
140.1, 135.9, 133.8, 129.6, 127.6, 126.7, 125.1(2C),
124.2, 122.7, 118.0, 115.5, 113.1, 70.1, 49.3. FT-IR:
3412, 3015, 2358, 1635, 1580, 1511, 1432, 756 cm.

3. Result and Discussion

FT-IR of nano-CoAl;O;, is displayed in Fig. 1. Two
peaks are seen at around, 666 and 559 cm’!,
respectively, indicating formation of metal oxide. The
absorption peak at 3436 cm™' corresponds to the
vibration modes of metal tethered hydroxyl groups. The
peak at 1629 cm™! displays the stretching vibrations of
carboxyl groups (COQ") of citrate ions. The spectrum
proves that the nano-CoAl,O, were synthesized.

XRD of nano-CoAl,O; is presented in Fig. 2. This shape
displays excellent phase purity of nano-CoAl.O. that
has a complete agreement with the recorded XRD for
nano-CoAl>Os. Average crystalline size of the nano-
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CoAl;04 using Scherrer’s formula was computed to be
15-25 nm.
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Fig. 1. FT-IR of CoAl;O4 spinel nanocrystal
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Fig. 2. XRD of CoAl,O4spinel nanocrystal

The size and morphology of nano-CoAlOs was
considered using SEM and TEM images (Fig. 3). The
results display particles with diameters in the size of
nanometers. The size distribution of nano CoAl,O4 was
determined using DLS measurements, (Fig. 4) that is
centered at a value of 37.5 nm. The elemental
composition of nano-CoAl,O4 was investigated by EDS
(Fig. 5) that showed the cobalt, aluminium and oxygen
amount of the nano-CoAl,O4 was 48.58, 15.13, 36.32
(wt %). First, the reaction of benzaldehyde, isatoic
anhydride, and aniline were selected as a model
reaction. The effect of solvent, catalyst and amount of
catalyst were investigated in Table 1.

KAI(SO4)2.12H,0, silica sulfuric acid, Al(H,PO.)s and
nano CoAl,O, as catalyst in diverse solvents containing
acetonitrile, water, methanol, acetone and ethanol were
checked. The best results were acquired with nano-
CoAl;04 (8 mol%) in EtOH under ultrasound irradiation
(40 W power) (Table 2).
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Fig. 4. DLS of CoAl;O4spinel nanocrystal
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Fig. 5. EDX of CoAl,O4 spinel nanocrystal

Variously mono and disubstituted quinazolinones were
prepared using nano-CoAl:Os under heating and
sonication conditions (Table 3, 4). When the
dihydroquinazolinones were produced under heating,
they were created in higher times, however performing
these reactions under sonication created great yields of
dihydroquinazolinones at shorter times. The ultrasound
technique gives several benefits, including generation of
purer products in great yields and raised reaction rates
[28-31].
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To evaluate the efficiency of nano-CoAl,O4 as a catalyst
with the introduced catalysts for the preparation of
quinazolinones, we have compared the outcomes in
Table 5. This table displays, that nano-CoAl;Os is
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Table 1. Optimization of reaction conditions 2

premiere with respect to the introduced catalysts in
terms of reaction yield and time. Table 5. Comparison
of catalytic performance of nano-CoAl,O, with other
introduced catalysts for the preparation 4k

Entry  Solvent Temp. (°C) Catalytic system (mol%)  Time (min) Isolated Yield® (%)
usc A use A us® A
1 Solvent-free 45 100 Nano CoAl;04 (8%) 20 120 50 40
2 Water 45 100 Nano CoAl;04 (8%) 25 180 55 45
3 DCM 45 39 Nano CoAl;O4 (8%) 20 180 35 trace
4 Acetone 45 56 Nano CoAl;04 (8%) 20 180 40 25
5 Acetonitrile 45 82 Nano CoAl;04 (8%) 20 180 45 30
6 Methanol 45 64 Nano CoAl;04 (8%) 15 150 80 60
7 Ethanol 45 78 Nano CoAlz0; (8%) 15 120 94 75
8 Ethanol 45 - Nano CoAl;O4 (12%) 15 - 93 -
9 Ethanol - 78  KAI(SO4)2.12H,0 (4 %) - 240 - 88
10 Solvent-free — 80  Silica sulfuric acid (20%) — 300 — 80
11 Solvent-free - 100 Al(H2PO4)3 (16%) - 35 - 80
12 Solvent-free - 70 Nano ZnO(20%) - 180 - 88

a) Reactions conditions: isatoic anhydride (1 mmol), aniline (1.2 mmol) and benzaldehyde (1.0 mmol); b)

Isolated yield.

Table 2: Comparison of the power of ultrasonic irradiation for the synthesis of quinazolinone ?

Entry Power (W) Time (min) Yield® (%)
1 30 20 84
2 35 20 89
3 40 15 94
4 45 15 94

a) Reactions conditions: isatoic anhydride (1 mmol), aniline (1.2 mmol) and benzaldehyde (1.0
mmol), nano-CoAl2O4 (8%); b) Isolated yields
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Table 3: Preparation of monosubstituted quinazolineones with hano-CoAl,O.

o)
o)
O\)k/g + NH40AC ,
N0
H

CHO

nano-CoAl,O4

(@)
dNH
N
H)\@
4a—j

EtOH
1 2 3
Entry  Cpd. Product® Time (min) Yield (%) Mp (°C) [ref]
numbers
usc A us® A
o)
1 4a &”“ 10 100 96 78 219-221[18]
[e]
9
2 4b KQ\ 10 100 97 78 214-215[23]
3 4c *@ 12 110 97 78 199-201 [18]
4 4d )\Q\ 15 120 95 77 233-235[18]
(0]
©kaH NO,
5 4e )\(j 12 110 95 77 192-193[33]
o)
©kaH cl
6 4f ﬁ 12 110 94 76 203-204[21]
SO
7 4g i 15 120 93 76 225-226[35]
(0]
QfKNH
8 4h NJ\@L 12 110 96 78 203-204[23]
B
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L
9 4i “ﬁw 15 120 92 75 177-179[18]
10 4i ”A@W 15 120 89 72 209-211[35]

Table 4: Preparation of disubstituted quinazolineones with nano-CoAl,O4*

O

o) © @ nano-CoAl,O, N
P ¥ -
@] N

N
H EtOH H
1 5 3 4k-t
Entry  Cpd. Product® Time (min) Yield (%)¢ Mp (°C)e [ref]
numbers
uUSse® A use A

1 4k @% : 15 120 94 73 205-207[18]

2 41 15 120 96 70 193-195 [18]
Q\i
3 4m )\Q\ 15 120 95 73 217-219[18]
1,
CL
4 4n ”)\Q 17 150 93 70 212-214[34]
Me
e
N
N NO,
5 40 i 17 150 92 70 184-185[21]
e
CL
6 4p Hﬁ 15 120 95 73 216-218[23]
Br
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17 150 92 70 211-213 [35]
20 170 90 68 237-239
15 120 94 72 211-213
15 120 95 78 156-157 [21]

a) Reactions conditions: isatoic anhydride (1 mmol), primery amine (1.2 mmol) and aldehyde (1.0 mmol),
nano-CoAl,04 (8%), T =45 °C; b) all products were characterized by their IR, *H and **CNMR data; c)
ultrasonic irradiation (40 W); d) isolated yields.

Table 5. Comparison of catalytic performance of nano-CoAl,O. with other introduced catalysts
for the preparation 4k

Entry Catalyst (condition) Time (min)  Yield,* % [Ref]
1 Alum (10 mol%, EtOH, reflux) 240 83 [18]
2 Silica sulfuric acid (15 mol%,H-0, 80 °C) 180 84 [20]
3 Aluminum methanesulfonate (5 mol%, 60 91 [21]
EtOH/H,0)
4 Nano-ZnO (20 mol%, 70°C) 180 88 [22]
5 Al(H2PO4); (16 mol%, 100 °C) 60 85 [23]
6 nano-CoAl,O, (8 mol%, EtOH, Ultrasonic 15 94 This work

irradiation, 40 W)

a) Isolated yield

The mechanism of synthesis of quinazolinones is
proposed in Scheme 2. The interaction of nano-CoAl,O4
and isatoic anhydride to produce intermediate (1). Then,

the N-nucleophilic amine assaults on the carbonyl unit
of | to generate intermediate 11, which in turn gives 111
through decarboxylation. The proton transfer of 111
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obtains intermediate 1V. Further, the reaction of
benzaldehyde with intermediate 1V proceed to create the
intermediate V. Accordingly, intermediate VI could be

O

(0]
o

2L
N
N
H
T 1,5-H shift

©)
g
N

)
N

VI

@K)@*N G

obtained by an intermolecular attack of the amide
nitrogen on activated imine carbon, followed by a 1,5-
proton transfer to give product.

nano-CoAl,O4 o) /\
° o

*‘i\

Ultrasound

irradiation ’?9

o--

ol

N.

Scheme 2. The offered mechanism of preparation of quinazolinones using nano-CoAl;O4

The nano-CoAl;O,4 was reused for the synthesis of 4k
under similar reaction conditions up to six cycles and it
was found that product yield lessened to a certain extent
after each reuse (Fig. 6). For recycling of nano-
CoAl;04, the solution was filtered and the nanocrystal
was recovered. The recovered nano-CoAl,O4was rinsed
four times with ethyl acetate and dried at 80 °C for 4 h.

90
80
70
60
50
40
30
20
10

0

runl run2 run3 rund runs rung

Fig. 6. Recovery of CoAl;,O4spinel nanocrystal

4. Conclusions

We have reported an efficient way for the synthesis of
quinazolinones using benzaldehydes, isatoic anhydride
and primary amines or ammonium acetate with nano-
CoAl,O, at 45°C under ultrasound irradiation. The
salient features of this protocol are: great yields in
concise times, retrievability of the nanocatalyst and little
nanocatalyst loading.
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