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In this study, magnetite nanoparticles (Fe;O,) were synthesized as a magnetic core by chemical co-precipitation process and coated

with a silica layer. The (Fe;0,@SiO,) core-shell magnetic nanoparticles were functionalized by organic-base tags to produce the

MNPs-TBAN nanoparticles as a novel hybrid nanostructure. The morphology, stability, and magnetism of this hybrid nanostructure were

characterized and studied by Fourier transform infrared spectroscopy (FT-IR), thermal gravimetric analysis (TGA), vibrating sample

magnetometry (VSM), X-ray powder diffraction analysis (XRD), scanning electron microscopy (FE-SEM), and transmission electron

microscopy (TEM). The prepared hybrid nanomaterial was successfully used as a basic heterogeneous catalyst for the synthesis of

pyrano[2,3-dJpyrimidine derivatives, via the condensation of an aldehyde, malononitrile and barbituric acid or thiobarbituric acid. The

reaction was afforded the desired products in high purity and has advantages of excellent yields, simple workup procedure, and short

reaction time. The catalyst was easily separated from the reaction mixture with the assistance of an external magnet and reused for several

runs without noticeable deterioration in catalytic activity.
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INTRODUCTION

Multicomponent reactions (MCR) have been used as an
effective method to synthesize a wide range of products and
heterocyclic compounds. Multi-component
reactions, in comparison with multi-step syntheses and
different methods of classical chemistry, have many
advantages such as low reaction times, diminished work-up
procedures, no use of different solvents, high efficiency,
being cheap, and high selectivity, leading to the low
environmental impact of MCRs [1,2].

The pyrimidine derivatives have biological and
pharmacological properties such as antimicrobial [3],
antibacterial [4,5], antimalarial [6] and sedative agents [7].
Also, synthetic compounds containing the barbituric acid
moiety in their structure have diverse pharmaceutical and

industrial applications. Pyrano[2,3-d]pyrimidine derivatives

*Corresponding author. E-mail: m-bodaghifard@araku.ac.ir

are used as antitumour [8], cardiotonic [9], hepatoprotective
[9], antibronchitic [10] and antifungal agents [11]. In recent
years, many catalysts and various methods have been
reported for the synthesis of pyrano-pyrimidine derivatives.
However, these methods have some disadvantages including
long reaction times, harsh reaction conditions, use of
homogeneous and toxic catalysts or solvents and boring
work-up procedures [12-19]. To avoid these limitations,
scientists have intensely focused on developing clean,
efficient and facile processes and reusable catalysts for the
synthesis of these pharmaceutically important pyrano[2,3-
d]pyrimidines.

The nanoparticles have high surface areas and do not
have more of the above-mentioned disadvantages. Magnetic
nanoparticles have also attracted much attention because of
their unique properties such drug delivery [20], magnetic
resonance imaging [21,22], data storage [23] and being used
as easily separable catalysts in organic reactions [24,25].
However, magnetic nanoparticles can easily aggregate into
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larger clusters. Besides, they have other deficiencies such as
leaching under acidic conditions and being susceptible to
autoxidation and toxicity. Therefore, it is necessary to
protect the surface of MNPs to reduce these undesirable
features. For this purpose, MNPs are usually coated with a
polymeric or inorganic matrix [26]. Among inorganic
compounds, SiO, can be a suitable candidate for protecting
the surface of MNPs due to its high chemical and thermal
stability and most importantly its easy modification by a
wide range of functional groups which increase the
chemical and colloidal stability of these compounds [25,27-
32]. Besides, using magnetic nanoparticles as catalysts is
associated with other advantages including easy synthesis
and functionalization, low toxicity, low cost, high activity,
and selectivity [25,27-34].

As a part of our continuous effort to develop the green
organic reactions and efficient heterogeneous magnetic
[25,35-42], reported
the preparation of a novel heterogeneous and hybrid

nanocatalysts herein we have
nanomaterial as an impressive and efficient catalyst for the
synthesis of pyrano-pyrimidine derivatives (Scheme 2). The
proposed method has a considerable efficiency for a catalyst
and environmental compatibility. Also, the catalyst is
inexpensive and highly efficient and could be -easily

recovered and reused.
EXPERIMENTAL

All chemicals were purchased from Merck or Acros
chemical companies and used without further purification.
Melting points were measured by using capillary tubes on
an electrothermal digital apparatus and are uncorrected.
Known products were identified by comparison of their
spectral data and melting points with those reported in the
literature. Thin-layer chromatography (TLC) was performed
on UV active aluminum backed plates of silica gel (TLC
Silica gel 60 F254). 'H and ?C NMR spectra were recorded
on a Bruker Avance 300 MHz spectrometer at 300 MHz and
75 MHz, respectively. Coupling constants, J, were reported
in hertz unit (Hz). IR spectra were recorded on a Unicom
Galaxy Series FT-IR 5030 spectrophotometer using KBr
pellets and are expressed in cm™'. Elemental analyses were
performed by Vario EL equipment at Arak University. X-ray
diffraction (XRD) was performed on Philips XPert (Cu-Ka
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radiation, A = 0.15405 nm) over the range 260 = 20-80° using
0.04° as the step length. Thermal gravimetric analysis
(TGA) and differential thermal gravimetric (DTG) data for
MNPs-TBAN were recorded on a Mettler TA4000 system
under the N, atmosphere at a heating rate of 10 °C min™.
The scanning electron microscope measurement was carried
out on a Hitachi S-4700 field emission-scanning electron
microscope (FE-SEM).

Preparation of MNPs-TBAN

Fe;O4, MNPs
precipitation of Fe’"and Fe’ ions as described in the
literature [43]. The Fe;04@SiO, core-shell nanoparticles
were prepared using the Stober method [44]. Aminopropyl-
modified silica-coated MNPs were prepared according to a
reported procedure [45]. Triethylamine (5 mmol, 0.7 g) and
triazine trichloride (5 mmol, 0.95 g) were added to a
mixture of oven-dried Fe;0,@SiO,-PrNH, MNPs (1 g) in
10 ml THF at 100 ml round-bottomed flask. The reaction
mixture was stirred at room temperature for 24 h. The

were prepared using chemical co-

resulting solid was washed with hot THF and dried in an
oven to afford the MNPs-TDCl,. MNPs-TDCl, (1 g)
was added to a solution of 4-(dimethylamino)aniline
(9.36 mmol, 1.27 g) and triethylamine (9.36 mmol, 1.24 g)
in THF (20 ml). The reaction mixture was stirred at 80 °C
for 12 h. After completion of the reaction, the resulting solid
(MNPs-TBAN) was separated with a magnet, and then
washed with hot ethanol and dried in an oven under vacuum
(Details in SI).

General Procedure for the Synthesis of Pyrano[2,3-
d]pyrimidine Derivatives

MNPs-TBAN (0.02 g) was added as a catalyst to a
mixture of barbituric acid (I mmol, 0.128 g) or
thiobarbituric acid (1 mmol, 0.144 g), aldehyde (I mmol),
and malononitrile (1 mmol, 0.066 g). The mixture was
stirred in solvent-free condition on a preheated oil bath at
100 °C for an appropriate time (Table 1). The progress of
the reaction was monitored by TLC. After completion of the
reaction, the reaction mixture was diluted with hot DMF
(5 ml). The catalyst was easily removed from the reaction
mixture using an external magnet. The water was added to
the mixture and the separated crude solid product was
recrystallized and dried in a vacuum oven.
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Scheme 1. Preparation of bis(4-(dimethylamino)anilino)triazine-grafted on silica-coated nano-Fe;O, particles

(MNPs-TBAN)

RESULTS AND DISCUSSION

Preparation and Characterization of Hybrid
Nanomaterial (MNPs-TBAN)

The MNPs-TBAN as a new and recoverable hybrid
nanostructure steps
commercially available materials as shown in Scheme 1.

was constructed in five from

Magnetite Fe;O4 nanoparticles were prepared by the simple
co-precipitation method in basic solution [43]. Considering
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the of the Fes04
nanoparticles and to increase their stability, the synthesized
Fe;04 nanoparticles were coated by the silica layer
using a sol-gel process [44]. The Fe;0.@SiO; core-shell
then treated with 3-aminopropyl-
triethoxysilane (APTES) which can bind covalently to the

aggregation tendency magnetic

nanostructure was

free hydroxyl groups (-OH) at the surface of the particles to

obtain  3-aminopropyl-grafted magnetic nanoparticles
(Fes04,@Si0,-PrNH,) [45]. The subsequent reaction of
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Fe;04@Si0,-PrNH, with cyanuric chloride was afforded
the MNPs-TDCl, particles. The bis(4-(dimethylamino)
anilino)triazine-grafted  on silica-coated =~ magnetite
(MNPs-TBAN) the hybrid
nanostructure was obtained by the nucleophilic aromatic

nanoparticles as final
substitution reaction of MNPs-TDCl, and pre-prepared
4-(dimethylamino)aniline. The final hybrid nanomaterial
was separated and washed with hot THF and ethanol and
then dried in a vacuum oven at 80 °C.

The prepared basic hybrid nanostructure (MNPs-TBAN)
was characterized and identified by the Fourier transform
infrared spectroscopy (FT-IR), thermal gravimetric analysis
(TGA), vibrating sample magnetometry (VSM), X-ray
powder diffraction analysis (XRD),
(FE-SEM),
microscopy (TEM) techniques.

scanning electron
microscopy and transmission electron

The FT-IR spectroscopy was used to corroborate the
successful attachment of different functional groups in each
step of the functionalization process. The Fig. 1 shows the
FT-IR spectra of Fe;04, Fe;04@Si0,, Fe;04@Si0,-PrNH,,
Fe;04@Si0,-TDCl, and MNPs-TBAN in the wavenumber
range 400-4000 cm”'. The FT-IR spectrum of the bare
Fe;04 the
characteristic Fe-O absorption band around 580 cm’
(Fig. 1a). The Fe;04@Si0O, spectrum shows characteristic
bands at around 1075, 949, 804 and 462 cm’ that are
appointed the asymmetric symmetric
stretching, in-plane bending and rocking mode of the

magnetic nanoparticles  demonstrated

to stretching,
Si-O-Si group, respectively. The broad band in the range
3200-3500 cm™ (stretching vibration mode of Si-OH) and
the weak band at 1616 cm™ (twisting vibration mode of
H-O-H adsorbed in the silica layer) appeared in the
spectrum. These results confirm the formation of SiO,
shell on the magnetite core. The presence of the grafted
alkylamino groups was corroborated by the weak symmetric
and asymmetric stretching vibrations at 2920 and 2945 cm’
of aliphatic C-H Also, the bands
corresponding to C=N and C=C in heterocyclic rings
appeared at 1400-1600 cm™ (Fig. le). N-H bending
vibration appeared at the range 1650 cm” (Fig. le).

in Figs. lc-e.

Therefore, the above results confirm that the functional
groups were successfully grafted onto the surface of the
magnetic Fe;04@Si0, nanoparticles and resulted the final
MNPs-TBAN hybrid nanostructure.
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The morphology and size of the synthesized nanoparticles
ascertained by the field
electron microscopy (FE-SEM) (Fig. 2). As shown in Fig. 2,
the MNPs-TBAN particles possess
morphology with an average diameter of about 20-35 nm.

were emission  scanning

nearly spherical
Due to the small size of the particles, the ratio of the surface
to the volume of these particles is high, so more contacts
with the reactants take place, indicating a well-performed
catalytic activity.

The energy-dispersive X-ray spectroscopy (EDS) results,
obtained from SEM analysis of MNPs-TBAN, are shown in
Fig. 3, and clearly display the presence of Fe, Si, O, N and
C in the MNPs-TBAN (Fig. 3). Besides, the higher peak
intensity of the Si element compared to Fe peak indicates
that Fe;O,4 nanoparticles are trapped by SiO,, confirming the
synthesized core-shell structure.

The TEM analysis provides additional details on the size
and morphology of nanoparticles. The structure of the
magnetic nanoparticles MNPs-TBAN is almost spherical.
This technique displays a dark nano-Fe;O, core surrounded
by a grey silica shell with 5-10 nm thickness and the
average size of the synthesized nanoparticles is estimated to
be 20-30 nm (Fig. 4).

X-ray powder diffraction (XRD) was used to determine
the degree of crystallinity of the magnetite and
MNPs-TBAN catalyst (Fig. 5). The same peaks were
observed in the XRD patterns of both Fe;O, and MNPs-
TBAN, indicating the maintenance of the crystalline spinel
ferrite core structure through the functionalization process.
The XRD patterns of the synthesized MNPs-TBAN showed
diffraction peaks at 20 = 30.4°, 35.7°, 43.3°, 53.9°, 57.5°,
63° and 74.5° that could be assigned to the (220), (311),
(400), (422), (511), (440) and (533) Miller planes of Fe;O4
nanoparticles. These results match well with the standard
Fe;04 sample (JCPDS card no. 85-1436) and confirm that
the Fe;O4 nanoparticles are pure and have a cubic spinel
structure. The broad peak from 20 = 20° to 27° is consistent
with an amorphous silica phase of MNPs-TBAN (Fig. 4b)
[46]. The average crystallite size of the MNPs by Scherrer’s
formula (D = 0.92/BcosB) was estimated from the (311)
XRD peak [47]. The crystallite size of the MNPs, as
calculated from the width of the peak at 26 = 35.7° (311),
was 23.5 nm, in the range determined by FE-SEM and TEM
analyses (Figs. 2 and 4).
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Fig. 1. The FT-IR spectra for (a) Fe;0,, (b) Fe;04@Si0,, (¢) Fe;04@Si0,-PrNH,, (d) Fe;04@SiO,-TDCl, and

(e) MNPs-TBAN nanomaterials.
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Fig. 2. The FE-SEM images of MNPs-TBAN nanoparticles.

The thermogravimetric analysis (TGA) and derivative
thermogravimetry (DTG) were used to determine the
stability of the hybrid nanomaterial (Fig. 6). The magnetic
catalyst (MNPs-TBAN) displays two steps of weight loss
over the temperature range of TGA. The first step, including
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a low amount of weight loss at T < 250 °C, is due to the
removal of physically adsorbed solvent and surface
hydroxyl groups; the second stage at about 250 to nearly
590 °C is ascribed to the decomposition of the coating
organic moiety in the nanocomposite. Thus, the weight loss
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Fig. 3. The EDS spectrum of MNPs-TBAN nanoparticles.

Fig. 4. The TEM image of MNPs-TBAN nanoparticles.

between 250 and 590 °C gives the organic grafting ratios of
the magnetic catalyst. The observed weight loss at 600 °C
temperatures and higher is related to the silica nanoparticle
groups, which is related to the phase change step. The slope
of the curve represents the significant thermal resistance
shown by the sample. Therefore, it can be concluded that
almost the entire surface of the sample has been
functionalized by organic groups. It can be seen from the
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DTG chart that the organic structure decomposition has
occurred mainly at 690 °C and the catalyst is completely
stable at temperatures up to 250 °C.

The magnetic properties of the nanoparticles were
characterized using a vibrating sample magnetometer
(VSM). Figure 7 shows the plots of room temperature
magnetization (M) versus magnetic field (H) (M-H
curves or hysteresis loops) of Fe;O, and MNPs-TBAN
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Fig. 6. The TGA and DTG curves for MNPs-TBAN nanoparticles.

nanoparticles. The hysteresis curve allows determination of
the saturation magnetization (M), remanent magnetization
(M;) and coercivity (H.). The magnetization of samples
could be completely saturated at high fields of up to
+8000.0 Oe and the M; of samples changed from 62 to
38 emu g, due to the formation of a silica shell around the
Fe;O4 core. The hysteresis loops show the super-
paramagnetic behavior of the Fe;0, and MNPs-TBAN
particles in which M, and H. are close to zero (M, =2.5 and
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1.5 emu g', and H. = 16 and 18 Oe, respectively) [48]. The
strong magnetization of the nanoparticles was also revealed
by simple attraction with an external magnet (Fig. 7).

Synthesis of Pyrano[2,3-d]|pyrimidine Derivatives
Using MNPs-TBAN

After of the
nanomaterial and to optimize the reaction condition, the

characterization prepared  hybrid

reaction of 4-chlorobenzaldehyde (1 mmol), barbituric acid
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Scheme 2. Multicomponent synthesis of pyrano[2,3-d|pyrimidine using bis(4-(dimethylamino)anilino)triazine-grafted
on silica-coated magnetite nanoparticles (MNPs-TBAN)

(1 mmol), and malononitrile (1 mmol) were selected as a
model conducted under different reaction
conditions. The best result was obtained using 50 mg of
MNPs-TBAN under solvent-free condition at 100 °C,
concerning the reaction time and yield of the desired
product (Table 1, entry 12). The efficiencies of Fe;Oy,
Fe;04@Si0,, MNPs-PrNH, and MNPs-TDCl, as the
catalyst toward the model reaction were compared; the
results are demonstrated in Tablel. It was shown that the
MNPs-TBAN was the best choice (Table 1, entries 16-19).
Arylaldehyde with both electron-donating or electron-
withdrawing groups and heteroaromatic aldehydes can lead
to the desired products in good to excellent yields (Table 2).
As can be seen in Table 2, the nature of substituents on the

and was

279

aromatic ring of aldehydes did not show an obvious effect
in terms of time and yield under the reaction condition.
The comparison of MNPs-TBAN nanocatalyst with some
previously the synthesis of
pyrano[2,3-d]pyrimidines is shown in Table 3. The
presented data confirm that MNPs-TBAN is an efficient and
suitable catalyst for the synthesis of desired pyrano[2,3-
d]pyrimidines derivatives. The spectroscopic data for novel
products (4n and 4u) and other selected products (4d, 4f, 4m

reported catalysts for

and 4q) are presented in supplementary information.

The the formation of
these compounds is presented in Scheme 3. Initially,
MNPs-TBAN catalyst the
acidic hydrogen from malononitrile. The Knoevenagel

suggested mechanism for

as a Dbasic abstracts
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Table 1. Optimization of the Conditions for the Synthesis of Pyrano[2,3-d]pyrimidine
Derivatives

Cl

O

o
CN
H HN conditions o
+ < + 2\ e CN
CN HN
c1 07y 8
o

N7 07 NI,
3

Catalyst Temp. Time Yield
No. Solvent
(mg) 0 (min) (%)
1 MNPs-TBAN (50) CH;CN Reflux 100 73
2 MNPs-TBAN (50) CH,Cl, Reflux 100 61
3 MNPs-TBAN (50) THF Reflux 100 67
4 MNPs-TBAN (50) Toluene Reflux 100 77
5 MNPs-TBAN (50) H,0 Reflux 60 63
6 MNPs-TBAN (50) EtOH Reflux 60 81
7 MNPs-TBAN (50) EtOH:H,O Reflux 60 87
9 MNPs-TBAN (50) Solvent-free 50 100 79
10 MNPs-TBAN (50) Solvent-free 80 30 89
11 MNPs-TBAN (50) Solvent-free 100 10 93
12 MNPs-TBAN (20) Solvent-free 100 10 94
13 MNPs-TBAN (10) Solvent-free 100 30 87
14 - Solvent-free 100 100 41
15 Fe;04(50) Solvent-free 100 120 77
16 Fe;0,@Si0, (50) Solvent-free 100 120 65
17 MNPs-PrNH, (50) Solvent-free 100 120 67
18 MNPs-TDCl, (50) Solvent-free 100 120 69
Isolated yield.
condensation via nucleophilic attack of the malononitrile Subsequently, barbiturate nucleophile, barbituric acid that

anion to the carbonyl group (aromatic aldehyde) and its acidic hydrogen has been abstracted by the catalyst,
subsequent elimination of water leads to the formation of  attacks to electrophilic olefin (Michael addition) to form the
electrophilic intermediate (A, arylidine malononitrile). adduct B. The resulting product undergoes an isomerization
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Table 2. Multicomponent One-pot Synthesis of Pyrano[2,3-d]pyrimidine Derivatives

X M.P.

Time  Yield
Product Ar (°C)°
(min) ~ (%)°

Found Reported

4a CeHs o) 15 95 219-221  220-22214
4b 2-Cl-C¢H,4 ¢} 20 92 209-211  204-206!"
4c 4-C1-C¢H, ¢} 10 94 239241  238-240!
4d 3-NO,-C¢H, 0 15 93 262-264 268-270!"
4e 4-NO,-C¢H, 0 15 91 235-236  239-240!"
4f 4-Br-C¢H, ¢} 10 90  228-230 230-231"
4g 4-CH;-CgH, ¢} 15 91 231-233 2252
4h 4-OH-CgH, 0 25 89 >300 >300("!
4i 3-OH-C¢H,4 ¢} 25 87  216-218  202-204!
4j 4-OMe-C¢H, ¢} 20 91 276-278  280-2811
4k 4-N(Me),-C¢H, ¢} 20 89  227-229  207-210!¢
4] 4-F-Cg¢H,4 0 10 93 223224 218-220M%
4m 2,4-Cl,-CH; ¢} 15 95 247249  241-242!
4n Isophthaldehyde 0 20 87 273275 -

40 2-Thienyl 0 25 91 265267 2722731
4p CeHs S 15 93 215217 223-224019
4q 4-C1-C¢H, S 15 91 >300 >3001"%
4r 3-CI-CeH, S 15 93 233-234  238-239!"
4s 4-NO,-C¢H, S 15 90  237-239  234-235!
4t 3-NO,-C¢H, S 20 93 228230 233-234!"
4u 4-CH5-C¢H, S 30 90  195-197 -

4y 4-OMe-C¢H, S 30 90 123-125  116-118!"7

“Isolated yield. "Melting points were not corrected.

to form an enol and intramolecular cycloaddition then  Catalyst Recovery and Reusability
occurred to afford an imine adduct (C), which could be The recovery and reuse of the catalyst are very important
tautomerized to give the desired final product (4). for industrial application and compliance with the
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Table 3. Comparison of MNPs-TBAN as a Catalyst with some other Reported Catalysts in the Synthesis
of Pyrano[2,3-d]pyrimidine

Entry Catalyst Condition Time Yield
(min) (%)
1 Zn[(L)proline], EtOH, reflux 60 85 112
2 DAHP aq. EtOH, reflux 120 g1 13
3 DMA EtOH, reflux 20 90 4
4 KBr, electrolysis H,O:EtOH, r.t 20 79 L6l
5 Choline chloride. ZnCl,,
EtOH, .t 120 94 117
triethanolamine
6 [BMIm]BF, 90 °C 180 84 18]
7 CuCL.2H,0 H,0:EtOH, 60 °C 35 89 1!
8 MNPs-TBAN Solvent-free, 100 °C 15 935 [This work]

©
NC><H NC>, HkAr NC A
> —_—
N NC Nd OH
2 3
\ H,0
N 2’
/
O o /\ A N
HN ~
)\ ., HN C] Ar CN
o0“ N0
H 07 N0
O Ar O Ar oL ar
N ‘ o HN N - CN
)\ | _C. 41\ | Cs )\ —~
N NN NS 07 N0 0PN il
4 C B

Scheme 3. The possible mechanism for the synthesis of pyrano[2,3-d]pyrimidine derivatives
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Fig. 9. The FT-IR spectra of the fresh catalyst and the six-times reused catalyst.

principles of green chemistry. The recycling capability of
MNPs-TBAN was investigated in the reaction of barbituric
acid (1 mmol), 4-chlorobenzaldehyde (1 mmol) and
malononitrile (1 mmol) under the solvent-free condition at
100 °C for 10 min. After completion of the reaction, the
resulting solidified mixture was diluted with hot DMF
(5 ml). Then the catalyst was easily separated using an
external magnet, washed with ethanol, dried under vacuum
and reused in a subsequent reaction. Nearly quantitative
recovery of the catalyst (up to 98%) could be obtained from
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each run. As seen in Fig. 8, the recycled catalyst could be
reused six times without any additional modifications or a
significant decrease in catalytic activity The recycled
catalyst after six runs had no distinct change in structure, as
shown by a comparison of the FT-IR spectra to that of fresh
catalyst (Fig. 9).

CONCLUSIONS

In this study, the bis(4-(dimethylamino)anilino)triazine-
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grafted on  silica-coated  magnetite = nanoparticles
(MNPs-TBAN) as a novel hybrid nanostructure was
successfully prepared and characterized. The MNPs-TBAN
as an efficient basic hybrid nanocatalyst was used in the
one-pot synthesis of  pyrano[2,3-
d]pyrimidinone derivatives. The desired products were

multicomponent

synthesized in high to excellent yields through an easy and
green methodology without using harmful solvents (under
solvent-free condition). The prepared catalyst can be easily
separated and recovered from the reaction system by a
magnet and can be reused several times without a
significant loss of its activity. Also, this procedure offers
several advantages such as clean reaction conditions and
minimum pollution of the environment, high yields, short
reaction time, and easy separation of the catalyst, that makes
it an effective and attractive method for the synthesis of
the biologically interesting pyrano-pyrimidine derivatives,
comparable with those reported in the literature.
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