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A coprecipitation method was used to synthesize superparamagnetic CoFe;04 nanoparticles with-
out using any capping agents/surfactants. The prepared nanoparticles were characterized using
Fourier transform infrared spectroscopy, scanning electron microscopy, transmission electron
microscopy, X-ray diffraction, a vibrating sample magnetometer (VSM), Nz adsorption and thermo-
gravimetric/differential thermal analysis/differential thermal gravimetry techniques. The synthe-
sized spinel CoFez204 nanoparticles had an average size of 2-8 nm with a high surface area (140.9
m?/g). The field-dependent magnetization, demonstrated by VSM and saturation magnetization,
was found to be 1.77 emu/g. An efficient method was used for the synthesis of arylidene barbituric
acid derivatives using CoFe;0s magnetic nanoparticles as a magnetically separable and reusable
catalyst in aqueous ethanol. The attractive features of this synthetic protocol were very short reac-
tion time, high yields, high turnover frequency, simple work-up procedure, economy, a clean reac-

Heterogeneous catalyst

tion methodology, and chemoselectivity, as well as provision of an ecofriendly and green synthesis.
© 2013, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.
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1. Introduction

The main goal in the field of catalysis, in terms of green
chemistry, is to develop environmentally benign, practical,
clean, economical, and efficient processes for catalyst separa-
tion and recycling [1]. A possible way of achieving this is the
use of magnetic catalyst systems for various organic transfor-
mations. A magnetic catalyst system provides more effective
separation of the catalyst than do traditional filtration and cen-
trifugation methods as it avoids catalyst loss [2]. Furthermore,
magnetic separation is economical, simple, and promising for
industrial application [3-5]. In recent years, magnetic nanopar-
ticles have attracted worldwide attention as efficient, econom-
ical, environmentally friendly, and recyclable catalysts [6-14].
Magnetic nanoparticles are also used as alternatives to conven-

tional heterogeneous supports. In this context, magnetic ferrite
nanoparticles such as cobalt ferrite nanoparticles have been
used as magnetically separable catalysts because they have
high thermal stability, large magnetic anisotropies, high surface
areas, moderate saturation magnetizations, and chemical sta-
bility [15,16]; their catalytic properties depend on the tetrahe-
dral and octahedral sites of the spinel structure of ferrite na-
noparticles. Various methods have been reported for the syn-
thesis of cobalt ferrite nanoparticles, such as sonochemical
[17], microemulsion [18], mechanochemical [19], and co-
precipitation [20-22] methods. The most commonly used and
effective method is coprecipitation, as low-temperature co-
precipitation provides homogeneous and finely powdered fer-
rite nanoparticles with high surface areas and better catalytic
activity [23].
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In this study, we developed a magnetically separable nano-
catalyst that is simple to produce, green, efficient, and inexpen-
sive and exhibits excellent catalytic performance in the synthe-
sis of arylidene barbituric acid derivatives. The catalyst was
easily separated from the reaction mixture using an external
magnet and was reusable without significant loss of catalytic
activity.

Barbituric acid derivatives are of great interest because of
their diverse biological activity, e.g., antibacterial, hypotensive,
anesthetic, antitumor, and sedative effects [24-26]; they are
also used as intermediates in the synthesis of benzyl barbituric
derivatives [27], heterocyclic compounds [28], and oxa-
deazaflavines [29]. In addition to these kinds of application,
some of these derivatives have been investigated as non-linear
optical materials [30] and dyes [31].

The synthesis of arylidene barbituric acids has been carried
out by condensation of aromatic aldehydes with barbituric
acid. Various reagents/methods have been reported in the lit-
erature, e.g., basic alumina [32], infrared (IR) irradiation [33],
microwave irradiation [34], NH2SOsH [35], Ni nanoparticles
[36], L-proline [37], BiClz [38], Ce1MgyZr1.xO2 [39], ionic liquids
[40], Si02:12W03-24H20 [41], and triethylbenzyl ammonium
chloride (TEBA) [42]. However, most of the protocols/reagents
suffer from shortcomings such as lengthy reaction time, expen-
sive/toxic/unavailable reagents, high-temperature conditions,
hazardous solvents, formation of undesirable products, low
yields, non-recyclability, and difficult catalyst separation. To
overcome these drawbacks, and in continuation of our previous
work on green catalysis [43] and nanomaterials [44,45], we
used cobalt ferrite as a heterogeneous catalytic system.

In this paper, we highlight our work on the synthesis of
magnetically recoverable superparamagnetic cobalt ferrite
magnetic nanoparticles of high surface area as a catalyst, and a
simple, efficient, green protocol for the synthesis of arylidene
barbituric acid derivatives.

2. Experimental
2.1. Preparation of cobalt ferrite nanoparticles

The cobalt ferrite nanoparticles were synthesized using the
chemical coprecipitation technique [46], with minor modifica-
tions. The CoFe204 nanoparticles were prepared by coprecipi-
tation of FeCls and CoClz2-6H20 in a basic solution under ultra-
sonication. FeCl3 (9.3 mmol) and CoClz:6H20 (4.2 mmol) were
separately dissolved in deionized water (50 ml) and placed in
an ultrasonicator. An aqueous solution of KOH (3 mol/L, 25 ml)
was added under ultrasonication and the mixture was sonicat-
ed for 30 min. A black dispersion was formed during soni-
cation, and the black precipitate was separated out using an
external magnet, washed with large amounts of Millipore wa-
ter, and then washed with ethanol. The product was then dried
inan oven at 100 °C for 1 h and stored for further use.

2.2. Characterization of cobalt ferrite nanoparticles

The crystal structure of the cobalt ferrite nanoparticles was

determined by X-ray diffraction (XRD) using a Panlytical
XPERTPRO (NPD) X-ray diffractometer with Cu K radiation (A
= 0.154 nm), in the 26 range 20°-80°. Fourier transform IR
(FT-IR) spectroscopy was carried out in the range 400-4000
cm-1 with a Perkin Elmer Spectrum RX-IFTIR, using KBr pellets.
The formation of CoFe204 nanoparticles was confirmed by
scanning electron microscopy/energy-dispersive X-ray spec-
troscopy (SEM-EDX) analysis, which was carried out using a
JEOL JSM-6610LV. The CoFe204 morphology was studied using
transmission electron microscopy (TEM). The sample was
prepared by ethanol dispersion of nanoparticles, which were
deposited on a carbon-coated Cu grid, and after drying, analysis
was performed using a Hitachi S7500 instrument. The magnet-
ic properties were measured using a vibrating sample magne-
tometer (VSM, Princeton Applied Research model 155) at room
temperature with a maximum magnetic field range of +1 T to
-1T.

Thermogravimetric analysis (TGA), differential thermal
analysis (DTA), and differential thermal gravimetry (DTG) were
performed on the catalyst using an EXSTAR6000 TG/DTA 6300
instrument in the temperature range 50-700 °C at a heating
rate of 10 °C/min in a Pt an under an air atmosphere. The spe-
cific surface area of the catalyst was determined using a
Quantachrome NOVA-4000e instrument at liquid-nitrogen
temperature with vacuum degassing at 110 °C for 3 h. The spe-
cific surface area was obtained using the BET equation.

2.3.  Synthesis of arylidene barbituric acid derivatives

All reactions were carried out using reagent-grade solvents
and the reagents were purchased from a local supplier. An ELIX
3 Millipore apparatus was used to provide deionized water.
Ultrasonication was carried out using a Loba Chemie
3.5L100H1DTC ultrasonicator.

Barbituric acid (5 mmol) was dissolved in a water-ethanol
mixture (1:1, 5 ml), followed by addition of an aromatic alde-
hyde (5 mmol). The CoFe204 nanoparticle catalyst (5 mol% or
0.0117 g) was added to the reaction mixture and the mixture
was stirred until completion of the reaction. After the reaction
was complete, the catalyst was separated using a magnetic
separator, washed with ethanol, and then dried at 70 °C for 1 h.
The solid crude product was washed with water and dried. The
product was further purified by recrystallization from ethanol.
The synthesized arylidene barbituric acid derivatives were
characterized using FT-IR and 'H nuclear magnetic resonance
(NMR) spectroscopies. Melting points were recorded using a
Gallenkamp instrument and are uncorrected. 'H-NMR (400
MHz) spectra were obtained with a Brucker Advance 400 spec-
trometer (CDCl3) using tetramethylsilane as the internal
standard. The entry numbers refer to Table 2.

3a. m.p. 262-264 °C. FT-IR (KBr, cm-1): 3210, 3059, 1750,
1670. 1H-NMR (400 Hz DMSO-ds, 6): 7.42-8.11 (m, 5H), 8.37 (s,
1H), 11.28 (s, 1H, NH), 11.42 (s, 1H, NH). 13C-NMR: 163.9, 162.2,
155.7,151,133.9,133.5,132.9, 129, 119. EIMS m/z: 216.

3b. m.p. 296-298 °C. tH-NMR (400 Hz DMSO-ds, 6): 7.30 (d,
1H), 7.26 (d, 1H), 7.14-7.20 (t, 2H), 8.27 (s, 1H), 11.24 (s, 1H,
NH), 11.40 (s, 1H, NH). EIMS m/z: 250.
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3c. m.p. 252-254 °C. 1H-NMR (400 Hz DMSO-ds, 8): 7.50 (d,
2H), 8.01 (d, 2H), 8.20 (s, 1H), 11.20 (s, 1H, NH), 11.39 (s, 1H,
NH). EIMS m//z: 250.

3d. m.p. 297-299 °C. tH-NMR (400 Hz DMSO-ds, &): 3.85 (s,
3H), 7.18 (d, 2H), 8.40 (d, 2H), 8.20 (s, 1H), 11.07 (s, 1H, NH),
11.19 (s, 1H, NH). EIMS m/z: 246.

3e. m.p. > 320 °C. tH-NMR (400 Hz DMSO-ds, &): 6.85-6.87
(d, 2H), 8.24 (s, 1H), 8.31-8.33 (d, 2H), 10.66 (s, 1H, OH) 11.12
(s, 1H, NH), 11.24 (s, 1H, NH). EIMS m/z: 232.

3f. m.p. 276 °C. tH-NMR (400 Hz DMSO-de, 6): 3.10 (s, 6H),
6.79 (d, 2H), 8.12 (s, 1H), 8.40 (d, 2H), 10.7 (s, 1H, NH), 11.05 (s,
1H, NH). EIMS m//z: 259.

3g. mp. 266-268 °C. 1H-NMR (400 Hz DMSO-ds, &):
6.52-6.82 (m, 2H), 7.82-7.10 (m, 5H), 8.20 (d, 1H), 11.29 (s, 1H,
NH), 11.47 (s, 1H, NH). EIMS m/z: 242.

3h. m.p. 300-302 °C. tH-NMR (400 Hz DMSO-ds, 8): 6.75 (d,
1H), 8.01 (s, 1H), 8.11 (s, 1H), 8.52 (d, 1H), 11.23 (s, 1H, NH),
11.31 (s, 1H, NH). EIMS m/z: 206.

3i. m.p. 290-292 °C. tH-NMR (400 Hz DMSO-ds, &): 2.50 (d,
3H), 6.46 (d, 1H), 8.04 (s, 1H), 8.51 (d, 1H), 11.12 (s, 1H, NH),
11.20 (s, 1H, NH). EIMS m/z: 221.

3j. m.p. 238-241 °C. tH-NMR (400 Hz DMSO-ds, 6): 7.10 (t,
2H), 8.30 (s, 1H), 8.50 (dd, 1H), 8.11 (s, 1H), 11.32 (s, 1H, NH),
11.44 (s, 1H, NH). EIMS m/z: 261.

3k. m.p. > 300 °C. 1H-NMR (400 Hz DMSO-ds, 8): 3.76 (s, 3H),
3.85 (s, 3H), 7.3 (d, 1H), 7.86 (dd, 1H), 8.20 (s, 1H), 8.35 (d, 1H),
11.02 (s, 1H, NH), 11.04 (s, 1H, NH). EIMS m/z: 276.

31. m.p. 162-164 °C. 1H-NMR (400 Hz DMSO-ds, 6): 6.67 (s,
1H), 2.05 (s, 3H), 7.92-7.04 (m, 5H), 8.09 (s, 1H), 11.27 (s, 1H,
NH), 11.44 (s, 1H, NH). EIMS m/z: 256

3m. m.p. > 320 °C. EIMS m/z: 255.

3n. m.p. 315-318 °C. H-NMR (400 Hz DMSO-ds, 6): 3.84 (s,
6H), 7.9 (s, 1H), 8.04 (s, 1H), 8.52 (s, 1H), 9.7 (s, 1H), 11.08 (s,
1H, NH), 11.21 (s, 1H, NH). EIMS m/z: 366.

3. Results and discussion
3.1. Characterization results of CoFez04 nanoparticles

The FT-IR spectra of CoFe20s showed peaks at 586.25,
1054.30, 1339.70, 1488.35, 1626.07, and 3370.93 cm-1! (Fig. 1).

The peak observed at 586.25 cm-! corresponds to the M-O
tetrahedral site of the spinel structure, and this peak shows the
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Fig. 1. FT-IR spectrum of CoFe;04 nanoparticles.
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Fig. 2. XRD pattern of CoFez04 nanoparticles.

basic nature of the nanoparticles obtained [47].

The XRD pattern of the CoFe204 nanoparticles is shown in
Fig. 2. All the diffraction peaks and relative intensity match the
JCPDS (International Center for Diffraction Data) PDF cards
3-864 and 22-1086 very well [48,49]. This revealed that the
CoFe204 nanoparticles have cubic structure. The peak broad-
ening indicates the nanocrystalline nature of the sample. The
nanoparticle crystallite size was also determined from the XRD
pattern using the Debye-Scherrer formula [50] and was found
to be 2.87 nm, which is consistent with the particle size ob-
tained from TEM analysis.

The structural composition was examined by EDX, as shown
in Fig. 3. The EDX analysis showed the elemental distribution of
CoFe204 and the presence of Co and Fe. The surface morpholo-
gy was determined using SEM analysis, and the analysis
showed that the nanoparticles had rough rocky surfaces, as
shown in Fig. 4.

TEM was also used to determine the size and shape of the
nanoparticles, and the TEM images are shown in Fig. 5. The
average nanoparticle size was found to be in the range 2-8 nm,
which is in agreement with the average size obtained from the
XRD pattern. The TEM images showed that the nanoparticles
were spherical.

Field-dependent magnetic measurements were performed
on the CoFez204 nanoparticles at room temperature, using a
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Fig. 3. EDX analysis of CoFe204 nanoparticles.
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Fig. 4. SEM images of CoFe204 nanoparticles.

VSM, in the range from +1 T to -1 T, as shown in Fig. 6. The
saturation magnetization (Ms), remanence (M:), and coercivity
(Hc) values were obtained from the hysteresis loop. The Ms was
1.77 emu/g, compared with the corresponding bulk value of 83
emu/g [51]. The Hc was 527 Oe; M: was found to be 0.259
emu/g and the squareness ratio (Mr/Ms) was 0.146. The de-
crease in Ms compared with that of the bulk material is primar-
ily caused by the effect of the small particle surface area, which

g .

Fig. 5. TEM images of CoFe204 nanoparticles.
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Fig. 6. Field-dependent magnetization of CoFe;04 nanoparticles.

becomes prominent as the particle size decreases [52]. The
curve shows almost no hysteresis and is reversible. The size of
the CoFez04 nanoparticles is below the superparamagnetic
critical size, as confirmed by TEM (2-8 nm). The synthesized
nanoparticles therefore show superparamagnetic characteris-
tics.

The surface area is an important parameter for catalysis.
The surface area of the CoFe204 nanoparticles was determined
using the BET equation [53], and was found to be 140.9 m2/g,
calculated from the BET plot in Fig. 7; this is much higher than
the surface area of bulk cobalt ferrite [54-56]. The higher sur-
face area is an advantage in improving catalytic performance.

Finally, the stability of the CoFe204 nanoparticles was de-
termined using TGA; the results are shown in Fig. 8. The TGA
pattern shows that an initial mass loss occurred up to 150 °C as
a result of evaporation of adsorbed water and the presence of
volatile components. The further mass loss observed between
150 °C and 360 °C may be caused by loss of structural water or
hydroxyl groups on the sample surface. The final decomposi-
tion temperature was at around 361 °C; no further mass loss
was detected up to 700 °C, which showed the thermal stability
of the catalyst. Two peaks, one endothermic and the other exo-
thermic, were observed in the corresponding DTA pattern. The
rate of decomposition per minute at the corresponding TGA
temperature was also determined, and this showed that at
352.3 °C the rate of decomposition was only 179 pg/min, which
further supports the thermal stability of the catalyst.
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Fig. 7. BET plot of CoFe204 nanoparticles.
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Fig. 8. TGA/DTA/DTG analysis of CoFe.04 nanoparticles.

3.2.  Catalytic application of CoFe204 nanoparticles in synthesis
of arylidene barbituric acid derivatives

To investigate the catalytic activity of the synthesized cata-
lyst, the CoFe204 nanoparticles were used in the synthesis of
arylidene barbituric acid derivatives.

To study the efficiency of the CoFe204 nanocatalyst, benzal-
dehyde (1a) and barbituric acid (1b) were used as the model
substrate (Table 1). The product 3a was obtained in 40% yield
in CH3CN at room temperature with CoFe204 (5 mol%) as the
catalyst (Table 1, entry 1). The yield of 3a increased to 94%
using a water-ethanol (1:1) mixture (Table 1, entry 9), but oth-

Table 1
Optimization of reaction conditions using CoFe204 nanocatalyst.

(0] (0]
NH NH
@—CHO + %O — @—c >éo
NH NH
la 3a

2a

Entry Catalyst amount Solvent Isolated

(mol%) yield (%)
1 5 CHsCN 40
2 5 EtOAc 48
3 5 DCM 50
4 5 H20 67
5 5 EtOH 79
6 5 H20: EtOH (1:3) 85
7 5 H20: EtOH (1:2) 89
8 2 H20: EtOH (1:1) 85
9 5 H20: EtOH (1:1) 94
10 10 H20: EtOH (1:1) 95
11 15 H.0: EtOH (1:1) 94
12 20 H20: EtOH (1:1) 92
13 5a H20: EtOH (1:1) 70
14 — H.0: EtOH (1:1) 50

Reaction conditions: 1a (5 mmol), 2a (5 mmol), catalyst (5 mol%),
solvent (5 ml), room temperature.
a Bulk CoFe20a.

er solvents did not give better results (Table 1, entries 1-8).
This is because the solvent affects the transition state, and
when polar substrates are used in the synthesis, the transition
state is better solvated and the reaction rate increases, which
increases the product yield [57,58]. In optimizing the reaction
conditions, the amount of catalyst was the major factor. The
model reaction was studied using 2, 5, 10, 15, and 20 mol% of

Table 2
Synthesis of derivatives of arylidene barbituric acid, 3a-3n, in the presence of CoFe;04 nanocatalyst.
Q NH (0}
NH
Ar—-CHO + §: >§0 — > ArCH
NH NH
la-1n 2 3a-3n
Time Isolated m.p.
Entry Ar Product (min) yield (%) TOF=(h-) Observed Reported
1 CeHs 3a 4 94 1666.7 262-264 263-265
2 4-C1 CeH4 3b 2 91 3333.3 296-298 298.5
3 2-Cl CeHa 3c 5 89 1250 252-254 254
4 4-OCHsCeHa 3d 4 88 1666.7 297-299 298-300
5 4-OH CeHa 3e 5 86 1250 >320 —
6 4-(CHs)2N CeHa 3f 3 90 2000 276 274-276
7 CeHsCH=CH 3g 2 87 3333.3 266-268 270
8 Furyl 3h 5 85 1250 300-302 257-259
9 5-Me-Furyl 3i 6 86 1000 290-292 —_
10 3-NOz CsHs4 3j 3 80 2000 238-241 248-250
11 3,4-(0CHs)2 CeH3 3k 3 87 2000 >300 >290
12 a- Me-CeH4CH=CH 31 2 82 1666.7 162-164 228-229
13 Indole-3-carboxyaldehyde 3m 5 82 1250 >320 —
14 Syringaldehyde 3n 4 88 1666.7 315-318 —

Reaction conditions: aldehyde (5 mmol), barbituric acid (5 mmol), CoFe204 (5 mol%), water-ethanol (1:1) 5 ml, room temperature.
aTurnover frequency (moles of reactant converted/(moles of catalyst x reaction time)).
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Fig. 9. Dispersion of CoFe204 nanoparticles in water-ethanol 1:1 mix-
ture (a) and magnetic separation of catalyst (b).

catalyst. Of these, 5 mol% of catalyst was found to be the opti-
mum amount for the reaction (Table 1, entry 9); when the cat-
alyst loading was less than 5 mol%, the yield decreased signifi-
cantly (Table 1, entry 8), but increasing the catalyst loading
above 5 mol% did not improve the yield (Table 1, entries
10-12).

In the absence of the catalyst, only a trace amount of the
product was obtained (Table 1, Entry 14). The reaction was
carried out using bulk CoFe204 but the yield was only 70% (Ta-
ble 1, entry 13), compared with 94% using the nanocatalyst
(Table 1, entry 9).

Under the optimized reaction conditions, a series of alde-
hydes was investigated to establish the scope and limitations of
this synthesis (Table 2). The reaction was extended using vari-
ous aldehydes, namely heteroatom aldehydes (Table 2, entries
8, 9 and 13), unsaturated aldehydes (Table 2, entries 7 and 12),
and aldehydes with electron-withdrawing or electron-donating
substituents at the ortho-, meta-, and para- positions; all these
aldehydes gave the desired products in good to excellent yields
(Table 2, entries 2-14). The reactions were clean, and comple-
tion of the reaction was monitored by formation of a colored
product. After the reaction was complete, the catalyst was sep-
arated out from the reaction mixture using an external magnet
(Fig. 9). The products were purified by recrystallization and

CoFe,0 0 .
RN NH H
K\@ E& \/:OH o N>H:0+@7H Deprotonation
NH
o (6]
(@] O
0 on NH H )—NH
<:> PN 0= @7{)1{ =0 Aldol
o NH 2 NH
(@] (6]
. B
(@) NH O
H NH
o (O] 47‘ ©—{ O Dehydration
N>H: OH N>H:
0 H,O 0

Scheme 1. Proposed mechanism for synthesis of arylidene barbituric
acid 3a using CoFe204 nanocatalyst.

characterized using FT-IR and !H-NMR spectroscopies. The
products were formed with good chemoselectivity and no
side-product formation was observed during the synthesis. The
synthetic protocol has good turnover frequencies
(1000-1666.7 h-1) (Table 2). The Lewis basic sites in the cobalt
ferrite nanoparticles are responsible for the present organic
transformation. The Lewis basic sites originate from electrons
trapped in intrinsic defects, from surface hydroxyl groups [59],
or from coordinatively unsaturated oxide ions associated with
neighboring hydroxyl groups [60]. A proposed mechanism for
the reaction is given in Scheme 1.

Arylidene barbituric acid derivatives have previously been
synthesized using various methods, but these methods either
gave low yields or involved complex reaction conditions (Table
3). The present method is efficient and the catalyst used is an
excellent catalyst.

3.3.  Recovery and reusability of catalyst

One advantage of CoFe204 nanoparticles is their ability to
act as heterogeneous recyclable reaction systems. After com-
pletion of the reaction between benzaldehyde and barbituric
acid, the catalyst was separated quantitatively (> 97%) from
the reaction mixture using a magnetic separator and then

Table 3
Synthesis of arylidene barbituric acid derivatives in presence of different catalysts.
o) (0]
NH NH
R—CHO+ ( =0 —»RCH =0

NH NH
No. Substrate (R-CHO) Catalyst Reaction condition Yield (%) Ref.
1 CeHsCHO CeiMgyZr1+0; Solvent free, MW, 450 W/3 min 90 [39]
2 CeHsCHO PVP Ni Nanoparticles Ethylene glycol, 50 °C/10-15 min 91 [36]
3 CeHsCHO Basic alumina Solvent free, MW, 700 W/5 min 90 [32]
4 CeHsCHO Si02:12W03-24H20 Water, ultrasound/10 min 61 [41]
5 3- NO2C¢H4+CHO NH.SOsH Grinding/10 min 47 [35]
6 CeHsCHO NH4-OAc/AcOH MW, 560 W/7 min 52 [35]
7 Indole-3-carboxyaldehyde L-proline Ethanol, 60°C/3.5 h 60 [37]
8 4- CICéH4CHO BiCls R.T./30 min 85 [38]
9 4- CICsH4CHO TEBA Water, 70°C/2 h 84 [42]
10 CeHsCHO KSF clay MW, 560 W/7 min 70 [33]
11 CeHsCHO NacCl MW, 560 W/7 min 68 [33]
12 CeHsCHO CoFe204 nanoparticles Aqg. ethanol/R.T./4 min 94 this work
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Fig. 10. The recyclability of CoFe204 nanoparticles for synthesis of 3a.

washed with ethanol, followed by drying at 70 °C for 1 h. The
nanoparticles were reused six times for the synthesis of aryli-
dene barbituric acid derivatives without significant loss of ac-
tivity. The catalytic performance of CoFe;04 was found to be
unaltered (up to six consecutive cycles). This method is poten-
tially an important protocol for large-scale synthesis. The recy-
cling results are shown in Fig. 10.

4. Conclusions

The present protocol highlights the use of CoFe204 nanopar-
ticles as a green, inexpensive, efficient, simple, non-toxic, and
recoverable catalyst for the synthesis of arylidene barbituric
acid derivatives. The synthesized spinel-shaped CoFe204 na-
noparticles have advantageous properties such as a small par-
ticle size (2-8 nm), high surface area, and a magnetic nature,
which make them an excellent catalyst for the present synthetic
protocol. The attractive features of this synthesis are a short
reaction time, high turnover frequency, simple work-up pro-
cess, a clean reaction, non-toxic reagents, an aqueous medium,
recovery/recyclability of the catalyst, ecofriendly synthesis,
and excellent yields of products, making it an excellent alterna-
tive to other reported protocols.
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An efficient protocol for the “click” synthesis of arylidene barbituric
acid derivatives using a heterogeneous magnetically separable CoFe204
nanocatalyst is presented. The synthesis is simple, clean, and eco-
friendly.
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