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Abstract. Fe2+supported on hydroxyapatite- core-shell magnetic -Fe2O3 nanoparticles
(-Fe2O3@HAp- Fe2+ NPs) is reported as a novel, e�cient, reusable and heterogeneous
catalyst. In this protocol, we used this catalyst for the synthesis of 4-dihydropyrimidin-
2(1H)-ones/thiones in good to high yields by the reaction of aromatic aldehyde, �-
dicarbonyl and urea/thiourea under solvent free condition. The catalyst can be readily
isolated by using an external magnet and no obvious loss of activity was observed when
the catalyst was reused in seven consecutive runs. The mean size and the surface
morphology of the nanoparticles were characterized by TEM, SEM, VSM, XRD and FTIR
techniques.
c 2015 Sharif University of Technology. All rights reserved.

1. Introduction

There has been an intense interest in the synthesis
and design of supramolecular structures due to their
great applications, such as catalyst, promoter and
nanovessel, to direct reactivity, regioselectivity and
chemoselectivity of organic reactions [1]. The science
and technology of catalysis have played a critical role in
improving our standard of living over the last century.
Materials produced by catalytic technology are utilize
for modern medicines, new �bers for clothing and
construction, a wide variety of consumer products,
cleaner-burning fuels, and environmental protection.
Lewis acid-catalyzed reactions allow smooth transfor-
mation of various functional groups in modern syn-
thetic organic chemistry [2,3]. Magnetic nanoparticles
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(MNP) have been investigated due to their poten-
tial biomedical applications in various �elds, such as
drug delivery [4,5], magnetic resonance imaging [6],
biomolecular sensors [7,8], bioseparations [9,10], and
magneto-thermal therapy [11,12]. In addition, recent
studies show that magnetic nanoparticles are excellent
supports for various catalysts [13,14]. The supported
catalysts proved to be e�ective and easily separated
from the reaction media by applying an external
magnetic �eld. Moreover, the ability of magnetic
nanoparticles to serve e�ciently as nano-support for
organcatalytic systems has been recently reported [15-
17]. Iron Oxide Magnetic Particles (IOMP) are of
great interest for some biomedical applications, in-
cluding therapeutic applications, such as magnetic
hyperthermia treatment of cancer, Magnetic Reso-
nance Imaging (MRI) and release of drugs. The
magnetic particles need to be pre-coated with sub-
stances that assure their stability, biodegradability, and
non-physiological toxicity. The surface of the ferrite
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Scheme 1. Synthesis of -Fe2O3@HAp-Fe2+ NPs.

nanoparticles has been coated with biocompatible ma-
terials, such as gold (Au) [18], polymer [19,20], silica
(SiO2) [21,22], titania (TiO2) [23] and hydroxyapatite
(Ca10(PO4)6(OH)2, HAP) [24-27]. Among these, HAP
coated core/shell structured ferrite nanoparticle is one
of the most promising materials. Deb et al. [24]
reported the synthesis of HAp-coated hexaferrite of
(CaO)0:75(La2O3)0:20(Fe2O3)6 particles. Hydroxyap-
atite (HAp, Ca10(PO4)6(OH)2) is considered to be a
promising support material because of its durable acid-
base properties and its high adsorption capacity. HAp
supported Lewis acids have been used to catalyze many
chemical reactions. In this work, -Fe2O3@HAp- Fe2+

NPs was synthesized and used as a new heterogeneous
catalyst for one-pot synthesis of dihydropyrimidinones
via three-component couplings of aromatic aldehyde,
�-dicarbonyl, and urea/thiourea under solvent free
condition at 80�C.

2. Experimental

2.1. Materials and methods
Products were characterized by comparison of their
spectroscopic data (1H NMR, 13C NMR and IR)
and physical properties with those reported in the
literature. NMR spectra were recorded in DMSO-d6 on
a Bruker advanced DPX 500 and 400 MHz instrument
spectrometers using TMS as internal standard. IR
spectra were recorded on a Frontier FT-IR (Perkin
Elmer) spectrometer using a KBr disk. All yields refer
to isolated products.

2.2. Catalyst preparation
In this study, -Fe2O3@HAp- Fe2+ NPs was prepared
in two steps. The Iron Oxide Magnetic Particles
(IOMP) were synthesized by chemical coprecipitation
technique of ferric and ferrous chlorides in aqueous
solution. Solutions of FeCl3.6H2O (0.25 mol.L�1) and
FeCl2.4H2O (0.125 mol.L�1) were mixed and precipi-
tated with NH4OH solution (25%) at pH 12, while stir-
ring vigorously. The black suspension, which formed
immediately, was maintained at 70�C for approxi-
mately one hour and washed several times with ultra-
pure water until the pH decreased to 7. IOMP/HAP
was prepared by the impregnation method according
to known procedures with some modi�cations [28].

Then Hydroxyapatite-Encapsulated -Fe2O3 (0.6 g)
was introduced into 100 ml of distilled water containing
6.4 mmol of FeCl2.4H2O. The mixture was stirred
(500 rpm) for 24 h, �ltered, and washed several times
with ethanol. The recovered solid was dried at 70�C
overnight (Scheme 1). The mean size and the surface
morphology of the -Fe2O3@HAp- Fe2+ NPs were
characterized by TEM, SEM, VSM, XRD and FTIR
techniques.

2.3. Typical procedure for the preparation of
dihydropirimidinones

A mixture of aldehyde (3 mmol), �-dicarbonyl com-
pound (3 mmol), urea or thiourea (4.5 mmol), and
-Fe2O3@HAp- Fe2+ NPs (20 mg) was heated with
stirring at 80�C for 15-45 min. During the reaction
process, a solid product spontaneously formed. The
completion of the reaction was monitored by TLC
(n-hexane: ethyl acetate; 3:2). After cooling to
room temperature, the reaction mixture was poured
onto crushed ice (50 g) and stirred for 10-15 min.
Then, the mixture was stirred at room temperature for
10 min. The separated solid was �ltered under suction,
washed with cold water (50 mL) and recrystallized
from hot ethanol to a�ord the pure product. All the
compounds were characterized by FT-IR, 1H NMR and
13C NMR. The catalyst can be readily isolated by using
an external magnet and no obvious loss of activity
was observed when the catalyst was reused in seven
consecutive runs.

3. Result and discussion

Characterization and preparation of -Fe2O3@HAp-
Fe2+ NPs, and also its structural and morphological
analysis are done by TEM, SEM, VSM, XRD and FTIR
techniques. The phases present in the magnetic materi-
als were analyzed using a powder X-Ray Di�ractometer
(XRD) Philips (Holland), model X0 Pert with CuK�1
radiation (� = 1:5406 �A); the X-ray generator was
operated at 40 KV and 30 mA. Di�raction patterns
were collected from 2� = 20� � 70�.

Fourier transform infrared (FT-IR) spectra were
recorded on a FT-IR spectrometer (Perkin Elmer) with
a spectral resolution of 4 cm�1 in the wave number
range of 400-4000 cm�1. The samples and KBr were
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fully dried before the FT-IR analyses to exclude the
inuence of water.

The magnetic properties were assessed with a Vi-
brating Sample Magnetometer (VSM) (RIKEN DEN-
SHI Co. Ltd., Japan). The magnetic properties of
the particles were evaluated in terms of saturation
magnetization and coactivity.

Scanning Electronic Microscopy (SEM), the mor-
phology of the surface of -Fe2O3@HAp- Fe2+ NPs,
was investigated using a scanning electronicmicroscope
of XL30 type (Netherland). The catalyst was covered
with pure metallic Ag. The laying down of Ag was
carried out using evaporation of the metal under a high
vacuum, to give a thickness of around 100 �A.

The synthesis of -Fe2O3@HAp- Fe2+ NPs was
depicted in Scheme 1 and Figure 1 shows the XRD for
-Fe2O3@HAp- Fe2+ NPs.

The characterization of -Fe2O3@HAp- Fe2+ NPs
was further carried out by FT-IR (Figure 2). The

Figure 1. XRD of catalyst.

Figure 2. FT-IR spectra of (a) -Fe2O3@HAp-Fe2+ NPs,
(b) -Fe2O3@HAp, and (c) HAp.

band at 3580 cm�1 was assigned to the stretching and
bending modes of the OH groups in the hydroxyapatite
structure [28]. The bands at 1098, 1030, and 961 cm�1

were attributed to the asymmetric and symmetric
stretching vibration of the phosphate group (PO4

�3)
and the bending modes of Fe-O were observed at 608,
565, and 475 cm�1. In addition, the band at 874 cm�1

indicated that HPO4
�2 may also be present in the

hydroxyapatite as an impurity.
Figure 3 shows the magnetization curves for -

Fe2O3@HAp- Fe2+ NPs. The magnetization curve
in Figure 3 gives a saturation magnetization value of
11.30 emu/g.

Scanning electronic microscopy image of -
Fe2O3@HAp- Fe2+ NPs is given in Figure 4.

TEM micrographs provide more accurate infor-
mation on the particle size, morphology and loading of
-Fe2O3@HAp- Fe2+ NPs. These nanoparticles consist
of relatively small, nearly spherical particles, with an
average size of 50 nm, much smaller than the sizes
obtained from the XRD measurements (Figure 5).

Herein we reported that the e�cacy of this

Figure 3. Magnetization curve of -Fe2O3@HAp-Fe2+

NPs.

Figure 4. SEM micrographs of -Fe2O3@HAp-Fe2+ NPs.
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Figure 5. TEM of -Fe2O3@HAp-Fe2+ NPs.

catalyst was tested for the one-pot synthesis of 3,4-
dihydropyrimidin-2(1H)-ones and {thiones by the three
component condensation reaction of aldehydes, �-
dicarbonyl and urea or thiourea (Scheme 2).

The catalyst concentration varied over a range of
5-25 mg -Fe2O3@HAp- Fe2+ NPs on the basis of the
total volume of the reaction mixture. As mentioned
before, we carried out the reaction of benzaldehyde,
acetylacetone, and urea. Di�erent reaction conditions
have been studied for optimization (Table 1).

After optimizing the conditions, we examined the
generality of these conditions to other reactions of �-
dicarbonyl, urea (or thiourea), and various aldehydes
in the presence of optimized -Fe2O3@HAp- Fe2+ NPs
(Table 2). The conversion completed during 15-45 min.

All of the reactions were performed under solvent
free conditions at 80�C and the products were isolated
in high yields (Scheme 2 and Table 2). The procedure
gives products in good yields and avoids problems asso-
ciated with the use of organic solvents (cost, handling,
safety and pollution).

Aryl aldehydes with strong electron-withdrawing
substituents (such as nitro group) required a rela-
tively longer reaction time with lower yields (Table 2,
entries 2 and 10) whereas aryl aldehydes carrying
electron-donating substituents gave excellent yields of
the products (Table 2, entries 4 and 5) in a shorter
reaction time. The aliphatic aldehydes which also were
not complete reacted, under similar conditions gave
poor yields and long reaction time. In order to show
the merit of the present work in comparison with some
reported protocols, we compared the results in Table 3.

Scheme 3 shows a plausible mechanism for the
present reaction which is based on the mechanism
proposed by Kappe [34]. According to the mechanism,
-Fe2O3@HAp- Fe2+ NPs catalyzed the readily in
situ formation of dihydropyrimidinones product. The

Scheme 2. Synthesis of dihydropyrimidinones catalyzed by -Fe2O3@HAp-Fe2+ NPs.

Table 1. Optimization of experimental conditions for Biginelli condensation reactions.

Entry MNP-IL
(mg)

Temperature
(�C)

Time
(min)

Yield
(%)

1 5 80 60 36
2 10 80 60 44
3 15 80 30 52
4 20 80 15 93
5 25 80 15 91
6 20 100 15 90
7 20 60 60 Not completed reaction
8 20 r.t. 90 Not completed reaction
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Table 2. Synthesis of 3,4-dihydropyrimidinones using -Fe2O3@HAp-Fe2+ NPs as catalyst.

Entry R1 R2 X Time
(min)

Product Yielda,b

(%)
m.p. (�C)

Found Reported

1 H Me O 15 4a 90 233-235 236-237 [29]
2 4-NO2 Me O 20 4b 67 207-209 206-208 [30]
3 4-Cl Me O 15 4c 73 223-224 224-226 [31]
4 4-OMe Me O 15 4d 86 166-168 169-171 [32]
5 4-Me Me O 15 4e 85 232-233 230-231 [28]
6 5-Br-2-OH Me O 15 4f 89 240-242 243-244 [32]
7 H Me S 25 4g 81 229-231 232-233 [29]
8 4-Cl Me S 25 4h 70 227-229 224-226 [31]
9 2-OH Me S 20 4i 85 240-243 242-243 [31]
10 4-NO2 Me S 30 4j 60 105-107 108-110 [32]
11 H OEt O 25 4k 91 198-200 201-202 [30]
12 4-Me OEt O 25 4l 90 212-215 214-217 [30]
13 2-OH OEt O 20 4m 82 203-205 202-204 [30]
14 4-NO2 OEt O 30 4n 69 204-206 206-208 [30]
15 4-OMe OEt O 25 4o 80 205-207 207-208 [30]
16 4-N,N-(Me OEt O 25 4p 76 253-255 256-257 [29]
17 H OEt S 30 4q 83 210-212 208-209 [29]
18 4-NO2 OEt S 45 4r 62 206-208 209-212 [31]
19 4-OH OEt S 30 4s 74 205-207 202-203 [33]
20 4-MeO OEt S 30 4t 70 151-153 149-151 [33]

a: All products were characterized by spectroscopic data.
b: Yield after puri�cation.

Table 3. Comparison of the catalytic ability of catalysts.

Entry R1=R2=X Catalyst/solvent/temperature Time (min) Yield (%) Reference

1 H/OEt/O CSC-Star-SO3-AlCl2/acetonitrile/80�C 690 95 35
2 H/OEt/O Mg-Al-CO3(Ca-Al-CO3)/solvent-free/80�C 35 84(69) 36

3 H/OEt/O
Poly(l-vinyl-3-(3-sulfopropyl)imidazoliumn
hydrogen sulfate/ethanol/80�C

420 90 37

4 H/OEt/O Bio-glycerol based carbon/acetonitrile/75-80�C 240 90 38
5 H/OEt/O [Bmim]BF4/solvent free/100�C 30 90 39
6 4-Me/OEt/O PVSA/ethanol(water)/90�C 60 88(94) 40
7 4-Me/Me/O Fe3O4 NPs/solvent free/80�C 33 84 41
8 4-Me/Me/O [Cbmim] Cl/solvent free/80�C 35 85 42
9 4-Me/Me/O -Fe2O3@HAp-Fe2+ NPs/solvent free/80�C 15 85 This work
10 H/OEt/O -Fe2O3@HAp-Fe2+ NPs/solvent free/80�C 25 91 This work
11 4-Me/OEt/O -Fe2O3@HAp-Fe2+ NPs/solvent free/80�C 25 90 This work

aldehyde reacts with urea to form an acyl imine inter-
mediate 3, which immediately eliminates one molecule
of H2O to produce a conjugated imino-ketone as a
Michael system 4. In addition, in the presence of -
Fe2O3@HAp- Fe2+ NPs, the formation of highly stable
enol of the �-ketoester 5 is somehow facilitated in the
reaction mixture. Addition of the enol 6 to the imino-

ketone 4 via a Michael addition reaction results in
the formation of 7, after intramolecular cycloaddition
formation of 8, and subsequently with the elimination
of a molecule of H2O results in 9.

As can be seen in Table 3, -Fe2O3@HAp- Fe2+

NPs as a catalyst a�orded good results in comparison
to the other catalysts. In order to evaluate the
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Scheme 3. The proposed mechanism for dihydropyrimidinone synthesis using -Fe2O3@HAp-Fe2+ NPs.

Figure 6. Catalyst reusability.

e�ciency of our introduced method, more recently
developed methods were compared with our present
method on the basis of the yields and reaction times
parameters, the results are given in Table 3.

4. Conclusion

In conclusion, the present study describes a simple
and highly e�cient protocol for preparation of dihy-
dropyrimidinones using -Fe2O3@HAp- Fe2+NPs as
catalyst. The advantages of the present procedure
are simplicity of operation, very short reaction times
compared with other procedures for the preparation of
dihydropyrimidinones derivatives, and the high yields
of products. In this reaction the catalyst were easily
recyclable by simple �ltration (Figure 6).
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