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Preparation and characterization of a silica-
based magnetic nanocomposite and its
application as a recoverable catalyst for the
one-pot multicomponent synthesis of
quinazolinone derivatives
Ali Maleki*, Mahboubeh Rabbani and Shirin Shahrokh
An environmentally benign magnetic silica-based nanocomposite (Fe3O4/SBA-15) as a heterogeneous nanocatalyst was prepared
and characterized using Fourier transform infrared and ultraviolet–visible diffuse reflectance spectroscopies, scanning electron

microscopy, X-ray diffraction, vibrating sample magnetometry and Brunauer–Emmett–Teller multilayer nitrogen adsorption. Its
catalytic activity was investigated for the one-pot multicomponent synthesis of 2,3-dihydroquinazolin-4(1H)-ones starting from
isatoic anhydride, ammonium acetate and various aldehydes under mild reaction conditions and easy work-up procedure in
refluxing ethanol with good yields. The nanocatalyst can be recovered easily and reused several times without significant loss
of catalytic activity. Copyright © 2015 John Wiley & Sons, Ltd.

Additional supporting information may be found in the online version of this article at the publisher’s web-site.
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Magnetic iron oxide nanoparticles are particularly attractive owing to
their unique properties and potential applications in various fields.[1]

In general, the naked nanoparticles tend to aggregate into large clus-
ters. This problem can be overcome by immobilizing the nanoparti-
cles on substrates such as polymers, carbons and mesoporous
silica.[2] SBA-15, as a highly ordered mesoporous material, is one of
the best substrates for this purpose, due to its large surface area, high
chemical and thermal stability and good compatibility.[3] The integra-
tion of mesoporous silica with magnetic nanoparticles to form po-
rous magnetic nanocomposites is undoubtedly of great interest for
practical applications. These types of magnetic nanocomposites
have the advantages of both mesoporous silica and magnetic nano-
particles. In recent years, several studies have been done on the
synthesis and application of these magnetic nanocomposites in or-
ganic manufacturing.[4]

Quinazoline derivatives are an important class of heterocyclic com-
pounds that have diverse biological and pharmaceutical properties
such as antifertility, antibacterial, antiviral, antitumor and antifungal
activities.[5] Quinazolin-4(3H)-one analogues as important pharmaco-
logically active compounds[6] have been synthesized using several
methods.[7–24] The most common procedure involves the condensa-
tion reaction of anthranilamide with aldehydes or ketones using
various catalysts such as TiCl4–Zn,

[7] Sc(OTf)3,
[8] NH4Cl,

[9] HCl,[10]

p-toluenesulfonic acid (PTSA),[11] SmI2,
[12] CuCl2,

[13] MnO2,
[14] KMnO4,

[15]

ionic liquid or 2,2,2-trifluoroethanol without additional catalyst[16]

and copper-catalysed Ullmann N-arylation coupling process.[17]

Several strategies for the synthesis of 2,3-dihydroquinazolinone
derivatives involve a one-pot three-component condensation of
Appl. Organometal. Chem. 2015, 29, 809–814
isatoic anhydride, aldehydes and amines or ammoniumacetate using
catalysts such as Ga(OTf)3,

[18] Bi(NO3)3�5H2O,
[19] KAl(SO4)2�12H2O,

[20]

PTSA,[21] Fe3O4,
[22] SrCl2�6H2O

[23] and Cu(C6H5SO3)2�6H2O.
[24]

In continuation of our recent researches towards the development
of green, simple and environmentally benign protocols in organic
reactions,[25] herein, for the first time, we introduce a magnetite–
silica nanocomposite (Fe3O4/SBA-15) as an efficient nanocatalyst in
multicomponent reactions (MCRs) for the one-pot synthesis of 2,3-
dihydroquinazolin-4(1H)-one derivatives 4a–g using isatoic anhy-
dride (1), ammonium acetate (2) and various aldehydes (3) in
refluxing ethanol in good to excellent yields (Scheme 1). To the best
of our knowledge, this is the first synthesis of dihydroquinazolinones
catalysed by superparamagnetic composite nanoparticles via MCRs.
Results and discussion

Characterization of nanocatalyst

Fourier transform infrared (FT-IR) spectroscopy of Fe3O4/SBA-15

The FT-IR spectra of neat SBA-15, neat Fe3O4 and Fe3O4/SBA-15
samples are shown in Fig. 1. Their comparison confirms the efficient
Copyright © 2015 John Wiley & Sons, Ltd.



Scheme 1. Fe3O4/SBA-15-catalysed synthesis of 2,3-dihydroquinazolin-
4(1H)-ones 4a–j.

Figure 1. FT-IR spectra of neat SBA-15, neat Fe3O4 and Fe3O4/SBA-15.

Figure 2. (A) Wide-angle XRD patterns of neat SBA-15, Fe3O4 and Fe3O4/
SBA-15. (B) Small-angle XRD patterns of neat SBA-15 and Fe3O4/SBA-15.
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loading of Fe3O4 nanoparticles on SBA-15 and the formation of the
magnetic composite nanocatalyst. For neat Fe3O4, the bands at 561
and 640 cm�1 are ascribed to Fe–O of iron oxide nanoparticles. In
the FT-IR spectrum of neat SBA-15, the symmetric and asymmetric
stretching vibration bands of Si–O–Si bond are observed at 810
and 1093 cm�1, respectively. The peak at 452 cm�1 is assigned
to the Si–O–Si bending vibration. A broad band around 3440
cm�1 is assigned to stretching vibration of O–H in water mole-
cules adsorbed on the surface and the stretching vibration of sur-
face silanol groups. After the loading of Fe3O4 nanoparticles on
SBA-15, bands at 640 and 1150 cm�1 can be attributed to the
Fe–O–Si bond.4c) However, the presence of Fe–O–Si bonds cannot
be seen clearly in the FT-IR spectrum because the band overlaps
with the Si–O vibration of neat SBA-15.

X-ray diffraction (XRD) analysis of Fe3O4/SBA-15

The structure of the as-synthesized Fe3O4 inside SBA-15 was inves-
tigated using XRD. Figure 2(A) shows wide-angle XRD patterns of
neat SBA-15, Fe3O4 and Fe3O4/SBA-15 samples.The diffraction
peaks observed at 30.00°, 35.48°, 43.14°, 53.44°, 57.04° and 62.58°
are well indexed to the cubic spinel structure of pure Fe3O4 (JCPDS
file no. 19-0629). No peaks of iron hydroxide, hematite or other
impurities are detected, suggesting the complete formation of
magnetite, and also the strong and sharp peaks reveal that the
Fe3O4 particles are well crystallized. For the neat SBA-15 and
Fe3O4/SBA-15, the broad diffraction peak between 20° and 30° is
attributed to the silicon material. In addition, the results reveal the
production of Fe3O4/SBA-15 nanocomposite.
Figure 2(B) shows the small-angle XRD patterns of neat SBA-15

and Fe3O4/SBA-15 nanocomposite. Pure SBA-15 exhibits a strong
(10 0) diffraction peak with two small peaks (1 1 0) and (2 0 0) asso-
ciated with a two-dimensional hexagonal p6mm mesostructure,
confirming the highly ordered mesostructure of the silica host. It
wileyonlinelibrary.com/journal/aoc Copyright © 2015 John W
can be observed that both of the synthesized samples show the
same pattern, which indicates that the hexagonally structured
SBA-15 silica with highly ordered mesoporous channels is main-
tained during the preparation of the heterogeneous catalyst,
although the strong peak for Fe3O4/SBA-15 compared with SBA-15
is decreased. This could be due to the presence of Fe3O4 nanoparti-
cles in SBA-15 pores meaning the sizes of pores are smaller than in
SBA-15 and the mesostructure of SBA-15 is disordered which leads
to weaker reflections. Therefore these changes reveal that the
Fe3O4 nanoparticles are well immobilized in the SBA-15 nanocages.

Nitrogen adsorption–desorption isotherms of Fe3O4/SBA-15

The textural properties of neat SBA-15 and Fe3O4/SBA-15 samples
were determined using nitrogen adsorption–desorption isotherms
at 77 K. As can be seen in Fig. 3, the isotherms of neat SBA-15 and
Fe3O4/SBA-15 are type IV (H2) hysteresis loops that are typical for
mesoporous materials with ordered channels. Moreover, in com-
parison with neat SBA-15, Brunauer–Emmett–Teller (BET) surface
area and pore volume of Fe3O4/SBA-15 are decreased. This indi-
cates the successful incorporation of Fe3O4 into nanocages of
SBA-15.
iley & Sons, Ltd. Appl. Organometal. Chem. 2015, 29, 809–814



Figure 3. Nitrogen adsorption–desorption isotherms of neat SBA-15 and
Fe3O4/SBA-15.

Preparation and application of a magnetic composite nanocatalyst
Magnetic properties of Fe3O4/SBA-15

The magnetic hysteresis loops for neat SBA-15, Fe3O4 and Fe3O4/
SBA-15 are shown in Fig. 4. The magnetic properties of the samples
were analysed using vibrating sample magnetometry (VSM) with
an applied field �7.3 ≤ H ≤ 7.3 kOe at room temperature. When
the Fe3O4 is immobilized on SBA-15, the saturation magnetization
(Ms) is decreased (Ms of neat SBA-15, Fe3O4 and Fe3O4/SBA-15 is
0.0, 15.2 and 5.9 emug�1, respectively). According to the curves,
the remanent magnetization (Mr) of Fe3O4 and Fe3O4/SBA-15 is
1.2 and 0.4 emug�1, respectively. The coercivity field of Fe3O4

and Fe3O4/SBA-15 is 8 Oe. Therefore, it can be concluded from
the hysteresis loops that Fe3O4 and Fe3O4/SBA-15 are magnetically
soft at room temperature.

Scanning electron microscopy (SEM) imaging of Fe3O4/SBA-15

As seen in Fig. 5, the SEM image of SBA-15 exhibits vermicular-
shaped particles. The SEM image of magnetite in Fig. 5 shows that
the material has a uniform morphology and particle size distribu-
tion. The regular morphology indicates that the particles are well
crystallized. The SEM image of Fe3O4/SBA-15 in Fig. 5 shows the
Figure 4. Magnetic hysteresis loops for neat SBA-15, Fe3O4 and Fe3O4/
SBA-15.

Figure 5. SEM images of SBA-15, Fe3O4 and Fe3O4/SBA-15.

Appl. Organometal. Chem. 2015, 29, 809–814 Copyright © 2015 Jo
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morphology ofwell-dispersed spherical particles thatmay be attrib-
uted to the presence of magnetite-coated silica nanoparticles.
These particles are homogeneous and the average size distribution
is about 80 nm. An increased surface roughness is observed in
Fe3O4/SBA-15, which may be attributed to the presence of iron
oxide particles on the surface of mesoporous silica.

Optical properties of Fe3O4/SBA-15

The ultraviolet (UV)–visible diffuse reflectance spectroscopy (DRS) tech-
nique can be utilized to investigate the photocatalytic activity of Fe3O4
hn Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/aoc



Table 1. Synthesis of 2,3-dihydroquinazolin-4(1H)-ones in the presence
of Fe3O4/SBA-15

Entry R Product Time
(h)

Yield
(%)a

M.p. (°C)

Found Reported

1 C6H5 4a 3.5 75 217–220 218–220[30]

2 3-NO2C6H4 4b 2.5 78 198–200 190–192[30]

3 4-NO2C6H4 4c 3 75 198–200 198–200[31]

4 4-ClC6H4 4d 3 75 201–203 203–205[32]

5 4-OCH3C6H4 4e 4.5 70 192–193 192–193[32]

6 4-CH3C6H4 4f 4 73 228–230 225–227[12]

7 2-COOHC6H4 4g 1.5 65 270 —

8 2-ClC6H4 4h 3.5 75 205–208 203–205[31]

9 2,4-di-ClC6H3 4i 2.5 70 164–165 165–167[33]

10 4-OHC6H4 4j 4 70 205–208 210–212[34]

aIsolated yields.
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nanoparticles encapsulated in mesoporous SBA-15 silica composites.
Figure 6 shows the UV–visible absorption spectra of neat SBA-15 and
Fe3O4/SBA-15. The spectrum of Fe3O4/SBA-15 exhibits broad absorp-
tion bands in both UV and visible regions (200–800 nm). The band
gap energy (Eg) according to the bandmaxima of the absorption spec-
trum was evaluated using the Tauc equation:

αhνð Þn ¼ B hν� Eg
� �

where hν is the photon energy, α is the absorption coefficient and B
is a constant value. The value of n is assigned to transitions, taking
different values for allowed and forbidden, direct and indirect transi-
tions. By plotting (αhν)n versus hν in eV with n = 2 for direct
transitions, and then by obtaining the extrapolation point of this
curve (inset of Fig. 6), the band gap energy of the product is esti-
mated at about 2.2 eV.
These results reveal that the prepared nanocomposite can also

play a suitable role as a photocatalyst under light irradiation. In fact,
the presence of Fe3O4 encapsulated in SBA-15 leads to a suitable
required energy for electron transfer from valence band to conduc-
tion band and, therefore, this synthesized photocatalyst can be
activated in the visible region.

Synthesis of 2,3-Dihydroquinazolin-4(1H)-ones in Presence of
Fe3O4/SBA-15 Nanocatalyst

To investigate the catalytic activity of the prepared Fe3O4/SBA-15
nanocatalyst in MCRs, a model experiment was carried out. First,
to optimize the reaction conditions, the reaction of 1 mmol of each
of isatoic anhydride, ammonium acetate and 3-nitrobenzaldehyde
was performed as a model reaction in the presence of various sol-
vents (H2O, EtOH and CH3CN) and under solvent-free conditions.
The best results are obtained in refluxing EtOH. The results also con-
firm that the best amount of Fe3O4/SBA-15 catalyst is 40
mgmmol�1 of the raw materials.
To compare Fe3O4/SBA-15 catalytic activities, the model reaction

was also carried out in the presence of various solid, liquid and Lewis
acids, such as Amberlyst-21, HOAc and FeCl3, respectively, and also
Fe3O4 and SiO2 alone. The best yield is obtained with Fe3O4/SBA-15.
To illustrate the need for the presence of catalyst for these reactions,
an experiment was conducted in the absence of Fe3O4/SBA-15.
The yield in this case is a trace amount after 5 h. As a result,
Fe3O4/SBA-15 is an important component of the reaction.
Due to the success of the reaction described above, we investi-

gated the synthesis of 2,3-dihydroquinazolin-4(1H)-one derivatives
4a–j from MCRs of isatoic anhydride, ammonium acetate and vari-
ous aldehydes under the optimized reaction conditions. As evident
Figure 6. UV–visible DRS curves of SBA-15 and Fe3O4/SBA-15. The inset
shows a Tauc plot of Fe3O4/SBA-15.

wileyonlinelibrary.com/journal/aoc Copyright © 2015 John W
from Table 1, the reaction proceeds very efficiently by varying the
structure of the aldehyde, and no undesirable side reactions are ob-
served under these reaction conditions.

It should be mentioned that both electron-withdrawing and
electron-releasing groups, such as NO2, COOH, OCH3 and CH3,
and also halogens such as Cl suitably react and give the expected
products in reasonable times and in good isolated yields.

The aldehyde derivatives containing electron-acceptor groups
have a better performance in the reaction to synthesize 2,3-
dihydroquinazolin-4(1H)-one. In contrast, the presence of stronger
electron-donor groups in benzaldehyde leads to longer reaction
time. This is because, for aldehyde containing electron-acceptor
groups, the carbon of the carbonyl group is more positive and nu-
cleophilic attack proceeds more easily and the reaction time
becomes shorter. The 2-carboxy group is an electron-acceptor
group and therefore its activity should be higher and the reactions
should occur in shorter times, but due to its steric effect the effi-
ciency of reaction increases.
Scheme 2. Proposed mechanism for the formation of 4a–j.

iley & Sons, Ltd. Appl. Organometal. Chem. 2015, 29, 809–814



Figure 7. Reusability of the Fe3O4/SBA-15 catalyst in the synthesis of 4b.

Preparation and application of a magnetic composite nanocatalyst
A possible mechanism for the formation of 4a–j in the presence
of Fe3O4/SBA-15 is shown in Scheme 2. The reaction presumably
proceeds via the reaction of isatoic anhydride (1) and ammonium
acetate (2) to produce 2-aminobenzamide (5) by releasing a CO2

molecule. Next, its active NH2 group could react with aldehyde 3
to form compound 6. Then, adduct 6 is cyclized by losing a water
molecule, and then an intramolecular nucleophilic attack of 7
affords compound 8. Finally, a 1,5-hydrogen shift yields the 2,3-
dihydroquinazolin-4(1H)-ones 4a–j.

The ability of the heterogeneous nanocatalyst was determined
by examining its reusability in the model reaction for the synthesis
of 2-(3-nitrophenyl)-2,3-dihydro-4(1H)-quinazolinone. After each re-
action, the catalyst was completely washed with ethanol and then
dried before being used in subsequent runs. The results show that
the catalyst can be reused for four consecutive runs without signif-
icant loss of its catalytic activity (Fig. 7).
Conclusions

In summary, Fe3O4/SBA-15 as an efficient and eco-friendly hetero-
geneous composite nanocatalyst was prepared and characterized
using FT-IR spectroscopy, DRS, SEM, XRD, VSM and BET analyses.
Then, its catalytic activity was investigated in the one-pot multi-
component synthesis of 2,3-dihydroquinazolin-4(1H)-ones starting
from isatoic anhydride, ammonium acetate and various aldehydes
under mild reaction condition and easy work-up procedure in eth-
anol with good yields. The present nanocatalyst was recovered eas-
ily and reused without any significant loss of catalytic activity.
81
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Experimental

General

All solvents, chemicals and reagents used in this work were of
analytical or synthetic grade and used without further purifica-
tion. XRD measurements were carried out using a JEOL X-ray
diffractometer with Cu Kα radiation. The low-angle XRD patterns
of mesoporous materials were obtained with a diffractometer
(PANalytical, model X’Pert Pro MPD) with monochromatized
Cu Kα radiation (λ = 1.54060 Å, 40.0 kV, 40.0 mA). Magnetic
properties of the samples were obtained using a vibrating sam-
ple magnetometer (Lakeshore). The particle morphologies of
the as-prepared powders were observed with a Tescan (model
Vega II) SEM instrument at 30 kV. Surface area and pore size
distribution were determined using the BET multilayer nitrogen
Appl. Organometal. Chem. 2015, 29, 809–814 Copyright © 2015 Jo
adsorption method in a conventional volumetric technique with
a Micromeritics ASAP 2020 instrument. UV–visible DRS spectra
were obtained with a Shimadzu MPC-2200 spectrophotometer.
Melting points were measured using an Electrothermal 9100 ap-
paratus and are uncorrected. FT-IR spectra were recorded with
a Shimadzu FT-IR-8400S spectrometer using KBr pellets for sam-
ple preparation. 1H NMR spectra were recorded with a Bruker
DRX-250 Avance spectrometer at 250 MHz. Elemental analyses
were performed with an Elementar Analysen systeme GmbH
VarioEL.

All the products were identified by comparison of their spectro-
scopic and analytical data with those of authentic samples (please
see Table 1 and supporting information file).
Preparation of mesoporous SBA-15

Mesoporous silica SBA-15 material was prepared using
tetraethyl orthosilicate (TEOS) as silica precursor and Pluronic
P123 (amphiphilic triblock copolymers, EO20PO70EO20) as tem-
plate using the hydrothermal method according to protocols
reported previously.[26–29]

In a typical procedure, 4.0 g of P123 was dissolved in 100 ml of
HCl (2.1 M) and the solution was stirred at 40°C for 4 h. After disso-
lution, 6.3 g of TEOS was slowly added to the solution and the
water–P123 mixture kept under static conditions at 40°C for 24 h.
Then, the resulting gel was put into a Teflon autoclave for hydro-
thermal treatment at 100°C for 48 h. After that, the obtained white
solid was filtered and washed with deionized water several times,
air-dried at room temperature and then the as-synthesized SBA-
15 was calcined at 550°C for 5 h to remove the surfactant template.
Preparation of Fe3O4/SBA-15 nanocomposite

First, 0.0017 mol of FeCl3�6H2O (0.482 g) and 0.0008 mol of
FeCl2�4H2O (0.1774 g) were dissolved in 40 ml of deoxygenated
water and stirred for 2 h to make sure that the salts were
completely dissolved. Then, 0.5 g of SBA-15 was suspended into
the above sol solution. Aqueous ammonia solution was added into
the solution under ultrasonication and nitrogen atmosphere, until
the pH of the solution reached 9. The mixture was sonicated for
30 min and then left to stand overnight. Finally, the precipitates
were collected and washed several times with deionized water
and alcohol until the pH decreased to 7. The sample was then
heated under nitrogen atmosphere to 500°C with a heating rate
of 5°Cmin�1 and maintained at 500°C for 1 h.

General procedure for synthesis of 2,3-dihydroquinazolin-4
(1H)-ones 4a–g

Amixture of 1 (1 mmol), 2 (1 mmol) and an aldehyde 3 (1 mmol) in
the presence of Fe3O4/SBA-15 nanocatalyst (0.04 g) in 5 ml of EtOH
was refluxed in a round-bottomed flask for the appropriate time as
indicated in Table 1. After completion of the reaction, as indicated
by TLC (ethyl acetate–n-hexane, 2:1), the catalyst was removed
easily by adsorbing onto the magnetic stirring bar when the stirring
was stopped. Then, the reaction solution was filtered off and the
residue was purified by washing further with water, and then crys-
tallized from EtOH to give pure crystalline products 4a–g. The
Fe3O4/SBA-15 nanocatalyst was then washed with EtOH, air-dried
and used directly several times in other fresh reactions without loss
of efficiency.
hn Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/aoc
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