

	
 	 ARTICLE

1

	[bookmark: _Hlk166718712]Table 1. Systematic study for optimization of three-component reaction between benzoin (2), 4-chlorobenzaldehyde (3a) and ammonium acetate (4) under different conditions.a

	


	Entry
	Cat. (mg)
	Solvent
	Temp. (oC)
	Time (min)
	Yield (%)b

	1
	No catalyst
	EtOH
	reflux
	360
	N.A

	2
	CS-EDTA-MET@Fe3O4 (1, 5 mg)
	-
	120
	100
	50

	3
	CS-EDTA-MET@Fe3O4 (1, 5 mg)
	MeOH
	r.t
	60
	33

	4
	CS-EDTA-MET@Fe3O4 (1, 5 mg)
	H2O
	r.t
	60
	22

	5
	CS-EDTA-MET@Fe3O4 (1, 5 mg)
	EtOH
	r.t
	60
	45

	6
	CS-EDTA-MET@Fe3O4 (1, 5 mg)
	EtOAC
	r.t
	60
	23

	7
	CS-EDTA-MET@Fe3O4 (1, 5 mg)
	CH3CN
	r.t
	60
	28

	8
	CS-EDTA-MET@Fe3O4 (1, 5 mg)
	H2O/MeOH
	r.t
	60
	37

	9
	CS-EDTA-MET@Fe3O4 (1, 5 mg)
	H2O/EtOH
	r.t
	60
	42

	10
	CS-EDTA-MET@Fe3O4 (1, 2.5 mg)
	EtOH
	60 oC
	45
	30

	11
	CS-EDTA-MET@Fe3O4 (1, 5 mg)
	EtOH
	60 oC
	45
	65

	12
	CS-EDTA-MET@Fe3O4 (1, 7.5 mg)
	EtOH
	60 oC
	45
	84

	13
	CS-EDTA-MET@Fe3O4 (10 mg)
	EtOH
	60 oC
	45
	97

	14
	CS-EDTA-MET (10 mg)
	EtOH
	60 oC
	45
	83

	15
	[bookmark: _Hlk147832171]Fe3O4 (10 mg)
	EtOH
	60 oC
	45
	44

	16
	CS (10 mg)
	EtOH
	60 oC
	45
	72

	17
	Methionine (10 mg)
	EtOH
	60 oC
	45
	62

	18
	EDTA (10 mg)
	EtOH
	60 oC
	45
	45

	aReaction conditions: Benzoin (2, 1.0 mmol), 4-chlorobenzaldehyde (3a, 1.0 mmol), and ammonium acetate (4, 3.0 mmol) in the presence of the catalyst (1, 10 mg) and solvent (2.5 mL) unless otherwise noted. bIsolated yield.



	[bookmark: _Hlk166718859]Table 2. Synthesis of 2,4,5- trisubstituted imidazole derivatives via one-pot three-component condensation of benzoin (2), 4-chlorobenzaldehyde (3a), and ammonium acetate (4) under different conditions in the presence of CS-EDTA-MET@Fe3O4 catalyst (1).a



	Entry
	R
	Time (min)
	Product 5
	Yieldb
	MP oC 
	[Lit.] oC 

	1
	4-Cl
	45
	5a
	97
	261 - 263
	262 - 264137


	2
	4-Br
	45
	5b
	96
	262 - 264
	264 - 266138

	3
	4-OH
	45
	5c
	86
	267 - 269
	268 - 270139

	4
	4-NO2
	45
	5d
	97
	238 - 239
	240 - 242138 

	5
	4-CH3
	45
	5e
	91
	231 - 232
	232 – 23489

	6
	4-OCH3
	45
	5f
	97
	226 - 229
	228 - 23089

	7
	4-NMe2
	45
	5g
	85
	255 - 257
	258 - 259140

	8
	3-Cl
	45
	5h
	87
	300 - 302
	303 - 305141

	9
	3-NO2
	45
	5i
	90
	314 - 316
	315 - 317139

	10
	2-Cl
	45
	5j
	88
	189 - 191
	190 - 191137

	11
	2,4-di-Cl
	45
	5k
	95
	175 -177
	178 - 180138

	aReaction conditions: Benzoin (2, 1.0 mmol), aldehyde (3, 1.0 mmol), and ammonium acetate (4, 3.0 mmol) in the presence of the catalyst (1, 10 mg) and solvent (2.5 mL). bIsolated yield.



	[bookmark: _Hlk166719007]Table 3. Synthesis of 1,2,4,5-trisubstituted imidazole derivatives via one-pot four-component condensation of benzoin (2), 4-chlorobenzaldehyde (3a), ammonium acetate (4) and primary amine (6a-c) under different conditions in the presence of CS-EDTA-MET@Fe3O4 catalyst (1).a



	Entry
	R
	R’
	Time (min)
	Product 7
	Yieldb %
	MP oC 
	(lit. oC) [Ref.]

	1
	4-Cl
	Phenyl
	45
	7a
	96
	165-167
	167-168142

	2
	3-NO2
	Phenyl
	45
	7b
	95
	249-251
	250-252143

	3
	4-OH
	Phenyl
	45
	7c
	90
	279-282
	282-284144

	4
	4-NO2
	Phenyl
	45
	7d
	92
	211-213
	212-214145 

	5
	4-CH3
	Phenyl
	45
	7e
	90
	198-201
	200-203142

	6
	4-OCH3
	Phenyl
	45
	7f
	87
	180-183
	182-184112

	7
	4-NMe2
	Phenyl
	45
	7g
	88
	205-207
	207-209146

	8
	4-Cl
	4-MeC6H5
	45
	7h
	95
	165-167
	166-16827

	9
	3-Br
	4-MeC6H5
	45
	7i
	96
	157-160
	158-160143

	10
	3-NO2
	4-MeC6H5
	45
	7j
	92
	145-148
	146-149142

	11
	4-NO2
	4-MeC6H5
	45
	7k
	90
	216-219
	218-220103

	12
	4-CH3
	4-MeC6H5
	45
	7l
	88
	191-194
	194-197144 

	13
	4-OCH3
	4-MeC6H5
	45
	7m
	86
	178-181
	180-18136

	14
	4-OH
	4-MeC6H5
	45
	7n
	87
	231-234
	233-235144

	15
	4-Cl
	Benzyl
	45
	7o
	96
	160-162
	161-163144

	16
	2-Cl
	Benzyl
	45
	7p
	95
	140-143
	141-142142

	17
	4-OH
	Benzyl
	45
	7q
	87
	130-132
	131-13228

	18
	3-NO2
	Benzyl
	45
	7r
	88
	150-153
	152-154143

	19
	4-CH3
	Benzyl
	45
	7s
	90
	166-168
	167-168147

	20
	4-OCH3
	Benzyl
	45
	7t
	91
	156-159
	158-161144

	21
	H
	Benzyl
	45
	7u
	86
	160-163
	161-16328

	aReaction conditions: Benzoin (2, 1.0 mmol), aldehyde (3, 1.0 mmol), and ammonium acetate (4, 3.0 mmol) in the presence of the catalyst (1, 10 mg) and solvent (2.5 mL). bIsolated yield.
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