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Abstract 
In this the study a novel, efficient and recoverable heterogeneous nanocatalyst with regards to green chemistry purpose was 
approached. The structure of the newly synthesized heterogeneous magnetic nanocatalyst with enhanced and improved 
catalytic efficiency were determined by various instrumental techniques, including SEM, VSM, TGA, XRD, UV–VIS FT-IR 
and EDXA. The results, showed that the synthesized nanoparticles are superparamagnetic with a size range of 10–20 nm. 
Then the catalytic activity and efficient performance of Fe3O4@PABA-Cu(II) MNPs were analyzed toward the synthesis of 
novel 5-arylidenthiazolidine-2,4-diones and 5-arylidene-2-imidazolidine-2,4-dione derivatives via aldol condensation reac-
tions between a variety of (hetero) aromatic aldehydes and hydantoin or thiazolidine-2,4-dione multifunctional privileged 
scaffolds under reflux condensations in ethanol as a benign solvent. Nontoxic nature and environment-friendly properties of 
the catalyst, simple workup, short time of reaction, easy separation of the catalyst from products, efficiency, and excellent 
yields are beneficial aspects of this method.

Graphic Abstract
It is the first report of aldol synthesis of new 5-arylidenthiazolidine-2,4-dione, and 5-arylidene-imidazolidine-2,4-dione deriv-
atives using a reusable copper-PABA complex supported on Fe3O4 MNPs (Fe3O4@PABA-Cu(II)) catalyst in Green media.
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1  Introduction

In recent years, catalytic reactions and various metal cata-
lysts, such as nickel, cobalt, palladium, and, top of all, cop-
per as a cheap source of the catalytic species, have received 
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considerable industrial applications and increasing atten-
tion in fundamental (basic) researches [1–6]. Despite all the 
advantages these catalysts have, especially good results, iso-
lation and recovery of these tiny particles from the reac-
tion mixture are painstaking since they cannot be efficiently 
filtered out of the reaction medium [7–10]. Thus, metal 
pollution of products is one of our major problems with 
this condition [2, 3, 11–13].The immobilization of metal 
catalysts on solid supports, such as magnetic nanoparticles 
(MNPs) because of their super paramagnetic properties, is 
an extremely useful way to overcome problems mentioned 
above [7, 8, 14–23]. The particles become magnetized 
through exposure to a simple external magnetic field and 
can be collected from the reaction mixture easily; however, 
without an external magnet, they exhibit any residual mag-
netic interactions and can be well-dispersed in the reaction 
mixture [24–32].In order to prevent the magnetostatic inter-
actions between these supermagnetic nanoparticles and their 
aggregation due to the anisotropic dipole attraction and sub-
sequent deactivation of a catalyst via dimerization, the sur-
face of the MNPs is usually modified with a suitable coating 
agent such as silica layer, different kinds of amine-contain-
ing organic compounds. or vitamins [9, 29, 33–38]. These 
coating layers also work as a connecting bridge between 
MNPs (Fe3O4: as core) and our metal catalysts (Cu(II): as 
shell) [1, 3, 11, 39, 40].Therefore, the generation of hetero-
geneous metal catalysts using coated MNPs has found wide 
applications because of their easy availability, high surface 
area, and Consequently, higher catalyst loading capacity, 
easy isolation, minimum metal contamination and reusabil-
ity which is important from both an environmental and an 
economic viewpoint [11, 41]. Hydantoin and Thiazolidine 
(TZD) are multifunctional privileged scaffolds in medici-
nal chemistry which represent core structures of drugs and 
various kinds of medicinal and biologically active agents 
which are considered as important classes of heterocyclic 
useful compounds with a broad range of therapeutic effects 
and pharmacological activities, leading to successful clini-
cally approved antidiabetic drugs such as rosiglitazone and 
pioglitazone [42, 43]. As a consequence of the importance 
of hydantoin and TZD structural and functional scaffolds, 
numerous strategies for the synthesis of their derivatives, 
especially via aldol condensation reactions were already 
developed using extensive and different kinds of catalysts 
such as alum [44], ionic liquids [45], glycine [46], sodium 
carbonate [47], piperidinium acetate, and piperidine [48]. 
Some of these methodologies involve strong base condi-
tions, low yields, long reaction times, and tedious work-up 
procedures They also leave toxic residues, require special 
apparatus, use environmentally unfavourable solvents, and 
require excess amounts of catalysts [45, 46].

However, over the last decade, more efforts have been 
taken to design environmentally benign recyclable hetero-
geneous catalyst which has the ability to work for the tar-
get reaction, economically feasible and produce minimum 
waste. In this regard, the application of graphene based 
materials as metal free carbocatalyst have gained significant 
attention in recent past in many organic transformations [16, 
17]. The presence of structural defects and various oxygen 
functionalities such as, epoxy, hydroxyl and carboxyl groups 
on the surface of graphene have immensely contributed to 
the mild acidic as well as oxidative properties of these mate-
rials [18]. Such type of graphene like materials is typically 
referred to as highly reduced graphene oxide (HRG), which 
are often functionalize with various substances including 
solid acids like phosphomolybdic acid via strong electro-
static interaction to enhance their physicochemical proper-
ties and catalytic potential [19].

Recently, copper(II) has been developed as a successful 
catalyst for aldolization with high yields. Nevertheless, one 
of the most important issue for the synthetic organic chem-
ist is minimizing waste and maximizing sustainability in 
order to achieve green chemistry goals. However, over the 
last decade, more efforts have been taken to design envi-
ronmentally benign recyclable heterogeneous catalyst which 
has the ability to work for the target reaction, economically 
feasible and produce minimum waste. In this regard, the 
application of Fe3O4@PABA-Cu(II)nanocatalyst have inves-
tigated in aldol condensation of various aromatic and heter-
oaromatic aldehydes with hydantoin or thiazolidine (TZD) 
under Knoevenagel transformations conditions. To the best 
of our knowledge, it is the first report of utilization of het-
erogenized copper(II) catalysts for the one-pot preparation 
of 5-arylidenthiazolidine-2,4-diones and 5-arylidene-imida-
zolidine-2,4-dione under green media.

In this study, we used Para-aminobenzoic acid (PABA), a 
well-known antioxidant and water-soluble vitamin of B-group 
vitamins and precursor in the synthesis of folic acid, purines, 
thymine and also Coenzyme Q with a proper and efficient 
MNPs coating property as a safe bi-functional bridge to immo-
bilize copper particles on Fe3O4 MNPs [49]. PABA, as one of 
the widely used building blocks in design and development of 
drugs, is frequently found as a structural and functional moi-
ety in pharmacologically active agents [50]. Through surface 
modification of non‐toxic MNPs, such as iron oxide Fe3O4 
MNPs with this simple vitamin as a very stable, safe and envi-
ronment‐friendly organic compound which has a strong affin-
ity to Fe3O4 surface hydroxyl groups via its COOH moiety and 
then loading copper via its amine functional group to enhance 
the catalytic activity of Fe3O4@PABA, we developed a novel, 
highly efficient, stable, safe and low-cost magnetically recov-
erable nanocatalyst Fe3O4@PABA-Cu(II) which can reduce 
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the problems associated with using mineral catalysts in aldol 
condensation reactions and can be removed and separated from 
the liquid medium of the reaction mixture easily using a very 
simple external magnet after the reaction went to completion. 
In this procedure, we found that Fe3O4@PABA also exhibit 
notable catalytic activity.

Our newly designed heterogeneous magnetic nanocatalyst 
Fe3O4@PABA-Cu(II) presents an excellent catalytic activ-
ity in Aldol condensation reactions. This efficient novel 
nanocatalyst which showed good performance in the above-
mentioned reactions under green conditions, is recoverable 
easily.

2 � Experimental

2.1 � Synthesis of Fe3O4@PABA‑Cu(II) MNPs

The Fe3O4 magnetic nanoparticles were prepared by the 
coprecipitation technique as it was previously reported [51]. 
In order to prepare Fe3O4@PABA, 1 g of the prepared Fe3O4 
MNPs was dispersed in 100 mL deionized water by sonica-
tion for 30 min. in the next step, PABA was added at a con-
centration of 50 mg/mL to the reaction mixture, which was 
stirred for 8 h. Thereafter, the obtained MNPs were washed 
with deionized water few times to eliminate excess PABA 
then, Fe3O4@PABA MNPs were collected by magnet, and 
eventually dried under vacuum at 70 ºC for 12 h. Finally, 
Fe3O4@PABA-Cu(II) was prepared by the immobilization 
of Cu (OAc)2 (0.29 g, 1.5 mmol) with 1 g of Fe3O4@PABA 
in ethanol (50 mL) under reflux conditions for 8 h. The final 
Fe3O4@PABA-Cu(II) MNPs was washed with methanol and 
dried under vacuum at 70 °C for 6 h.

2.2 � General Procedure for the Aldol Condensation 
Reaction

Fe3O4@PABA-Cu(II) (0.05  g) was added to a mixture 
of various aldehydes (1 mmol), with hydantoin or TZD 
(1 mmol), in Ethanol (10 mL), and this mixture was refluxed 
for the times reported in Table 2. the progress of the reac-
tion monitored by TLC, after completion of the reaction 
the mixture was diluted with ethanol and the catalyst was 
easily separated from the reaction mixture by an external 
magnet, washed with hot ethanol, dried and reused for a 
consecutive run under the same reaction conditions. After-
wards, the reaction mixture was cooled to room temperature 
and the crude product obtained was collected by filtration 
and washed with cold ethanol to give the pure solid.

2.3 � Selected Spectral Data

2.3.1 � (Z)‑5‑(2‑oxo‑2‑(p‑tolyl)ethylidene)
thiazolidine‑2,4‑dione (1a)

IR (KBr, vmax, cm−1): 3458 (N–H) 1745, 1699 (N–C=O), 
600–800 (C–S), 3126 (Ar–CH) cm−1; 1H-NMR (400 MHz, 
DMSO-d6): δ (ppm) 2.48 (s, 3H, CH3), 7.15(d, J = 8.8 Hz, 
2H, ArH), 7.85(d, J = 8.8 Hz, 2H, ArH), 6.98 (s, 1H, = 
CHAr), 10.82 (brs, 1H, NH);13C-NMR (100 MHz, DMSO-
d6): ppm 22.46, 128.83, 129.44, 134.47, 144.75, 142.43, 
148.98, 185.42, 168.66, 187.17, 189.61.MS: (m/z, %) 248 
(M+, 17), 276 (17), 204 (14), 190 (43), 132(21), 118 (100), 
91.0 (63), 77.0 (15), 65.0 (%35), 51.0(30); Elemental anal. 
(%), calced for C12H9NO3S:C, 66.64; H, 3.41; N, 5.83; 
found: C, 58.03; H, 3.67; N, 5.66.

2.3.2 � (Z)‑5‑(2‑oxo‑2‑(p‑tolyl)ethylidene)
imidazolidine‑2,4‑dione (1b)

IR (KBr, vmax, cm−1): 3193(N–H), 1735 (N–C=O), 3015 
(Ar–CH) cm−1; 1H-NMR (400 MHz, DMSO-d6): δ (ppm) 
2.75 (s, 3H, CH3), 7.34 (d, J = 8.8 Hz, 2H, ArH), 7.76 (d, 
J = 8.8 Hz, 2H, ArH), 6.89 (s, 1H, =CHAr), 10.89 (bs, 
1H, NH) 7.85 (1H, NH); 13C-NMR (100 MHz, DMSO-
d6): ppm 23.26, 129.99, 130.44, 138.57,146.55, 145.12, 
148.20, 186.44,188.59, 190.17,195.61. MS: (m/z, %) 230.01 
(M+, 17), 222 (25), 167.0 (37), 143 (79), 132 (100), 102.0 
(35), 119 (18), 71.0 (27), Elemental anal. (%), calced for 
C12H10N2O2: C, 62.61; H, 4.38; N, 12.17; found: C, 63.73; 
H, 4.45; N, 11.32.

2.3.3 � (Z)‑5‑(2‑(4‑bromophenyl)‑2‑oxoethylidene)
thiazolidine‑2,4‑dione (2a)

IR (KBr, vmax, cm−1): 3044 (NH), 1684 (N–C=O), 1582 
(C=C), 1465 (C=N), 849 (C–Br), 1038 (C–N), 2829 
(CH–Ar) cm−1; 1H-NMR (400 MHz, DMSO-d6): δ (ppm) 
6.99 (s, 1H, =CH), 7.23 (d, J = 8.8 Hz, 2H, ArH), 8.21 
(d, J = 8.8 Hz, 2H, ArH), 10.7 (brs, 1H, NH); 13C NMR 
(100 MHz, DMSO-d6): ppm 128.67, 133.14, 136.87, 140.51, 
145.44, 149.71, 185.01, 168.95, 187.01, 189.71; MS: (m/z, 
%) 311.2. (M+, 7), 281.1 (6), 255.9 (3), 203 (10), 188 (14), 
155.9 (57), 138.9 (100), 110.9 (48), 91 (16), 75 (35), 51 
(15); Elemental anal. (%), calced for C11H6BrNO3S:C, 
42.33; H, 1.94; N, 4.49; found: C, 42.09; H, 2.21; N, 6.07.
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2.3.4 � (Z)‑5‑(2‑(4‑bromophenyl)‑2‑oxoethylidene)
imidazolidine‑2,4‑dione (2b)

IR (KBr, vmax, cm−1): 3420 (NH), 1741 (N–C=O), 
1189(N–C=S), 1581 (C=C), 841 (C–Br), 2829 (CH–Ar) 
cm−1; 1H NMR (400 MHz, DMSO-d6): δ (ppm): 6.97 (s, 
1H, =CH), 7. 93 (d, J = 8.8 Hz, 2H, ArH), 8.17(d, J = 8.8 Hz, 
2H, ArH) 7.90 (1H, NH), 12.90 (brs, 1H, NH); 13C-NMR 
(100 MHz, DMSO-d6): ppm 131.35, 129.54, 134.57, 138.60, 
144.44, 148.48, 181.51, 188.56, 189.97, 198.64; MS: (m/z, 
%) 295. (M+, 10); 279 (7), 207 (60), 188 (32), 182 (22), 171 
(40), 154 (37), 143 (75), 110 (27), 85 (57),55(100); Elemen-
tal anal. (%), calced for C11H7BrN2O3: C, 44.77; H, 2.39; N, 
9.49; found: C, 40.36; H, 1.73; N, 4.24.

2.3.5 � (Z)‑5‑(2‑(4‑methoxyphenyl)‑2‑oxoethylidene)
thiazolidine‑2,4‑dione (3a)

IR (KBr, vmax, cm−1): 3438 (N–H), 1682 (C=O stretching), 
3025 (Ar–CH),1542 cm−1; 1H NMR (DMSO-d6): δ = 3.56 
(s, 3H, OCH3), 6.70 (s, 1H CH=), 7.37–7.38 (d, J = 8.8 Hz, 
2H, ArH), 8.12–8.13 (d, J = 8.8 Hz, 2H, ArH), 12.66 (brs, 
1H, NH); 13C NMR (DMSO-d6): ppm 58.10, 103.48, 122.66, 
130.83, 131.41, 141.94, 149.36, 170.31, 171.31, 180.04, 
182.03; MS: (m/z, %) 263 (M+, 11), 248 (%8),235.9 (9), 
220.01 (13), 206.0 (44), 191.0 (9), 177.0 (14), 162.0 (8), 
140.1 (16), 134 (100), 121.0 (14), 109 (48), 91.0 (35), 
77.0 (35), 51.0 (29), (%) Elemental anal. (%), calced for 
C12H9NO4S:C, 54.75; H, 3.45; N, 5.32; found: C, 54.15; H, 
2.95; N, 6.12.

2.3.6 � (Z)‑5‑(2‑(4‑methoxyphenyl)‑2‑oxoethylidene)
imidazolidine‑2,4‑dione (3b)

IR (KBr, vmax, cm−1):3433(N–H), 1701 (C=O), 1643 (C=C), 
1189 cm−1;1H NMR (DMSO-d6, 400 MHz): δ = 3.83 (s, 
3H, OCH3),), 6.95 (s, 1H, CH=), 6.93 (d, J = 8.8 Hz, 2H, 
ArH), 7.31 (d, J = 8.8 Hz, 2H, ArH), 7.70 (1H, NH); 11.71 
(brs, 1H, NH);13C NMR (DMSO-d6): ppm 56.92, 103.26, 
125.66, 128.13, 136.68, 144.38, 151.08, 168.44, 187.58, 
187.71, 189.8; MS: (m/z, %) 246 (M+, 11), 248 (4), 207 
(53), 188.9 (28), 167 (33), 143 (80), 162 (6), 125 (28), 111 
(24),85 (55), 71.1 (66), 57.01 (100); Elemental anal. (%), 
calced for C12H10NO4: C, 58.54; H, 4.09; N, 11.38; found: 
C, 59.06; H, 3.25; N, 10.29.

2.3.7 � (Z)‑5‑((1‑methyl‑1H‑indol‑2‑yl)methylene)
thiazolidine‑2,4‑dione (4a)

IR (KBr): νmax 3435 (N–H), 1729, 1685 (N–C=O), 
600–800(C-S), 3132 (Ar–CH) cm−1; 1H-NMR (400 MHz, 

DMSO-d6): δ (ppm) 12.60 (s, broad, 1H), 7.85 (s.1H), 7.68 
(dd, 1H), 7.55 (dd, 1H), 7.38 (dt, 1H), 7.11 (dt, 1H) 7.04 
(s, 1H, CH=), 3.88 (s,3H); 13C-NMR (100 MHz, DMSO-
d6): 34.17,101.09, 111.1, 119.23, 120.12, 121.19, 122.20, 
125.80, 131.58, 135.10, 140.05, 166.36, 168.19; MS: (m/z, 
%), 259 m/z (M+, 11), 232 (4), 206 (53), 187 (34), 182.9 
(27), 143 (80), 162 (6), 127 (28), 114 (24),76 (55), 74.1 (66), 
59.01 (100); Elemental anal. (%), calced for C13H10N2O2S:C, 
60.54; H, 3.90; N, 10.85; found: C, 59.06; H, 3.25; N, 10.29.

2.3.8 � (Z)‑5‑((1‑methyl‑1H‑indol‑2‑yl)methylene)
imidazolidine‑2,4‑dione (4b)

IR (KBr): νmax3430 (N–H), 1765 (N–C=O), 1699 
(N–C=O) cm−1; 1H-NMR (400  MHz, DMSO-d6): δ 
(ppm) 13.34 (brs, 1H, NH), 9.84 (s, 1H, NH) 7.12 (s.1H), 
6.89–692 (m,1H), 7.27–7.28 (m, 1 H), 7.29–7.35 (m, 1H), 
7.48–7.51(m, 1H), 6.97 (s, 1H, CH=), 3.18 (s, 3H); 13C-
NMR (100 MHz, DMSO-d6): 34.16, 106.72, 111.27, 120.65, 
122.66, 126.17, 127.17, 130.83, 131.41, 141.94, 150,61, 
155.44, 163.16; MS: (m/z, %), 242 m/z (M+, 27), 215 (43), 
198 (44), 143 (75), 170 (36), 130 (48), 111 (43),76 (55), 
71.1 (100); Elemental anal. (%), calced for C13H11N3O2: C, 
64.72; H, 4.60; N, 17.42; found: C, 63.06; H, 3.25; N, 16.29.

2.3.9 � (Z)‑5‑((5‑nitrothiophen‑2‑yl)methylene)
thiazolidine‑2,4‑dione (5a)

IR (KBr): νmax 3438 (N–H), 1683 (N–C=O), 3054 (Ar–CH) 
cm−1; 1H-NMR (400 MHz, DMSO-d6): δ (ppm), 13.08 (brs, 
1H, NH), 8.05–8.06 (dd, 1H), 8.36–8.37 (s.1H, CH=), 7.56 
(dd, 1H); 13C-NMR (100 MHz, DMSO-d6): 123.22, 130.09, 
140.96, 144.37, 144.38, 145.37, 155.36, 167.32, 168.32; 
MS: (m/z, %), 255 m/z (M+, 27), 212 (51), 184 (54), 152 
(45), 180 (26), 127 (68), 102 (43), 71.1 (100); Elemental 
anal. (%), calced for C8H4N2O4S2: C, 37.50; H, 1.57; N, 
10.93; found: C, 36.06; H, 1.05; N, 11.29.

2.3.10 � (Z)‑5‑((5‑nitrothiophen‑2‑yl)methylene)
imidazolidine‑2,4‑dione (5b)

IR (KBr): νmax 3445(N–H), 1722 (N–C=O), 3050 (Ar–CH) 
cm−1; 1H-NMR (400 MHz, DMSO-d6): δ (ppm): 12.91 (brs, 
1H, NH), 10.68 (s, 1H, NH), 7.14–7.16 (dd, 1H), 7.91–7.92 
(dd.1H), 6.97 (s,1H, CH=); 13C-NMR (100 MHz, DMSO-
d6): 114.49, 130.09, 132.87, 140.95, 148.12, 155.36, 162.79, 
168.07; MS: (m/z, %), 239 m/z (M+, 46), 195 (54), 168 (46), 
136 (35), 127 (68),111(39), 102 (25), 71.1 (100); Elemen-
tal anal. (%), calced for C8H5N3O4S:C, 40.17; H, 2.11; N, 
17.57; found: C, 39.06; H, 1.15; N, 16.29.
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2.3.11 � (Z)‑5‑((5‑hydroxyfuran‑2‑yl)methylene)
thiazolidine‑2,4‑dione (6a)

IR (KBr): νmax: 3440 (NH), 1722 (N–C=O), 1583 (C=C), 
2994 (CH–Ar) cm−1; 1H-NMR (400 MHz, DMSO-d6): δ 
(ppm) 12.41 (brs, 1H, NH), 10.52 (s, 1H, OH), 6.96 (s, 1H, 
CH=), 7.35–7.36 (dd.1H), 6.48–7.49 (dd, 1H); 13C-NMR 
(100 MHz, DMSO-d6): 113.42, 114.61, 122.80, 131.10, 
133.66, 141.82, 162.71, 166.82; MS: (m/z, %), 210 m/z (M+, 
51), 193 (34), 168 (41), 136 (21), 127 (68),114(31), 83(54), 
71.1 (100); Elemental anal. (%), calced for C8H5NO4S:C, 
45.50; H, 2.39; N, 6.63; found: C, 44.06; H, 2.15; N, 5.29.

2.3.12 � (Z)‑5‑((5‑hydroxyfuran‑2‑yl)methylene)
imidazolidine‑2,4‑dione (6b)

IR (KBr): νmax 3383 (NH), 1752 (N–C=O), 1594 (C=C) 
cm−1; 1H-NMR (400 MHz, DMSO-d6): δ (ppm): 12.48 (brs, 
1H, NH), 10.73 (brs, 1H, NH), 10.51 (s, 1H, OH), 6.94 (s, 
1H, CH=), 6.72–6.73 (dd.1H), 7.04–7.05 (dd, 1H); 13C-
NMR (100 MHz, DMSO-d6): ppm 110.46, 113.42, 122.80, 
131.10, 141.82, 159.09, 162.71, 169.56; MS: (m/z, %), 
194 m/z (M+, 51), 177 (26), 179 (21), 152 (18), 136 (61),111 
(23), 83(46), 71.1 (100); Elemental anal. (%), calced for 
C8H5N2O4: C, 49.49; H, 3.12; N, 4.43; found: C, 48.06; H, 
2.15; N, 5.02.

2.3.13 � (Z)‑5‑((3‑hydroxy‑1H‑pyrrol‑1‑yl) methylene)
thiazolidine‑2,4‑dione (7a)

IR (KBr): νmax 3415 (N–H), 1735 (N–C=O), 3038 
(Ar–CH), cm−1; 1H-NMR (400  MHz, DMSO-d6): δ 
(ppm): 12.58 (brs, 1H, NH), 10.47 (s, 1H, OH), 7.49 (s, 
1H), 7.28–7.31 (m.1H), 7.35–7.36 (d, 1H), 6.90 (s, 1H, 
CH=);13C-NMR (100 MHz, DMSO-d6): 105.48, 113.42, 
119.19, 122.80, 133.66, 162.71,168.32; MS: (m/z, %), 
210 m/z (M+, 61), 193 (56), 169 (22), 135 (100), 126 (42), 
82(65); Elemental anal. (%), calced for C8H6N2O3S:C, 
45.71; H, 2.88; N, 13.33; found: C, 45.06; H, 2.10; N, 
12.02: MS: (m/z, %) 194 (M+, 176 (100), 111 (29), 135 
(20), 82 (27), 86 (2), 63 (11); Elemental anal. (%), calced 
for C8H7N3O3: C, 49.74; H, 3.65; N, 21.75; found C, 48.25, 
H 2.53, N, 20.07.

2.3.14 � (Z)‑5‑((3‑hydroxy‑1H‑pyrrol‑1‑yl)methylene)
imidazolidine‑2,4‑dione (7b)

IR (KBr): νmax 3424 (N–H), 1754 (N–C=O), 3064 
(Ar–CH), cm−1; 1H-NMR (400 MHz, DMSO-d6): δ (ppm): 
12.44 (brs, 1H, NH); 10.96 (brs, 1H, NH),10.29 (s, 1H, 

OH), 7.82 (s, 1H, CH =), 7.98 (dd, 1H), 7.38–7.41 (dd, 1H), 
7.56–7.58 (s, 1H), 13C-NMR (100 MHz, DMSO-d6): ppm 
108.47, 111.46, 114.49, 123.09, 123.22, 128.17, 167.82, 
169.56; MS: (m/z, %) 193 (M+, 14), 176 (18), 151 (69), 
135 (40), 111 (100), 104 (26), 82 (50), 58.1 (6); Elemental 
anal. (%), calced for C8H7N3O3: C, 94.74; H, 3.65; N, 21.75; 
found: C, 93.67; H, 2.04; N, 20.26.

2.3.15 � (Z)‑5‑((2‑methylpyridin‑3‑yl)methylene)
thiazolidine‑2,4‑dione (8a)

IR (KBr): νmax 3438 (N–H), 1754 (N–C=O) cm−1; 1H-
NMR (400 MHz, DMSO-d6): δ (ppm): 11.31 (brs, 1H, 
NH), 8.57 (dd, 1H), 6.65 (s, 1H, CH=), 7.22–7.25 (m, 1H), 
7.37–7.39 (m, 1H) 8.13–8.17(m, 1H); 2.94 (s, 3H),13C-NMR 
(100 MHz, DMSO-d6): ppm 32.66, 122.78, 123.92, 131.10, 
133.65, 141.81, 150.61, 162.71, 167.82, 169.06; MS: (m/z, 
%) 220. (M+, 42), 205.1 (23), 190 (23), 160 (7), 149 (42), 
127.5 (9), 118.5 (100), 92.0 (65), Elemental anal. (%), Calcd 
for C10H8N2O2S:C, 54.53, H, 3.66; N, 12.72. found: C, 
53.88, H, 2.61; N, 11.73.

2.3.16 � (Z)‑5‑((2‑methylpyridin‑3‑yl)methylene)
imidazolidine‑2,4‑dione (8b)

IR (KBr): νmax 3123 (N–H), 1727 (N–C=O), 2800 (Ar–CH) 
cm−1; 1H-NMR (400 MHz, DMSO- d6): δ (ppm): 11.19 (brs, 
1H, NH), 9.92 (1H, NH) 6.65 (s, 1H, CH=), 7.37–7.39 (m, 
1H), 7.75–7.76 (d.1H), 8.13–8.17 (m, 1H); 3.12 (s, 3H),13C-
NMR (100 MHz, DMSO-d6): ppm 33.41, 123.09, 123.22, 
130.09, 132.87, 140.95, 155.36, 162.79, 168.32, 169.56; 
MS: (m/z, %) 203.1 (M+, 32), 188 (32), 175 (8), 161 (10), 
111 (100), 92 (69), 71.1 (11), Elemental anal. (%), Anal. 
Calced. for C10H9N3O2: C, 59.11; H, 4.46; N, 20.68. found: 
C, 58.01; H, 3.83; N, 19.15.

2.3.17 � (Z)‑5‑(4‑hydroxy‑3‑methoxybenzylidene)
thiazolidine‑2,4‑dione (9a)

IR (KBr): νmax 3042(N–H), 1638(N–C=S), 1730 (N–C=O), 
1479 (C=C), 2674 (Ar–CH) cm−1; 1H NMR (400 MHz, 
CDCl3): δ (ppm) 12.47 (s, 1H),0 9.96 (s, 1H), 7.71 (s, 1H, 
CH=), 0 7.17 (d, J = 1.83 Hz, 1H), 07.08 (dd, J = 8.04 and 
1.83 Hz, 1H), 0 6.93 (d, J = 8.04 Hz, 1H), 0 3.86 (s, 3H) 
13C-NMR (100 MHz, CDCl3): δ (ppm) 168.5, 168.2, 149.6, 
148.3, 133.3, 125.3, 124.7, 119.6, 115.7, 113.2, 55.2; MS: 
(m/z, %) 251. (M+, 32), 276.1 (23), 223 (13), 208 (17), 182 
(50), 152 (10), 127.5 (19), 124.5 (100), 98.0 (65), 71 (43) 
Elemental anal. (%), Calcd for C11H9NO4S:C, 52.58; H, 
3.61; N, 5.57. found: C, 51.88; H, 2.41; N, 5.03.
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2.3.18 � (Z)‑5‑(4‑hydroxy‑3‑methoxybenzylidene)
imidazolidine‑2,4‑dione (9b)

IR (KBr): νmax 3223 (N–H), 1739, 1698 (N–C=O), 1580 
(C=C), 2094 (Ar–CH) cm−1; 1H-NMR (400 MHz, CDCl3): 
δ (ppm 11.11 (s, 1H), 10.40 (s, 1H), 9.42 (s, 1H), 7.09 (d, 
1H, J = 1.5 Hz), 7.06 (dd, 1H, J = 1.5, 8.5 Hz), 6.78 (d, 1H, 
J = 8.5 Hz), 6.95 (s, 1H,CH=), 3.82 (s, 3H); 13C-NMR 
(100 MHz, CDCl3):δ (ppm) 166.3, 156.4, 148.4, 148.2, 
126.1, 125.0, 124.1, 116.4, 113.8, 110.5, 56.4 MS: (m/z, %) 
234. (M+, 41), 203 (19), 191 (15), 186 (10), 163 (21), 123.5 
(19), 111.5 (100), 92.0 (16), 71 (32) Elemental anal. (%), 
Calcd for C11H10N2O4: C, 56.41; H, 4.30; N, 11.96. found: 
C, 55.88; H, 3.01; N, 10.02.

2.3.19 � (Z)‑5‑(2, 
4‑dichlorobenzylidene)‑thiazolidine‑2,4‑dione (10a)

IR (KBr, vmax, cm−1): 3054 (N–H), 1712 (C=O), 1433(C=C) 
cm−1; 1H NMR (400 MHz, DMSO-d6, δ ppm: 7.23 (s, 1H, 
Ar), 7.26 (d, J = 7.52 Hz, 1H, ArH), 7.36 (d, J = 7.51 Hz, 
1H, ArH), 7.81 (s, 1H, C=CH), 12.64 (brs, 1H, N–H); 
13C-NMR (100 MHz, DMSO-d6; δ ppm): 119.18, 135.58, 
128.31,137.12, 127.91, 128.97, 142.12, 125., 167.20, 
166.19. HRMS+, calculated: 274.1233, found: 274.1073. 
Elemental anal. (%), calced for C10H5 Cl2NO2S:C, 43.82; 
H, 1.84; N, 5.11; found C, 43.61, H, 2.05, N, 5.36.

2.3.20 � (Z)‑5‑(2,4‑dichlorobenzylidene)
imidazolidine‑2,4‑dione (10b)

IR (KBr, vmax, cm−1): 3039 (NH), 2929 (CH–Ar), 1728 
(C=O), 1574 (C=C), 1442 (C=N), 1047 (C–N) cm−1; 1H 
NMR (400 MHz, DMSO-d6): δppm 13.81 (brs, 1H, NH), 
12.01 (brs, 1H, NH); 7.77 (s, 1H, CH=), 7.33–7.61 (m, 3H), 
13C NMR (100 MHz, DMSO-d6): δppm = 116.2, 125.21, 
126.35, 128.44, 130.29, 131.40, 136.51, 143.24, 168.03, 
193.31. MS: (m/z, %) 255. (M+, 35), 220 (19), 212 (18), 
186 (10), 144 (21), 111.5 (34), 97.0 (15), 71 (12) Elemental 
anal. (%), calced for C10H6 Cl2N2O2:C, 46.72; H, 2.35; N, 
27.58; found C, 45.65, H, 1.69, N, 26.62.

3 � Results and Discussion

3.1 � Catalyst Preparation

In this work, in the first step Fe3O4 MNPs core–shell were 
synthesized using co-precipitation of Fe3+ and Fe2+ ions in 
presence of ammonia medium 47. Then, loading of PABA 

on the magnetic nanoparticles through the reaction of 
hydroxyl functional groups on the surface of Fe3O4 MNPs 
with carboxylic acid functional group of PABA in Ethanol, 
formed Fe3O4@PABA intermediate with observable cata-
lytic activity. Finally treating Fe3O4@PABA with Cu(II) 
and complexation was performed with an excess amount 
of cupric acetate solution (Copper(II) acetate) (Scheme 1).

3.2 � Catalyst Characterizations

After the successful synthesis of Fe3O4@PABA-Cu(II) 
its structure was characterized using FT‐IR, XRD, EDX, 
AAS, TGA VSM, mapping, SEM and TEM techniques. FT‐
IR spectra of Fe3O4, PABA, Fe3O4@PABA and Fe3O4@

O
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Scheme 1   Synthesis of Fe3O4@PABA-Cu(II) MNPs

Fig. 1   FT‐IR spectra: Fe3O4, PABA, Fe3O4@PABA and Fe3O4@
PABA-Cu(II)
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PABA-Cu(II) MNPs is depicted in Fig. 1, The FT-IR spec-
trum of Fe3O4 MNPs demonstrates special absorption band 
peaks at 1615 cm−1 and 585 cm−1 which is attributed to the 
twisting vibration of the H-OH band and stretching vibration 
of Fe–O on the surface of support, respectively (Fig. 1a). 
According to the Fig. 1b that is related to the FT-IR spec-
trum of PABA, the The characteristic signals at 3363 cm−1, 
3459 cm−1 and 1681 cm−1 is attributed to the C–H, O–H 
and C=O groups. As shown in Fig. 1c, in the FT‐IR spectra 
of MNPs‐PABA the COO–Fe, C–H, C–O and Fe–O band at 
1647 cm−1, 3445 cm−1, 1233 cm−1 and 641 cm−1 regions, 
respectively confirmed the successful immobilization of 
PABA ligand on the surface of Fe3O4 support. In addition, 
the absorption peaks at 3363 cm−1 and 1624 cm−1 was 
assigned to the stretching vibration and bending vibration 
of the NH2 group on aniline part of PAPA that shifted to 
lower wavenumber in the spectrum of Fe3O4@PABA-Cu(II). 
Also, new absorption bands at 560, 490 cm−1 were assigned 
to Cu–NH bands of the complexes [1]. These data suggested 
that the Fe3O4@PABA-Cu(II) was synthesized successfully.

According to FT‐IR recovered MNPs@PABA-Cu(II) 
catalyst (Fig. 12c), the bands at the regions 3418 cm−1, 
2918 cm−1, 1213 cm−1, and 556 cm−1 approve the presence 
of C–H, C=O, C–O and Fe–O groups respectively). New 
absorption bands at 554, 504 cm−1 were assigned to Cu–NH 
bands of the complexes.

To determine the crystalline structure of PABA-Coated 
Fe3O4 (MNPs-PABA) and Fe3O4@PABA-Cu(II), X-ray dif-
fraction technique was used (Fig. 1). XRD pattern of Fe3O4, 
Fe3O4@PABA and Fe3O4@PABA-Cu(II) were gathered in 
the region 2θ = 20º–80º. On the basis of Fig. 2, all diffraction 
peaks that were located at 30.2º, 35.9º, 43.3º, 53.5º, 57.4º, 
63.1º, 74.5º are correspondent with (220), (311), (400), 

(422), (511), (440) and (533) crystalline planes of Fe3O4 
structure, respectively (Fe3O4, reference Jcpds no, 82-1533). 
In addition, the crystalline size of Fe3O4@PABA-Cu(II) 
MNPs was estimated, using the Scherrer equation from XRD 
pattern data, to be 20 nm.

To evaluate the morphology of the Fe3O4@PABA and the 
resulting hybrid of Fe3O4@PABA-Cu(II), scanning electron 
microscopy (SEM) was used (Fig. 2). On the basis of SEM 
images, the catalyst has a spherical shape with a diameter 
25 nm (Fig. 3). 

The particle size of the synthesized Fe3O4@PABA-Cu(II) 
was evaluated by Transmission electron microscopy (Fig. 4). 
On the basis of TEM images, the catalyst has a spherical and 
nearly monodisperse shape with a diameter 30 nm.

The prepared magnetic nanocatalyst was studied using an 
energy dispersive spectrometer (Fig. 5). According to Fig. 5, 
presence of Fe, O, C, N and, Cu signals confirm that Fe3O4 
had successfully been functionalized by PABA and then cop-
per (II) acetate. The EDX elemental mapping from the SEM 
analysis clearly confirms that Fe3O4@PABA-Cu(II) consists 
of, Cu, C, O, N and Fe also absence of other elements indi-
cate Fe3O4@PABA-Cu(II) have a high purity level (Fig. 6).

Thermal gravimetric analysis was applied to appraise the 
stability of of Fe3O4@PABA, Fe3O4@PABA-Cu(II) and 
bond formation between Fe3O4 and organic agent (PABA) 
(Fig. 7). The first weight loss below 100 °C can be related 
to the solvent desorption and surface hydroxyl groups. The 
second weight loss can be ascribed to the decomposition of 
the PABA and PABA-Cu(II) complex grafted on the surface 
of Fe3O4 support. As it can be seen from the TGA curve, 
the amount of organic immobilized catalytic complex was 
about 5.5%. Based on this weight loss, it was calculated that 
0.71 mmol of PABA ligand was loaded on 1 g of Fe3O4 
support. 

The vibration sample magnetometer (VSM) of the 
Fe3O4@PABA and Fe3O4@PABA-Cu(II) are displayed in 
Fig. 8. According to Fig. 8, the saturation magnetization of 
the catalyst is about 45 emu/g. This magnetization value is 
less than the uncoated Fe3O4@PABA (51.3 emu/g) due to 
the coated shell (PABA).

The particle size distribution and zeta potential of the 
Fe3O4@PABA-Cu(II) were determined by dynamic light 
scattering (DLS) spectrometer in an aqueous dispersion. 
Particle size distribution curves showed that the average 
particle size of Fe3O4@PABA is 10 nm. The value of the 
zeta potential is predictive of colloidal stability. Nanoparti-
cles with Zeta Potential values greater than + 25 mV or less 
than − 25 mV typically have high degrees of stability [3]. 
The zeta potential of the Fe3O4@PABA-Cu(II) in aqueous 
dispersion Fig. 9, were determined to be − 26.3 mV, which 
demonstrates high stability of Fe3O4@PABA-Cu(II).

The UV–Vis spectra of Fe3O4, PABA and Fe3O4@
PABA-Cu(II) are demonstrated in Fig.  10. PABA 

Fig. 2   XRD diffraction pattern of Fe3O4MNPs, Fe3O4@PABA and 
Fe3O4@PABA-Cu(II)
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represents two peaks in the UV region at 290 and 
320  nm due to both conjugated (π)‐bonding systems 
(π–π*transition) and nonbonding electron system 
(n–π*transition) in the compound. Fe3O4 nanoparticles 
does not show any UV–Vis characteristic absorption peaks 
[3], but Fe3O4@PABA-Cu(II), like PABA, exhibited two 
peaks at 290 and 320 nm [52].

The amount of residual copper in Fe3O4@PABA-Cu(II) 
was determined by atomic absorption spectroscopy (AAS) 
after the adsorption process using a Perkin Elmer AAnalyst 
100 atomic absorption spectrophotometer with copper hol-
low cathode lamps and air-acetylene flame (Table 1).

After the preparation and then separation of the final cata-
lyst (Fe3O4@PABA-Cu(II)) from the reaction mixture by 
filtration, the filtrate was subjected to quantitative elemental 

Fig. 3   SEM images of a 
Fe3O4@PABA and b Fe3O4@
PABA-Cu(II)
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analysis. The atomic absorption was used to evaluate the 
concentration of Cu in the reaction filtrate (1.07 ppm) which 
clearly confirmed that during the reaction, Cu almost com-
pletely precipitated onto the PABA modified surface of 
MNPs. Prior to analysis, the calibration curve of Cu2+ was 
prepared, followed by measurements of Cu2+ in solutions at 
a wavelength of 324.8 nm. Each measurement was done in 
triplicate, and the average results are reported.

The Brunauer–Emmett–Teller (BET) surface areas of 
Fe3O4@PABA-Cu(II) were investigated using the nitrogen 
adsorption/desorption method. As is shown in Fig. 11. The 
BET specific surface area is 60.5 m2/g.

3.3 � Catalytic Study

After physicochemical and structural characterization of 
the Fe3O4@PABA and Fe3O4@PABA-Cu(II) catalysts, 

the generality, usefulness and, capability of these cata-
lysts, especially the highly efficient final catalyst Fe3O4@
PABA-Cu(II), were investigated towards aldol condensation 
reactions between hydantoin, TZD and diverse aldehyde 
derivatives. Considering the importance of hydantoin and 
TZD derivatives, in the present study, we want to find and 
demonstrate a general and practical procedure for green 
and facile synthesis of these compounds in high purity and 
yields, waste reduction, and the shorter reaction time. In 
order to establish the optimum reaction conditions, first, 
the effect of catalyst loading was examined. Thus, the con-
densation reaction between 2,6-Dichlorobenzaldehyde 1 
(1 mmol), hydantoin 2 (1 mmol) was selected as a model 
reaction (Scheme 2) and the obtained results are summa-
rized in Table 2. The best yields, time profile, and reduction 
of undesired side products were obtained when the reac-
tion was carried out in the presence of 50 mg of Fe3O4@

Fig. 4   TEM images of Fe3O4@PABA-Cu(II)
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PABA-Cu(II) under reflux conditions in Ethanol, which 
afforded the corresponding (Z)-5-(2,4-dichlorobenzylidene) 
imidazolidine-2,4-dione 10b in approximately 58  min 
with 98% of yield (Table 2). An increase in the quantity 
of Fe3O4@PABA-Cu(II) to more than 50 mg showed no 
substantial improvement in the yield, whereas the reac-
tion did not proceed efficiently in the absence catalyst even 
after 10 h (Table 2). Then, the effect of temperature was 
studied at room temperature (25 °C), 40 °C, 60 °C and 80 
°C. It was observed that the yield increased as the reaction 
temperature was raised. Investigation of different solvents 
showed the best solvent was Ethanol. The results of several 
experimental conditions are summarized in Table 2. As can 
be seen, synthesis of hydantoin and TZD derivatives using 
50 mg of the catalyst Fe3O4@PABA-Cu(II) under reflux 
condition and in the presence of ethanol as a benign solvent 
has the best effect on the yield (98.0%).

With regards to the optimization of the reaction condi-
tions and exploring the scope of the reaction, the present 
study has been extended to different kinds of a wide range 
of commercially available aromatic and heteroaromatic 
aldehydes. The results are listed in Table 3, in which the 
target products were afforded in moderate to excellent 
yields. According to the latter mentioned table, the reac-
tions were efficiently promoted using various ortho-, meta-, 
and para-substituted (heterocyclic) arylaldehydes, especially 

Fig. 5   Energy dispersive X-ray spectra of a Fe3O4@PABA and b 
Fe3O4@PABA-Cu(II)

Fig. 6   EDX elemental mapping results patterns of Fe3O4@PABA-Cu(II)
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arylaldehydes with electron‐withdrawing groups which 
could produce higher yields than electron‐rich substitutions 
directly attached to the benzene or other kinds of aromatic 
or heteroaromatic rings. The desired pure products were 
characterized by comparison of their physical data (melting 
point, IR and 1H NMR) with those of known compounds in 
the literature. In Table 3, it is also obvious that the (hetero) 
aromatic aldehydes with both kinds of electron-withdrawing 
or electron-releasing substituents get involved in aldol con-
densation in the presence of Fe3O4@PABA-Cu(II) to provide 
the corresponding product in superb efficiency and excellent 
yields in the reaction time ranging from 60 to 100 min. Also, 
fortunately, the expected products with relatively low yields 
could be obtained. As expected, according to our observa-
tions and the results which are summarized in Table 2, it is 
shown that in the presence of our newly designed Fe3O4@
PABA-Cu(II), a wide range of (hetero) aromatic aldehydes 
could react with hydantoin nucleus or TZD scaffold effi-
ciently and give 1a–10a and 1b-10b compounds in good to 
excellent yields (Table 3, entries 1–12) (Scheme 3).

The possible reaction pathways for the aldol condensa-
tion in the presence of Fe3O4@PABA-Cu(II) as a Lewis acid 
metal complex catalyst, is outlined in Scheme 4. Electron 
deficient sites on the surface of our main and final designed 
catalyst Fe3O4@PABA-Cu(II) could coordinate with the 
O-donor sites of hydantoin TZD and activate them for con-
version to the Enol form. The electrophilicity of the carbonyl 

carbon atom of both aldehydes and active methylene com-
pound (here hydantoin or TZD) increases due to coordina-
tion with the empty orbital of PABA-Cu(II) grafted at the 
surface of the functionalized Fe3O4. Subsequent aldol type 
condensation leads to the corresponding product [1].

Fig. 7   TGA and differential TGA analysis spectra of a Fe3O4@PABA and b Fe3O4@PABA-Cu(II)

Fig. 8   The magnetic diagram of Fe3O4@PABA and Fe3O4@PABA-
Cu(II)
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3.4 � Recyclability Study

We investigated  the recyclability of the Fe3O4@PABA-
Cu(II) in the selected model reaction under optimized 
conditions, and we found that this catalyst is reusable for 
seven consecutive cycles. Every time after completion of 
the reaction as indicated by TLC (chloroform: methanol, 
9:1), the reaction mixture was diluted with hot ethanol and 
the catalyst was easily retrieved and separated from the reac-
tion mixture using an external magnet, washed two times 
with hot ethanol and acetone to completely remove organic 
residues from the reaction mixture and then dried at 60 °C. 
The recovered catalyst was reused for at most seven consecu-
tive cycles without any significant loss in catalytic activity 
(Fig. 12).

After recycling the catalyst for seven runs, to show the 
stability and to prove the recoverability of the catalyst, we 
again used techniques to analyze the recovered Fe3O4@

Fig. 9   Particle size distribution and zeta potential of Fe3O4@PABA-Cu(II) assessed by DLS

Fig. 10   UV–Vis spectroscopy of PABA, Fe3O4 and Fe3O4@PABA-
Cu(II)

Table 1   The basic optimized parameters for the determination of Cu using AAS

Wavelength 
(nm)

Slit 
(nm)

Lamp current 
(mA)

Lamp mode 
BGC

Drying 
(°C)

Drying 
time (s)

Atomization 
(°C)

Atomization 
time (s)

Cleaning 
(°C)

Clearing 
time (s)

LOD (µg 
kg–1)

324.8 0.7 8 D2 150 30 2300 5 2500 2  < 30
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PABA-Cu(II). After spending the catalyst, the stability 
of recovered Fe3O4@PABA-Cu(II) catalyst characterized 
by FT‐IR, SEM, EDX, XRD, VSM and TGA techniques 
(Fig. 13) and the results show good agreement with the fresh 
catalyst analysis.

3.5 � Hot Filtration

The heterogeneity of Fe3O4@PABA-Cu(II) MNPs in the 
reaction mixture was studied using the hot filtration test. 
The hot filtration test was performed in the selected model 
reaction under the optimal reaction conditions. After the 
half reaction time, the reaction was terminated and the cor-
responding product was obtained in 63% of yield. Then, the 
reaction was repeated, and at the half time of the reaction, 
the catalyst was separated by magnetic separation from 
the reaction mixture, which was allowed to react further. 
Accordingly, we found that only a trace conversion (< 3%) 

Fig. 11   The Adsorption/desorption isotherms of Fe3O4@PABA-
Cu(II)

Catalyst

solvent, ∆

NH
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H

O NH

O
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Scheme  2   Optimization of the reaction conditions in synthesis of 
5-arylidenthiazolidine-2,4-diones and 5-arylidene-imidazolidine-
2,4-dione derivatives

Table 2   Optimization of 
reaction conditions for 
preparing compound 10b under 
reflux in Ethanol

a The approximate isolation yields

Entry Catalyst (mg) Temp (°C) Solvents Time (min) Yield (%)a

1 PABA (30) Reflux EtOH 60 30
2 Nano‐ Fe3O4 (30) Reflux EtOH 60 40
3 Fe3O4@PABA (30) Reflux EtOH 60 75
4 Fe3O4@PABA-Cu(II) (14) Reflux EtOH 60 75
5 Fe3O4@PABA-Cu(II) (30) Reflux EtOH 60 75
6 Fe3O4@PABA-Cu(II) (50) Reflux EtOH 60 98
7 Fe3O4@PABA-Cu(II) (60) Reflux EtOH 60 98
8 Fe3O4@PABA-Cu(II) (50) 25 °C EtOH 60 10
9 Fe3O4@PABA-Cu(II) (50) 40 °C EtOH 60 20
10 Fe3O4@PABA-Cu(II) (50) 60 °C EtOH 60 35
11 Fe3O4@PABA-Cu(II) (50) Reflux EtOH:H2O (2:1) 100 78
12 Fe3O4@PABA-Cu(II) (50) 80 °C H2O 120 –
13 Fe3O4@PABA-Cu(II) (50) Reflux MeOH 120 60
14 Fe3O4@PABA-Cu(II) (50) Reflux EtOAc 180 50
15 – Reflux EtOH 600 Trace
16 Cu (OAc)2 Reflux EtOH 120 70

Fe3O4@PABA-Cu (II (

EtOH, Reflux

Y

ON
H

O Y

O
HN

O Ar

+
Ar H

O

Y= NH, S

Scheme  3   Synthesis of 5-arylidenthiazolidine-2,4-diones and 
5-arylidene- imidazolidine-2,4-dione derivatives in the presence of 
Fe3O4@PABA-Cu(II)
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Table 3   Preparation of 5-arylidenthiazolidine-2,4-diones and 5-arylidene- imidazolidine-2,4-dione derivatives in the presence of Fe3O4@PABA-
Cu(II) (50 mg) as catalyst under reflux conditions in Ethanol

Entry R Y Product Time (min) Yield (%)a MP (°C) (Obs) MP (°C) (lit)

1 O

O

S 1a 89 97 231–232 219–220 [53]

2 NH 1b 88 98 290–294 286–287 [53]
3

Br

O

O

S 2a 91 95 255–256 250–252 [53]

4 NH 2b 89 97 275–277 274–275 [53]
5

O

O

O

S 3a 90 98 298–299 –

6 NH 3b 89 98 288–290 213–214 [54]
7

O

N
S 4a 95 95 185–186 186–187 [54]

8 NH 4b 93 96 306–307 –
9

O

SN+
O

-O

S 5a 94 96 240–242 –

10 NH 5b 93 98 214–215 –
11

O
O OH S 6a 95 94 218–220 –

12 NH 6b 94 95 182–183 –
13

O

H
N OH

S 7a 97 90 223–224 –

14 NH 7b 95 92 219–220 –
15

O

N S 8a 95 94 288–290 –

16 NH 8b 94 94 295–296 –
17

O
O

OH S 9a 89 94 252–253 226–226.7 [55]

18 NH 9b 88 97 270–272 249.2–251.6 [56]
19 O

Cl Cl

S 10a 98 95 166–167 203 [57]

20 NH 10b 97 98 188–189 257–261 [58]
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of the coupling reaction was observed upon heating of the 
catalyst-free solution for another half time of the reaction, 
which means that the described nanocatalyst is completely 
heterogeneous in the reaction media.

Table 3   (continued)

Entry R Y Product Time (min) Yield (%)a MP (°C) (Obs) MP (°C) (lit)

S
NH

O

O

O NH
HN

O

O

O

S
NH

O

O

O

Br

NH
HN

O

O

O

Br

S
NH

O

O

O

O

NH
HN

O

O

O

O

S
NH

O

O
N NH

HN

O

O
N

S
NH

O

O
S

N+
O

-O

NH
HN

O

O
S

N+
O

-O S
HN

O

O
O OH HN

NH
O

O
O

OH

S
HN

O

O
H
N

OH
HN

NH
O

O H
N

OH
S

NH

O

O

N

NH
HN

O

O

N S
HN

O

O
O

OH

HN
NH

O

O
O

OH

S
NH

O

O

Cl Cl
NH

HN
O

O

Cl Cl

1a 1b

2a

2b

3a
3b

4b4a
5a

5b 6a
6b

7a 7b 8a

8b 9a 9b

10a 10b

a Isolated yield

3.6 � Leaching Test

In order to consider the leaching of Cu into reaction media, 
AAS analysis was performed, the cooper content in reac-
tion media in the selected model reaction under the optimal 
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reaction conditions was found to be 0.81%. The results show 
that the leaching of Cu into reaction media is negligible.

3.7 � Comparison

In order to assess the efficiency and generality of this meth-
odology, the obtained results from the model reaction by 
this method have been compared with some published 

procedures and previously reported methods (Table 4). 
These results show that Fe3O4@PABA-Cu(II) as an efficient 
catalyst increase the reaction yields and rate with easy condi-
tions, simple workup and reduced unwanted side product.

4 � Conclusion

In this study, we have demonstrated a novel eco-friendly and 
easy approach was utilized in synthesis of the immobilized 
copper nanocatalyst Fe3O4@PABA-Cu(II). The prepared 
magnetic nanocatalyst characterized by using SEM, EDAX, 
XRD, and VSM spectroscopy. Immobilization of this sim-
ple metal catalyst on the surface of PABA modified Fe3O4 
MNPs at its highest loading capacity, has significant advan-
tages. This heterogeneous magnetically separable nanocata-
lyst can reduce the problems of using the homogenous min-
eral catalyst which is not recoverable. PABA as nontoxic and 
biocompatible compound, act as an efficient bridge between 
Fe3O4 and Cu particles to form a leak-free and stable nano-
catalyst. In continuation of our previous research, this newly 
synthesized surface-modified MNPs as a green and reusable 
Nanosized catalyst was tested and exhibited excellent activ-
ity for high yield synthesis of 5-arylidenthiazolidine-2,4-di-
ones and 5-arylidene-imidazolidine-2,4-dione derivatives 
through condensation reaction between (hetero)aromatic 
aldehydes and hydantoin or TZD main cores, under reflux 
conditions in Ethanol as a benign and green solvent. This 
economical protocol and green methodology of this study 
show clear advantages over traditional catalytic methods that 
include avoidance of hazardous organic solvents, recover-
ability of the catalyst, lower formation of the byproducts 
and less toxicity, high percentage yield, short reaction time 
and easy workup by a simple external magnet after comple-
tion of the reaction. Therefore, coating MNPs with PABA 
as a bridge and structural scaffold for immobilizing the 
copper(II) complex on the PABA coated Fe3O4 MNPs, may 
find extensive applications especially in aldol condensation 
reaction reactions. Furthermore, according to our results, the 
intermediate agent MNPs-PABA also display considerable 
catalytic activity in aldolization.

N
H

Y

OO

N
H

Y

OO
H

N
H

Y
O

O

O
H

H

N
H

Y

O O
-H2O

Cu

Y = S (TZD) or NH (Hydantoin)

R

R

Cu

Cu

Cu
N
H

Y

OO

O

H
R

Cu

+

Scheme  4   Proposed mechanism for aldol condensation in the 
Fe3O4@PABA-Cu(II)

Fig. 12   Easy separation and reusability of the Fe3O4@PABA-Cu(II)
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Fig. 13   a SEM, b TEM, c 
FT-IR, d EDAX, e VSM, f TGA 
and differential TGA and g 
XRD analysis of the recovered 
Fe3O4@PABA-Cu(II)
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