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 1.General Information
[bookmark: _Toc46830111]All reagents and solvents utilized in this study were procured from commercial suppliers. The purity assessments of the products and reaction monitoring were conducted using TLC on silica gel polygram STL G/UV 254 plates and GC-FID (Agilent 6890, Santa Clara, USA) instrumentation. The melting points of the products were determined using an Electrothermal Type 9100 melting point apparatus. FT-IR spectra were obtained using an Avatar 370 FT-IR Therma Nicolet spectrometer. NMR spectra were acquired with Brucker Avance 300 and 400 MHz instruments in CDCl3 and DMSO, employing tetramethylsilane as the internal standard, and J values are reported in Hz. Mass spectra were recorded on a CH7A Varianmat Bremem instrument at 70 eV electron impact ionization, in m/z (rel%).
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	Product
	Ar1
	Ar2
	m.p (◦C) lit
	m.p (◦C)
	Yield (%)

	1a
	C6H5
	C6H5
	Ref 1
White solid
	219-220
	84

	1b
	4-CH3C6H3
	3-pyridinyl
	Ref 1
Cream powder
	188-189
	80

	1c
	4-Br C6H4
	2-Cl C6H4
	Ref 3
White powder
	240-242
	72

	1d
	4-Br C6H4
	4-Cl C6H4
	Ref 3
White cream powder
	191-193
	88

	1f
	3-Cl C6H4
	2,4-CH3 C6H4
	Ref 4
Cream powder
	168-170
	78

	1e
	4-Br C6H4
	4-CN C6H4
	Ref 2
Cream powder
	234-236
	93

	1g
	4-Cl C6H4
	4-CN C6H4
	Ref 2
White powder
	232-234
	91

	1h
	C6H5
	3-NO2 C6H4
	Ref 1
Yellow powder
	213-214
	81

	1k
	4-Br C6H4
	4-OMe C6H4
	Ref 1
Cream powder
	198-200
	79


          Table S- 4. Pyrrole derivatives using FexCuyZnzOk as a Catalyst



[bookmark: _Toc46830121]2.Characterizations
2.1. EDX analysis
Energy dispersive X-ray spectroscopy (EDX). EDX analysis reveals the elemental composition of Fe3O4, FexCuyZnzOk, and FexCuyMnzOk as prepared. As illustrated in Fig. 1 (a-d), the primary components of the Fe3O4 particles are iron (Fe), carbon (C) and oxygen (O), with weight percentages of 47.84%, 8.62% and 43.54%, respectively. Furthermore, the EDX analysis indicates that the core-shell catalyst predominantly consists of copper (Cu), zinc (Zn), manganese (Mn), iron (Fe), and oxygen (O) in varying proportions. No additional elements were detected, confirming the successful synthesis and purity of the catalyst.


Table S- 5 – EDX analysis
	[bookmark: _Toc177593677][bookmark: _Toc177751700]Nanocomposites
	Fe (W%)
	O (W%)
	C (W%)
	Cu (W%)
	Zn (W%)
	Mn (W%)

	Fe3O4
	47.84
	43.54
	8.62
	_____
	_____
	_____

	FexCuyZnzOk
	36.00
	40.66
	17.48
	4.77
	1.09
	_____

	FexCuyMnzOk
	37.95
	40.03
	17.12
	3.88
	_____
	1.02


 

[image: ][bookmark: _Toc199942038]Fig. S- 1. EDX analysis of Fe3O4 (above) mapping analyis, (below) EDX spectrum




[image: ][bookmark: _Toc199942039]Fig.S- 2. EDX analysis of FexCuyZnzOk (above) mapping analyis, (below) EDX spectrum

[image: ][bookmark: _Toc199942040]Fig.S- 3. EDX analysis of FexCuyMnzOk (above) mapping analyis, (below) EDX spectrum








2.2. NMR
1a.1,5-diphenyl-3-(phenylamino)-1,5-dihydro-2H-pyrrol-2-one (84%) 1H NMR (300 MHz, CDCl3) δ [ppm] 7.54 (d, J = 7.7 Hz, 2H), 7.43 – 7.27 (m, 10H), 7.23 (d, J = 4.6 Hz, 2H), 7.14 – 7.06 (m, 1H), 6.86 – 6.79 (m, 1H), 6.64 (d, J = 5.1 Hz, 1H), 5.45 (d, J = 4.5 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ [ppm] 163.26, 141.02, 139.99, 139.93, 134.30, 129.64, 129.27, 129.25, 128.87, 127.90, 126.25, 123.92, 123.60, 121.48, 113.03, 66.77.
1b. 5-(pyridin-3-yl)-1-(p-tolyl)-3-(p-tolylamino)-1,5-dihydro-2H-pyrrol-2-one.
(80%) 1H NMR (300 MHz, CDCl3) δ [ppm] 8.57 (d, J = 3.5 Hz, 1H), 8.52 – 8.47 (m, 1H), 7.75 (s, 2H), 7.34 (dd, J = 8.1, 4.7 Hz, 1H), 7.32 – 7.26 (m, 2H), 7.19 (dd, J = 20.0, 6.5 Hz, 3H), 7.10 (d, J = 9.0 Hz, 2H), 7.03 – 6.97 (m, 2H), 5.49 (d, J = 6.0 Hz, 1H), 2.35 (s, 6H). 13C NMR (75 MHz, CDCl3) δ [ppm] 163.05, 150.87, 148.31, 138.48, 138.17, 135.97, 134.60, 134.41, 133.05, 132.18, 130.01, 129.83, 125.14, 122.93, 122.74, 113.10, 66.40, 20.73, 20.70.
1c.1-(4-bromophenyl)-3-((4-bromophenyl) amino)-5-(2-chlorophenyl)-1,5-dihydro-2H-pyrrol-2-one.
(72%) 1H NMR (300 MHz, CDCl3) δ [ppm] 7.90 (s, 1H), 7.51 – 7.35 (m, 8H), 7.35 – 7.26 (m, 3H), 7.26 (d, J = 2.9 Hz, 1H), 6.28 (d, J = 5.1 Hz, 1H), 5.46 (d, J = 5.3 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ [ppm] 162.86, 139.06, 138.60, 136.05, 134.41, 134.38, 132.23, 131.90, 130.75, 130.58, 129.62, 128.15, 125.47, 124.64, 119.40, 118.11, 117.35, 65.43.
1d.1-(4-bromophenyl)-3-((4-bromophenyl) amino)-5-(4-chlorophenyl)-1,5-dihydro-2H-pyrrol-2-one.
(88%) 1H NMR (300 MHz, CDCl3) δ [ppm] 7.75 (s, 1H), 7.50 – 7.44 (m, 4H), 7.41 – 7.35 (m, 2H), 7.30 – 7.24 (m, 6H), 6.64 (d, J = 5.1 Hz, 1H), 5.47 (d, J = 5.1 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ [ppm] 163.22, 139.05, 139.02, 138.08, 134.25, 132.23, 131.90, 130.17, 129.56, 125.45, 124.64, 119.40, 117.35, 113.10, 66.47.
1e. 1-(3-chlorophenyl)-3-((3-chlorophenyl) amino)-5-(2,4-dimethylphenyl)-1,5-dihydro-2H-pyrrol-2-one.
(78%) 1H NMR (300 MHz, CDCl3) δ [ppm] 7.82 (s, 1H), 7.53 (d, J = 4.3 Hz, 1H), 7.49 – 7.43 (m, 1H), 7.24 – 7.11 (m, 4H), 7.03 – 6.94 (m, 3H), 6.86 – 6.80 (m, 1H), 6.64 (d, J = 5.1 Hz, 1H), 5.48 (d, J = 4.6 Hz, 1H), 2.30 (s, 3H), 2.19 (s, 3H). 13C NMR (75 MHz, CDCl3) δ [ppm] 162.49, 141.52, 140.66, 138.29, 136.78, 136.03, 135.07, 134.39, 134.25, 131.42, 130.31, 129.99, 128.78, 127.68, 123.69, 123.61, 122.56, 121.89, 121.75, 121.05, 117.80, 65.86, 20.92, 19.92.
1f.4-(1-(4-bromophenyl)-4-((4-bromophenyl) amino)-5-oxo-2,5-dihydro-1H-pyrrol-2yl) benzonitrile.
(93%) 1H NMR (300 MHz, CDCl3) δ [ppm] 7.75 (s, 1H), 7.67 – 7.61 (m, 2H), 7.51 – 7.44 (m, 6H), 7.38 (d, J = 7.2 Hz, 2H), 6.64 (d, J = 5.1 Hz, 1H), 5.47 (d, J = 5.3 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ [ppm] 163.22, 141.51, 139.05, 139.02, 134.25, 133.18, 132.23, 131.90, 129.38, 125.45, 124.64, 119.40, 118.10, 117.35, 113.11, 111.41, 67.33.
1g.4-(1-(4-chlorophenyl)-4-((4-chlorophenyl) amino)-5-oxo-2,5-dihydro-1H-pyrrol-2yl) benzonitrile.
(91%) 1H NMR (300 MHz, CDCl3) δ [ppm] 7.74 (s, 1H), 7.67 – 7.61 (m, 2H), 7.51 – 7.42 (m, 4H), 7.29 (d, J = 11.3 Hz, 4H), 7.05 (d, J = 6.7 Hz, 2H), 6.64 (d, J = 5.1 Hz, 1H), 5.47 (d, J = 4.3 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ [ppm] 163.33, 141.51, 139.03, 138.55, 134.25, 134.22, 133.18, 129.58, 129.49, 129.38, 128.01, 125.05, 124.52, 118.10, 113.11, 111.41, 67.34.
1h. 5-(3-nitrophenyl)-1-phenyl-3-(phenylamino)-1,5-dihydro-2H-pyrrol-2-one. (81%) 1H NMR (300 MHz, CDCl3) δ [ppm] 8.19 (d, J = 2.0 Hz, 1H), 8.12 – 8.06 (m, 1H), 7.68 – 7.62 (m, 1H), 7.53 (d, J = 16.4 Hz, 3H), 7.37 – 7.27 (m, 4H), 7.26 – 7.20 (m, 2H), 7.14 – 7.06 (m, 1H), 6.86 – 6.79 (m, 1H), 6.65 (d, J = 5.1 Hz, 1H), 5.55 (d, J = 0.8 Hz, 1H).13C NMR (75 MHz, CDCl3) δ 163.33, 148.74, 141.02, 140.09, 139.04, 134.75, 134.33, 130.71, 129.63, 129.27, 126.25, 124.37, 123.92, 123.60, 123.20, 121.48, 113.06, 66.40.
1k.1-(4-bromophenyl)-3-((4-bromophenyl) amino)-5-(4-methoxyphenyl)-1,5-dihydro-2H-pyrrol-2-one.
(79%) 1H NMR (300 MHz, CDCl3) δ [ppm] 7.75 (s, 1H), 7.48 (dd, J = 8.7, 3.3 Hz, 4H), 7.41 – 7.35 (m, 2H), 7.27 (d, J = 6.8 Hz, 2H), 7.13 – 7.07 (m, 2H), 6.92 (d, J = 6.7 Hz, 2H), 6.64 (d, J = 4.9 Hz, 1H), 5.45 (d, J = 4.3 Hz, 1H), 3.80 (s, 3H). 13C NMR (75 MHz, CDCl3) δ [ppm] 163.22, 159.51, 139.05, 138.95, 134.25, 133.76, 132.23, 131.90, 129.54, 125.45, 124.64, 119.40, 117.35, 114.56, 113.09, 66.74, 55.35.



[image: ][image: ] [bookmark: _Toc199942041]Figure 4-1H NMR expand (300 MHz, CDCl3) compound (1a)
[bookmark: _Toc199942042]Figure 5-1H NMR (300 MHz, CDCl3) of compound (1a)
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AI-generated content may be incorrect.][bookmark: _Toc199942045]Figure 8-1H NMR expand (300 MHz, CDCl3) compound (1b)
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[bookmark: _Toc199942047]Figure 10-1H NMR (300 MHz, CDCl3) of compound (1c)
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[bookmark: _Toc199942050]Figure 13-1H NMR (300 MHz, CDCl3) of compound (1d)
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[bookmark: _Toc199942052]Figure 15-13C NMR (75 MHz, CDCl3) of compound (1d)







[image: ][bookmark: _Toc199942053]Figure 16-1H NMR (300 MHz, CDCl3) of compound (1e)
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AI-generated content may be incorrect.][bookmark: _Toc199942054]Figure 17-1H NMR expand (300 MHz, CDCl3) compound (1e)




 




















[image: ][bookmark: _Toc199942055]Figure 18-13C NMR (75 MHz, CDCl3) of compound (1e)

[image: ][bookmark: _Toc199942056]Figure 19-1H NMR (300 MHz, CDCl3) of compound (1f)
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[image: ][bookmark: _Toc199942059]Figure 22-1H NMR (300 MHz, CDCl3) of compound (1g)


[bookmark: _Toc199942060]Figure 23-1H NMR expand (300 MHz, CDCl3) compound (1g)
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[image: ][bookmark: _Toc199942062]Figure 25-1H NMR (300 MHz, CDCl3) of compound (1h)







[image: A graph showing a number of objects

AI-generated content may be incorrect.][bookmark: _Toc199942063]Figure 26-1H NMR expand (300 MHz, CDCl3) compound (1h)
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[image: A graph with numbers and a chart

AI-generated content may be incorrect.][bookmark: _Toc199942065]Figure 28-1H NMR (300 MHz, CDCl3) of compound (1k)
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[bookmark: _Toc199942066]Figure 29-1H NMR expand (300 MHz, CDCl3) compound (1k)








[image: ][image: ][bookmark: _Toc199942067]Figure 30-13C NMR (75 MHz, CDCl3) of compound (1k)

[bookmark: _Toc199942068]Figure 31-1H NMR (300.13 MHz, CDCl3) intermediate C
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[bookmark: _Toc199942069]Figure 32-1H NMR expand (300.13 MHz, CDCl3) intermediate C



[bookmark: _Toc199942070]Figure 33-13C NMR (75 MHz, CDCl3) intermediate C
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0252
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202.0
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16 Relaxation Delay 2.0000
17 Pulse Width 10.0000
18 Presaturation
Frequency
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21 Modification Date 2022-09-16T15:17:25
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23 Spectrometer 75.65
Frequency
24 Spectral Width 18115.9
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28 Spectral Size

29 Digital Resolution
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202.0
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14 Number of Scans 218
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16 Relaxation Delay ~ 1.0000
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Z-GRD 7104275/ 0252
14 Number of Scans 188
15 Receiver Gain 202.0
16 Relaxation Delay 2.0000
17 Pulse Width 10.0000
18 Presaturation
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19 Acquisition Time 1.8088
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21 Modification Date  2022-09-28T21:54:37
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13 Probe 5 mm PABBO BB-1H/ D
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16 Relaxation Delay 2.0000
17 Pulse Width 10.0000
18 Presaturation
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1.8088
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21 Modification Date  2022-09-07T20:54:37
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Data File Name
Title

Comment
Origin

Owner

site
Instrument
Author

9 Solvent

10 Temperature
11 Pulse Sequence
12 Experiment

13 Probe.
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14 Number of Scans
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16 Relaxation Delay

17 Pulse Width

18 Presaturation
Frequency

19 Acquisition Time

20 Acquisition Date

21 Modification Date
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23 Spectrometer
Frequency

24 Spectral Width
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26 Nucleus
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28 Spectral Size

29 Digital Resolution
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Dr. Gholizadeh
Bruker BioSpin GmbH
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296.3
2930
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5 mm PABBO BB-1H/ D
Z-GRD 7104275/
0252

218
202.0
1.0000
15.0000
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12 Experiment 10
13 Probe 5 mm PABBO BB-1H/ D
Z-GRD 7104275/ 0252
14 Number of Scans 188
15 Receiver Gain 202.0
16 Relaxation Delay 2.0000
17 Pulse Width 10.0000
18 Presaturation
Frequency
1.8088
2022-09-06T21:54:37
21 Modification Date  2022-09-06T20:54:37
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23 Spectrometer 75.65
Frequency
24 Spectral Width 18115.9
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28 Spectral Size
29 Digital Resolution
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712.fid

Dr. Gholizadeh
Bruker BioSpin GmbH
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296.3
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Z-GRD 7104275/
0252

218
202.0
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"§ § § 2 Parameter Value
v ? 1 Data File Name
€83 2 Title 712.fid
D 3 Comment g; Gholizadeh- code
4 Origin Bruker BioSpin GmbH
5 Owner root
6 Site
7 Instrument spect
8 Author
9 Solvent cpai3
10 Temperature 296.1
11 Pulse Sequence 2gpg30
12 Experiment i)
13 Probe 5 mm PABBO BB-1H/ D
Z-GRD 7104275/ 0252
14 Number of Scans 188
15 Receiver Gain 202.0
16 Relaxation Delay 2.0000
17 Pulse Width 10.0000
18 Presaturation
Frequency
19 Acquisition Time 1.8088
20 Acquisition Date 2022-09-30720:25:37
21 Modification Date 2022-09-30721:32:37
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23 Spectrometer 75.65
Frequency
24 Spectral Width 18115.9
25 Lowest Frequency ~ -1494.8
26 Nucleus 13c
27 Acquired Size 32768
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f1 (ppm) 29 Digital Resolution 0.28





image29.jpeg
709
6.64
5.45
544

—380

<

L e —

0wl [
402+
2014
2007
2014
2,004
100
y
100+ f—-

~
~
°
«n

Parameter
Data File Name
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Origin

Owner

Site
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Author

9 Solvent

10 Temperature
11 Pulse Sequence
12 Experiment

13 Probe.

eNoUABN~

14 Number of Scans

15 Receiver Gain

16 Relaxation Delay

17 Pulse Width

18 Presaturation
Frequency

19 Acquisition Time

20 Acquisition Date

21 Modification Date

22 Class

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest Frequency

26 Nucleus

27 Acquired

28 Spectral Size

29 Digital Resolution

Value

115.fid

Dr. Gholizadeh
Bruker BioSpin GmbH
root

spect.

coci3
296.3
2930
1

5 mm PABBO BB-1H/ D
Z-GRD 7104275/
0252

218
202.0
1.0000
15.0000

5.4526
2022-09-09T16:14:30
2022-09-09T16:14:30
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6009.6
-1158.8
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32768
65536
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Data File Name
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Comment
Origin
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site
Instrument
Author

9 Solvent

10 Temperature
11 Pulse Sequence
12 Experiment

13 Probe.

eNoUABN~

14 Number of Scans

15 Receiver Gain

16 Relaxation Delay

17 Pulse Width

18 Presaturation
Frequency

19 Acquisition Time

20 Acquisition Date

21 Modification Date

22 Class

23 Spectrometer
Frequency

24 Spectral Width

25 Lowest Frequency

26 Nucleus

27 Acquired

28 Spectral Size

29 Digital Resolution

Value

715.fid

Dr. Gholizadeh
Bruker BioSpin GmbH
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spect.

coci3
296.3
2930
1

5 mm PABBO BB-1H/ D
Z-GRD 7104275/
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202.0
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15.0000
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5 3 Comment Dr. Gholizadeh
4 Origin Bruker BioSpin GmbH
5 Owner root
6 Site
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8 Author
9 Solvent coci3
10 Temperature 296.1
11 Pulse Sequence 20pg30
12 Experiment 1
13 Probe 5 mm PABBO BB-1H/ D
Z-GRD 7104275/ 0252
14 Number of Scans 188
15 Receiver Gain 202.0
16 Relaxation Delay 2.0000
17 Pulse Width 10.0000
18 Presaturation
Frequency
1.8088
2022-09-10121:25:37
21 Modification Date  2022-09-10T21:25:37
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23 Spectrometer 75.65
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24 Spectral Width 18115.9
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28 Spectral Size 65536
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f1 (ppm)




image33.jpeg
YA
e

[N
Svi—
ot/

£9°¢
b9 NW
9L

184
WLy
st/

€r8—

[

=

ooz

ooz

i

ooz

Feso

8.6 8.5 8.4 8.3 8.2 8.1 8.0 79 7.8 F i< 4 7.6 7.5 74 7.3 72 7.1
f1 (ppm)

8.7




image34.jpeg
—161.55

15074

136.87
134.81

£
b

Z13282

129.91
129.44

by

—121.60
—118.01

oo
88
88
29
28
NS
RR

\76.64 CDCI3

/

180

170

160

150

140

130

120

110

100 0
f1 (ppm)

80

70

60

50

40

30

20

10

Parameter
1 Data File Name
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12 Experiment
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14 Number of Scans
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16 Relaxation Delay
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21 Modification Date
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29 Digital Resolution
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