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In this paper, we report a feasible protocol for the preparation of [1]ben-

zopyranopyrido[d]pyrimidines via expeditious sonochemical route. The reac-

tion efficiency was evaluated by influence of several parameters including

sonication power, sonication time, different solvents, and using porous

graphene/MoO3 nanocomposite as catalyst, for the first time. The effect of the

ultrasonication comparing with the conventional heating on the synthesis of

the titled compounds shows that the ultrasonic irradiation is required to rich

the cyclized products. The structural properties of porous graphene/MoO3

nanocomposite were determined by Fourier transform infrared spectroscopy

(FT-IR), powder X-ray diffractometry (XRD), scanning electron microscope

(SEM), Raman spectroscopy, and also by TGA analysis. Confirmation of the

structures of compounds 4a–4h were also established with IR, 1H NMR, and
13C NMR spectroscopic data and also by elemental analyses.
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1 | INTRODUCTION

Introduction of ultrasonication as a versatile synthetic
tool has created a new opportunity to develop new proce-
dures in organic syntheses that cannot be achieved by
conventional methods.[1–4] The ultrasound approach by
providing the activation energy in microenvironment has
quickly gained acceptance for accelerating assembly of
complex molecules in an efficient, green, atom-economi-
cal, and time saving manner.[5–7] The avoid or reduce the
use of hazardous organic solvents, which is often an
intrinsic part of chemical or another industrial
manufacturing process, can mainly prevented environ-
mental pollution.[8] According to this, performing the
reactions under ultrasound conditions in combination
with using water as an ideal green medium instead of
other popular reaction solvents is considered efficient,

safe, and economically feasible treatment for convenient
practice of green chemistry.[9–13]

Furthermore, metal oxide nanoparticles (NPs) can be
also selected as long-term stable and efficient heteroge-
neous catalysts for greener synthetic approaches to
important organic compounds.[14] Recently, researches
have witnessed considerable attempts to develop the
applications of nanostructure materials,[15] due to their
broad range of applications in photocatalysts,[16,17] super-
hydrophobicity material,[18] organic conductors, electro-
magnetic interference shielding, and so on.[19] New
nanocomposites have been successfully prepared based
on graphitic materials thanks to their important various
categories of carbon nanostructures such as fullerenes,
graphene, carbon nanotubes, and nanofibers.[20] Among
different graphitic supported materials, graphene-based
has been emerged as powerful catalysts, because they
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have high surface area, high chemical stability, high ther-
mal conductivity, and low resistivity.[21]

The multicomponent reactions (MCRs),[22] which
highlighting important contributions by combination a
minimum of three reactants (or a reactant with three
reaction centers) in a single step to form a product that
incorporates frameworks containing substantial elements
of all the reactants are well-recognized tools in mac-
rocyclization strategies, peptide cyclization, and diversity-
oriented derivatization of complex fused heterocyclic.[23]

Moreover, compounds incorporate [1]benzopyran
(chromene) motives are widespread among natural and
unnatural bio-active compounds.[24] Compounds caring
the [1]benzopyran motif have been successfully utilized
as cosmetics, pigments,[25] and potential biodegradable
agrochemicals.[26] These compounds have a wide spec-
trum of biologically activities such as antimicrobial,[27]

antiviral,[28,29] mutagenicitical,[30] antitumoral,[31]

antiproliferative,[32] sex pheromonal,[33] antioxidants,[34]

central nervous system activities,[35] and enzyme inhibi-
tors.[36] Moreover, the core structure of fused [1]ben-
zopyran is widespread in a large number of well-known
medicinally relevant natural compounds. For example,
uvafzlelin, as a naturally occurring 4H-[1]benzopyran
isolated from the stems of Uvaria ufielii, has been identi-
fied as antimicrobial against Gram-positive and acid-fast
bacteria,[37] conrauinone A has been isolated from the
bark of the tree Millettia conraui and shown potential
ability in the treatment of intestinal parasites,[38] and
erysenegalensein C extracted from the bark of Erythrina
senegalensis can be used as a drug for the treatment of
stomach pain, female infertility, and gonorrhea[39]

(Figure 1).

We have previously developed some facile and non-
polluting routes in forming heterocycles using metal
oxide nanoparticles.[40] In the present work, we set out to
prove the efficiency of eco-compatible ultrasonication as
a practical approach for the synthesis of 7-aryl-9,-
11-dimethyl-6H-[1]benzopyrano[30,40:5,6]pyrido[2,3-d]
pyrimidine-6,8,10(9H,11H)-trione derivatives 4a–4h via a
three-component reaction of 4-hydroxycoumarin (1), aro-
matic aldehydes (2), and 6-amino-1,3-dimethyluracil
(3) in the presence of porous graphene/MoO3

nanocomposite as a reusable heterogeneous catalyst in
aqueous media. The notable feature of this novel and
promising procedure is the fact that in the absence of
ultrasonic wave, the final cyclized product was not
obtained even under reflux conditions (Scheme 1).

2 | EXPERIMENTAL

2.1 | Materials and methods

All of the chemical materials used in this work were pur-
chased from Merck and Fluka and used without further
purification. Melting points were determined on an Elec-
trothermal 9100 apparatus. The FT-IR spectra were
obtained from a Bruker, Vector spectrometer. 1H NMR
and 13C NMR spectra were recorded on a Bruker DRX-
500 AVANCE at 500 and 125 MHz, respectively, using
TMS as internal standard and DMSO(d6) as solvent. Ele-
mental analyses were carried out on Foss-Heraeus CHN-
O-rapid analyzer instruments. XRD patterns were
obtained from Bruker Axs using CuKα radiation with
λ = 1.54060 Å in the range 2θ = 10–80�. The SEM images
were taken using scanning electron microscope TESCAN,
VEGA3 equipped with the X-ray energy dispersive spec-
troscope (EDX). Raman spectra were derived from
Bruker, Senterra micro-Raman with a laser wavelength
of 785 nm. Ultrasonication was performed using on a
multiwave ultrasonic generator (Sonicator 3200;
Bandelin, MS-73), equipped with a converter/transducer
and titanium oscillator (horn), 12.5 mm in diameter, with
an operation frequency of 20 KHz with a maximum
power output of 200 W.

2.2 | General procedure for the synthesis
of bio-graphene

Each gelatin of 2.5 g and Arabic gum were dissolved sep-
arately in 40 ml water and stirred at 50�C until clear gel
was obtained. Then, the resultant gels were mixed well
under stirring. The mixture was heated to remove water
and dried at 80�C for 12 h. Then, the dried powder was

FIGURE 1 Natural biologically active compounds containing

core structure of fused [1]benzopyran
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put in a furnace, heated to 750�C with the rate of 5�/min
for 1 h at N2 atmosphere. The product is a black powder
that has a graphene structure synthesized from natural
precursors.

2.3 | General procedure for the synthesis
of graphene/MoO3 nanocomposite

To immobilization of molybdenum oxide on the surface
of the synthesized bio-graphene, an active aqueous solu-
tion of molybdenum was used. For this purpose,
oxodiperoxo molybdenum complex was first synthesized
by mixing MoO3 (5 mmol, 0.72 g) with 5 ml of H2O2

(30%). The mixture was heated at 40�C for 24 h under
stirring until a clear yellow solution was obtained. Then
100 mg of the synthesized bio-graphene were added to
the molybdenum solution and refluxed at 100�C for 48 h
under stirring. After 48 h, the solution was cooled to
room temperature, centrifuged, washed with distilled
water, and dried in an air oven.

2.4 | General procedure for the
preparation of compounds 4a–4h

A mixture of 4-hydroxycoumarin (1, 1 mmol), aromatic
aldehyde 2 (1 mmol), 6-amino-1,3-dimethyluracil
(3, 1 mmol), and porous graphene/MoO3 (0.05 gr) in H2O

(3 ml) was sonicated at room temperature for 20 min at
power of 70 W. The reaction progress was monitored by
TLC using 2:1 ethyl acetate/n-hexane as an eluent. After
completion of the reaction, the reaction was allowed to
stand for 10 min at room temperature, and then the solid
obtained was filtered. The residue was then dissolved in
hot ethanol (3 ml), and the catalyst was removed
for reusing by centrifuging and washing with ethanol
and then oven drying for several hours. The pure product
was obtained by cooling the ethanol solution to room
temperature, diluted with 1 ml H2O and allowed
to crystallize.

2.5 | Spectroscopic data

2.5.1 | 9,11-Dimethyl-7-phenyl-6H-[1]
benzopyrano[30,40:5,6]pyrido[2,3-d]
pyrimidine-6,8,10(9H,11H)trione (4a)

White solid, yield: 0.364 g (95%), mp >300�C. IR (KBr)
(νmax/cm

−1): 2845, 2732, 1706, 1658, 1618, 1571, 1510,
1450, 1356, 767. 1H-NMR: δ = 3.26 (s, 3H, NCH3), 3.49 (s,
3H, NCH3), 7.47 (d, 3H, J = 7.2 Hz, H Ar), 7.58 (d, 2H,
J = 7.2 Hz, H Ar), 7.68 (t, 1H, J = 7.2 Hz, H Ar), 7.75
(d, 1H, J = 8.2 Hz, H Ar), 7.97 (t, 1H, J = 7.6 Hz, H Ar),
8.16 (d, 1H, J = 7.6 Hz, H Ar) ppm. 13C-NMR: δ = 27.1,
29.0, 105.7, 112.5, 113.9, 117.8, 121.4, 124.6, 126.6, 127.2,
129.0, 131.3, 134.6, 135.9, 140.8, 142.9, 150.9, 157.0, 169.0,

SCHEME 1 Ultrasound-assisted,

porous graphene/MoO3 nanocomposite

catalyzed preparation of 7-aryl-

9,11-dimethyl-6H-[1]benzopyrano

[30,40:5,6]pyrido[2,3-d]pyrimidine-6,8,10

(9H,11H)-triones in water
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173.1 ppm. Anal. Calcd for C22H15N3O4 (385.38): C,
68.57; H, 3.92; N, 10.90. Found: C, 68.69; H,
3.82; N, 10.81.

2.5.2 | 7-(4-Bromophenyl)-9,11-dimethyl-
[1]benzopyrano[30,40:5,6]pyrido[2,3-d]
pyrimidine-6,8,10(9H,11H)trione (4b)

White solid, yield: 0.455 g (98%), mp >300�C. IR (KBr)
(νmax/cm

−1): 2937, 2760, 1700, 1666, 1618, 1572, 1508,
1449, 1351, 762. 1H-NMR: δ = 3.25 (s, 3H, NCH3), 3.49
(s, 3H, NCH3), 7.34 (d, 2H, J = 8.2 Hz, H Ar), 7.59 (d, 1H,
J = 7.8 Hz, H Ar), 7.62 (d, 2H, J = 8.2 Hz, H Ar), 7.65
(d, 1H, J = 8.7 Hz, H Ar), 7.88 (t, 1H, J = 7.8 Hz, H Ar),
8.05 (d, 1H, J = 7.8 Hz, H Ar) ppm. 13C-NMR: δ = 27.7,
29.1, 105.3, 112.4, 113.1, 117.8, 122.9, 124.6, 125.0, 127.1,
128.3, 129.2, 131.7, 138.9, 140.2, 142.9, 150.7, 157.5, 170.4,
172.9 ppm. Anal. Calcd for C22H14BrN3O4 (464.27): C,
56.92; H, 3.04; N, 9.05. Found: C, 57.05; H, 3.21; N, 9.15.

2.5.3 | 7-(4-Chlorophenyl)-9,11-dimethyl-
6H-[1]benzopyrano[30,40:5,6]pyrido[2,3-d]
pyrimidine-6,8,10(9H,11H)trione (4c)

White solid, yield: 0.407 g (97%), mp >300�C. IR (KBr)
(νmax/cm

−1): 2952, 2871, 1689, 1668, 1619, 1570, 1511,
1443, 1355, 752. 1H-NMR: δ = 3.27 (s, 3H, NCH3), 3.50 (s,
3H, NCH3), 7.45 (d, 2H, J = 8.1 Hz, H Ar), 7.54 (d, 2H,
J = 8.1 Hz, H Ar), 7.63 (t, 1H, J = 7.5 Hz, H Ar), 7.70
(d, 1H, J = 8.3 Hz, H Ar), 7.92 (t, 1H, J = 7.6 Hz, H Ar),
8.11 (d, 1H, J = 7.6 Hz, H Ar) ppm. 13C-NMR: δ = 27.1,
29.1, 105.4, 112.6, 114.0, 117.8, 124.6, 125.2, 127.4, 129.3,
131.2, 133.4, 134.1, 138.4, 140.8, 142.7, 150.9, 156.9, 168.8,
172.5 ppm. Anal. Calcd for C22H14ClN3O4 (419.82): C,
62.94; H, 3.36; N, 10.01. Found: C, 63.05; H, 3.46;
N 10.13.

2.5.4 | 7-(4-Cyanophenyl)-9,11-dimethyl-
6H-[1]benzopyrano[30,40:5,6]pyrido[2,3-d]
pyrimidine-6,8,10(9H,11H)trione (4d)

Pale yellow solid, yield: 0.402 g (98%), mp >300�C. IR
(KBr) (νmax/cm

−1): 2965, 2883, 2223, 1705, 1667, 1619,
1572, 1505, 1450, 1345, 759. 1H-NMR: δ = 3.26 (s, 3H,
NCH3), 3.50 (s, 3H, NCH3), 7.73 (d, 2H, J = 8.2 Hz,
H Ar), 7.76 (d, 2H, J = 8.2 Hz, H Ar), 7.81 (d, 1H,
J = 8.3 Hz, H Ar), 8.05 (m, 2H, H Ar), 8.21 (d, 1H,
J = 7.9 Hz, H Ar) ppm. 13C-NMR: δ = 27.2, 29.1, 105.2,
110.4, 112.6, 114.5, 117.8, 119.8, 124.0, 125.0, 128.2, 129.4,
134.5, 135.3, 139.1, 140.7, 142.6, 150.9, 156.2, 169.2,

173.0 ppm. Anal. Calcd for C23H14N4O4 (410.39): C,
67.31; H, 3.44; N, 13.65. Found: C, 67.17; H,
3.52; N, 13.49.

2.5.5 | 9,11-Dimethyl-7-(3-hydroxyphenyl)-
6H-[1]benzopyrano[30,40:5,6]pyrido[2,3-d]
pyrimidine-6,8,10(9H,11H)trione (4e)

Pale yellow solid, yield: 0.389 g (97%), mp >300�C. IR
(KBr) (νmax/cm

−1): 3436, 2923, 2758, 1678, 1651, 1620,
1570, 1510, 1445, 1353, 756. 1H-NMR: δ = 3.25 (s, 3H,
NCH3), 3.51 (s, 3H, NCH3), 7.52 (m, 2H, H Ar), 7.65
(br s, 2H, H-Ar), 7.73 (t, 1H, J = 7.5 Hz, H Ar), 7.79
(d, 1H, J = 8.2 Hz, H Ar), 8.01 (t, 1H, J = 7.8 Hz, H Ar),
8.21 (d, 1H, J = 7.8 Hz, HAr), 9.44 (s, 1 H, OH) ppm. 13C-
NMR: δ = 27.0, 29.1, 105.5, 112.7, 113.6, 114.1, 114.5,
117.8, 124.4, 124.7, 127.3, 130.0, 133.3, 135.9, 138.4, 140.7,
143.0, 151.0, 155.9, 166.6, 169.2, 173.1 ppm. Anal. Calcd
for C22H15N3O5 (401.38): C, 65.83; H, 3.77; N, 10.47.
Found: C, 65.68; H, 3.59; N, 10.30.

2.5.6 | 9,11-Dimethyl-
7-(4-methoxyphenyl)-6H-[1]benzopyrano
[30,40:5,6]pyrido[2,3-d]pyrimidine-6,8,10
(9H,11H)trione (4f)

Yellow solid, yield: 0.407 g (98%), mp >300�C. IR (KBr)
(νmax/cm

−1): 2923, 2874, 1703, 1675, 1619, 1571, 1507,
1440, 1356, 768. 1H-NMR: δ = 3.26 (s, 3H, NCH3), 3.49 (s,
3H, NCH3), 3.68 (s, 3H, OCH3), 7.01 (d, 2H, J = 8.0 Hz,
H Ar), 7.27 (d, 2H, J = 8.02 Hz, H Ar), 7.59 (t, 1H,
J = 7.5 Hz, H Ar), 7.66 (d, 1H, J = 8.2 Hz, H Ar), 7.87
(t, 1H, J = 7.8 Hz, H Ar), 8.06 (d, 1H, J = 7.8 Hz, H Ar)
ppm. 13C-NMR: δ = 27.2, 29.1, 55.7, 105.8, 112.4, 114.0,
117.8, 123.1, 124.6, 125.2, 128.3, 129.5, 133.7, 135.3, 141.0,
142.8, 150.9, 155.9, 158.2, 167.7, 172.9 ppm. Anal. Calcd
for C23H17N3O5 (415.40): C, 66.50; H, 4.12; N, 10.12.
Found: C, 66.39; H, 3.98; N, 10.22.

2.5.7 | 9,11-Dimethyl-7-(4-methylphenyl)-
6H-[1]benzopyrano[30,40:5,6]pyrido[2,3-d]
pyrimidine-6,8,10(9H,11H)trione (4g)

White solid, yield: 0.379 g (95%), mp >300�C. IR (KBr)
(νmax/cm

−1): 3019, 2952, 1701, 1673, 1623, 1571, 1509,
1446, 1356, 767. 1H-NMR: δ = 2.24 (s, 3H, CH3), 3.25 (s,
3H, NCH3), 3.49 (s, 3H, NCH3), 7.28 (br s, 4H, H Ar),
7.60 (t, 1H, J = 7.4 Hz, H Ar), 7.68 (d, 1H, J = 8.0 Hz,
H Ar), 7.90 (t, 1H, J = 7.0 Hz, H Ar), 8.09 (d, 1H,
J = 7.0 Hz, H Ar) ppm. 13C-NMR: δ = 21.4, 27.1, 29.4,
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105.6, 113.2, 114.0, 117.8, 122.1, 124.6, 127.1, 129.3, 132.1,
133.3, 136.5, 137.2, 140.9, 142.8, 151.2, 156.0, 168.7,
172.9 ppm. Anal. Calcd for C23H17N3O4 (399.40): C,
69.17; H, 4.29; N, 10.52. Found: C, 69.35; H,
4.44; N, 10.38.

2.5.8 | 9,11-Dimethyl-7-(3-nitrophenyl)-6H-
[1]benzopyrano[30,40:5,6]pyrido[2,3-d]
pyrimidine-6,8,10(9H,11H)trione (4h)

Pale yellow solid, yield: 0.417 g (97%), mp >300�C. IR
(KBr) (νmax/cm

−1): 3008, 2984, 1704, 1676, 1610, 1572,
1520, 1485, 1346, 758. 1H-NMR: δ = 3.27 (s, 3H, NCH3),
3.53 (s, 3H, NCH3), 7.69 (m, 1H, H Ar), 7.75 (d, 1H,
J = 7.6 Hz, H Ar), 7.85 (t, 1H, J = 8.0 Hz, H Ar), 7.97
(m, 2H, H Ar), 8.15 (d, 1H, J = 7.7 Hz, H Ar), 8.24
(br s, 1H, H Ar), 8.35 (d, 1H, J = 8.1 Hz, H Ar) ppm.
13C-NMR: δ = 27.2, 29.3, 105.2, 112.1, 113.5, 114.6, 116.1,
117.7, 124.3, 125.6, 128.4, 129.5, 137.5, 138.6, 140.9, 141.2,
142.6, 151.1, 155.4, 156.8, 168.4, 174.1 ppm. Anal. Calcd
for C22H14N4O6 (430.37): C, 61.40; H, 3.28; N, 13.02.
Found: C, 61.48; H, 3.17; N, 12.88.

2.5.9 | 6-Amino-5-[(4-hydroxy-2-oxo-2H-[1]
benzopyran-3-yl)(4-chlorophenyl)methyl]-
1,3-dimethyl-2,4(1H,3H)-
pyrimidinedione (5c)

White solid, yield: 0.418 g (95%), mp 190–192�C (lit:
193–194�C[41]). IR (KBr) (νmax/cm

−1): 3445, 3361, 3240,
1696, 1663, 1618, 1570, 1509. 1H-NMR: δ = 3.16 (s, 3H,
CH3), 3.40 (s, 3H, CH3), 5.63 (s, 1H, H-7), 7.20 (d,
J = 8.1 Hz, 2H, H Ar), 7.29 (d, J = 8.1 Hz, 2H, H Ar),
7.36 (br s, 2H, NH2), 7.38 (t, J = 8.0 Hz, 1H, H Ar), 7.45
(d, J = 8.0 Hz, 1H, H Ar), 7.67 (t, J = 7.8 Hz, 1H, H Ar),
7.86 (d, J = 7.8 Hz, 1H, H Ar), 14.98 (s, 1H, OH) ppm.
13C-NMR: δ = 29.1, 31.4, 36.6, 63.7, 87.4, 105.4, 117.0,
117.8, 124.6, 125.2, 126.1, 128.8, 129.4, 131.2, 133.4, 138.4,
150.9, 152.9, 156.1, 164.7, 165.0, 166.5 ppm. Anal. Calcd
for C22H18ClN3O5 (439.85): C, 60.08; H, 4.13; N, 9.55.
Found: C, 60.12; H, 4.19; N, 9.46.

3 | RESULTS AND DISCUSSIONS

We began our study by the synthesis of the catalyst
based on the procedure mentioned in Experimental
section. In this study, two carbon precursors were used
to synthesis of porous bio-graphene (gelatin and Arabic
gum). Gelatin was selected as a carbon source with
nitrogen-containing groups, which can form N-doped

graphene. Also, Arabic gum was added to gelatin
solution to create a special network by interaction
between these two carbon sources. It can produce a
porous graphene structure with high surface area and
high charge density that are attractive for catalytic
application. This porous bio-graphene was used as a
catalyst support to immobilize molybdenum oxide. For
stabilizing molybdenum oxide on the surface of
graphene, molybdenum oxide is dissolved in hydrogen
peroxide to obtain oxodiperoxo molybdenum. This
molybdenum precursor is highly active, which can
oxidize the surface of graphene and quickly react with
the functional groups of graphene to immobilize on
the surface of support.[42,43]

The FT-IR spectra of the synthesized bio-graphene
and MoO3/graphene catalyst are reported in Figure 2. In
both spectra, the characteristic absorption peaks of
graphene at 1756, 1628, and 1248 cm−1 can be assigned
to the stretching modes of C O, C C, and C OH,
respectively. The deformation mode of C O was also
observed at 1112 cm−1. These peaks have higher intensi-
ties in MoO3/graphene, which determine the higher
number of oxygen-containing groups in the presence of
oxidative condition (peroxo solution). A broad peak at
3442 cm−1 corresponds to the O H stretching vibration
in both graphene and MoO3/graphene spectra. Regarding
the small number of N-dopants, the vibration of C N
bond is too weak. The additional sharp peak in the IR
spectra of MoO3/graphene situated at 901 cm−1, clearly
confirmed the formation of the Mo O groups on the
surface of graphene.

The XRD patterns of the synthesized bio-graphene
and MoO3/graphene (after calcination at 300�C for 1 h)
are shown in Figure 3. All reflection peaks at 2θ = 13.37,
27.17, 29.3, 32.03, 38.17, 45.54, 51.05, and 56.7� can be
readily indexed to the (020), (110), (040), (021), (060),
(002), and (081) planes of orthorhombic MoO3 on the
surface of graphene, respectively (JCPDS05-0508).
Accordingly, the position of the main peak of graphene
nanosheets is appeared as a strong diffraction peak at
about 2θ = 22�.

SEM images of the synthesized bio-graphene and
MoO3/graphene catalyst have been depicted in Figure 4a,
b. The SEM study of bio-graphene reveals the stacked
porous nanosheets (Figure 4a). Figure 3b shows the
nanobelts of molybdenum oxide on the surface of
graphene in the MoO3/graphene catalyst.

Figure 5 points out the Raman spectra of the synthe-
sized bio-graphene. Two distinct peaks at 1318 and
1578 cm−1 are corresponded to D and G bands of
graphene. The D and the G bands are assigned to the sp3

and sp2 hybrid carbon structures in the graphene,
respectively.
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FIGURE 2 FT-IR spectra of the

synthesized bio-graphene and graphene/MoO3

nanocomposite

FIGURE 3 XRD patterns of the

synthesized bio-graphene and graphene/MoO3

nanocomposite

FIGURE 4 SEM images of (a) the synthesized bio-graphene and (b) graphene/MoO3 nanocomposite
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To quantify the amount of molybdenum oxide on the
MoO3/graphene catalyst, thermogravimetric analysis
(TGA/DTA) was done in the air (Figure 6). Result indi-
cates that the synthesized bio-graphene is stable up to
400�C. The residue (10%) is corresponded to immobilized
molybdenum oxide on the surface of graphene.

In the next runs, we sought to evaluate the various
reaction conditions in the model reaction of
4-hydroxycoumarin (1), 4-chlorobenzaldehyde (2c), and
6-amino-1,3-dimethyluracil (3) for the synthesis of spe-
cific product 4c (Scheme 2 and Table 1). The preliminary
studies showed that in the absence of ultrasonic wave,
the desired product 4c was not observed, even under
reflux conditions (Table 1, entries 1). This result occurs
because the model reaction is stopped in the step of for-
mation of uncyclized intermediate 5c. The single crystal
X-ray structure for 5c (Figure 7) has previously been
reported and illustrated the formation of intramolecular
hydrogen bonds,[41] which prevents the further

cyclization. Although by replacing two of the starting
materials we could achieve these products,[40g,h] we also
thought that an appropriate way to overcome this diffi-
culty would be the use of ultrasonication. The conversion
of the reactants into the desired product 4c is mainly
affected by using ultrasonic irradiation and the best
results obtained in power of 70 W, in water at room tem-
perature (Table 1, entries 2–4). Further investigation on
the optimal quantity of the catalyst showed that only
0.05 g of the nanocomposite was efficient to give the best
yield of product (97%) within 20 min under ultrasonic
irradiation in water (Table 1, entries 3 and 5–7). Next, dif-
ferent catalysts were tested in the model reaction, but
porous graphene/MoO3 revealed to be must effective
(Table 1, entries 3 and 8–9). To explore the effect of the
reaction media, several solvents including EtOH,
CH2CL2, CH3CN, and DMF were examined. As expected,
water was superior to push the reaction forward (Table 1,
entries 3 and 9–13).

FIGURE 5 Raman spectra of the

synthesized bio-graphene

FIGURE 6 TGA/DTA

analysis of the graphene/MoO3

nanocomposite
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To check the recyclability the catalyst was recovered
by a simple procedure as described in the general proce-
dure and successfully used in four consecutive cycles for
the model reaction with a negligible loss of activity
(Table 2).

On the basis optimization results obtained, the scope
of this novel efficient method was explored by treating a
range of various substituted benzaldehydes with
4-hydroxycoumarin and 6-amino-1,3-dimethyluracil to
form the corresponding products in high yields (Table 3).
Due to the volatile nature of most aliphatic aldehydes
and therefore reduced product yields, we used only aro-
matic aldehydes in this reaction. It is noticeable that the

substituent's effect on the aromatic ring did not show spe-
cial effects in terms of yields under these reaction condi-
tions. This may be due to the speed of the first step of the
reaction in the formation of the alkene.

In accordance with the previous studies, a simplest
and plausible mechanism for the present reaction is illus-
trated in Scheme 3. First, the mechanism proceeds by
Knoevenagel condensation, as the MoO3 possesses strong

SCHEME 2 Synthesis of 7-(4-chlorophenyl)-9,11-dimethyl-

6H-[1]benzopyrano[30,40:5,6]pyrido[2,3-d]pyrimidine-6,8,10

(9H,11H)-trione (4c) as model reaction for the screening of the

optimized reaction conditions

TABLE 1 Optimization of reaction conditions for the synthesis of 7-(4-chlorophenyl)-9,11-dimethyl-6H-[1]benzopyrano[30,40:5,6]pyrido
[2,3-d]pyrimidine-6,8,10(9H,11H)-trione (4c)

Entry Catalyst (g) Solvent (conditions) US[a] power (W) Time (min) Yield (%)[b],[c]

1 Porous graphene/MoO3 (0.05) H2O (Reflux) — 240 —

2 Porous graphene/MoO3 (0.05) H2O (US) 65 20 91

3 Porous graphene/MoO3 (0.05) H2O (US) 70 20 97

4 Porous graphene/MoO3 (0.05) H2O (US) 80 20 97

5 No catalyst H2O (US) 70 20 55

6 Porous graphene/MoO3 (0.04) H2O (US) 70 20 74

7 Porous graphene/MoO3 (0.06) H2O (US) 70 20 98

8 p-TsOH[a] (0.05) H2O (US) 70 20 85

9 DAHP[b] (0.05) H2O (US) 70 20 80

10 Porous graphene/MoO3 (0.05) EtOH (US) 70 20 92

11 Porous graphene/MoO3 (0.05) CH2Cl2 (US) 70 20 79

12 Porous graphene/MoO3 (0.05) CH3CN (US) 70 20 83

13 Porous graphene/MoO3 (0.05) DMF[c] (US) 70 20 90

ap-TsOH, p-toluenesulfonic acid.
bDAHP, diammonium hydrogen phosphate.
cDMF, dimethylformamide.
dUS, Ultasonic irradiation.
eIsolated yield.
fReaction conditions: A mixture of 4-hydroxycoumarin (1, 1 mmol), 4-chlorobenzaldehyde (2c, 1 mmol), and 6-amino-1,3-dimethyluracil (3, 1 mmol) were kept

at various reaction conditions.

FIGURE 7 Single crystal X-ray structure of (5c) illustrating
intramolecular hydrogen bond formation
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acidic sites, which promote the reaction by coordinating
to the oxygen of aromatic aldehydes 2 and activating it
for nucleophilic attack to 6-amino-1,3-dimethyluracil 3 to
generate alkene 6. This in turn reacts with
4-hydroxycoumarin 1 via Michael addition to produce
the uncyclized intermediate 5. Intramolecular cyclization
of 5 gives product 4, after dehydration and aromatization.
In order to demonstrate the proposed mechanism, we
tried the model reaction into two separate steps
(Scheme 3). In the first step and in the absence of
4-hydroxycoumarin 1, the alkene 6c formation is
occurred from the reaction of 6-amino-1,3-dimethyluracil
3 with 4-chlorobenzaldehyde 2c. When we used pref-
ormed alkene 6c in the reaction with 4-hydroxycoumarin
1 in the second step, it shows that the product 4c was
given. As a result, the product formed in the first step is
the intermediate obtained from the mentioned reaction
performing in a one-pot three-component approach
about 0.5 h after the start, confirmed by TLC.

4 | CONCLUSION

In summary, we have reported an operationally simple
and green synthesis of 7-aryl-9,11-dimethyl-6H-[1]
benzopyrano[30,40:5,6]pyrido[2,3-d]pyrimidine-6,8,10
(9H,11H)-triones via cyclocondensation reaction of
4-hydroxycoumarin, aromatic aldehydes, and 6-amino-1,-
3-dimethyluracil catalyzed by porous graphene/MoO3

nanocomposite. The porous graphene/MoO3

nanocomposite was synthesized through a new facile
route and characterized by FT-IR, XRD, SEM, Raman

TABLE 2 Recyclability of porous graphene/MoO3 for the

synthesis of 7-(4-chlorophenyl)-9,11-dimethyl-6H-[1]benzopyrano

[30,40:5,6]pyrido[2,3-d]pyrimidine-6,8,10(9H,11H)-trione (4c) under
optimized reaction conditions

Runs Fresh 1 2 3 4

Isolated yield (%)[a], [b] 97 97 96 96 95

aIsolated yield.
bReaction conditions: A mixture of 4-hydroxycoumarin (1, 1 mmol),
4-chlorobenzaldehyde (2c, 1 mmol), 6-amino-1,3-dimethyluracil (3,
1 mmol), and porous graphene/MoO3 (0.05 g) in H2O (3 ml) was sonicated

at room temperature for 20 min at power of 70 W.

TABLE 3 Ultrasonic assisted porous graphene/MoO3

catalyzed synthesis of 7-aryl-9,11-dimethyl-6H-[1]benzopyrano

[30,40:5,6]pyrido[2,3-d]pyrimidine-6,8,10(9H,11H)-triones 4a–4h in

water

Products Ar Yield (%)[a],[b] mp (�C)

4a C6H5 95 >300

4b 4-Br-C6H4 98 >300

4c 4-Cl-C6H4 97 >300

4d 4-NC-C6H4 98 >300

4e 3-HO-C6H4 97 >300

4f 4-CH3O-C6H4 98 >300

4g 4-CH3-C6H4 95 >300

4h 3-O2N-C6H4 97 >300

aYields refer to those of pure isolated products characterized by IR, 1H NMR,
and 13C NMR spectral data and by elemental analyses.
bReaction conditions: A mixture of 4-hydroxycoumarin (1, 1 mmol),
aromatic aldehyde (2, 1 mmol), 6-amino-1,3-dimethyluracil (3, 1 mmol), and
porous graphene/MoO3 (0.05 g) in H2O (3 ml) was sonicated at room
temperature for 20 min at power of 70 W.

SCHEME 3 The proposed mechanism for the

formation of 4
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spectroscopy, and TGA analysis. The structures of target
compounds 4a–4h were also confirmed by IR, 1H NMR,
and 13C NMR spectroscopic data and also by elemental
analyses. High yields of products, short reaction times,
the use of green solvent and reusable catalyst, and easy
work-up are the main advantages of this protocol. Com-
pared with heating method, ultrasound irradiation not
only accelerates the reaction but is also necessary for the
formation of the final cyclized product.
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