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This work addresses the research gap in the use of environmentally friendly 
zinc ferrite nanocatalysts and plant-based intermediates for efficient synthesis of 
heterocyles, while combining innovation, environmental rationale, and practical 
applications. For this purpose, ZnFe2O4 functionalized with thioglycolic acid (ZnFe2O4-
TGA) nanoparticles were synthesized through a stepwise functionalization and 
coupling process, resulting in a multipurpose material with improved biocompatible 
properties. Various analytical techniques including Fourier-transform infrared 
spectroscopy (FT-IR), X-ray diffraction (XRD), field emission-scanning electron 
microscope (FE-SEM), Energy dispersive X-ray analyzer (EDX), TEM, Vibrating sample 
magnetometry (VSM), and Thermogravimetric (TGA), were used to analyze the 
structure of these magnetic nanoparticles. The application of these nanoparticles 
as a catalyst in the synthesis of oxazolone and thiazolidinedione derivatives were 
investigated. The findings highlight the potential of ZnFeO₄–TGA nanoparticles 
as efficient, green, and recyclable catalysts for the synthesis of oxazolone and 
thiazolidinedione derivatives with desirable yields.
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1. Introduction
Green chemistry plays a crucial role in modern 

research by promoting environmentally benign 
chemical processes, particularly through the use 
of efficient and recyclable catalysts. In this context, 
heterogeneous nanocatalysts, especially magnetic 
nanoparticles, have attracted significant attention 
due to their sustainability and ease of separation [1, 
2].

Transition metal ferrites with the general 
formula MFe2O₄ (M = Cu, Zn, Ni, etc.) exhibit 
remarkable physicochemical properties and 
have found widespread applications in catalysis, 
biomedicine, environmental remediation, and 
energy-related processes [3-5]. Among them, zinc 
ferrite nanoparticles are of particular interest due 
to their chemical stability and tunable functional 

properties. When these magnetic nanoparticles 
are used as catalyst supports, they enable rapid 
recovery via an external magnetic field, increasing 
catalytic efficiency and recyclability [6-8]. 

Recently, plant-mediated green synthesis has 
emerged as an eco-friendly, cost-effective, and 
one-pot strategy for preparing nanoparticles. 
Plant extracts rich in bioactive compounds such as 
polyphenols and flavonoids, can act simultaneously 
as reducing and stabilizing agents, eliminating 
the need for toxic chemicals [9-11]. In this study, 
walnut (Juglans regia) leaf extract was selected as 
a renewable and underutilized natural resource, 
offering a sustainable route for the synthesis of 
magnetic nanocatalysts [12, 13].

Oxazolones (azlactones), particularly 
4-ar y l idene-2-pheny l -5(4H)-oxazolones , 
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are important heterocyclic compounds with 
notable biological and pharmaceutical activities, 
including anticancer and anti-HIV properties 
[14-17]. Although numerous synthetic methods 
using different catalysts and reagents have been 
developed for synthesis of oxazolones [18, 19], 
some of them suffer from limitations such as harsh 
conditions, toxic solvents, long reaction times, and 
low yields. Therefore, the development of greener 
and more efficient catalytic systems for synthesis of 
these compounds remains highly desirable.

Similarly, thiazolidin-4-ones constitute an 
important class of biologically active heterocycles 
that exhibit a wide range of pharmacological 
activities such as antimicrobial, anti-inflammatory, 
anti-tuberculosis, and anticancer effects [20-22]. 
Considerable efforts have focused on the three-
component synthesis of 2,3-diarylthiazolidin-
4-ones using various acid catalysts; however, 
challenges related to sustainability and operational 
simplicity persist [23, 24].

The present study focuses on the green synthesis 
of MFe2O4 and MFe2O4-TGA nanocomposites 
using walnut leaf extract and investigates their 
catalytic performance in the preparation of 
oxazolone and thiazolidinedione derivatives under 
mild, sustainable, and recyclable conditions. 

2. Experimental 
2.1. Materials and methods

The used chemical reagents were purchased from 
Fluka, Merck and Aldrich chemical companies 
and used without further purification. The FT-
IR spectra were recorded by Brucker alpha series 
in the rage of 400-4000 cm-1 (using KBr pellets). 
Surface morphological was performed by Field 
Emissive Scanning Electron Microscopy (FE-SEM, 
Philips FEI Quanta-200f) and Energy Dispersive 
X-ray Analysis (EDAX, Oxford Instruments). 
The crystalline structure of the samples was 
investigated at room temperature by X-ray powder 
diffractometric Bruker AX500 X-ray diffractometer 
under Cu-Kα radiation (0.154 nm). The magnetic 
behavior of samples was examined using a Vibrating 
Sample Magnetometer (VSM) (Lakeshore-
Model: 7404) at room temperature. 1H and 13C 
NMR spectra were obtained by Brucker Avence 
spectrometer at 300 and 75 MHz, respectively, 
using DMSO-d6 as a solvent. Thermogravimetric 
analysis (TGA) was performed by TA instruments 
Q 5000 system to characterize the thermal stability 
of the catalyst in the temperature range of 30 to 700 

°C with a heating rate of 10 °C/min under nitrogen 
atmosphere.

2.2. Preparation of ZnFe2O4 nanoparticles
In a 250 mL three-necked flask equipped with 

a magnetic stirrer, 75 mL of distilled water and 25 
mL of ethanol were poured. Subsequently, 10 g of 
dried walnut leaves were crushed and transferred 
to the flask. The mixture was refluxed for four 
hours to obtain the extract, then filtered through 
filter paper to remove any remaining solids. Two 
different solutions were prepared. Solution A: In a 
250 mL flask, 50 mL of walnut leaf extract, 40 mL 
of n-hexane, 20 mmol of iron (III) chloride, and 
10 mmol of zinc acetate were added. The addition 
of n-hexane creates a biphasic environment that 
improves the dispersion of metal ions, facilitates 
controlled nucleation, and helps achieve uniform 
nanoparticle morphology. Solution B: A solution of 
90 mmol of ammonium carbonate dissolved in 50 
mL of walnut leaf extract. Solution B was transferred 
into a separatory funnel, allowing it to be slowly 
added dropwise to Solution A, while solution A 
was being stirred using a magnetic stirrer. The 
obtained precipitate was filtered through filter 
paper, thoroughly washed with deionized water, 
and dried. Subsequently, the material was calcined 
in an electric furnace at 600 ºC for 2 hours, resulting 
in the formation of ZnFe2O4 nanoparticles.

2.3. Preparation of ZnFe2O4-TGA nanoparticles
2 g of the prepared ZnFe2O4 nanoparticles were 

transferred to a 100 mL flask containing 10 mL of 
THF and 2 mmol of thioglycolic acid. The mixture 
was sonicated for 30 minutes. Finally, the resulting 
precipitate was filtered, washed, and dried, yielding 
the prepared ZnFe2O4-TGA nanocatalyst.

2.4. General procedure for the azlactone 
derivatives synthesis catalysed by ZnFe2O4 
nanocatalyst

In an experimental tube, a mixture of aldehyde 
(1) (1 mmol), hippuric acid (2) (1 mmol), acetic 
anhydride (0.5 g), and ZnFe2O4 nanoparticles (20 
mg) was subjected to microwave irradiation. The 
reaction was performed using a National Microwave 
Oven, Model No. NN-K571MF (2450 MHz, 450 
W) for 1-2 minutes. The progress of the reaction 
was monitored by TLC. Upon completion of the 
reaction, the reaction mixture was dissolved in a 
minimal amount of hot ethanol. After filtration, the 
catalyst was separated. The resulting clear solution 
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was allowed to stand at room temperature for 2 
hours before being concentrated. The obtained 
precipitate (3) was filtered, washed, and dried.

2.5. General procedure for the synthesis 
4-thiazolidinone derivatives catalysed by 
ZnFe2O4-TGA nanocatalyst

In a test tube, a mixture of desired aldehyde (4) 
(1 mmol), amines (5) (1 mmol), thioglycolic acid 
(6) (1.5 mmol), and the ZnFe2O4-TGA nanocatalyst 
(30 mg) was stirred using a magnetic stirrer under 
solvent-free conditions and heated at 80 ºC using 
a thermostatically controlled oil bath, ensuring a 
stable reaction temperature. The reaction progress 
was monitored using TLC. After the reaction was 
complete, as detected by TLC, the reaction mixture 
was cooled to form the desired crystals (7). The 
crystals were separated with a funnel and filter 
paper and then purified by repeated washing with 
ethanol and water.

2.6. Selected spectra data 
4-(4-chlorobenzylidene)-2-phenyloxazol-

5(4H)-one (3d)
IR (KBr): νmax = 3092, 1796, 1655, 1589, 1555, 

1487, 1410, 1325, 1300, 1161, 1094, 984, 866, 826, 
777, 694, 556, 488, 397 cm-1; 1H NMR (300 MHz, 
CDCl3): δ= 8.2(d, J=8.4 Hz, 2H), 8.17(d, J= 8.4 Hz, 
2H), 7.65(t, J=7.4 Hz, 1H), 7.56(t, J=7.5 Hz, 2H), 
7.47(d, J=8.7 Hz, 2H), 7.21(s, 1H) ppm. 13C NMR 
(75 MHz, CDCl3): δ= 167.3, 163.8, 137.2, 133.6, 
133.56, 133.52, 132.0, 130.0, 129.2, 129.0, 128.4, 
125.4 ppm.

2-phenyl-4-(thiophen-2-ylmethylene) oxazol-5(4H)-
one (3h)

IR(KBr): νmax = 3091, 790, 1647, 1555, 1460, 
1327, 1298, 1153, 1053, 982, 856,799, 698, 534, 492 
cm-1. 1H NMR (300 MHz, CDCl3): δ= 8.19(d, J= 7.8 
Hz, 2H), 7.75(d, J= 7.8 Hz, 1H), 7.64-7.54(m, 4H), 
7.5(s, 1H), 7.19(dd, J= 4.2, 4.5 Hz, 1H) ppm. 13C 
NMR (75 MHz, CDCl3): 166.9, 162.4, 137.6, 135.3, 
134.9, 133.1, 130.9, 128.9, 128.3, 127.9, 125.6, 124.8 
ppm.

2-phenyl-3-(p-tolyl) thiazolidin-4-one (7a)
IR(KBr): νmax= 2914, 1669, 1513, 1415, 1245, 1089, 

815, 670 cm-1. 1H NMR(300 MHz, DMSO-d6): 7.30 
(1H, t, J= 7.4 Hz),7.29(2H, d, J= 7.4 Hz), 7.27(2H, t, 
J= 7.4 Hz), 7.14(2H, d, J= 8.4 Hz), 7.12(2H, d, J= 8.4 

Hz), 6.06(1H, d, J = 1.5), 4.03(1H, dd, J = 15.8, 1.5 
Hz), 3.90(1H, d, J= 15.8 Hz), 2.21(3H, s) ppm. 13C 
NMR (75 MHz, DMSO-d6): 21.3, 33.5, 72.6, 120.2, 
126.9, 128.6, 129.2, 133.4, 138.2, 139.2,142.8, 174.2 
ppm. 

3-(4-bromophenyl)-2-(3-nitrophenyl) thiazolidin-4-
one (7e)

IR (KBr): νmax= 3067, 2966, 1687, 1530, 1391, 
1350, 1219, 903, 829, 807, 725. 1H NMR(300 MHz, 
DMSO-d6): 8.25(1H, s),8.1(1H, d, J = 7.4), 7.9(2H, 
t, J= 7.4), 7.6(2H, d, J = 8.4), 7.5(1H, d, J = 8.4), 
7.33 (1H, t, J= 1.5), 6.7(1H, s), 3.90(2H, dd, J= 15.8) 
ppm. 13C NMR (75 MHz, DMSO-d6): 33.13, 40.2, 
62.46, 119.7, 122.3, 127.2, 130.4, 132.2, 134.20, 
136.9, 142, 148.2, 170.9 ppm.

3. Results and discussion
3.1. Characterization of ZnFe2O4-TGA 
nanocatalyst

Thioglycolic acid-functionalized zinc ferrite 
nanoparticles were synthesized following the 
procedure outlined in Scheme 1. Fourier transform 
infrared (FT-IR) spectroscopy, field emission 
scanning electron microscopy (FE-SEM), energy 
dispersive X-ray spectroscopy (EDS), X-ray 
diffraction (XRD), thermogravimetric analysis 
(TGA) and vibrating sample magnetometry (VSM) 
were employed to identify and characterize the eco-
friendly, gentle, and innovative magnetic catalyst.

Figure 1a displays typical Fourier-Transform 
Infrared (FTIR) spectra of ZnFe2O4 calcined at 
600 °C. The spectra confirm the formation of 
the ferrite phase, characterized by two distinct 
absorption bands corresponding to intrinsic metal-
oxygen stretching vibrations at tetrahedral (A) and 
octahedral (B) sites, a hallmark of spinel ferrites 
[25]. The higher wavenumber band (ν1) signifies 
the intrinsic stretching vibration of metal-oxygen 
at a sites, while the lower wavenumber band (ν2) 
indicates the intrinsic stretching vibrations at B 
sites. The FTIR analysis reveals that ν2 falls within 
the range of 420 cm⁻¹ and ν1 within the range of 
540 cm⁻¹. In curve 1b, the spectrum of ZnFe2O4-
TGA nanoparticles reveals absorptions around 
420 and 540 cm-1, corresponding to the bending 
vibration of Zn-O and Fe-O bonds. Additionally, 
an absorption band appears at 1711 cm-1, indicating 
the presence of the C=O group and confirming the 
functionalization of zinc ferrite nanoparticles with 
thioglycolic acid (Table 1).

Figure 2 presents the X-ray diffraction (XRD) 
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pattern of ZnFe2O4 nanoparticles, captured at room 
temperature within a 2θ range of 20° to 80° using 
Cu Kα radiation (λ = 1.5406 Å). All observed peaks 
align with the expected reflections of the cubic 
ZnFe2O4 phase, consistent with the standard JCPDS 
card no. 01-089-101 [26]. Specifically, peaks at 2θ 
values of 30.06°, 35.41°, 43.04°, 53.51°, 57.00°, and 
62.57° confirm the cubic ZnFe2O4 phase. Notably, 
no peaks indicative of ZnO or Fe2O3 were detected, 
signifying the formation of pure ZnFe2O4 [27].

The lattice parameter of the synthesized ZnFe₂O₄ 
nanoparticles was calculated from the XRD data 
using the Bragg equation and the cubic spinel 
relation 2 2 2a d h k l= + + . The diffraction peaks 
corresponding to the (220), (311), (400), (422), 
(511), and (440) planes were used for calculation. 
The obtained lattice parameter values are ranged 

from 8.34 to 8.41 Å, with an average value of 8.38 
Å, which is in good agreement with the reported 
lattice parameter of cubic ZnFe2O₄, confirming the 
formation of a pure spinel structure.

The average crystallite size was calculated using 
the Scherrer equation: D = 0.9λ/β cosθ, where λ 
represents the X-ray wavelength, β is the full width 
at half maximum (FWHM) of the diffraction line 
in radians, θ is the Bragg diffraction angle, and 
D is the average diameter in Å. The peak at 2θ = 
35.41° was used for this calculation. Based on the 
equation, the estimated diameter of ZnFe2O4 and 
ZnFe2O4-TGA nanoparticles was approximately 25 
nm, 29 nm, respectively. Furthermore, comparison 
of the XRD patterns revealed that the modified 
nanoparticles retained their crystalline structure 
throughout the modification process.
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Scheme 1. Synthesis of zinc ferrite (ZnFe2O4) and thioglycolic acid-functionalized zinc ferrite (ZnFe2O4-
TGA) nanoparticles and synthesis of azlactone and 4-thiazolidinone derivatives using these nanomaterials. 

  

Scheme 1. Synthesis of zinc ferrite (ZnFe2O4) and thioglycolic acid-functionalized zinc ferrite (ZnFe2O4-TGA) 
nanoparticles and synthesis of azlactone and 4-thiazolidinone derivatives using these nanomaterials.

Table 1: The comparison of FT-IR spectra of ZnFe2O4 and ZnFe2O4-TGA.  

composite Fe-O  ν (cm-1)  Zn-O  ν (cm-1)  C=O ν (cm-1)  

ZnFe2O4 540 420 - 

ZnFe2O4-TGA 538 418 1711 

 

  

Table 1. The comparison of FT-IR spectra of ZnFe2O4 and ZnFe2O4-TGA. 
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FE-SEM, histogram chart and energy dispersive 
X-ray spectroscopy (EDS) are presented in Figure 
3. FE-SEM was employed to analyze the size and 
morphology of the prepared ZnFe2O4 and ZnFe2O4-
TGA catalysts (Fig. 3a, b). ZnFe2O4 particles, 
depicted in Figure 3(a), exhibit a mean diameter of 
approximately 20-30 nm, while in Fig. 3b, ZnFe2O4-
TGA particles show a mean diameter of about 35 

nm. Both types of particles exhibit a near-spherical 
morphology, which implies a large surface area 
for the nanocatalyst. It is clear that the organic 
compounds in the extract may have covered or 
stabilized the nanoparticles during their formation; 
as a result, the particles are smaller, well dispersed, 
and almost uniform in appearance. Although 
ammonium carbonate acts as a precipitating agent, 

 

Fig. 1. FTIR spectra of (a) ZnFe2O4 and (b) ZnFe2O4-TGA nanoparticles. 

  

 

Fig. 2. XRD patterns of (a) ZnFe2O4 and (b) ZnFe2O4-TGA nanoparticles. 

  

Fig. 1. FTIR spectra of (a) ZnFe2O4 and (b) ZnFe2O4-TGA nanoparticles.

Fig. 2. XRD patterns of (a) ZnFe2O4 and (b) ZnFe2O4-TGA nanoparticles.
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it is noteworthy that the effects of the extract and 
the precipitating action both have an effect on the 
formation of nanoparticles with smaller sizes.

The Histogram chart of (c) ZnFe2O4 showed a 
distribution of nanoparticle size between 18-20 
nm, while ZnFe2O4-TGA showed a distribution of 
size between 20-30 nm. The findings are consistent 
with the results of FE-SEM analyses.  

The results of energy dispersive X-ray 
spectroscopy (EDS) (Figure 4) from a single CNC 
revealed that it was primarily composed of Zn, Fe, 
and O, with no other elemental impurities present in 
the zinc ferrite nanoparticles (Fig. 3b). The presence 
of S, C, O, Fe, and Zn atoms are confirmation of the 
ZnFe2O4-TGA (Fig.3d) construction nanoparticles 
and the presence of S and C signals confirms 
that thioglycolic acid molecules are loaded on 
ZnFe2O4. The reported elemental percentages are 
semiquantitative estimates based on relative peak 
intensities of EDX spectra and do not show actual 
weights or atomic weight percentages.

Figure 5 depicts the thermogravimetric analysis 
(TGA) and differential  thermogravimetric 
analysis  (DTG) curves of ZnFe2O4-TGA 
nanoparticles. An initial weight loss, reaching 
approximately 120°C, is attributed to the removal 
of physically adsorbed solvent molecules and 
surface hydroxyl groups. Beyond this temperature, 
a substantial weight loss (roughly 120 °C to 520 
°C) is observed, which can be ascribed to the 
decomposition of the organic layer present in the 
nanocatalyst. This behavior suggests reasonable 
stability of the catalyst up to 300°C, rendering it 
suitable for heterogeneous reactions. Notably, this 
weight loss step implies an organic material loading 
of approximately 33 wt.% on the magnetic catalyst, 
supported by thioglycolic acid on ZnFe2O4 MNPs. 
For comparison, ZnFe2O4 NPs exhibited a weight 
loss of 5.5 wt.%, likely due to the removal of excess 
water [28]. Also, the DTG analysis showed a good 
thermal stability up 170 °C for ZnFe2O4-TGA 
nanoparticles. 

 
 
Fig. 3. FE-SEM images (a) ZnFe2O4 and (b) ZnFe2O4-TGA nanoparticles, histogram chart (c) ZnFe2O4 and 

(d) ZnFe2O4-TGA). 

  

Fig. 3. FE-SEM images (a) ZnFe2O4 and (b) ZnFe2O4-TGA nanoparticles, histogram chart (c) ZnFe2O4 and 
(d) ZnFe2O4-TGA).
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 Fig. 4. EDX analyses of ZnFe2O4 (e) and (f) ZnFe2O4-TGA nanoparticles. 

  

Fig. 4. EDX analyses of ZnFe2O4 (e) and (f) ZnFe2O4-TGA nanoparticles.

 

Fig. 5. TGA curves of ZnFe2O4-TGA nanoparticles. 

  

Fig. 5. TGA curves of ZnFe2O4-TGA nanoparticles.
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Figure 6 displays the room-temperature 
magnetization curves of bare ZnFe2O4 (a) and 
ZnFe2O4-TGA (b) nanoparticles, measured 
using a vibrating sample magnetometer (VSM). 
The hysteresis loops allow for the extraction of 
key magnetic parameters like coercivity (Hc), 
remanent magnetization (Mr), and saturation 
magnetization (Ms). Notably, both samples 
reached full magnetization saturation under high 
fields (up to ±8500 Oe). However, the organic 
layer coating the ZnFe2O4 core in ZnFe2O4-TGA 
resulted in a variation in Ms Values, ranging from 
33 to 15 emu g⁻¹. Table 2 indicates a comparison 
of magnetization curves of bare ZnFe2O4 in the 
present study and other reported works. Entry 1 
presents the VSM analysis of uncoated ZnFe₂O₄ 
nanoparticles synthesized via a simple route using 
zinc(II) nitrate, iron(III) nitrate, and lactose, 

as reported by Bigleri et al. [29]. Entries 2 and 3 
are ZnFe₂O₄ nanoparticles prepared via the co-
precipitation method [30, 31]. This comparison 
shows that ZnFe2O4-TGA nanoparticles offer 
suitable magnetic properties.

3.2. Synthesis of oxazolone and thiazolidinedione 
derivatives

Following the characterization of the prepared 
ZnFe2O4 nanoparticles, their catalytic activity was 
evaluated in the synthesis of oxazolone derivatives, 
using nanomaterials synthesized from walnut 
leaf extract. To determine the optimal reaction 
conditions, the reaction of benzaldehyde (1 mmol), 
hippuric acid (1 mmol), and acetic anhydride (0.5 
g) was selected for synthesis of 3a as a model and 
investigated under various conditions. Several 
solvents including acetonitrile, chloroform, 

Table 2: The comparison of magnetization curves of bare ZnFe2O4 

 and other reported works. 
Entry saturation magnetization (emu/g) Reference 

1 0.9 [29] 

2 20 [30] 

3 16.51 [31] 

4 33 This work 

 

  

Table 2. The comparison of magnetization curves of bare ZnFe2O4

 
Fig. 6. Magnetic hysteresis loops of ZnFe2O4 and ZnFe2O4-TGA. 

  

Fig. 6. Magnetic hysteresis loops of ZnFe2O4 and ZnFe2O4-TGA.
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1,4-dioxane, ethyl acetate, and tetrahydrofuran, 
along with solvent-free and microwave conditions 
were explored. As the results, show (Table 3, 
no product was obtained when using THF and 
CHCl3 solvents (Table 3, entry 1 and 4) while in 
1,4-dioxane, ethyl acetate and acetonitrile solvents 
product was observed in low yield (Table 3, entry 
3, 2, etc.)

The solvent-free conditions at room temperature 
offered low product yield (Table 3, entry 6). With 
the increase in temperature, the rate of product 
formation also increased, which can be due to 
providing the activation energy for the reaction 
and finally leads to the formation of oxazolone 
(Table 3, entry 7 and 8). No product was obtained 
at high temperature and in the absence of catalyst 
(Table 3, entry 9). However, under solvent-free and 
microwave conditions in the presence of catalyst, 
a product with a high yield (98%) was obtained 
(Table 3, entry 10).

In the next step, as can see in Table 1 (entry 10-
14), choosing the best amount for the catalyst and 
the best time for the reaction were investigated. 
Therefore, solvent-free conditions, 50% microwave 
power (450W) and 20 mg catalyst were found 
optimal conditions for this reaction.

In order to study the capabilities and limitations 
of this method, a series of experiments were 

conducted using different aromatic aldehydes 
(Table 4). Aromatic aldehydes, which contained 
electron-withdrawing and less sterically hinder 
groups, showed better reactivity and promoted the 
reactions with greater yield of the products.

A suggested mechanism for the reaction of 
aromatic aldehydes and hippuric acid in the presence 
of zinc ferrite nanoparticles for the preparation 
of their 2,4-diacetyl oxazoline-5-one derivatives 
is shown in scheme 2. The initial activation of 
acetic anhydride is carried out by the catalyst. 
Then, the nucleophilic attack of hippuric acid on 
catalyst-activated acetic anhydride and subsequent 
elimination of acetate ion, cyclic intermediate (I) 
is formed. This intermediate, by loss of proton and 
tautomerization gives 2-phenyloxazol-5-ol (II), 
which immediately reacts with the aldehyde to give 
the desired product.

Also, the synthesis of 4-thiazolidinone derivatives 
through three-component reactions of aromatic 
aldehydes, anilines, and thioglycolic acid, in the 
presence of ZnFe2O4-TGA as an environmentally 
friendly green catalyst, was investigated. To find 
out the optimal reaction conditions, synthesis of 6a 
was selected as a model reaction. As summarized 
in Table 3 various solvents and different amounts 
of catalyst were investigated under different 
conditions. The best conditions for carrying out the 

Table 3. The optimization of reaction conditions for synthesis of 3a as an oxazolone derivatives. 

Yeild(%)a Time (min) Cat. (mg) Condition Solvent Entry 
55 120 20 Reflux THF 1 
50 120 20 Reflux 3EtOCOCH 2 
40 120 20 Reflux 1,4-Dioxane 3 
5 120 20 Reflux 3CHCl 4 

55 120 20 Reflux CN3CH 5 
30 30 20 25 ºC  - 6 
45 30 20 60 ºC  - 7 
85 30 20 90 ºC  - 8 
 - 30  - 90 ºC  - 9 

98 1 20 MW  - 10 
84 1 10 MW  - 11 
96 1 50 MW  - 12 
 - 1  - MW  - 13 

65 2 20 MW  - 14 
aIsolated yield. Model reaction: (benzaldehyde (1 mmol, 1 mL), hippuric acid (1 mmol, 0.165 g), and acetic 
anhydride (5 mmol, 0.5 g). 
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reaction include 30 mg of catalyst, a temperature of 
80 °C, and no use of solvent (Table 5).

After optimizing the conditions, the reaction 
was carried out with condensation of aniline (and 
paratoluidene), thioglycolic acid, and various 

aromatic aldehydes containing electron-donating 
and electron-withdrawing groups, and the results 
obtained are reported in Table 6.

The observed electron effects were such that 
electron-donating aromatic aldehydes needed 

Table 4. The synthesis of oxazolone derivatives using ZnFe2O4 as a catalyst. 

+ Ph N
H

O

O

OH
acetic anhydride

O

NPh

O

Ar
Ar H

O
ZnFe2O4

 (20 mg), Mw

1a-j 2 3a-j 
Entry Ar Time (min) Yield (%)a Azlactone M.p (ᵒC) [Lit] 

1 C6H5- 1 95 3a 170-172 168-170 [32] 

2 4-MeC6H4- 1 90 3b 139-141 146-148 [33] 

3 4-MeOC6H4- 1.5 95 3c 160-162 158-157 [34] 

4 4-ClC6H4- 1 96 3d 201-203 205-206 [2] 

5 4-NO2C6H4- 1 94 3e 222-224 237-239 [35] 

6 4-(Me)2NC6H4- 1 98 3f 218-220 210-212 [36] 

7 3-NO2C6H4- 1 96 3g 172-174 166-168 [37] 

8 2-C4H3S- 1 94 3h 181-183 178-179 [38] 

9 2-MeOC6H4- 1.5 93 3i 170-172 155-156 [19] 

10 4-FC6H4- 1 94 3j 188-190 185-183 [32] 
a isolated yield. Condition: (aldehyde (1 mmol), hippuric acid (1 mmol, 0.165 g), and acetic anhydride (5 mmol, 0.5 g) 
in the presence of ZnFe2O4 (20 mg) as a catalyst microwave condition. 
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O
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longer times to complete the reaction, and 
aromatic aldehydes with electron-withdrawing 
groups produced higher yields in shorter times. In 
addition, the catalytic activity of ZnFe2O4 MNPs 
and ZnFe2O4-TGA MNPs was compared with the 
results of other reported works (Table 7). As can be 
seen, the present study offers a new method with 
suitable catalytic activity for synthesis of oxazolone 
and 4-thiazolidinone derivatives. 

A possible reaction mechanism for condensation 
of aniline, thioglycolic acid and benzaldehyde in the 

presence of zinc ferrite nanoparticles functionalized 
with thioglycolic acid is shown in scheme 3. 
Firstly, the carbonyl of aldehyde is activated by 
the Lewis acid cites of ZnFe2O4-TGA MNPs. Then 
the nucleophilic attack of aniline on the activated 
carbonyl group of aldehyde gives intermediate (I) 
after removal of H2O. Subsequently, nucleophilic 
attack of the -SH group of thioglycolic acid on 
intermediate (I) produces intermediate (II), which 
upon elimination of water, leads to the formation of 
the desired product   [49]. 

Table 5. Optimization of reaction conditions for synthesis of 6a as a 4-thiazolidinone derivatives. 

Entry Solvent Condition Cat. (mg) Time (h) Yield (%)a 

1 Toluene Reflux 30 12 60 

2 CH2Cl2 Reflux 30 12 69 

3 EtOH Reflux 30 12 38 

4 THF Reflux 30 12 45 

5 DMF Reflux 30 12 56 

6 H2O Reflux 30 12 33 

7 - 30 ºC 30 5 66 

8 - 50 ºC 30 1 82 

9 - 80 ºC 30 1 89 

10 - 80 ºC 30 1 70 

11 - 80 ºC 10 2 84 

12 - 100 ºC 30 1 75 
a isolated yield. 
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N
S

O

Ar'
Ar

HS
OH

O
+ Ar'NH2 +

5 6 7
4

ArCHO

 

Entry Ar’ Ar’’ Time (h) Yield 
(%)b 4-thiazolidinone M.p (ᵒC) [Lit]Ref. 

1 C6H5- 4-CH3C6H4- 1 94 7a 105-107 106-107 [40] 

2 4-ClC6H4 4-CH3C6H4- 1 91 7b 154-158 162-164 [41] 

3 3-NO2C6H4- 4-CH3C6H4- 1 87 7c 146-150 151-152 [42] 

4 4-OHC6H4 4-CH3C6H4- 1 80 7d 153-158 127-129 [43] 

5 3-NO2C6H4- 4-BrC6H4- 1 77 7e 160-163 - 

6 3-NO2C6H4- 3,4,5-ClC6H2- 1 70 7f 164-166 - 
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3.3. Catalyst recovery and reusability
The reusability of both ZnFe2O4 and ZnFe2O4-

TGA nanocatalysts was investigated under specific 
reaction conditions. At first, benzaldehyde (1 mmol), 
hippuric acid (1 mmol), and acetic anhydride 
(0.5 g) were combined with ZnFe2O4, followed by 

magnetic separation of the catalyst after reaction 
completion. Subsequent washing with ethanol and 
double distilled water ensured catalyst purification. 
As depicted in Figure 7a 7b, the recovered catalyst 
retained its activity remarkably well over five cycles 
(95% to 92%), demonstrating excellent reusability. 

Table 7: The comparison of catalytic activity of ZnFe2O4 MNPs and ZnFe2O4-TGA MNPs with other 

reported works for 3a and 7a.   

O

N

O

3a
 

Entry catalyst conditions Yield% Reference 

1 (CH3CO)2O/CH3COONa Reflux, 3h 72 [44] 

2 (CH3CO)2O/CH3COONa 
Grinding, solvent 
free, r.t 4-13 min 

90 [45] 

3 (CH3CO)2O/PPh3 
Solvent free, 18 min, 

130°C 
94 [39] 

4 ZnFe2O4/(CH3CO)2O 
microwave power 

(450W), 1 min 
95 This work 

N
S

O

CH3

7a
 

5 [Et3NH][HSO4] 
solvent free, 80°C, 30 

min 
94 [46] 

6 MNP@SiO2-IL 
solvent free, 70°C, 60 

min 
90 [47] 

7 FeNi3-IL MNPs Solvent free, 50°C 90 [48] 

8 ZnFe2O4-TGA solvent free, 80°C, 1h 89 This work 
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Fig. 7.  Recyclability of (a) ZnFe2O4 and (b) ZnFe2O4-TGA, FT-IR spectra of fresh and reused of ZnFe2O4 
(c), and ZnFe2O4-TGA (d), XRD patterns of reused and fresh, ZnFe2O4 (e), and ZnFe2O4-TGA (f),   
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Similarly, the reusability of ZnFe2O4-TGA was 
assessed using benzaldehyde (1 mmol), para-
toluidine (1 mmol), and thioglycolic acid (1.5 
mmol) in the presence of the nanocatalyst. After 
magnetic separation and sequential washing with 
tetrahydrofuran and double distilled water, the 
catalyst exhibited consistent activity across five 
cycles (93% to 89%) (Figure 7b).

Furthermore, the structural stability of the used 
catalysts was confirmed through FT-IR and XRD 
analyses. Comparison of the FT-IR spectra (Figures 
7c and 7d) and XRD patterns of the fresh and 
post-reaction catalysts (Figures 7e and 7f) showed 
no significant changes, indicating a remarkable 
structural integrity even after several cycles of use.

4. Conclusions
In this study, zinc ferrite (ZnFe2O4) and zinc 

ferrite functionalized thioglycolic acid (ZnFe2O4-
TGA) nanoparticles were successfully synthesized 
through a green, cost-effective, and simple 
approach using walnut leaves. To investigate the 
catalytic activity of ZnFe2O4 and ZnFe2O4-TGA 
nanoparticles, their effectiveness in the synthesis 
of oxazolone and thiazolidinedione derivatives was 
investigated. Short reaction times, high product 
yields, and easy workup are among the advantages 
of this method in the presence of the desired green 
and reusable catalysts.

Both ZnFe2O4 and ZnFe2O4-TGA nanoparticles 
exhibit remarkable stability and retain their catalytic 
activity over multiple reaction cycles. Overall, this 

study highlights the potential of environmentally 
friendly magnetic nanocatalysts in the synthesis 
of valuable heterocyclic compounds and takes an 
important step towards environmentally friendly 
chemical processes.
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