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1. Introduction 
 

Heterocyclic organic compounds are among the most 
significant families molecules because they are used in 
medicinal chemistry and have a wide range of 
biological functions [1-12]. As a result of the 
significance of these compounds; numerous methods 
for the synthesis of heterocyclic compounds have been 
identified. Multicomponent reactions (MCRs) are a 
useful technique for producing physiologically active 
heterocyclic chemical molecules [13, 14]. MCRs are 
crucial because they offer advantages like atom 
efficiency and high yields for the synthesis of 
heterocyclic compounds when compared to other 
methods [15-17]. The abundance of spirocyclic 
molecules in both natural and synthetic substances, as 

well as the fact that many of them exhibit 
pharmacological and biological action, makes them of 
great interest to synthetic and medicinal chemists.18 
Additionally, due to their rigid structure, spiro-
molecules are ideal for medicinal chemistry and can be 
utilized as ligands or catalyst forms in the production 
of organic compounds [19]. We must keep in mind that 
the many of multicomponent reactions wasn’t 
performed without catalyst or have low yield without 
catalyst.  Due to high surface area, chemical and 
electrochemical permanence, and contributions to 
technology and applied research, nanostructures play 
an essential role among catalyst [20]. Due to the huge 
surface and high adsorption capacity of Multi-walled 
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Using a multicomponent reaction of isatin or benzaldehydes, malononitrile, 
ethyl 2,4-dioxo-4-arylbutanoate, ammonium acetate, and hydrazonoyl chlorides 
in aqueous media at room temperature in the presence of 
Ag/Fe3O4/SiO2@MWCNTs MNCs, this research produced cyclopentatriazines 
as new derivatives with a high yield. Another investigation in this work 
examines the antioxidant properties of the produced cyclopentatriazine. The 
applied method for producing cyclopentatriazine demonstrated a number of 
desirable traits, including quick reactions, high yields of the final product, and 
straightforward separation of the product and catalyst from the reaction mixture.
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Scheme 1. Synthesis of new cyclopentatriazine catalyzed by Ag/Fe3O4/SiO2@MWCNTs MNCs. 
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2. Experimental 
 
General 
Material and methods. Without additional 
purification, Fluka and Merck Company provided all 
the starting materials, reagents, and solvents required 
for the synthesis of cyclopentatriazine in this study. 
Ag/Fe3O4/SiO2@MWCNTs MNCs were synthesized 
and the catalyst structure was confirmed using 
spectroscopy analysis, including XRD, SEM, EDX, 
and VSM. Melting points were measured on an 
Electrothermal 9100 apparatus. To analyze synthetic 
cyclopentatriazine using FT-IR (KBr medium), a 
Shimadzu IR-460 spectrometer was used. The Bruker 
DRX-500 AVANCE spectrometer was used to provide 
1H-NMR and 13C-NMR, which is another method for 
verifying the structure of synthesized compounds. 
CDCl3 and TMS were used as the solvent and internal 
standard, respectively, in the 500 MHz NMR 
measurements. MAT 8430 spectrometer made by 
Finnigan having an ionization potential of 70 eV For 
the purpose of providing mass spectra, of synthesized 
compounds. To perform elemental analysis, we 
applied Heraeus CHN–O-Rapid analyzer. 
 
Generation of Ag/Fe3O4/SiO2@MWCNTs  
AgNO3 (1.5 g) was added to the mixture of  
FeCl3.6H2O (1.5 g) and tetraethyl orthosilicate (3 mL) 
which had been dissolved in the Petasites hybridus 
rhizome water extract (5 mL) after 30 min and the new 
mixture was heated to 100 oC in a round bottom flask 
and stirred for 1 h. Once the reaction was finished, the 
temperature of the reaction was lowered to room 
temperature. The produced precipitate 
(Ag/Fe3O4/SiO2) was then centrifuged for around 10 
minutes at 7000 rpm after cooling to eliminate the 
undesirable organic molecules. The produced 
Ag/Fe3O4/SiO2 (0.1 g) and the MWCNTs (0.1 g) were 
added to 100 mL of water extract from Petasites 
hybridus rhizome and mixed at 150 oC for 1 hour to 
create Ag/Fe3O4/SiO2@MWCNTs MNCs. After using 
an external magnet to separation of the 
Ag/Fe3O4/SiO2@MWCNTs magnetic nanocomposite 
which required cooling to room temperature and could 
be washed with a 50:50 solution of water and ethanol. 
After washing the catalyst, it was separated by using 
an external magnet and dried for 24 hours and then 
calcined it for 45 minutes at 300 oC.  
 
Reusability of Ag/Fe3O4/SiO2@MWCNTs 
For evolution of reusability of synthesized catalyst, in 
model reaction (synthesis of compound 6a) after 

completing the reactions, the catalyst was separated by 
external magnet from mixture of reaction and washed  
with a 50:50 solution of water and ethanol and used in 
the model reaction again. This work was performed 
many times until the yields of model reaction was 
decreased (Table 3).  
 
 Preparation process of cyclopentatriazine 6a–j 
In the presence of Ag/Fe3O4/SiO2@MWCNTs MNCs 
(0.01 g) in water (5 mL) as the solvent, the ethyl 2,4-
dioxo-4-arylbutanoate 3 (2 mmol) and the ammonium 
acetate 4 (2 mmol) were combined and stirred for 30 
min at room temperature. Isatin 1 (2 mmol) and 
malononitrile 2 (2 mmol) were added to water as the 
solvent in a different pot along with 
Ag/Fe3O4/SiO2@MWCNTs MNCs (0.01 g) and mixed 
for 30 minutes at room temperature. This mixture was 
added to the earlier one, and the two were stirred 
together for 45 minutes. After this, the hydrazonoyl 
chloride 5 (2 mmol) was added, and the finished 
mixture was agitated for 1 hour. After three hours of 
TLC monitoring, the reaction was complete. At this 
point, the catalyst was separated by external magnet 
and solid residue was washed by EtOH and Et2O to 
prepare purified cyclopentatriazine 6. 
 
5-(4-methoxybenzoyl)-2'-oxo-(4-methoxyphenyl)-
spiro [cyclopenta [e][1,2,4]triazine-7,3'- indoline]-
6,6(5H)-dicarbonitrile (6a): Yellow powder, m.p. 
139-141 °C, Yield: 95%. IR (KBr) (νmax/cm-1):  2195, 
1728, 1725, 1697, 1485, 1378 and 1292 cm-1. 1H NMR 
(500 MHz, CDCl3): 3.83 (6 H, s, 2 MeO), 5.03 (1 H, s, 
CH), 6.96-7.28 (5 H, m, 5 CH), 7.30-7.44 (2 H, m, 2 
CH), 7.85-8.17 (5 H, m, 5 CH), 10.23 (1 H, s, NH) 
ppm. 13C NMR (125.7 MHz, CDCl3): δ 195.17, 174.11, 
165.12, 163.05, 161.88, 155.06, 148.49, 141.47, 
130.50, 129.74, 129.21, 129.02, 127.75, 126.01, 
125.87, 122.35, 114.05, 113.70, 111.30, 110.53, 62.62, 
61.30, 55.34, 55.33, 52.26 ppm. MS, m/z (%): 528 (M+, 
15), 147 (48), 31 (100). Anal. Calcd for C30H20N6O4 
(528.53): C, 68.18; H, 3.81; N, 15.90; Found: C, 68.26; 
H, 3.96; N, 15.96 %. 
3-(4-methoxyphenyl)-5-(4-methylbenzoyl)-2'-
oxospiro[cyclopenta[e][1,2,4]triazine-7,3'-indoline]-
6,6(5H)-dicarbonitrile (6b): Yellow powder, m.p. 
143-145 °C, Yield: 0.96 g (95%). IR (KBr) (νmax/cm-

1): 2232, 1729, 1728, 1697, 1589, 1487, 1358 and 1296 
cm-1. 1H NMR (500 MHz, CDCl3): 2.38 (3 H, s, Me), 
3.83 (3 H, s, OMe), 5.81 (1 H, s, CH), 6.94-8.17 (12 
H, m, 12 CH), 10.42 (1 H, s, NH)  ppm. 13C NMR 
(125.7 MHz, CDCl3): 195.36, 174.11, 165.12, 161.88, 
155.06, 148.49, 143.90, 141.47, 131.14, 129.74, 
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129.53, 129.21, 129.14, 129.02, 126.01, 125.87, 
122.35, 114.05, 111.30, 110.53, 62.62, 61.27, 55.33, 
52.27, 21.34 ppm. MS, m/z (%): 512 (M+, 10), 147 
(48), 31 (100). Anal. Calcd for C30H20N6O3 (512.53): 
C, 70.30; H, 3.93; N, 16.40; Found: C, 70.42; H, 4.08; 
N, 16.53 %. 
5-(4-ethylbenzoyl)-3-(4-methoxyphenyl)-2'-
oxospiro[cyclopenta[e][1,2,4]triazine-7,3'-indoline]-
6,6(5H)-dicarbonitrile (6c): Pale yellow powder, m.p. 
153-154 °C, Yield: 92%. IR (KBr) (νmax/cm-1): 2175, 
1732, 1727, 1996, 1586, 1485, 1368 and 1295 cm-1. 1H 
NMR (500 MHz, CDCl3): δ 1.23 (3 H, t, 3JHH = 7.3 Hz, 
Me), 2.70 (2 H, q, 3JHH = 7.3 Hz, CH2), 3.83 (3 H, s, 
OMe), 5.81 (1 H, s, CH), 6.94-8.16 (12 H, m, 12 CH), 
10.37 (1 H, s, NH)  ppm. 13C NMR (125.7 MHz, 
CDCl3): δ  195.24, 174.11, 165.12, 161.88, 155.06, 
148.49, 146.64, 141.47, 131.93, 129.74, 129.21, 
129.09, 129.02, 128.28, 126.01, 125.87, 122.35, 
114.05, 111.30, 110.53, 62.62, 61.27, 55.33, 52.27, 
28.61, 15.30 ppm. MS, m/z (%): 526 (M+, 10), 147 
(48), 31 (100). Anal. Calcd for C31H22N6O3 (526.56): 
C, 70.71; H, 4.21; N, 15.96; Found: C, 70.71; H, 4.21; 
N, 15.96 %. 
5-(4-methylbenzoyl)-2'-oxo-3-phenylspiro 
[cyclopenta[e][1,2,4]triazine-7,3'-indoline]-6,6(5H)-
dicarbonitrile (6d): Yellow powder, m.p. 163-165 °C, 
Yield: 85%. IR (KBr) (νmax/cm-1): 2195, 1734, 1728, 
1698, 1595, 1485, 1376 and 1293 cm-1. 1H NMR (500 
MHz, CDCl3): 2.38 (3 H, s, Me), 5.82 (1 H, s, CH), 
6.94-8.19 (13 H, m, 13 CH), 10.48 (1 H, s, NH) ppm. 
13C NMR (125.7 MHz, CDCl3): δ 195.36, 174.11, 
165.21, 155.06, 148.49, 143.90, 141.47, 134.24, 
131.14, 131.10, 129.53, 129.21, 129.14, 128.89, 
128.77, 126.01, 125.87, 122.35, 111.30, 110.53, 62.62, 
61.27, 52.27, 21.34 ppm. MS, m/z (%): 482 (M+, 10), 
147 (48), 31 (100). Anal. Calcd for C29H18N6O2 
(482.50): C, 72.19; H, 3.76; N, 17.42; Found: C, 72.26; 
H, 3.85; N, 17.56%. 
5-(4-methylbenzoyl)-2'-oxo-3-(p-tolyl)-spiro 
[cyclopenta[e][1,2,4]triazine-7,3'-indoline]-6,6(5H)-
dicarbonitrile (6e): Yellow powder, m.p. 163-165 °C, 
Yield: 90%. IR (KBr) (νmax/cm-1): 2198, 1732, 1725, 
1695, 1588, 1498, 1378 and 1298 cm-1. 1H NMR (500 
MHz, CDCl3): 2.38 (3 H, s, Me), 2.39 (3 H, s, Me), 
5.81 (1 H, s, CH), 6.94-7.99 (12 H, m, 12 CH), 7.02 (2 
H, d, 3JHH = 7.6 Hz, 2 CH), 7.18-7.24 (4 H, m, 4 CH), 
7.36 (2 H, d, 3J = 7.8 Hz, 2 CH), 7.42 (2 H, d, 3J = 7.6 
Hz, 2 CH), 10.52 (1 H, s, NH) ppm. 13C NMR (125.7 
MHz, CDCl3): δ 195.36, 174.11, 165.01, 155.06, 
148.49, 143.90, 141.47, 138.96, 132.48, 131.14, 
129.53, 129.21, 129.14, 128.98, 128.47, 126.01, 
125.87, 122.35, 111.30, 110.53, 62.62, 61.27, 52.27, 

21.34, 21.23 ppm. MS, m/z (%): 496 (M+, 10), 147 
(48), 31 (100). Anal. Calcd for C30H20N6O2 (496.53): 
C, 72.57; H, 4.06; N, 16.93; Found: C, 72.72; H, 4.24; 
N, 17.08 %. 
5-(4-methoxybenzoyl)-2'-oxo-3-phenylspiro 
[cyclopenta[e][1,2,4]triazine-7,3'-indoline]-6,6(5H)-
dicarbonitrile (6f): Yellow powder, m.p. 171-173 °C, 
Yield: 87%. IR (KBr) (νmax/cm-1): 2237, 1734, 1726, 
1697, 1597, 1488, 1387 and 1292 cm-1. 1H NMR (500 
MHz, CDCl3): δ ppm:  3.85 (3 H, s, MeO), 6.57 (1 H, 
s, CH), 6.92 (2 H, d, 3J = 7.8 Hz, 2 CH), 7.12-7.16 (4 
H, m, 4 CH), 7.23-7.28 (3 H, m, 3 CH), 7.34 (2 H, d, 
3J = 7.8 Hz, 2 CH), 7.37-7.42 (2 H, m, 2 CH), 10.36 (1 
H, s, NH) ppm. 13C NMR (125.7 MHz, CDCl3): δ 
195.17, 174.11, 165.21, 163.05, 155.06, 148.49, 
141.47, 134.24, 131.10, 130.50, 129.21, 128.89, 
128.77, 127.75, 126.01, 125.87, 122.35, 113.70, 
111.30, 110.53, 62.62, 61.30, 55.33, 52.26 ppm. MS, 
m/z (%): 498 (M+, 10), 147 (48), 31 (100). Anal. Calcd 
for C29H18N6O3 (498.50): C, 69.87; H, 3.64; N, 16.86; 
Found: C, 69.97; H, 3.83; N, 16.98%. 
5-(4-nitrobenzoyl)-2'-oxo-3-(p-tolyl)spiro[cyclopenta 
[e] [1,2,4]triazine-7,3'-indoline]-6,6(5H)-
dicarbonitrile (6g): Yellow powder, m.p. 187-189 °C, 
Yield: 83%. IR (KBr) (νmax/cm-1): 2218, 1729, 1726, 
1694, 1584, 1469 and 1296 cm-1. 1H NMR (500 MHz, 
CDCl3): δ ppm:  2.47 (3 H, s, Me), 6.58 (1 H, s, CH), 
6.92 (2 H, d, 3J = 7.7 Hz, 2 CH), 7.06-7.11 (4 H, m, 4 
CH), 7.26 (2 H, d, 3J = 7.7 Hz, 2 CH), 7.34-7.37 (2 H, 
m, 2 CH), 8.06 (2 H, d, 3J = 7.7 Hz, 2 CH), 10.42 (1 H, 
s, NH) ppm. 13C NMR (125.7 MHz, CDCl3): δ 194.76, 
174.11, 165.01, 155.06, 150.01, 148.49, 141.47, 
138.96, 138.35, 132.48, 129.98, 129.21, 128.98, 
128.47, 126.01, 125.87, 123.99, 122.35, 111.30, 
110.53, 62.62, 61.28, 52.27, 21.23 ppm. MS, m/z (%): 
527 (M+, 10), 147 (56), 31 (100). Anal. Calcd for 
C29H17N7O4 (527.50): C, 66.03; H, 3.25; N, 18.59; 
Found: C, 66.18; H, 3.38; N, 18.72 % 
5-(4-methoxybenzoyl)-2'-oxo-3-(p-tolyl)spiro 
[cyclopenta [e][1,2,4]triazine-7,3'-indoline]-6,6(5H)-
dicarbonitrile (6h): Pale yellow powder, m.p. 149-151 
°C, Yield: 90%. IR (KBr) (νmax/cm-1): 2278, 1726, 
1698, 1578, 1364 and 1289 cm-1. 1H NMR (500 MHz, 
CDCl3): 2.37 (3 H, s, Me), 3.87 (3 H, s, OMe), 6.62 (1 
H, s, CH), 6.93 (2 H, d, 3J = 7.7 Hz, 2 CH), 7.14 (2 H, 
d, 3J = 7.7 Hz, 2 CH), 7.22-7.26 (2 H, m, 2 CH), 7.36 
(2 H, m, 2 CH), 7.43 (2 H, d, 3J = 7.8 Hz, 2 CH), 7.56 
(2 H, d, 3J = 7.8 Hz, 2 CH), 10.56 (1 H, s, NH) ppm. 
13C NMR (125.7 MHz, CDCl3): δ 195.17, 174.11, 
165.01, 163.05, 155.06, 148.49, 141.47, 138.96, 
132.48, 130.50, 129.21, 128.98, 128.47, 127.75, 
126.01, 125.87, 122.35, 113.70, 111.30, 110.53, 62.62, 
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61.30, 55.33, 52.26, 21.23 ppm. MS, m/z (%): 512 (M+, 
15), 147 (48), 31 (100). Anal. Calcd for C30H20N6O3 
(512.53): C, 70.30; H, 3.93; N, 16.40; Found: C, 70.43; 
H, 4.07; N, 16.54%. 
5-(4-methoxybenzoyl)-3,7-bis(4-methoxyphenyl)-5,7-
dihydro-6H-cyclopenta[e][1,2,4]triazine-6,6-
dicarbonitrile (6i): Yellow powder, m.p. 168-170 °C, 
Yield: 95%. IR (KBr) (νmax/cm-1): 2195, 1728, 1725, 
1697, 1485, 1378 and 1295 cm-1. 1H NMR (500 MHz, 
CDCl3): 3.75 (3 H, s, Me), 3.78 (3 H, s, Me), 3.83 (3 
H, s, Me), 6.24 (1 H, s, CH), 6.98 (2 H, d, 3J = 7.7 Hz, 
2 CH), 7.24-7.36 (4 H, m, 4 CH), 7.45-7.56 (4 H, m, 4 
CH), 7.68 (2 H, d, 3J = 7.7 Hz, 2 CH), 10.56 (1 H, s, 
NH) ppm. 13C NMR (125.7 MHz, CDCl3): δ 192.74, 
163.05, 161.88, 161.70, 159.08, 158.26, 157.83, 
130.50, 129.74, 129.58, 129.02, 128.45, 127.44, 
114.05, 113.88, 113.70, 112.15, 62.75, 57.78, 55.35, 
55.34, 55.33, 52.37 ppm. MS, m/z (%): 517 (M+, 10), 
147 (48), 31 (100). Anal. Calcd for C30H23N5O4 
(517.54): C, 69.62; H, 4.48; N, 13.53; Found: C, 69.78; 
H, 4.56; N, 13.64%. 
3-(4-methoxyphenyl)-5-(4-nitrobenzoyl)-7-(p-tolyl)-
5,7-dihydro-6H-cyclopenta[e][1,2,4]triazine-6,6-
dicarbonitrile (6j): Yellow powder, m.p. 171-173 °C, 
Yield: (85%). IR (KBr) (νmax/cm-1): 2196, 1729, 1725, 
1697, 1589, 1487, 1358 and 1296 cm-1. 1H NMR (500 
MHz, CDCl3): δ ppm: 2.34 (3 H, s, Me), 3.83 (3 H, s, 
MeO), 6.54 (1 H, s, CH), 7.16 (2 H, d, 3J = 7.7 Hz, 2 
CH), 7.18-7.34 (6 H, m, 6 CH), 7.42-8.12 (4 H, m, 4 
CH), 10.63 (1 H, s, NH) ppm. 13C NMR (125.7 MHz, 
CDCl3): 192.42, 161.88, 161.70, 158.26, 157.43, 
150.01, 139.12, 137.63, 130.45, 130.09, 129.74, 
129.52, 129.02, 128.44, 123.99, 114.05, 112.15, 62.93, 
57.55, 55.33, 52.33, 21.06 ppm. MS, m/z (%): 516 (M+, 
10), 147 (48), 31 (100). Anal. Calcd for C29H20N6O4 
(516.52): C, 67.44; H, 3.90; N, 16.27; Found: C, 67.56; 
H, 4.06; N, 16.36%. 
 
Evaluation of antioxidant property via DPPH 
As noted above, Shimada et al. methods were used to 
evaluate the antioxidant properties of various produced 
cyclopentatriazine 6a-6d.42 The concentration of 
cyclopentatriazine 6a–6d was chosen to be between 
200 and 1000 ppm in accordance with the Shimada 
method, and an equal volume of methanolic DPPH 
solution (1 mmol/L) was added. After the new 
combination had been blended at room temperature for 
30 minutes, it was placed in a dark area where its 
absorbance had reached 517 nm. We employed 
methanol (3mL) as a substitute for synthetic chemicals 
when comparing the antioxidant activity of the 
cyclopentatriazine 6a–6d, BHT and TBHQ. Using the 

Yen and Duh 43 equation, the inhibition percentage of 
the DPPH radical trapping experiment was calculated. 
 
Evaluating FRAP process of cyclopentatriazine 
antioxidant activity  
 
The FRAP process, developed by Yildirim et al., 
examines the quantities of iron (III) reduction by 
produced cyclopentatriazine 6a–6d. This is another 
way to examine the cyclopentatriazine' antioxidant 
properties.44 According to the method employed by 
Yildirim et al., the cyclopentatriazine solution (1 mL), 
ferricyanide solution (2.6 mL), and buffer of phosphate 
(2.6 mL) were utilized in this experiment to assess 
antioxidant activity. The temperature of the mixture 
was kept at 55 oC for 35 minutes after the addition of 
Trichloroacetic acid (2.5 mL), and the new mixture 
was agitated for 10 minutes. At 700 nm, the mixture of 
FeCl3 (0.6 mL) and supernatant (2.5 mL) in aqueous 
medium (2.6 mL) was measured to have an 
absorbance. Results revealed that substances with a 
high capacity have a significant ability absorbance. To 
confirm the calculations, they were computed in three 
times. We ran the SPSS software version 18.0 to 
compute analysis of variance (ANOVA) for 
synthesizing cyclopentatriazine data, which endorsed 
samples and standard variation. For separation, we also 
applied Duncan multiple range tests with 95% (P < 
0.05).  
 
3. Result and discussions 
 
In the present study, five component reactions of isatin 
or benzaldehydes 1, malononitrile 2, ethyl 2,4-dioxo-
4-arylbutanoate 3, ammonium acetate 4, and 
hydrazonoyl chloride 5, in the vicinity of 
Ag/Fe3O4/SiO2@MWCNTs MNCs in aqueous media 
at room temperature, were used to efficiently produce 
the new cyclopentatriazine 6. The catalyst was 
prepared by using Petasites hybridus rhizome water 
extract. 
Petasites hybridus rhizome water extract was used in 
the synthesis of catalyst and was mentioned in the 
experimental section in the procedure for synthesis of 
catalyst. The Petasites hybridus rhizome water extract 
metabolites such as Flavonoids, terpenoids, 
polyphenols, alkaloids, phenolic acids, and proteins 
play as reducing agent. It should be mentioned that the 
catalyst could be synthesized with water but yields of 
reaction are lower relative to using plants. We 
employed SEM, XRD, EDX, and TEM images of 
produced Ag/Fe3O4/SiO2@MWCNTs MNCs to 



Chem Rev Lett 7 (2024) 441-453 
 

446 
 

confirm the nanoparticle's structure. In the study of 
nanomaterials, field emission scanning electron 
microscopy (FESEM) is a secondary electron 
detection method used in conjunction with a field 
emission source to produce high-resolution surface 
imaging. In this process, a strong electric field causes 
the release of electrons from a conductor's surface. 
Figure 1 depicts the surface morphology of 
Ag/Fe3O4/SiO2@MWCNTs as determined by the 
FESEM approach.  
The surface morphological growth of MWCNT on 
Ag/Fe3O4/SiO2 is visible in the SEM picture of the 
Ag/Fe3O4/SiO2@MWCNTs (Figure 1). Due to the 
magnetic characteristics of the Ag/Fe3O4/SiO2 the 
highly agglomerated nature of the nanoparticles was 
observed.  
 

 
Fig. 1. SEM image of Ag/Fe3O4/SiO2@MWCNTs 
 
Figure 2 displays the XRD analysis of the 
Ag/Fe3O4/SiO2@MWCNTs. The diffraction peaks at 
2θ = 35.0°, 44.0°, 57.2°, and 63.0° in the XRD pattern 
for the synthesized Ag/Fe3O4/SiO2@MWCNTs 
(Figure 2) suggest the presence of Fe3O4 MNPs 
(JCPDS No. 19-629). The face-centered cubic lattice 
of metallic Ag (JCPDS file no. 04-0783) has peaks at 
2θ=38.3 and 46.2° planes that can suggest the presence 
of Ag NPs in the composites. The characteristic peak 
of MWNTs (JCPDS No. 41-1487) was detected as a 
broad crystalline peak of MWNTs between 26.0o and 
43.5o. SiO2 NPs illustrate amorphous behavior, owing 
to lack of any sharp diffraction peak in the range of 2 
angle according to (JCPDS No. 00-016-1157). 
According to the Debye-Scherrer equation, the 
Ag/Fe3O4/SiO2@MWCNTs' average crystallite size 
was around 33.4 nm. 

 
Fig. 2. XRD spectra of Ag/Fe3O4/SiO2@MWCNTs 
 
The samples were examined by TEM, as shown in 
Figure 3, to further study the morphology of the 
Ag/Fe3O4/SiO2@MWCNTs.  
 

 
Fig. 3. TEM image of the Ag/Fe3O4/SiO2@MWCNTs 
 
Energy dispersive X-ray spectroscopy (EDS) was used 
to analyze the elemental composition of 
Ag/Fe3O4/SiO2@MWCNTs which was proven to 
contain C, Si, Ag, Fe, and oxygen (Figure4). 

 
Fig. 4. EDX image of Ag/Fe3O4/SiO2@MWCNTs 
 
The saturation magnetization (Ms) values of the pure 
Fe3O4 MNPs and the magnetic 
Ag/Fe3O4/ZnO@MWCNT MNPs are shown in Figure 
5. Each sample had typical superparamagnetic 
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characteristics with very little coercivity and 
remanence. In contrast to pure Fe3O4 NPs (52.3 
emu/g), the Ms of the Ag/Fe3O4/ZnO@MWCNT (19.3 
emu/g) has an attenuated value, as illustrated in Figure 
5. 
 

 
Fig. 5. VSM analysis of the Ag/Fe3O4/SiO2@MWCNTs 
 
By creating cyclopentatriazine, the 
Ag/Fe3O4/SiO2@MWCNTs' catalytic abilities were 
assessed. The crucial problem in all organic reactions 
is acquiring the appropriate conditions to carry out the 
reactions. The multicomponent reaction involving 
isatin 1a, malononitrile 2, ethyl 2,4-dioxo-4-
phenylbutanoate 3a, ammonium acetate 4, and 4-
methoxyhydrazonoyl chloride 5a was initially selected 
as the model reaction to accomplish this purpose 
(Table 1). Without a catalyst, chemical 6a synthesis 
remained inactive even after 10 hours (entry 1, Table 
1). The reaction temperature was raised to 100 oC in 
order to achieve the optimal temperature for the 

sample reaction, but this did not significantly affect the 
efficiency of dihydrospirotriazine 6a (Entry 2, Table 
1). Additionally, these reactions did not occur without 
a catalyst. Fe3O4 MNPs (0.02 g) were added as a 
catalyst to the combination process to support this 
assertion. Dihydrospirotriazine 6a was produced after 
4 hours with great efficiency (entry 4, Table 1). 
Therefore, a catalyst was required for the conduct of 
these reactions. For this reason the available catalyst 
(Ag NPs, SiO2 NPs, Fe3O4 MNPs, MWCNTs,) was 
tested for model reaction. For more investigation the 
some new catalysis was synthesized such as 
Fe3O4/SiO2@MWCNTs, Fe3O4/Ag NPs, Fe3O4/SiO2 
and Ag/Fe3O4/SiO2@MWCNTs. These catalysts have 
Lewis acid and Lewis base cite and the more the 
number of sites increased the yields of reactions 
therefore Ag/Fe3O4/SiO2@MWCNTs have best 
catalytic effect on model reaction. The selected these 
catalysts are based on the novelty of the catalyst 
otherwise, other catalysts that have Lewis acid and 
base properties such as ZnO, TiO2 do this reaction. For 
the synthesis of dihydrospirotriazine 6a, the catalyst 
Ag/Fe3O4/SiO2@MWCNTs was chosen as a best 
nanocatalyst and improved product efficiency.  
Ag/Fe3O4/SiO2@MWCNT quantities were increased 
from 0.02-0.03g, however there was no discernible 
change in the reaction's efficiency. As a result, 0.02 g 
of Ag/Fe3O4/SiO2@MWCNTs were required for the 
highly efficient production of dihydrospirotriazine 
(entry 13, Table 1), and after 3 hours, compound 6a 
had a 92% yield. 

 
Table 1. Determining the most optimal conditions for preparation of compound 6a 

 
 
 
The effects of the solvents on the production of 
chemical 6a were also studied in this investigation. 

According to Table 2's findings, water is the most 
effective solvent for carrying out the reaction. 

Entry Catalyst Temp.(°C) Catalyst (g) Time (h) Yield%a 
1 none r.t. - 10 - 
2 none 100 - 8 - 
3 Fe3O4-MNPs r.t. 0.015 5 53 
4 Fe3O4-MNPs r.t. 0.02 4 65 
5 Fe3O4-MNPs r.t. 0.025 4 65 
6 Ag-NPs r.t. 0.02 4 58 
7 Fe3O4/Ag NPs r.t. 0.02 4 78 
8 SiO2/Fe3O4 NPs r.t. 0.02 3 70 
9 Ag/SiO2 NPs r.t. 0.02 3 65 
10 MWCNTs r.t. 0.02 5 28 
11 SiO2/Fe3O4@MWCNTs MNPs r.t. 0.02 4 78 
12 Ag/Fe3O4@MWCNTs MNPs r.t. 0.02 3 85 
13 Ag/SiO2/Fe3O4@MWCNTs MNPs r.t. 0.02 3 92 
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Table 2. Determining the most excellent solvent for 

production of 6a 

 
As shown in Tables 1 and 2, the optimum catalyst for 
producing compound 6a at room temperature and in 
aqueous media is Ag/Fe3O4/SiO2@MWCNTs (0.02 g).  
An crucial step in the synthesis of organic compounds 
is the reuse of produced catalyst. In this study, 
dihydrospirotriazine 6a was produced using the 
manufactured nanocatalyst three times (Table 3). The 
final results demonstrated that the catalyst's power 
could be used four more times with little alteration 
(Table 3).  
The catalyst was taken out of the mixture of reactions 
after each run in order to synthesis chemical 6a, 
washed, and then reused. Because to the reduction in 
catalyst and subsequent separation after each cycle, the 
yield of compound 6a dropped after three runs. 

 
Table 3. How often catalyst is reused 

for synthesis of compound 6a 
Run % Yielda 

1 92 
2 92 
3 90 
4 87 
5 85 

 
It should be noted that while the catalyst's form and 
size may not change after separation, the amount of 
catalyst may. The effectiveness of compound 6a is 
largely affected by reducing the catalyst ratios. In order 
to confirm the results, the structures of the synthesized 
cyclopentatriazine 6 were analyzed using 1H NMR, 13C 
NMR, IR, elemental analysis, and mass spectrometry. 
Cyclopentatriazine 6a showed one singlet for two 
methoxy protons in their 1H NMR spectra at 3.83 ppm. 
The one singlet appeared at 5.03 ppm for CH protone 
and several signals for aromatic protons at 6.96-8.17 
ppm. Four resonances were visible in the carbonyl 
moiety in the 13C NMR spectra of 6a at 195.2 and 
174.1 ppm. The IR spectrum is yet another method for 
verifying the presence of carbonyl groups in 
compounds that have been produced. In Scheme 2, the 
following preparation method for the produced 
compounds 6 is suggested.

.\ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme 2. Recommended mechanism for preparation of 6 
 
 

Entry Solvent Time (h) Yield%a 
1 EtOH 15 85 
2 CH2Cl2 8 60 
3 CHCl3 5 68 
4 H2O 3 92 
5 Solvent-free 8 58 
6 DMF 12 30 
7 toluene 12 68 
8 CH3CN 5 90 
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At first, enaminone 8 was produced from ethyl 2,4-
dioxo-4-arylbutanoate 3 and ammonium acetate 4 at 
room temperature. Isatin 1 reacts with malononitrile to 
form intermediates 9 which then react with 
intermediate 8 to produce intermediates 10 that 
converted to intermediate 11 by intermolecular 
cyclization. Spiro cyclopentatriazine 6 were created 
via the reaction of intermediate 11 with hydrazonoyl 
chloride 5 by intermolecular cyclization. According to 
procedure for the synthesis of these compounds, the 
intermediate 8 and 9 weren’t separated and the mixture 
of one pot was added to second pot and the reaction 
was continued. For confirming the reaction 
mechanism, the intermediate 8 and 9 in model reaction 
(synthesis of compound 6a) was separated and 
combined again but yield of reaction was lower than 
MCRs.    
 
Evaluating antioxidant property of prepared 
cyclopentatriazine by 2,2-diphenyl-1-
picrylhydrazyl (DPPH) 
Additionally, the goal of this inquiry was to examine 
the antioxidant properties of synthetic 
cyclopentatriazine, and DPPH was employed to 

accomplish this. It should be noted that we used the 
DPPH radical scavenging test for a variety of reasons, 
including determining the antioxidant activity of 
foods, biological structures, and synthetic chemical 
compounds.[44,45] This was done by removing an 
electron or hydrogen atom by the DPPH free radical. 
In the presence of a DPPH radical, the produced 
cyclopentatriazine lose one electron or the hydrogen 
atom, indicating that they exhibit antioxidant 
properties. The order of antioxidant activity is 
demonstrated by the synthesized cyclopentatriazine' 
percentage of DPPH free radical trapping. With the 
help of this investigation, we looked at the antioxidant 
activity of several synthetic compounds, including 6a-
6d, and compared it to that of the more commonly used 
antioxidants, BHT and TBHQ. The antioxidant 
activity of these compounds was demonstrated by their 
ability to absorb electrons or hydrogen from the DPPH 
free radical. The absorbance of DPPH is reduced by 
517 nm when an electron or hydrogen atom is 
adsorbed. Overall, the cyclopentatriazine derivatives 
6a–6d was shown to have the following antioxidant 
capacity: TBHQ≈BHT>6b>6a>6c>6d (Figure 6). 

 
 

Fig. 6. Order of antioxidant activity of 6a-6d using DPPH 
 

Figure 6 demonstrated that there were significant 
variations between the concentrations of 
cyclopentatriazine compared to BHT and TBHQ as 
common antioxidants. When compared to BHT and 
TBHQ, compound 6b from the tested 
cyclopentatriazine 6a–6d performed well. 
 
 Assessment of cyclopentatriazine antioxidant 
activity using Fe3+ reducing  

Another approach was used to verify the 
cyclopentatriazine 6a–6d antioxidant ability. 
Cyclopentatriazine 6b showed good effect in 
comparison to BHT and TBHQ in reducing ferric ions 
(Fe3+), and levels of reducing were assessed based on 
reduction of Fe3+/ferricyanide to the Fe2+/ferrous at 
700 nm. The antioxidant activity of 
cyclopentatriazine 6a–6d is displayed in Figure 7 as 
follows:  
TBHQ > BHT > 6b > 6a > 6c > 6d.  
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Fig. 7. Ferric ions (Fe3+) decreasing antioxidant ability (FRAP) of compounds 6a-6d 

 
4. Conclusions 
 

This work focused on efficient, environmentally 
friendly reactions that produced novel derivatives of 
cyclopentatriazine in aqueous media at room 
temperature. These reactions involved isatin or 
benzaldehydes, malononitrile, ethyl 2,4-dioxo-4-
arylbutanoate, ammonium acetate, and hydrazonoyl 
chlorides. Additionally, two techniques were used to 
assess the antioxidant capacity of the created 
cyclopentatriazine 6a–6d. The ability of produced 
compounds to trap DPPH radicals and reduce Fe+3 
proved they possessed strong antioxidant properties 
compared to other antioxidants. According to the 
findings of antioxidant research, synthetic 
cyclopentatriazine show good biological action. As a 
result, this method of making cyclopentatriazine has a 
number of benefits, including a high rate of reaction, 
high yield output, green process, easy separation of the 
product from the reaction mixture, and simple product 
purification, which are the main factors in making 
cyclopentatriazine. 
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