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γ-Fe2O3@SiO2- Linker-L-Leucine as a new type of recoverable 
superparamagnetic nanocatalyst was prepared for the first time. 
The catalyst was identified and its acidity was measured by 
potentiometric titration through reverse titration method. The 
catalyst activity was investigated in the three-component one-pot 
reaction of arylglyoxal monohydrate, cyclic 1, 3-dicarbonyls, and 
thiobenzamide derivatives in water. The catalyst showed effective 
catalytic activity for the preparation of a wide range of thiazole 
derivatives using this green protocol. After the reaction, the 
catalyst is easily separated by an external magnetic field. The 
catalyst was used at least five times without losing its high 
catalytic activity. 
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Introduction 

Fe3O4 nanoparticles are heterogeneous 

catalysts. Among all iron oxides, magnetite 

(Fe3O4) has the most interesting properties 

due to the presence of divalent and trivalent 

Fe+2 and Fe+3 cations in the form of inverted 

spinel structure [1-3]. Fe3O4 nanoparticles are 

reactive and show high vulnerability in acidic 

environments. Therefore, to protect against 

the destruction of acidic environments, these 

particles are surrounded by various functional 

ligands [4]. In general, these ligands have 

terminal functional groups such as 

phosphoric, carboxylic acid, polyethylene 

glycol, polylactide, thiol, or silyl oximes that 

can establish strong bonds with the surface of 

iron oxide nanoparticles [5]. Some of the 

reactions in which Fe3O4 nanoparticles are 

used as catalysts are synthesis of 

pyranopyrazoles in the presence of Fe3O4 

nanoparticles, the reaction between hydrazine 

hydrate, ethyl acetoacetate, aldehyde, acetone, 

and malonitrile in water at room temperature 

leads to the synthesis of pyranopyrazolamide 

(Figure 1) [6]. 
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FIGURE 1 Synthesis of pyranopyrazoles with Fe3O4 nanoparticles 
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Synthesis of Hydantoins in the presence of 

Fe3O4 nanoparticles: the reaction between 

carbonyl compounds (aldehydes or ketones), 

potassium cyanide, and ammonium 

carbonatein was performed in the condition 

without the solution produces hydantoins [7]. 

The mechanism of synthesis reaction of 

hydantoin derivatives with Fe3O4 

nanoparticles (Figure 2) is as follows: 
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FIGURE 2 The mechanism of synthesis reaction of hydantoin derivatives with Fe3O4 

nanoparticles 

γ-Fe2O3 nanoparticles as a heterogeneous 

catalyst: iron (III) oxide in crystalline state has 

alpha, gamma, and delta structures. Alpha 

structure: it is the most stable form of iron at 

room temperature. Iron (III) oxide at room 

temperature is in the crystalline state of the 

central cube. Gamma structure. When the iron 

of the alpha structure is heated, it turns into 

the face-centered cubic fuzzy structure, which 

is called gamma [8-10]. This form of iron is 

used in stainless steel. Delta structure: When 

molten iron is cooled at 1538 °C, it crystallizes 

into the delta allotrope, which has a central 

cubic crystal structure. If it cools more, it will 

turn into a cubic shape with the central face of 

gamma at 201 °C [11]. Because iron oxides are 

reactive and show high vulnerability in acidic 

environments, to protect against the 

destruction of acidic environments, these 

particles are surrounded by various functional 

ligands, or supported on the surface of a solid 

phase [12-14]. In general, these ligands have 

terminal functional groups such as 

phosphoric, carboxylic acid, polyethylene 

glycol, polylactic, thiol, or silyloxy which can 

establish strong bonds with the surface of iron 

oxide nanoparticles [15-17]. 

X-ray diffraction 

XRD has been used extensively for the 

examination of materials and thin films. Its 

effective use depends upon having a 

crystalline material. The technique is a bulk-

sensitive analytical method, but can be used to 

provide information relevant to surface 

changes in suitable circumstances. For 

example, XRD can provide useful information 

on the extent to which surface treatment of a 

carbon system has affected the bulk of the 

material [18-20]. It is possible to use XRD in a 

thin-film mode, employing very small take-off 

angles, to derive some surface information, 

but generally speaking it should be considered 

as a bulk structural technique. Examples of the 

XRD application to the study of carbon fibers 

can be found in the author’s own work [21]. 

X-Ray diffraction for structural analysis 

X-ray diffraction (XRD) is used for the primary 

characterization of material properties like 

crystal structure, crystallite size, and strain. 

The XRD use in pharmaceutical research is 

extensively increasing due to its wide 

application. XRD works on the principle of 

https://www.sciencedirect.com/topics/materials-science/thin-films
https://www.sciencedirect.com/topics/physics-and-astronomy/carbon-fibers
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Bragg’s equation, which can be described in 

terms of reflection of collimated X-ray beam 

incidence on a crystal plane of the sample that 

to be characterized [22]. XRD is based on the 

wide-angle elastic scattering and is generally 

used for ordered material (specifically long-

range order crystalline material), and is not 

preferred for the disordered material. A beam 

of X-rays is passed through the specimen and 

is scattered, or diffracted, by the atoms in the 

path of the X-rays investigated. The 

interference occurring due to scattering of X-

rays with each other is observed applying 

Bragg’s law and a suitably positioned detector, 

and crystalline structure characteristics of the 

material are determined. All measurements 

are carried out in Angstroms (1 Å=0.1 nm or 

10−10m). To confirm the results obtained 

using XRD, they may be compared with 

microscopy techniques or other solid-state 

characterization techniques. However, XRD 

can be time-consuming and may require large 

amounts of sample [23]. 

Despite some limitations, XRD is widely 

used to determine the material structure at an 

atomic level. Another difficulty with XRD is 

that it is difficult to analyze the growing crystal 

in real time, and therefore this technique gives 

results only from single confirmation or 

binding state [24-26]. The next disadvantage 

of the XRD technique is the low intensity of 

diffracted X-rays, specifically for low atomic 

number material, with a comparison to the 

electron diffractions. Nevertheless, new 

approaches are being developed in XRD 

analysis using femtosecond pulses from a hard 

X-ray free electron laser, for structure 

determination of macromolecules, which does 

not provide sufficient crystal size using 

conventional radiation sources [27]. 

Fe3O4 and γ-Fe2O3 catalyst covered with 

silica gel: In most cases, silica is used as a 

support for the reactants and leads to a high 

surface area and larger pore volume. Among 

the types of catalysts supported on silica, iron 

oxides are of particular importance due to 

their magnetic properties, ease of separation 

from reaction products, and the ability to 

recover and reuse. The supported catalysts on 

the solid phase have different activity 

compared to the similar unsupported samples 

and can act more selectively [10]. Some of the 

reactions in which iron oxides covered with 

silica are used as catalysts are as follow: 

1- Synthesis of 1 and 4-dihydropyridine 

derivatives with Fe3O4@SiO2 nanoparticles 

It is prepared from the multicomponent 

reaction of Dimedone or 4-hydroxycoumarin, 

aldehydes, and ammonium acetate in a one pot 

under reflux conditions and in an aqueous 

medium in the presence of Fe3O4@SiO2 

nanoparticles as a catalyst, 1 and 4-

dihydropyridine derivatives [21]. The 

synthesis mechanism of 1 and 4-

dihydropyridine derivatives with Fe3O4@SiO2 

nanoparticles is displayed in Figure 3. 
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FIGURE 3 Synthesis mechanism of 1 and 4-dihydropyridine derivatives with Fe3O4@SiO2 

nanoparticles 
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FIGURE 4 a DLS and b FT-IR analysis of NP3 before (− hν) and after (+ hν) 4 h of photochemical 
H2 reaction. c DLS analysis and d photochemical H2 generation of NP3 before and after one week 
(1 w) of storage at 4 °C 

2- Synthesis of xanthene derivatives in the 

presence of γ-Fe2O3@SiO2 nanoparticles 

For the synthesis of 1 and 8-

dioxooctahydroxanthene derivatives, a 

mixture of aldehyde and dimedone in a 

stoichiometric ratio of 1:2 was placed in the 

presence of γ-Fe2O3@SiO2 nanoparticles in 

water under reflux conditions and the desired 

product is produced. For the synthesis of 14-

aryl-H14-dibenzo-xanthene derivatives, a 

combination of butanephthol and aldehydes in 

a ratio of 2:1 in the presence of γ-Fe2O3@SiO2 

nanoparticles in water and under reflux 

conditions leads to the production of the 

desired product (Figure 4) [11].   

The mechanism of synthesis reaction of 

xanthene derivatives in the presence of γ-

Fe2O3@SiO2 nanoparticles is depicted in 

Figure 5. 
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FIGURE 5 Synthesis reaction mechanism of xanthene derivatives in the presence of γ-Fe2O3@SiO2 

nanoparticles 

Materials and methods 

Solvents, reagents, and chemicals used in this 

research were prepared from Merck 

Chemicals Company, Germany. Melting points 

are obtained using Moiner tubes in Electro 

thermal melting point device, IA-9000 model. 

The IR spectra were also prepared using FT-
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IR-JASCO-460 plus spectrometer. Thin layer 

chromatography (TLC) was performed using 

Silica gel 60 GF254 sheets from Merck 

Chemical Company, Germany. Preparation of 

Fe3O4 nanoparticles by co-precipitation 

method: 

First, add 2.62 mL of 25% ammonia in a 

volumetric flask to 50 mL to prepare 0.7 M 

ammonia. Then dissolve 0.401 grams (2 

mmol) of iron (II) tetrahydrochloride 

(FeCl2.4H2O) completely in 1 mL, M2 HCl, and 

then dissolve 1.092 g (4 mmol) of iron (III) 

hexahydratechloride (FeCl3.6H2O) in 4 mL, M2 

HCl and after complete dissolution, add these 

two solutions together. A cm2 magnet is placed 

inside the beaker containing the mixture and 

placed on a magnetic stirrer. Now the valve of 

the burette containing the ammonium 

hydroxide solution is opened and added to the 

solution drop by drop for 5-10 minutes evenly, 

making sure that the burette head is closed by 

a cork to prevent the absorption of carbon 

dioxide by the ammonium hydroxide solution.   

During these stages, the color of the 

solution changes from green to yellow, orange, 

purple, light brown, dark brown, and black. 

The orange and yellow particles are also 

observed on the surface. After the ammonium 

hydroxide solution is finished the reaction 

container is removed from the stirrer and it is 

taken out of beaker by a bar magnet. After the 

sediment is completely settled by an external 

magnet that is placed under the body, the 

watery sediment is poured into the centrifuge 

tubes and centrifuged 3 times at a speed of 

1000 rpm to remove impurities such as 

ammonium chloride and iron hydroxides. 

Now a weight boat is placed on the magnet 

and the liquid is poured on the sediment in 

this way 1-2 mL of tetramethylammonium 

hydroxide solution (surfactant) is added to the 

sediment by a dropper and quickly stirred 

with a glass stirrer at a uniform speed until the 

sediment is completely stirred. By keeping the 

external magnet steady, we emptify the water 

on the sediment again and by moving the 

magnet, we see the pins’ growth. Finally, the 

obtained black sediment was placed in a dark 

place to dry completely and the FT-IR 

spectrum was taken from the resulting 

sediment (Figure 6). 
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FIGURE 6 MNPs 

Preparation of γ-Fe2O3 nanoparticles 

To prepare γ-Fe2O3 nanoparticles, Fe3O4 

nanoparticles produced by co-precipitation 

method were heated for 2 hours at 300 °C until 

γ-Fe2O3 nanoparticles were produced and FT-

IR spectrum was taken from it (Figure 7) [12]. 
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FIGURE 7 Gamma- Fe2O3 

Preparation of γ-Fe2O3@SiO2 nanoparticles 

Pure γ-Fe2O3 was heated in 40 mL of ethanol 

at 40 °C for 1 hour, and then 10 mL of 

tetraethylorthosilicate was added to the 

reaction mixture and the mixture was stirred 

for 24 hours at 40 °C. In this way, the γ-Fe2O3 

coated basilic nanoparticles obtained were 

collected with a magnet and washed 5 times 

with ethanol and diethyl ether and it was 
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placed in a vacuum oven for 12 hours at 100 

°C until it dried, and the FT-IR spectrum was 

taken from it (Figure 8). 
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FIGURE 8 TEOS

Synthesis of chlorinated γ-Fe2O3@SiO2 

Three grams of dry γ-Fe2O3@SiO2 was stirred 

in 40 mL of toluene for 45 minutes (Sonicite), 

1 mL of 3-chloropropyltrimethoxysilane is 

added to the reaction mixture and the 

temperature was slowly raised to 105 °C and 

was stirred in 24 hours. The obtained product 

was separated with an external magnet and 

washed 3 times with diethyl ether and CH2Cl2 

and dried under vacuum and FT-IR spectrum 

was taken from it (Figure 9).

3-Chloropropyl-trimethoxysilane =

Si

OH3C

O

H3C

O
CH3Cl

NPs

gamma-Fe2O3

SiO2

O
O
O

Si
Cl

Toluene

NPs

gamma-Fe2O3

SiO2

Si

OH3C

O

H3C

O
CH3Cl

=
O
O
O

Si
Cl

 

FIGURE 9 The obtained product was separated with an external magnet and washed 3 times 

with diethyl ether and CH2Cl2 and dried under vacuum and FT-IR spectrum was taken from it

Synthesis of γ-Fe2O3@SiO2-(L-leucine) catalyst 

One gram of chlorinated γ-Fe2O3@SiO2 was 

dissolved in 20 mL of distilled water and 1 

gram of leucine was dissolved in 50 mL of 

water-methanol (1:1); they were added to 

each other and stirred for 24 hours at room 

temperature. The obtained product was 
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separated with an external magnet and 

washed twice with 10 mL of water and 2 mL of 

methanol respectively and dried at 60 °C in a 

vacuum for 24 hours [13]. After drying, the 

reaction product which is the deisred catalyst 

FT-IR and EDX spectra were taken. The 

graphic design of the γ-Fe2O3@SiO2-(L-

leucine) catalyst is as follows (Figure 10): 
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FIGURE 10 Graphic design of the γ-Fe2O3@SiO2-(L-leucine) catalyst 

Determining the amount of H+ catalyst γ-

Fe2O3@SiO2- (L-leucine) 

0/05 g of γ-Fe2O3@SiO2-(L-leucine) catalyst 

was stirred in 5 mL of 0.1 M sodium for 10 

minutes. Two drops of phenol-phthalein 

indicator were added to this mixture (in the 

base environment, this indicator has a purple 

color). Then, the reverse titration was titrated 

by titrating the unreacted additional amount 

of soda in the mixture with the standard 

solution of 0.1 M HCl  titration continued until 

the mixture got colorless, based on the amount 

of consumed HCl, we found out how much of 

the soda has reacted with the catalyst 

according to the calculations. 

The total volume of HCl used for 4.7 mL 

titration. 

5 mL NaOH – 4.7 mL HCl = 0.3 mL soda 

neutralized with catalyst 

0.3 mL NaOH ×
0.1 mol NaOH

1000 mL NaOH
= 0.00003 mol = 

0.03 mmol NaOH 

0.03 mmol NaOH  = 0.03 mmol H+ for 0.05 g of 

catalyst 

20 × 0.03 mmol H+= 0.6 mmol H+ for 1 gram 

of catalyst 

The reaction for the preparation of thiazole 

derivatives in the presence of γ-Fe2O3@SiO2-

(L-leucine) as a catalys (Figure 11): 
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FIGURE 11 Reaction of preparing thiazole derivatives in the presence of γ-Fe2O3@SiO2-(L-

leucine) 

Optimizing the temperature and amount of 

γ-Fe2O3@SiO2-(L-leucine) catalyst in the 

preparation of 3-(2,4-diphenylthiazol-5-yl)-4-

hydroxy-H2-chromen-2-one: 

 

 

FIGURE 12 Optimizing the temperature and amount of γ-Fe2O3@SiO2-(L-leucine) catalyst in the 

preparation of 3-(2,4-diphenylthiazol-5-yl)-4-hydroxy-H2-chromen-2-one 

 

To get the right amount of catalyst and 

temperature, to a test tube containing 0.5 

mmol (0.0761 g) Phenylglyoxal monohydrate, 

0.5 mmol (0.0811 g) 4-hydroxycoumarin and 

0.5 mmol (0.0685 g) thiobenzamide at 

different temperatures and in the presence of 

1 mL of water as solvent were added to 

various amounts of γ-Fe2O3@SiO2-(L-leucine) 

catalyst while stirring. The completion time of 

the reaction was monitored and measured by 

TLC. Then, the catalyst was separated from the 

reaction mixture and the sediment resulted 

from the reaction was poured on filter paper 

and after drying, the sediment was 

recrystallized with ethanol and ethyl acetate, 

and after purifying and drying the resulting 

sediment, the reaction yield was calculated 

and the amount of the appropriate catalyst 

was determined. Optimizing the amount of γ-

Fe2O3@SiO2-(L-leucine) catalyst at 50 °C in the 

presence of water as a solvent for the reaction 

of preparing 3-(2,4-diphenyl-thiazol-5-yl)-4-

hydroxy-H2- Chromen-2-onjdol (1) was 

performed (Table 1).

TABLE 1 Optimizing the amount of catalyst at 50 °C in the presence of water as a solvent for the 
reaction of preparing 3-(2,4-diphenyl-thiazol-5-yl)-4-hydroxy-H2-chromen-2-one 

Yield (%) Time (minutes) Temperature (°C) Catalyst (gram) Row 

24 360 50 0.005 1 

45 240 50 0.010 2 

53 60 50 0.015 3 

60 45 50 0.020 4 

The mentioned yield is related to the 

product obtained after the purification 

process. According to the results obtained in 

Table 1, the optimal amount of catalyst 

consumption γ-Fe2O3@SiO2-(L-leucine) 

(0.0.20 g) at 50 °C and in the presence of water 

as a solvent was selected for the reaction of 

preparing 3-(2,4-diphenylthiazol-5-yl)-4-

hydroxy-H2-chromen-2-one. 

Optimization of the amount of γ-

Fe2O3@SiO2-(L-leucine) catalyst at 70 °C in the 

presence of water as a solvent for the reaction 

of preparation of 3-(2,4-diphenylthiazol-5-yl)-

4-hydroxy-H2-chromene-2-one is presented 

Table 2. 
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TABLE 2 Optimizing the amount of catalyst at 70 °C in the presence of water as a solvent for the 
reaction of preparation of 3-(2,4-diphenylthiazol-5-yl)-4-hydroxy-H2-chromene -2-one 

Yield (%) Time (minutes) Temperature (°C) Catalyst (gram) Row 

36 150 70 0.005 1 

51 60 70 0.010 2 

56 45 70 0.015 3 

63 20 70 0.020 4 

 

The mentioned yield is related to the 

product obtained after the purification 

process. According to the results obtained in 

Table 2, the optimal amount of γ-Fe2O3@SiO2-

(L-leucine) catalyst consumption (0.02 g) at 

70 °C and in the presence of water as a solvent 

was selected for the preparation of 3-(2,4-

diphenyl-thiazol-5-yl)-4-hydroxy-H2-

chromen-2-one. Optimizing the amount 

Catalyst γ-Fe2O3@SiO2-(L-leucine) at 80 °C in 

the presence of water as a solvent for the 

preparation reaction of 3-(2,4-

diphenylthiazol-5-yl)-4-hydroxy-H2-

chroman-2-one is demonstrated in Table 3. 

TABLE 3 Optimizing the amount of catalyst at 80 °C in the presence of water as a solvent for the 
reaction of preparing 3-(2,4-diphenyl-thiazol-5-yl)-4-hydroxy-H2-chromen-2-one 

Yield (%) Time (minutes) Temperature (°C) Catalyst (gram) Row 

43 70 80 0.005 1 

60 45 80 0.010 2 

65 30 80 0.015 3 

68 18 80 0.020 4 

The yield mentioned is related to the 

obtained product after the purification 

process. According to the results obtained in 

Table 3, the optimal amount of catalyst 

consumption γ-Fe2O3@SiO2-(-(L-leucine) )

0.02 g) at 80 °C and in the presence of water as 

a solvent was selected for the preparing 3-

(2,4-diphenyl-thiazol-5-yl)-4-hydroxy-H2-

chromen-2-one. Optimizing the amount 

Catalyst γ-Fe2O3@SiO2-(L-leucine) at 90 °C in 

the presence of water as a solvent for the 

preparation reaction of 3-(2,4-

diphenylthiazol-5-yl)-4-hydroxy-H2-

chromen-2-one is indicated in Table 4. 

TABLE 4 Optimizing the amount of catalyst at 90 °C in the presence of water as a solvent for the 
preparation reaction of 3-(2,4-diphenylthiazol-5-yl)-4-hydroxy-H2-chromen-2-one 

Yield (%) Time (minutes) Temperature (°C) Catalyst (gram) Row 

51 65 90 0.005 1 

63 40 90 0.010 2 

60 25 90 0.015 3 

98 15 90 0.020 4 

The mentioned yield is related to the 

product obtained after the purification 

process. According to the results obtained in 

Table 4, the optimal amount of γ-Fe2O3@SiO2-

(L-leucine) catalyst consumption (0.020 g) at 

90 °C and in the presence of water as a solvent 

was selected for the preparation of 3-(2,4-

diphenyl-thiazol-5-yl)-4-hydroxy-H2-

chromen-2-one. Optimizing the amount 

Catalyst γ-Fe2O3@SiO2-(L-leucine) at 100 °C in 

the presence of water as a solvent for the 

reaction of preparing 3-(2,4-diphenylthiazol-

5-yl)-4-hydroxy-H2-chroman-2-one is 

reported in Table 5. 
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TABLE 5 Optimizing the amount of catalyst at 100 °C in the presence of water as a solvent for 
reaction of preparing 3-(2,4-diphenylthiazol-5-yl)-4-hydroxy-H2-chroman-2-one 

Yield (%) Time (minutes) Temperature (°C) Catalyst (gram) Row 

56 54 100 0.005 1 

87 25 100 0.010 2 

97 12 100 0.015 3 

98 10 100 0.020 4 

The mentioned yield is related to the 

product obtained after the purification 

process. According to the results obtained in 

Table 5, the optimal amount of γ Fe2O3@SiO2-

(L-leucine) catalyst consumption (0.015 g) at 

100 °C and in the presence of water as a 

solvent was selected for the preparation of 3-

(2,4-diphenyl-thiazol-5-yl)-4-hydroxy-H2-

chromen-2-one. Optimizing the amount 

Catalyst γ-Fe2O3@SiO2-(L-leucine) at 120 ºC in 

the presence of water as a solvent for the 

reaction of preparing 3-(2,4-diphenylthiazol-

5-yl)-4-hydroxy-H2-chromen-2-one (Table 6). 

 

TABLE 6 Optimizing the amount of catalyst at 120 °C in the presence of water as a solvent the 
reaction of preparing 3-(2,4-diphenylthiazol-5-yl)-4-hydroxy-H2-chromen-2-one 

Yield (%) Time (minutes) Temperature (°C) Catalyst (gram) Row 

60 19 120 0.005 1 

89 14 120 0.010 2 

98 8 120 0.015 3 

98 5 120 0.020 4 

The mentioned yield is related to the 

product obtained after the purification 

process. According to the results obtained in 

Table 6, the optimal amount of catalyst 

consumption γ-Fe2O3@SiO2-(L-leucine), 

(0.015 g) at 120 °C and in the presence of 

water as a solvent was selected for the 

reaction of preparing 3-(2,4-diphenyl-thiazol-

5-yl)-4-hydroxy-H2-chromen-2-one. After the 

end of the reactions, the optimal value was 

determined from each optimization table in 

different amounts of catalyst at constant 

temperature and its results are given in Table 

7. 
 
 

TABLE 7 Optimizing the temperature and amount of γ-Fe2O3@SiO2-(L-leucine) catalyst in the 
presence of water as a solvent for the preparation of 3-(2,4-diphenyl-thiazol-5-yl)-4-hydroxy-H2-
chromen-2-one 

Yield (%) Time (minutes) Temperature (°C) Catalyst (gram) Row 

60 19 50 0.020 1 

63 14 70 0.020 2 

68 8 80 0.020 3 

93 5 90 0.020 4 

The mentioned yield is related to the 

product obtained after the purification 

process. According to the results obtained in 

Table 7, the optimal amount of γ-Fe2O3@SiO2-

(L-leucine) catalyst consumption (0.015 g) at 

120 °C and in the presence of water as a 

solvent was selected for the reaction of 

preparing 3-(2,4-diphenyl-thiazol-5-yl)-4-

hydroxy-H2-chromen-2-one. After conducting 

the reactions, the catalyst/product was easily 

separated by an external magnetic field; more 

than 95% of the catalyst is usually recovered. 

The catalyst was used at least five times 

without losing the high activity of the catalyst. 

The general procedure for the thiazoles 

preparation in the presence of the γ-

Fe2O3@SiO2-(L-leucine) catalyst at 120 °C in 

the presence of water as a solvent was as 

follow: 
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One mL water was added to a test tube 

containing 1 mmol of arylglyoxal 

monohydrate (4-methoxyphenylglyoxal 

monohydrate, 4-nitrophenylglyoxal 

monohydrate and phenylglyoxal 

monohydrate), 1 mmol Cyclic 1 and 3-

dicarbonyls (4-hydroxy-coumarin, 4-hydroxy-

1-methyl-coumarin and dimedone), and 1 

millimol of thiobenzamide derivatives 

(benzothioamide, 4 chlorobenzothioamido, 4-

methoxybenzothioamide), and then 0.015 g of 

γ-Fe2O3@SiO2-(L-leucine) catalyst was added 

and the reaction was stirred at 120 ºC by 

placing a magnet in the reaction container. The 

completion time of the reaction was 

monitored and measured by TLC. Then the 

catalyst was separated from the reaction 

mixture (the catalyst was used at least five 

times without losing the high activity of the 

catalyst) and the resulting precipitate was 

poured on filter paper and after drying, the 

precipitate was recrystallized with ethanol 

and ethyl acetate. And after purifying and 

drying the precipitate, the yield of the reaction 

was calculated in Table 8. 

 

Table 8 Synthesis of thiazole derivatives in the presence of the catalyst γ-Fe2O3@SiO2-(L-leucine) 
at 120 °C in the presence of water as a solvent 

TO
N a 

TOF 
(h-

1)b 

Reference 
melting 

point (30) 

Observe
d 

melting 
point 

°C 

Yie
ld 
% 

Tim
e- 

min
utes 

Product 
Thiobenz

amide 

3-
cyclic 
dicarb
onyls 

Aryl-
glyoxal 

monohyd
rate 

Ro
w 

101 0.91 162-164 160 98 8 S

N

O

HO

O

 

NH2

S

 
 

O

O

H  
1 

106 0.93 257-259 254 93 6 S

N

O

HO

OCl

 

NH2

S

Cl

  

O

O

H  
2 

145 0.95 236-238 237 89 9 
S

N

O

HO

O

OMe

 

NH2

S

  

O

O

H
MeO

 

3 

158 0.90 223-225 236-238 87 9 
S

N

O

HO

O

OMe

Cl

 

NH2

S

Cl   

O

O

H
MeO

 

4 

154 0.89 249-251 246-248 84 9 S

N

O

HO

O

OMe

MeO

 

NH2

S

MeO

  

O

O

H
MeO

 

5 

126 0.88 235-237 233-235 81 6 
S

N

O

HO

O

NO2

 

NH2

S

  

O

O

H
O2N

 

6 

136 0.77 270-272 267-269 76 9 
S

N

N

HO

O

OMe

CH3  

NH2

S

 
 

O

O

H
MeO

 

7 

128 0.98 256-258 253-255 80 9 
S

N

N

HO

O

OMe

Cl CH3  

NH2

S

Cl

  

O

O

H
MeO

 

8 
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175 0.72 206-208 209-211 78 9 S

N HO

OCl

 

NH2

S

Cl

 

O

O

 

O

O

H  

9 

159 0.83 149-151 148-150 77 12 S

N HO

OMeO

 

NH2

S

MeO  

O

O  

O

O

H  
10 

167 0.86 219-221 217-219 76 9 
S

N HO

O

OMe

 

NH2

S

 

O

O  

O

O

H
MeO

 

11 

171 0.89 222-224 224-226 74 9 
S

N HO

OCl

OMe

 

NH2

S

Cl  

O

O  

O

O

H
MeO

 

12 

The mentioned yield is related to the 

product obtained after the purification 

process. Recovery of γ-Fe2O3@SiO2-(L-

leucine) catalyst in the preparation of thiazole 

derivatives: 

To recover the γ-Fe2O3@SiO2-(L-leucine) 

catalyst, the reaction of preparing 3-(2,4-

diphenyl-thiazol-5-yl)-4-hydroxy-H2-

chromen-2-one was used and the catalyst  was 

recoverd five times and used it again in the 

reaction model, the following diagram 

represents the recycling of the catalyst (Figure 

13). 

 

FIGURE 13 Catalyst recover 

Discussion 

Examining the preparation of Fe3O4 

nanoparticles: Compared with other 

supermagnetic nanoparticles, Fe3O4 

nanoparticles can be prepared more easily 

and better and can be used as a heterogeneous 

catalyst in organic reactions. Fe3O4 

nanoparticles were produced by chemical co-

precipitation technique and due to their 

magnetic properties, they were easily 

separated from the reaction mixture with an 

external magnet, and the FT-IR spectrum was 

taken from the obtained Fe3O4 nanoparticles 

and compared with the reference spectrum. 

Its spectral data is as follows. 

IR (KBr) (vmax, cm-1): 3435-1588-1487-958-947-

575 

Investigating the preparation of Fe2O3γ-

nanoparticles: Due to their 
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superparamagnetic property, Fe2O3γ-

nanoparticles can be used as a heterogeneous 

catalyst or the core of heterogeneous catalysts 

in organic reactions and provide comfortable 

and easy conditions for the separation of the 

catalyst and the product, so that it can be 

easily separated from the reaction mixture 

with an external magnetic field. FT-IR 

spectrum was taken for the production of 

nanoparticles from Fe2O3γ-nanoparticles and 

compared with the reference spectrum, and its 

spectral data is as follows.  The obtained 

Fe2O3γ was used as part of the catalyst in the 

reaction to prepare thiazole derivatives. 

IR (KBr) (vmax, cm-1): 3401-2922-1626-1060-

637-562-481 

Investigating the γ-Fe2O3@SiO2 preparation: 

Since iron oxides are reactive and show high 

vulnerability in acidic environments to protect 

against the destruction of acidic 

environments, these particles are surrounded 

by various functional ligands or supported on 

the surface of a solid phase. Silica is often used 

as a support for reactants and leads to a high 

surface area and larger pore volume and 

greater stability of the catalyst. Likewise, by 

having enough sites on the surface of silica gel, 

it provides suitable conditions to support 

other reactants on this part of the catalyst. 

These γ-Fe2O3 nanoparticles were supported 

on silica in the presence of 

tetraethylorthosilicate in the reaction 

conditions, and the FT-IR spectrum was taken 

from the produced γ-Fe2O3@SiO2, compared 

with the reference spectrum, and was used as 

a component of catalyst in reaction of 

preparation pf thiazole derivatives (Equation 

(1)). 

 
 

IR (KBr) (vmax, cm-1): 3400-1656-1052-637-563 

 

gamma-Fe2O3Fe3O4 NPs NPs
300°C

2 h

NH4OH

TEOS

gamma-Fe2O3@SiO2

     Equation (1) 

 

Investigating the preparation of γ-

Fe2O3@SiO2-(L-leucine) catalyst: due to have 

acidic and basic factors, amino acids can play a 

role as catalysts in chemical reactions, so 

catalytic reactions by amino acids takes place 

in a lower amount and concentration of 

catalyst at a more suitable temperature, and 

due to be supported on a silica substrate and 

the presence of γ-Fe2O3 nanoparticles, they 

have features such as thermal stability, ease of 

separation from the reaction medium, and the 

ability to recover and reuse. 

IR (KBr) (vmax, cm-1): 3435 (NH2), 2333, 1629, 

1154, 1061 (Si-O-Si), 637, 559 

Determining the amount of H+ of γ-

Fe2O3@SiO2-(L-leucine) catalyst: The H+ 

amount of γ-Fe2O3@SiO2-(L-leucine) catalyst 

was measured by reverse titration method 

and according to the obtained result; 1 gram of 

the desired catalyst has 0.6 mmol of H+.  

Results 

Investigation of FT-IR spectrum and EDX 

spectrum obtained from the catalyst 

γ-Fe2O3@SiO2- (L-leucine): FT-IR spectrum 

was taken from the catalyst γ-Fe2O3@SiO2-(L-

leucine) and compared with the reference 

spectrum, which showed that the catalyst 

made is γ-Fe2O3@SiO2- (L-leucine).  

Investigating the reaction conditions for the 

thiazoles preparation: 3-6-1-Optimizing the 

temperature and amount of γ-Fe2O3@SiO2-(L-

leucine) catalyst in the preparation of thiazole 

derivatives: 

To get the right amount of catalyst and 

temperature, various amounts of γ-
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Fe2O3@SiO2-(L-leucine) catalyst were added 

to a test tube containing 0.5 mmol (0.0761 g) 

Phenylglyoxal monohydrate, 0.5 mmol 

(0.0811 g) 4-hydroxycoumarin, and 0.5 mmol 

(0.0685 g) thio-benzamide at different 

temperatures and in the presence of 1 mL 

water as a solvent while stirring. The 

completion time of the reaction was controlled 

and measured by TLC. Then, the catalyst was 

separated from the reaction mixture and the 

precipitate from the reaction was poured on 

filter paper and after drying, the precipitate 

was recrystallized with ethanol and ethyl 

acetate, and after purifying and drying the 

resulting precipitate, the reaction yield was 

calculated and the amount of the appropriate 

catalyst was determined. 

According to the results obtained in Table 

1, the optimal amount of consumption of the 

catalyst γ-Fe2O3@SiO2-(L-leucine) (0.020 g) at 

50 °C and in the presence of water as a solvent 

for the reaction of preparing 3- (2 and 4- 

Diphenylthiazol-5-yl)-4-hydroxy-H2-

chromen-2-one was selected. 

According to the results obtained in Table 

2, the optimal amount of consumption of the 

catalyst γ-Fe2O3@SiO2-(L-leucine) (0.020 g) at 

70 °C and in the presence of water as a solvent 

was selected for the reaction of preparing 3- (2 

and 4- Diphenylthiazol-5-yl)-4-hydroxy-H2-

chromen-2-one. 

According to the results obtained in Table 

3, the optimal amount of consumption of the 

catalyst γ-Fe2O3@SiO2-(L-leucine) (0.020 g) at 

80 °C and in the presence of water as a solvent 

was selected for the reaction of preparing 3- (2 

and 4- Diphenylthiazol-5-yl)-4-hydroxy-H2-

chromen-2-one. 

According to the results obtained in Table 

4, the optimal consumption amount of γ-

Fe2O3@SiO2-(L-leucine) catalyst (0.020g) at 

90 °C and in the presence of water as a solvent 

was selected for reaction of preparaing 3-(2, 4-

diphenylthiazol-5-yl)-4-hydroxy-H2-

chromen-2-one. 

According to the results obtained in Table 

5, the optimal amount of γ Fe2O3@SiO2-(L-

leucine) catalyst consumption (0.015 g) at 100 

°C and in the presence of water was selected 

as a solvent for the reaction of preparing  3-

(2,4-diphenylthiazol-5-yl)-4-hydroxy-H2-

chromen-2-one. 

According to the results obtained in Table 

6, the optimal amount of catalyst consumption 

γ-Fe2O3@SiO2-(L-leucine) (0.015 g) at 120 °C 

and in the presence of water as a solvent was 

selected for the reaction of preparing 3-(2,4-

diphenylthiazol-5-yl)-4-hydroxy-H2-

chromen-2-one. 

According to the results obtained in Table 

7, which is the result of extracting the optimal 

values of temperature and catalyst from each 

optimization table, the optimal amount of 

catalyst consumption γ-Fe2O3@SiO2-(L-

leucine) (0.0150 g) and the optimal 

temperature 120 °C were selected for the 

reaction of preparing 3-(2,4-diphenylthiazol-

5-yl)-4-hydroxy-H2-chromen-2-one  because 

in this condition of reaction condition in the 

shortest time and amount of catalyst, it has the 

highest efficiency compared with other 

conditions. General procedure for preparing 

thiazole derivatives in the presence of γ-

Fe2O3@SiO2-(L-leucine) catalyst at 120 °C and 

in the presence of water as a solvent: 

One mL of water was added to a test tube 

containing 1 mmol of arylglyoxal 

monohydrate derivatives, 1 mmol of cyclic 1-

3-dicarbonyls and 1 mmol of thiobenzamide 

derivatives, and 0.015 grams of catalyst 

γ-Fe2O3@SiO2-(L-leucine) and the reaction 

were stirred at a temperature of 120 °C by 

placing a magnet in the reaction container. The 

completion time of the reaction was 

monitored and measured by TLC. Then, the 

catalyst was separated from the reaction 

mixture, and the resulting precipitate was 

poured on filter paper, and after drying, the 

precipitate was recrystallized with ethanol 

and ethyl acetate, and after purifying and 

drying the resulting precipitate, the yield of 

the reaction was calculated (Figures 14 and 

15).   
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FIGURE 14 The reaction for the preparation of thiazole derivatives in the presence of γ-
Fe2O3@SiO2-(L-leucine) 
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FIGURE 15 Reaction mechanism for the thiazoles preparation  

 

Comparison of the results obtained in the 

reaction of preparing thiazole derivatives in 

the presence of γ-Fe2O3@SiO2-(L-leucine) with 

other catalysts mentioned in scientific articles: 

By examining and comparing the obtained 

results from the reaction of preparing thiazole 

derivatives using γ-Fe2O3@SiO2-(L-leucine) 

and other catalysts introduced in scientific 

articles, one can understand the efficiency and 

benefits of the proposed catalyst. The results 

of these reactions in the preparation of 3-(2,4-

diphenylthiazol-5-yl)-4-hydroxy-H2-

chromen-2-one are indicated in Table 9 [14-

17]. 

TABLE 9 Comparison of the results obtained in the reaction of the preparation of 3-(2,4-diphenyl-
thiazol-5-yl)-4-hydroxy-H2-chromen-2-one with other catalysts mentioned in scientific articles 

Yield 
(%) 

Time 
(minutes) 

Amount  
of 

catalyst 

Temperature 
(°C) 

Solvent Catalyst Row 

98 12 
0.015 
gram 

120 Water 
γ-Fe2O3@SiO2-(L-

leucine) 
1 

89 15 - 130 Water 
γ-Fe2O3@SiO2-(L-

leucine) 
2 

Examining the results of IR and FT-IR spectra 

of thiazole derivatives: 3-(2,4-

Diphenylthiazol-5-yl)-4-hydroxy-H2-

chromen-2-one (Figure 16). 
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S

N

O

HO

O  
FIGURE 16 Results of IR and FT-IR 

 

Mp:160, yield:98.3%, IR(KBr) (vmax, cm-

1):1028-1192-1340-1488-1550-1673-2943-

3081. 

4-hydroxy-3-(4-(4-nitrophenyl)-2-

phenylthiazol-5-yl)-2H-chromen-2-one 

(Figure 17). 

 

S

N

O

HO

O

NO2

 
FIGURE 17 Results of IR and FT-IR 

 

Mp:233-235, yield:%81, IR(KBr) (vmax, cm-

1):632-1371-1465-1594-1686-2950-3165-

3430. 

4-hydroxy-3-(4-(4-methoxyphenyl)-2-

phenylthiazol-5-yl)-1-methylquinolin-2(1H)-

one (Figure 18). 

S

N

N

HO

O

OMe

CH3  
FIGURE 18 Results of IR and FT-IR 

 

Mp: 269-267, yield: 76%, IR(KBr) (vmax, cm-1): 

758-1178-1247-1495-1610-2956-3410. 

3-(2,4-bis(4-methoxyphenyl) thiazol-5-yl)-4-

hydroxy-2H-chromen-2-one (Figure 19). 

S

N

O

HO

O

OMe

MeO  
FIGURE 19 Results of IR and FT-IR 

 

Mp:248-246, yield:84%, IR(KBr) (vmax, cm-

1):700-755-1095-1229-1485-1559-1605-

1662-2920-3140 

Conclusion 

The advantage of using supported amino acid, 

especially supported L-leucine, as compared 

with homogenous samples, is easier recovery, 

easier product separation, and recycling after 

the reaction. The combination of magnetic 

properties of γ-Fe2O3 nanoparticles and 

special properties of amino acid is a good 

opportunity to design and manufacture γ-

Fe2O3@SiO2-(L-leucine) catalyst as an efficient 

nanocatalyst with strong and sufficient acid 

sites due to being supported on silica gel for 

reaction and production of products. Catalysts 

are substances that increase the speed of 

chemical reactions without undergoing 

changes. Catalysts are generally divided into 

two types: homogeneous and heterogeneous 

catalysts. Homogeneous catalysts: When the 

catalysts are in the same phase as the 

reactants, they are called homogeneous. The 

main problem in the technology of 

homogeneous catalysts is that after the 

reaction completion, separating the dissolved 

catalyst from the final mixture is not an easy 

task. This problem is a big challenge, 

especially when the catalyst is used in small 

amounts. A heterogeneous catalyst is not in 

the same phase as the reactants. The size and 

characteristics of the heterogeneous catalyst 



P a g e  | 244 L-Leucine supported on silica gel encapsulating γ-… 
 

 

 

particles are such that they do not dissolve in 

the reaction medium, hence its activity is 

limited. Unlike homogeneous catalysts, the 

heterogeneous catalysts are easily separated 

from the reaction mixture and do not cause 

impurity in the products. 

Most importantly, γ-Fe2O3@SiO2-(L-leucine) 

nanoparticles are inherently heterogeneous 

and easily recovered by an external magnetic 

field. The catalyst was used at least five times 

without losing the high catalytic activity. The 

use of acidic catalyst γ-Fe2O3@ SiO2
-(L-

leucine) is a suitable method for preparing 

thiazole derivatives at 120 °C and the presence 

of water as a solvent and has the following 

advantages: 

1- Purification of products is very easy and 

convenient. 

2- High yield of produced products 

3- Reducing the reaction time 

4- Ability to easily separate and reuse the 

catalyst 

5- Not using dangerous and harmful solvents 

for humans and the environment in this 

method. 

Acknowledgements 

We would like to thank all the people who 

helped in preparing and compiling the article 

and collecting the available data. 

Conflict of Interest 

There are no conflicts of interests. 

Orcid: 

Elaheh Abedini:  

https://orcid.org/0000-0001-9496-6225 

References 

[1] V. Polshettiwar, R. Varma, Green Chem., 

2010, 12, 743-754. [Crossref], [Google 

Scholar], [Publisher] 

[2] K. Smith, Ellis Horwood and PTR prentice 

hall, 1992. [Google Scholar], [Publisher] 

[3] P. Hodge, D.C. Sherrington, John wiley & 

Sons., 1980. [Google Scholar], [Publisher] 

[4] S.A. Kates, F. Albericio, Solid-Phase 

synthesis: a Practical Guide, Marcel Dekker ,

Inc: New York, 2000. [Google Scholar] 

[5] G. Sartori, R. Ballini, F. Bigi, G. Bosica, R. 

Maggi, P. Righi, Chemical Reviews, 2004, 104, 

199. [Crossref], [Google Scholar], [Publisher] 

[6] A.K. Gupta, M. Gupta, Bio. Mat, 2005, 26, 

3995. [Crossref], [Google Scholar], [Publisher] 

[7] F. Rebout, EJCMPR, 2022, 1, 20-32. [Google 

Scholar], [Publisher] 

[8] M. Mihara, T. Nakai, T. Lwai, T. Ito, T. 

Mizuno, Synlett, 1998, 39, 1481. [Google 

Scholar], [Publisher] 

[9] N. Kayedi, A. Samimi, M. Asgari Bajgirani, 

A. Bozorgian, S. Afr. J. Chem. Eng., 2021, 35, 

153-158. [crossref], [Google Scholar], 

[Publisher] 

[10] S.P. Gubin, Magnetic Nanoparticles, 

Wiley-Vch Verlag GmbH & Co. KGaA, W 

einheim, 2009, 2. [Crossref], [PDF] 

[11] A. Samimi, S. Zarinabadi, A.H. Shahbazi 

Kootenaei, A. Azimi, M. Mirzaei, S. Afr. J. Chem. 

Eng., 2020, 31, 44-50. [crossref], [Google 

Scholar], [Publisher] 

[12] W. Teunissen, F.M.F. de Groot, J. Geus, O. 

Stephan, M. Tence, C. Colliex, J. Catal., 2001, 

204, 169-174. [Crossref], [Google Scholar], 

[Publisher] 

[13] F. Rebout, EJCMPR, 2022, 1, 58-63. 

[Google Scholar], [Publisher] 

[14] M. Abd El Aleem, A.A. El-Remaily, Tetrah., 

2014, 70, 2971-2975. [Crossref], [Google 

Scholar], [Publisher] 

[15] J. Safari, L. Javadian, Comptes Rendus 

Chimie, 2013, 16, 1165-1171 [Crossref], 

[Google Scholar], [Publisher] 

[16] Y. Haik, B. al-Ramadi, B. Issa, S. Qadri, S. 

Hayek, H. Hijaze, Nat. Prece., 2008, 2190. 

[Crossref], [Google Scholar], [Publisher] 

[17] H. Hui, E. Esmaeili, R. Tayebee, Q. He, S. 

Abbaspour, M. Akram, Z. Jalili, N. Mahdizadeh, 

A. Ahmadi, JICS , 2022, 19, 1261–1270. 

[Crossref], [Google Scholar], [Publisher] 

[18] Z. Jalili, R. Tayebee, F.M. Zonoza, RSC 

Advances, 2021, 29. [Crossref], [Google 

Scholar], [Publisher] 

https://orcid.org/0000-0001-9496-6225
https://orcid.org/0000-0001-9496-6225
https://doi.org/10.1039/B921171C
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B1%5D%E2%80%8E%09Polshettiwar%2C+V.%2C+Varma%2C+R.%2C+Green+%E2%80%8Echemistry+by+nano-catalysis%2C+Green+Chem%2C+%E2%80%8EVol.12%2C+743-754%2C+2010.+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B1%5D%E2%80%8E%09Polshettiwar%2C+V.%2C+Varma%2C+R.%2C+Green+%E2%80%8Echemistry+by+nano-catalysis%2C+Green+Chem%2C+%E2%80%8EVol.12%2C+743-754%2C+2010.+%E2%80%8E&btnG=
https://pubs.rsc.org/en/content/articlelanding/2010/gc/b921171c/unauth
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B2%5D%E2%80%8E%09Smith%2C+k.%2C+Solid+supports+and+catalysts+in+%E2%80%8Eorganic+synthesis%2C+Ed.%3B+Ellis+Horwood+and+PTR+%E2%80%8Eprentice+hall%3A+New+York%2C+1992.+%E2%80%8E&btnG=
https://orca.cardiff.ac.uk/id/eprint/18555/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B3%5D%E2%80%8E%09Hodge%2C+P.%2C+Sherrington%2C+D.C.%2C+Polymer-%E2%80%8Esupported+Reaction+in+organic+synthesis%2C+Ed.%3B+%E2%80%8EJohn+wiley+%26+Sons%3A+New+York%2C+1980.+%E2%80%8E&btnG=
https://search.library.uq.edu.au/primo-explore/fulldisplay?vid=61UQ&docid=61UQ_ALMA21103483160003131&lang=en_US&context=L
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B5%5D%E2%80%8E%09Kates%2C+S.+A.%2C+Albericio%2C+f.%2C+Solid-Phase+%E2%80%8Esynthesis%3A+a+Practical+Guide%2C+Marcel+Dekker%E2%80%8F%2C+%E2%80%8FInc%3A+New+York%2C+2000.+%E2%80%8E&btnG=
https://doi.org/10.1021/cr0200769
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B6%5D%E2%80%8E%09Sartori%2C+G.%2C+Ballini%2C+R.%2C+Bigi%2C+F.%2C+Bosica%2C+G.%2C+%E2%80%8EMaggi%2C+R.%2C+Righi%2C+P.%2C+Protection+%28and+%E2%80%8EDeprotection%29+of+Functional+Groups+in+organic+%E2%80%8Esynthesis+by+Hetrogeneous+Catalysis%2C+%E2%80%8EChemical+Reviews%2C+Vol.+104%2C+pp.+199%2C+2004%E2%80%8E&btnG=
https://pubs.acs.org/doi/full/10.1021/cr0200769
https://doi.org/10.1016/j.biomaterials.2004.10.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B7%5D%E2%80%8E%09Gupta%2C+A.K.%2C+Gupta%2C++M.%2C++Synthesis++and++%E2%80%8Esurface++engineering++of++iron++oxide+%E2%80%8Enanoparticles+for+biomedical+applications%2C+%E2%80%8EBiomaterials%2C+Vol.+26%2C+pp.+3995%2C+2005.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0142961204009317
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=jsPfDYcAAAAJ&citation_for_view=jsPfDYcAAAAJ:9yKSN-GCB0IC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=jsPfDYcAAAAJ&citation_for_view=jsPfDYcAAAAJ:9yKSN-GCB0IC
https://www.ejcmpr.com/article_154582.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B9%5D%E2%80%8E%09Mihara%2C+M.%2C+Nakai%2C+T.%2C+Lwai%2C+T.%2C+Ito%2C+T.%2C+%E2%80%8EMizuno%2C+T.%2C+Solvent-free+base+orKF%2Falumina-%E2%80%8Eassisteddehydrogenation+of+hydrazo+%E2%80%8Ecompounds%2C+Synlett%2C+Vol.+39%2C+pp.1481%2C+1998%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B9%5D%E2%80%8E%09Mihara%2C+M.%2C+Nakai%2C+T.%2C+Lwai%2C+T.%2C+Ito%2C+T.%2C+%E2%80%8EMizuno%2C+T.%2C+Solvent-free+base+orKF%2Falumina-%E2%80%8Eassisteddehydrogenation+of+hydrazo+%E2%80%8Ecompounds%2C+Synlett%2C+Vol.+39%2C+pp.1481%2C+1998%E2%80%8E&btnG=
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2007-984878
https://doi.org/10.1016/j.sajce.2020.09.001
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=YhvFZdcAAAAJ&citation_for_view=YhvFZdcAAAAJ:-yGd096yOn8C
https://www.sciencedirect.com/science/article/pii/S1026918520300494
http://dx.doi.org/10.1002/9783527627561
http://fulviofrisone.com/attachments/article/403/magnetic%20nanoparticles.pdf
https://doi.org/10.1016/j.sajce.2019.11.006
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=YhvFZdcAAAAJ&cstart=20&pagesize=80&citation_for_view=YhvFZdcAAAAJ:v6i8RKmR8ToC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=YhvFZdcAAAAJ&cstart=20&pagesize=80&citation_for_view=YhvFZdcAAAAJ:v6i8RKmR8ToC
https://www.sciencedirect.com/science/article/pii/S1026918519300812
https://doi.org/10.1006/jcat.2001.3373
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B13%5D%E2%80%8E%09Teunissen%2C+W.%2C+de+Groot%2C+F.M.F.%2C+Geus%2C+J.%2C+%E2%80%8EStephan%2C+O.%2C+Tence%2C+M.%2C+Colliex%2C+C.%2C+The+%E2%80%8EStructure+of+Carbon+Encapsulated+Ni-Fe+%E2%80%8ENanoparticle%2C+J.+Catal.+Vol.+204%2C+pp.+169-174%2C+%E2%80%8E%E2%80%8E2001.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021951701933731
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=jsPfDYcAAAAJ&citation_for_view=jsPfDYcAAAAJ:IjCSPb-OGe4C
https://www.ejcmpr.com/article_154583.html
https://doi.org/10.1016/j.tet.2014.03.024
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B15%5D%E2%80%8E%09Abd+El+Aleem%2C+M.%2C+El-Remaily%2C+A.A.%2C+%E2%80%8ESynthesis+of+pyranopyrazole+s+using+%E2%80%8EmagneticFe3O4++nanoparticles+as+efficient+and+%E2%80%8Ereusable+catalyst%2C+Tetrahedron%2C+Vol.+70%2C++++++++pp.+%E2%80%8E%E2%80%8E2971-2975%2C+2014.+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B15%5D%E2%80%8E%09Abd+El+Aleem%2C+M.%2C+El-Remaily%2C+A.A.%2C+%E2%80%8ESynthesis+of+pyranopyrazole+s+using+%E2%80%8EmagneticFe3O4++nanoparticles+as+efficient+and+%E2%80%8Ereusable+catalyst%2C+Tetrahedron%2C+Vol.+70%2C++++++++pp.+%E2%80%8E%E2%80%8E2971-2975%2C+2014.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S004040201400341X
https://doi.org/10.1016/j.crci.2013.06.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B16%5D%E2%80%8E%09Safari%2C+J.%2C+Javadian%2C+L.%2C+A+one-pot+%E2%80%8Esynthesis+of+5%2C5-disubstituted+hydantoin+%E2%80%8Ederivatives+using+magnetic+Fe3O4+%E2%80%8Enanoparticles+as+a+reusable+heterogeneous+%E2%80%8Ecatalyst%2C+Comptes+Rendus+Chimie%2C+No.+%E2%80%8ECRAS2C-3784%2C+pp.7%2C+2013.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/pii/S1631074813001926
https://doi.org/10.1038/npre.2008.2190.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B17%5D%E2%80%8E%09Haik%2C+Y.%2C+al-Ramadi%2C+B.%2C+Issa%2C+B.%2C+Qadri1%2C+%E2%80%8ES.%2C+Hayek%2C+S.%2C+Hijaze%2C+H.%2C+Multifunctional++++Nanoparticles+for+Imaging+Guided+%E2%80%8EInterventions%2CNature+Precedings%2C+pp.+2190%2C+%E2%80%8E%E2%80%8E2008%E2%80%8E&btnG=
https://www.nature.com/articles/npre.2008.2190.1
https://link.springer.com/article/10.1007/s13738-021-02378-7#auth-Hui-Hui
https://link.springer.com/article/10.1007/s13738-021-02378-7#auth-Effat-Esmaeili
https://link.springer.com/article/10.1007/s13738-021-02378-7#auth-Reza-Tayebee
https://link.springer.com/article/10.1007/s13738-021-02378-7#auth-Qingwen-He
https://link.springer.com/article/10.1007/s13738-021-02378-7#auth-Sedighe-Abbaspour
https://link.springer.com/article/10.1007/s13738-021-02378-7#auth-Sedighe-Abbaspour
https://link.springer.com/article/10.1007/s13738-021-02378-7#auth-Muhammad-Akram
https://link.springer.com/article/10.1007/s13738-021-02378-7#auth-Zahra-Jalili
https://link.springer.com/article/10.1007/s13738-021-02378-7#auth-Narges-Mahdizadeh
https://link.springer.com/article/10.1007/s13738-021-02378-7#auth-Afsane-Ahmadi
https://doi.org/10.1007/s13738-021-02378-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B18%5D%E2%80%8E%09H.+Hui%2C+E.+Esmaeili%2C+R.+Tayebee%2C+Q.+He%2C+S.+%E2%80%8EAbbaspour%2C+M.+Akram%2C+Z.+Jalili%2C+N.+Mahdizadeh%2C+%E2%80%8EA.+Ahmadi%2C+Journal+of+the+Iranian+Chemical+%E2%80%8ESociety%2C+2022%2C+19%2C+1261%E2%80%931270.+%E2%80%8E&btnG=
https://link.springer.com/article/10.1007/s13738-021-02378-7
https://pubs.rsc.org/en/results?searchtext=Author%3AZahra%20Jalili
https://pubs.rsc.org/en/results?searchtext=Author%3AReza%20Tayebee
https://pubs.rsc.org/en/results?searchtext=Author%3AFarrokhzad%20M.%20Zonoz
https://pubs.rsc.org/en/journals/journal/ra?issueid=ra011029&type=current
https://doi.org/10.1039/D0RA09737C
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B19%5D%E2%80%8E%09Zahra+Jalili%2C++Reza+Tayebee%2C+Farrokhzad+%E2%80%8EM.+Zonoza%2C+Eco-friendly+synthesis+of+%E2%80%8Echromeno%5B4%2C3-b%5Dchromenes+with+a+new+%E2%80%8Ephotosensitized+WO3%2FZnO%40NH2-EY+%E2%80%8Enanocatalyst%2C+RSC+Advances%2C+Issue+29%2C+%E2%80%8E%E2%80%8E2021%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B19%5D%E2%80%8E%09Zahra+Jalili%2C++Reza+Tayebee%2C+Farrokhzad+%E2%80%8EM.+Zonoza%2C+Eco-friendly+synthesis+of+%E2%80%8Echromeno%5B4%2C3-b%5Dchromenes+with+a+new+%E2%80%8Ephotosensitized+WO3%2FZnO%40NH2-EY+%E2%80%8Enanocatalyst%2C+RSC+Advances%2C+Issue+29%2C+%E2%80%8E%E2%80%8E2021%E2%80%8E&btnG=
https://pubs.rsc.org/en/content/articlehtml/2021/ra/d0ra09737c


P a g e  | 245 E. Abedini and H.R. Shaterian  
  

[19] A. Johnson, EJCMPR, 2023, 2, 1-9. [Google 

Scholar], [Publisher] 

[20] S. Rezayati, A. Ramazani, S. Sajjadifar, H. 

Aghahosseini, A. Rezaei, ACS Omega., 2021, 6, 

25608–25622. [Crossref], [Google Scholar], 

[Publisher] 

[21] E. Ezzatzadeh, Asian J. Nanosci. Mater., 

2021, 4, 125-136. [Crossref], [Google Scholar], 

[Publisher] 

[22] I. Amini, V. Azizkhani, E. Ezzatzadeh, K. 

Pal, S. Rezayati, M.H. Fekri, P. Shirkhani, Asian 

Journal of Green Chemistry, 2020, 4, 51-

59.[Crossref], [Google Scholar], [Publisher] 

[23] Z. Wei, S. Abbaspour, R. Tayebee, 

Polycyclic Aromatic Compounds, 2021 

[Crossref], [Google Scholar], [Publisher] 

[24] K. Lo Han, EJCMPR, 2022, 1, 64-70. 

[Google Scholar], [Publisher] 

[25] W. Liu, China Particuology, 2005, 3, 383-

394. [Crossref], [Google Scholar], [Publisher]. 

[26] K. Lo Han, EJCMPR, 2022, 1, 1-9.  [Google 

Scholar], [Publisher] 

[27] S.C. Tsang, V. Caps, I. Paraskevas, D. 

Chadwick, D. Thompsett, Angew. Chem. Int. Ed., 

2004, 43, 5645-5649. [Crossref], [Google 

Scholar], [Publisher] 

How to cite this article: E. Abedini*,  H.R. 
Shaterian. L-Leucine supported on silica gel 
encapsulating γ-Fe2O3 nanoparticles: A new 
recoverable magnetic catalyst for 
preparation of 1, 3-thiazole derivatives. 
Journal of Medicinal and Pharmaceutical 
Chemistry Research, 2023, 5(3), 228-245.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright © 2023 by SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License (CC BY)  license  

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=jsPfDYcAAAAJ&citation_for_view=jsPfDYcAAAAJ:Tyk-4Ss8FVUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=jsPfDYcAAAAJ&citation_for_view=jsPfDYcAAAAJ:Tyk-4Ss8FVUC
https://www.ejcmpr.com/article_154723.html
https://doi.org/10.1021/acsomega.1c03672
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B21%5D%E2%80%8E%09Sobhan+Rezayati%2C+Ali+Ramazani%2C*+Sami+%E2%80%8ESajjadifar%2C+Hamideh+Aghahosseini%2C+and+Aram+%E2%80%8ERezaei%2C+Design+of+a+Schiff+Base+Complex+of+%E2%80%8ECopper+Coated+on+Epoxy-Modified+Core%E2%88%92Shell+%E2%80%8EMNPs+as+an+Environmentally+Friendly+and+%E2%80%8ENovel+Catalyst+for+the+One-Pot+Synthesis+of+%E2%80%8EVarious+Chromene-Annulated+Heterocycles%2C+%E2%80%8EACS+Omega+2021%2C+6%2C+39%2C+2021%2C+25608%E2%80%93%E2%80%8E%E2%80%8E25622%E2%80%8E&btnG=
https://pubs.acs.org/doi/full/10.1021/acsomega.1c03672
http://www.ajnanomat.com/?_action=article&au=365235&_au=Elham++Ezzatzadeh
https://doi.org/10.26655/AJNANOMAT.2021.2.3
https://scholar.google.com/scholar?q=+Chemoselective+oxidation+of+sul%EF%AC%81des+to+sulfoxides+using+a+novel+Zn-DABCO+functionalized+Fe3O4+MNPs+as+highly+effective+nanomagnetic+catalyst&hl=en&as_sdt=0,5
http://www.ajnanomat.com/article_126510.html
http://www.ajgreenchem.com/?_action=article&au=282743&_au=Vahid++Azizkhani
http://www.ajgreenchem.com/?_action=article&au=322898&_au=Elham++Ezzatzadeh
http://www.ajgreenchem.com/?_action=article&au=577961&_au=Kaushik++Pal
http://www.ajgreenchem.com/?_action=article&au=577961&_au=Kaushik++Pal
http://www.ajgreenchem.com/?_action=article&au=406015&_au=Sobhan++Rezayati
http://www.ajgreenchem.com/?_action=article&au=577963&_au=Mohammad+Hossein++Fekri
http://www.ajgreenchem.com/issue_13463_13464.html
https://doi.org/10.22034/AJGC/2020.1.4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Synthesis+of+a+new+Ag+supported+on+hydroxyapatite-core-shell-%CE%B3-Fe2O3+nanoparticles+%28%CE%B3-Fe2O3%40HAp-Ag+NPs%29+and+its+application+as+a+Lewis+acid+catalyst+in+the+preparation+of+%CE%B2-azidoalcohols+and+%CE%B2-thiocyanohydrins+from+epoxides&btnG=
http://www.ajgreenchem.com/article_83853.html
https://www.tandfonline.com/author/Wei%2C+Zhenli
https://www.tandfonline.com/author/Abbaspour%2C+Sedighe
https://www.tandfonline.com/author/Tayebee%2C+Reza
https://www.tandfonline.com/journals/gpol20
https://www.tandfonline.com/journals/gpol20
https://doi.org/10.1080/10406638.2021.2019063
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B20%5D%E2%80%8E%09Zhenli+Wei%2C+Sedighe+Abbaspour%2C+Reza+%E2%80%8ETayebee%2C+Nickel+Nanoparticles+Originated+%E2%80%8Efrom+Cressa+Leaf+Extract+in+the+Preparation+of+%E2%80%8Ea+Novel+Melem%40Ni-HPA+Photocatalyst+for+the+%E2%80%8ESynthesis+of+Some+Chromenes+and+a+%E2%80%8EPreliminary+MTT+Assay+on+the+Anticancer+%E2%80%8EActivity+of+the+Nanocomposite%2C+Polycyclic+%E2%80%8EAromatic+Compounds%2C+2021+%E2%80%8E&btnG=
https://www.tandfonline.com/doi/abs/10.1080/10406638.2021.2019063
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=jsPfDYcAAAAJ&citation_for_view=jsPfDYcAAAAJ:zYLM7Y9cAGgC
https://www.ejcmpr.com/article_154570.html
https://doi.org/10.1016/S1672-2515(07)60219-X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B10%5D%E2%80%8E%09Liu%2C+W.%2C+catalyst+technology+%E2%80%8Edevelopment+from+macro-micro-down+to+%E2%80%8Enano-scale%2C++++++china++particuology%2C+Vol.+3%2C+No.+%E2%80%8E%E2%80%8E6%2C+pp.+383-394%2C+2005%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S167225150760219X
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=jsPfDYcAAAAJ&citation_for_view=jsPfDYcAAAAJ:u-x6o8ySG0sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=jsPfDYcAAAAJ&citation_for_view=jsPfDYcAAAAJ:u-x6o8ySG0sC
https://www.ejcmpr.com/article_153791.html
https://doi.org/10.1002/ange.200460552
https://scholar.google.com/scholar?q=%E2%80%8E%5B14%5D%E2%80%8E+Tsang,+S.C.,+Caps,+V.,+Paraskevas,+I.,+%E2%80%8EChadwick,+D.,+Thompsett,+D.,+Magnetically+%E2%80%8Eseparable,+carbon-supported+nanocatalysts+%E2%80%8Efor+the+manufacture+of+fine+chemicals,+Angew.+%E2%80%8EChem.+Int.+Ed.Vol.+43,+pp.+5645-5649,+2004.+%E2%80%8E&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=%E2%80%8E%5B14%5D%E2%80%8E+Tsang,+S.C.,+Caps,+V.,+Paraskevas,+I.,+%E2%80%8EChadwick,+D.,+Thompsett,+D.,+Magnetically+%E2%80%8Eseparable,+carbon-supported+nanocatalysts+%E2%80%8Efor+the+manufacture+of+fine+chemicals,+Angew.+%E2%80%8EChem.+Int.+Ed.Vol.+43,+pp.+5645-5649,+2004.+%E2%80%8E&hl=en&as_sdt=0,5
https://onlinelibrary.wiley.com/doi/abs/10.1002/ange.200460552
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

