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 A thermally and chemically sustainable nanocomposite, namely graphene 
oxide@polyaniline-FeF3 (GO@PANI-FeF3), was fabricated, and characterized 
using FT-IR (Fourier transform infrared spectroscopy), XRD (X-ray 
diffraction), FE-SEM (field emission scanning electron microscopy), EDAX 
(energy-dispersive X-ray spectroscopy), and TG (thermal gravimetric) 
analyses, and then 4H-pyrimido[2,1-b]benzothiazoles were constructed from 
aryl aldehydes, ethyl acetoacetate, and 2-aminobenzothiazole using 
GO@PANI-FeF3 as catalyst; performing the reactions under solvent-free 
conditions, efficiency, high yields, relatively short times, and recoverability of 
the catalyst are some advantages of our protocol. 
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Introduction  

Because of our closed ecosystem, sustainable 

catalysts are of great importance for future of 

chemistry. During chemical transformations, 

diverse wastes are produced and accumulated in 

the environment. To avoid the risks, sustainable 

catalysts and reagents help us to preserve the 

environment. Reusing catalysts and wastes in the 

consecutive cycles is an important approach to 

solve environmental crises and economical 

aspects [1]. Nanostructured materials are 

superior in comparison with bulk ones [2-12]. 

For example, nanocatalysts are applied in fewer 

amounts, and mostly are reusable; thus, they are 

good candidates for sustainable processes, and 

are helpful to perform chemical reactions in safe 

medium [5-12]. Graphene and graphene oxide 

based nanomaterials are an attractive and 

valuable category of nanocatalysts, which have 

been utilized to carry out a variety of organic 

transformations [8-12]. Production of materials 

for daily life should be done without harming the 

environment. For this purpose, chemical 

processes should be designed in accordance with 

green chemistry principals [13]. A useful way to 

diminish the environmental problems is 

utilization of one-pot multi-component reactions 

(MCRs) in organic synthesis. In MCRs, formation 

of by-products and wastes, energy consumption 

and the use of toxic organic solvents are 

minimized, time and economy is saved, and 

product yield is increased [14-18]. The 

substances bearing benzothiazole scaffold are a 

significant class of heterocycles, because they 

have numerous biological and medicinal 

activities, e.g., antitumor [19], antimicrobial [20], 

antioxidant [21], antidiabetic [22], anti-infective 

[23], anticonvulsant [24], antibacterial [25], and 

anti-tubercular [26] properties. The one-pot 

multi-component reaction of aryl aldehydes, 

ethyl acetoacetate and 2-aminobenzothiazole is a 

useful method to construct 4H-pyrimido[2,1-

b]benzothiazoles; some catalysts have been 

utilized to perform this reaction, e.g., trypsin 

[27], acetic acid-activated charcoal [28], 

Fe3O4@nano-cellulose/TiCl [29], carbon/TiO2-

SO3H-SbCl2 [30], nano-cellulose/BF3/Fe3O4 [31], 

Fe3O4@nano-dextrin-OPO3H2 [32], nano-

kaolin/Ti4+/Fe3O4 [33], 1,1,3,3-

tetramethylguanidinium trifluoroacetate [34], 

and [NicTC]HSO4@Fe3O4 [35]. Many of the 

reported methods for the construction of 4H-

pyrimido[2,1-b]benzothiazoles have one or more 

of these drawbacks: moderate yields, long 

reaction times, difficult purification, high 

temperature, and no reusability of catalyst. 

Concerning the above issues, introducing a 

novel graphene oxide-based nanocomposite to 

catalyze the multi-component reaction of aryl 

aldehydes, ethyl acetoacetate and 2-

aminobenzothiazole in solvent-free conditions 

leading to 4H-pyrimido[2,1-b]benzothiazoles is 

valuable and desirable. Here, we have exactly 
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done this, and introduced graphene 

oxide@polyaniline-FeF3 (GO@PANI-FeF3) 

nanocomposite as an effectual catalyst for the 

construction of 4H-pyrimido[2,1-

b]benzothiazoles. 

Experimental 

Materials 

Chemicals and solvents (in high purity) were 

purchased from Sigma-Aldrich chemical 

company, and utilized without further 

purification. The modified Hummers method was 

utilized to construct graphene oxide (GO) [36]. 

For recording NMR spectra, Brucker Avance 

device was employed. JASCO FT-IR spectrometer 

was utilized to record FT-IR spectra using KBr 

pellets. A Shimadzu apparatus (XRD 6000) was 

exploited for recording XRD patterns. FE-SEM 

and EDAX were recorded using a TESCAN 

electron microscope. TGA was studied using a 

Perkin Elmer (Elan DRC 6000) device. 

Fabrication of GO@PANI  

GO (0.20 g) was added to HCl solution (1M, 70 

mL), and the mixture was sonicated for 60 min at 

room temperature. The attained suspension was 

cooled in an ice bath for 30 min, aniline (40 

mmol, 3.66 mL) was added, and vigorously 

stirred. Separately, a solution of (NH4)2S2O8 (40 

mmol, 9.1 g) in HCl (1 M, 30 mL) was prepared, 

and cooled in an ice bath for 30 min, and then it 

was added to the GO-aniline mixture, and the 

resulting mixture was stirred in ice bath for 10 h. 

Finally, the formed precipitate was filtered, 

washed with deionized water, and dried in a 

vacuum oven at 60 ºC to afford GO@PANI. 

Polymerization of aniline was performed 

according to the literature [37].       

Fabrication of GO@PANI-FeF3  

A solution of GO@PANI (0.50 g) in acetonitrile 

(25 mL) was sonicated at room temperature for 1 

h, and then FeF3 (1 mmol, 0.113 g) was added to 

it, and the obtained mixture was stirred at 60 ºC 

for 24 h. Lastly, the precipitate was filtered, 

washed with acetic acid, acetonitrile and acetone, 

and dried in an oven at 100 ºC to obtain 

GO@PANI-FeF3. 

The construction of 4H-pyrimido[2,1-

b]benzothiazoles 

A mixture of aldehyde (1 mmol), ethyl 

acetoacetate (1 mmol, 0.13 g), 2-

aminobenzothiazole (1 mmol, 0.15 g) and 

GO@PANI-FeF3 (0.02 g) was homogenized by a 

glass rod, and stirred at 90 ºC. After the 

completion of the reaction (as monitored by TLC 

using silica gel SIL G/UV 254), hot EtOAc was 

added, stirred, and filtered hot to isolate 

insoluble GO@PANI-FeF3 (which was washed by 

hot EtOAc and dried). The filtrate was distilled, 

and the retained solid was recrystallized from 

EtOH to give pure 4H-pyrimido[2,1-

b]benzothiazole. 

NMR data of 4H-Pyrimido[2,1-b]benzothiazole 4d 

1H-NMR (400 MHz, DMSO-d6): δ (ppm) 1.21 (t, J 

= 7.1 Hz, 3H, CH3CH2), 2.51 (s, 3H, CH3), 4.07 (m, 

2H, CH2CH3), 6.66 (s, 1H, methine CH), 7.21 (t, J = 

7.6 Hz, 1H, Ar), 7.31 (t, J = 7.7 Hz, 1H, Ar), 7.47 (d, 

J = 8.1 Hz, 1H, Ar), 7.73-7.78 (m, 3H, Ar), and 8.16 

(d, J = 8.2 Hz, 2H, Ar); 13C-NMR (100 MHz, DMSO-

d6): δ (ppm) 14.6, 23.9, 56.4, 60.2, 102.3, 112.8, 

123.3, 123.5, 124.4, 124.8, 127.4, 128.9, 137.7, 

147.7, 148.7, 155.5, 163.5, and 165.7.    

Results and Discussion 

Characterization of GO@PANI-FeF3  

Graphene oxide@polyaniline-FeF3 (GO@PANI-

FeF3) was fabricated according to Scheme 1; FT-

IR, EDAX, FE-SEM, XRD, and TG analyses were 
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applied for its characterization. In the FT-IR 

spectrum of GO (Figure 1), the peak related to 

hydroxyl groups was observed at 3410 cm-1. 

Carbonyl groups gave a peak at 1739 cm-1 [38]. 

The band appeared at 1628 cm-1 is related to C=C 

bonds [39]. The peak corresponded to epoxide 

C–O was observed at 1053 cm-1 [40]. In the FT-IR 

spectrum of GO@PANI (Figure 2), the band at 

3391 cm−1 is ascribed to NH of polyaniline, and 

the broad peak appeared at ~3100-3650 cm-1 is 

related to hydroxyl groups of GO [41]. The bands 

observed at ~3031 and ~2918 cm-1 are belong to 

aromatic and aliphatic C–H bonds, respectively 

[42]. C=C groups gave bands at 1593 and 1497 

cm-1. The peak appeared at 1296 cm-1 can be 

attributed to C–N bonds of polyaniline [43]. The 

peak belong to C–O was observed at 1107 cm−1 

[44]. In the FT-IR spectrum of GO@PANI-FeF3 

(Figure 3), the bands related to NH and hydroxyl 

groups were detected at 3445 and 3252 cm-1, 

respectively [41]. 

The peak at 1674 cm−1 is ascribed to C=O 

groups. C=C bonds gave peaks at 1582 and 1493 

cm-1. The peak belong to C–N was seen at 1300 

cm-1 [43]. The peak related to Fe–F bonds of FeF3 

was observed at 501 cm-1 [45].
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Scheme 1. Fabrication of GO@PANI-FeF3.



M. Kamali-Ardakani et al / Adv. J. Chem. A 2024, 7(3), 236-247 

 

240 

 

 
Figure 1. The FT-IR spectrum of GO. 

  
Figure 2. The FT-IR spectrum of GO@PANI. 

 
Figure 3. The FT-IR spectrum of GO@PANI-FeF3.
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Figure 4. The XRD patterns of GO (a), FeF3 (b), GO@PANI (c), and GO@PANI-FeF3 (d).

 
Figure 5. The FE-SEM images of GO (a), FeF3 (b), GO@PANI (c), and GO@PANI-FeF3 (d).

 
Figure 6. The EDAX analysis of GO@PANI-FeF3. 
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Figure 7. The TG diagram of GO@PANI-FeF3. 

The XRD patterns of GO, FeF3, GO@PANI, and 

GO@PANI-FeF3 are illustrated in Figure 4. The 

XRD pattern of GO (Figure 4a) showed a broad 

peak at 2θ ≈ 5.9-12.9º (this is the characteristic 

peak of GO) [46]. In the XRD pattern of FeF3 

(Figure 4b), some sharp peaks were observed 

between 8 to 63º [47]. The XRD pattern of 

GO@PANI (Figure 4c) showed some broad peaks 

between 5 to 34º, which are ascribed to the 

structure of GO and polyaniline. By comparing 

the XRD patterns of GO, FeF3, and GO@PANI with 

the pattern of GO@PANI-FeF3 (Figure 4d), 

existing GO, polyaniline, and FeF3 in the structure 

of final nanocomposite was verified. The FE-SEM 

images of GO, FeF3, GO@PANI, and GO@PANI-

FeF3 are represented in Figure 5. As Figures 5a 

indicates, graphene oxide is formed from sheets 

with different diameters. According to Figure 5b, 

the crystals of FeF3 are as rectangular cuboid 

with diverse sizes. The FE-SEM image of 

GO@PANI (Figure 5c) showed covering GO 

sheets by polyaniline. In the FE-SEM image of 

GO@PANI-FeF3 (Figure 5d), covering GO sheets 

by polyaniline and FeF3, and formation of thick 

sheets were observed. The EDAX spectrum of 

GO@PANI-FeF3 is exhibited in Figure 6. Surface 

elemental analysis of the nanocomposite was 

conducted for C, N, F, and Fe. In the spectrum, the 

peaks related to the elements and their 

percentages are shown. The EDAX results 

confirmed presence of graphene oxide, 

polyaniline, and FeF3 in the catalyst structure. TG 

analysis of GO@PANI-FeF3 was conducted under 

argon atmosphere; the obtained diagram is 

illustrated in Figure 7. 

Addressing the TG diagram, three main weight 

losses can be observed. The first weight loss (up 

to ~105 ºC) can be related to evaporation of 

adsorbed water and volatile solvents on the 

nanocomposite surface. The second and third 

weight losses (at 105-450 ºC and 450-600 ºC) 

can be attributed to the desorption of high 

molecular weight species, FeF3 and functional 

groups, and the destruction of polyaniline and GO 

structure [48]. 

The construction of 4H-pyrimido[2,1-

b]benzothiazoles using GO@PANI-FeF3 

In order to examine catalytic performance of 

GO@PANI-FeF3 in organic reactions, the 

construction of 4H-pyrimido[2,1-

b]benzothiazoles from aryl aldehydes, ethyl 

acetoacetate and 2-aminobenzothiazole was 

chosen. Optimization of the reaction conditions 

was conducted on the construction of 4H-

pyrimido[2,1-b]benzothiazole 4c (Scheme 2); for 

this purpose, the influence of three variables, 

including solvent, temperature and amount of 

GO@PANI-FeF3, on the reaction was investigated. 

On basis of the attained data (Table 1), the 

optimum catalyst amount and temperature were 

0.02 g and 90 ºC, respectively. Moreover, solvent-

free conditions were more effectual (entry 10). 

The reaction was also tested in the absence of 

catalyst at 110 ºC in which compound 4c was 

obtained in 19% after 250 min (entry 6). 
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Furthermore, the reaction was examined using 

GO, GO@PANI and FeF3 as catalysts; GO and 

GO@PANI gave the product in 46 and 51%, 

respectively (entries 13 and 14). FeF3 afforded 

4H-pyrimido[2,1-b]benzothiazole 4c in 89% 

(entry 15); this result was obtained using 0.02 g 

of FeF3, but the amount of FeF3 in 0.02 g of 

GO@PANI-FeF3 (optimal conditions) is far fewer 

than the amount of FeF3 used in entry 15.Thus, 

our idea to design graphene oxide@polyaniline-

FeF3 was logical. The scope and limitations of our 

protocol for the construction of 4H-pyrimido[2,1-

b]benzothiazoles were investigated thru usage of 

diverse aryl aldehydes in the reaction; the results 

are listed in Table 2. 

As presented in Table 2, all products were 

fabricated in high yields and relatively short 

times; this subject confirmed wide scope of our 

protocol. Nevertheless, aldehydes bearing 

electron-withdrawing and halogen substituents 

gave higher yields in comparison with aldehydes 

having electron-releasing substituents.  

Table 1. Optimization of conditions for the construction of 4H-pyrimido[2,1-b]benzothiazole 4c 

Entry Solvent Catalyst amount (g) Temp. (ºC) Time (min) Yield (%)a 

1 EtOH 0.03 Reflux 120 39 

2 H2O 0.03 Reflux 120 41 

3 Ethylene glycol 0.03 100 120 48 

4 THF 0.03 Reflux 120 31 

5 CH3CN 0.03 Reflux 120 38 

6 Solvent-free Catalyst-free 110 250 19 

7 Solvent-free 0.01 100 120 76 

8 Solvent-free 0.01 110 120 85 

9 Solvent-free 0.02 100 60 95 

10 Solvent-free 0.02 90 60 94 

11 Solvent-free 0.02 80 70 86 

12 Solvent-free 0.03 80 60 89 

13 Solvent-free 0.02b 90 60 46 

14 Solvent-free 0.02c 90 60 51 

15 Solvent-free 0.02d 90 60 89 

a Isolated yield. 
b GO was used as catalyst. 
c GO@PANI was utilized as catalyst. 
d FeF3 was applied as catalyst. 
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Scheme 2. The construction of 4H-pyrimido[2,1-b]benzothiazole 4c. 
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Table 2. The fabrication of 4H-pyrimido[2,1-b]benzothiazoles using GO@PANI-FeF3 

S

N

NH2+

O

OEt

O

+
Solvent-free, 90 °C

(1) (2) (3)
(4a-l)

N

N

CO2Et

S

Ar

Ar H

O
GO@PANI-FeF3

 

Product Ar Time/min 
Yielda 

(%) 

MP/oC 

Found Reported 

4a C6H5 70 90 177-179 178-180 [33] 

4b 2-O2NC6H4 60 91 120-122 122-125 [32] 

4c 3-O2NC6H4 60 94 224-226 222-224 [33] 

4d 4-O2NC6H4 60 94 170-172 172-173 [33] 

4e 4-HOC6H4 70 88 207-209 210-212 [31] 

4f 4-MeOC6H4 80 86 139-141 140-143 [34] 

4g 2-ClC6H4 60 90 127-129 124-126 [32] 

4h 2,4-Cl2C6H3 60 92 132-134 133-135 [32] 

4i 4-BrC6H4 60 94 113-115 111-113 [33] 

a Isolated yield 

To examine the recoverability of GO@PANI-

FeF3, the fabrication of 4H-pyrimido[2,1-

b]benzothiazole 4c was selected; Figure 8 

illustrates the reusability results. The 

nanocomposite was reusable for two times with 

negligible decrement of the yield (runs 2 and 3). 

However, in third reusing, the yield slightly 

decreased (run 4). In fourth reusing (run 5), the 

yield greatly decreased. The reactions time was 

60 min. 

Scheme 3 depicts the reaction mechanism, 

which was proposed on basis of the literature 

[29,31]. GO@PANI-FeF3 acts as a dual-functional 

catalyst; FeF3 is a Lewis acid, and carboxylate 

anion is a weak base. FeF3 and carboxylate 

activate the electrophiles and the nucleophiles, 

respectively, and facilitate steps 1, 3, and 4. Both 

species can accelerate tautomerization of ethyl 

acetoacetate in step 1, and also help removal of 

H2O in steps 2 and 5. 

 
Figure 8. The reusability results of GO@PANI-FeF3 



M. Kamali-Ardakani et al / Adv. J. Chem. A 2024, 7(3), 236-247 

 

245 

 

Ar H

O Ar
H

O
Step 1

H2O_

Step 2

GO@PANI-FeF3 =

GO@PANI-FeF3

GO@PANI-FeF3

H2O

Step 5

Step 3
N

N
O

CO2Et

S

Ar

FeF3OOC

FeF3OOC

O

OEt

O

O

OEt

O

HF3Fe COO

O

OEt

O

Ar

OH

O

OEt

O

Ar

O H

F3Fe COO H

F3Fe COO

O

OEt

O

Ar

GO@PANI-FeF3GO@PANI-FeF3

O

OEt

O

Ar

S

N

N

H

H

F3Fe COO

FeF3OOC

Step 4

H

GO@PANI-FeF3

N

N
O

CO2Et

S

Ar

H F3Fe COO

F3Fe

O

O

N

N
OH

CO2Et

S

Ar

GO@PANI-FeF3

N

N

CO2Et

S

Ar

N

N
O

CO2Et

S

Ar
H

FeF3OOC

4H-Pyrimido[2,1-b]benzothiazole
H

_

FeF3OOC

 
Scheme 3. The mechanism 

Conclusion 

To sum up, we have reported fabrication and 

characterization of a novel nanocomposite, 

namely graphene oxide@polyaniline-FeF3. 

Afterwards, we have utilized the nanocomposite 

as catalyst for the construction of 4H-

pyrimido[2,1-b]benzothiazoles. Thermal and 

chemical sustainability of the catalyst, efficiency, 

relatively short times, high yields of the products, 

performing the reaction in solvent-free 

conditions, reusability of the catalyst, easy work-

up, and effortless purification of the products are 

the advantages of our protocol. 
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