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Experimental

Preparation of Fe3O4 microsphere
The Fe3O4 microsphere was prepared by a typical method
 ADDIN EN.CITE 

[1]
, FeCl3·6H2O (1.35 g, 5 mmol) was dissolved in ethylene glycol (40 mL) to form a clear solution, followed by the addition of NaOAc (3.6 g) and polyethylene glycol (1.0 g). The mixture was stirred vigorously for 30 min and then sealed in a Teflon lined stainless-steel autoclave (50 mL capacity). The autoclave was heated to 200 oC and maintained the temperature for 8–72 h, and allowed to cool to room temperature. The black products were washed several times with ethanol and dried at 60 oC for 6 h.

Preparation of catalyst MSS-SO3H and MSS-SO3Zn: 

A portion of 0.2 g prepared Fe3O4 nanoparticles (method was introduced in the first part of Supplementary Materials) was treated by ultrasonic in the 0.1 M HCl solution for 10 min. Then the activated Fe3O4 particles were dispersed into a mixture of 160 mL alcohol, 40 mL deionized H2O and 4 mL 25% NH3·H2O. After that, 1 mL tetraethoxylsilane (TEOS) was added into the above solution drop by drop, and the resulting mixture was stirred for 6 hours. The magnetically collected solid was put into isopropanol (200 mL), then MPTMS (1 mL) was added into the liquid and the reaction was kept at 80 oC for 3 h to functionalize the silica surface with the thiol groups. The decanted functionalized silica sphere was put into 30 wt% H2O2 and stirred for 10 h under room temperature to form the sulfonic acid group. Finally, the catalyst MSS-SO3H were obtained by clean-up and drying, and it’s structure can be described by Fe3O4@SiO2-SO3H.

The fabrication of the catalyst MSS-SO3Zn is described as below: the as prepared catalyst MSS-SO3H was stirred for 12h in saturated Zn(NO3)2 alcohol solution . The obtained particles were cleaned with alcohol for 3 times and dried at 80 oC.
General procedure for the synthesis of triazoles (1a-1h)
A mixture of 10 wt% catalyst MSS-SO3H, (2-Nitro-vinyl)-benzene derivatives (1 mmol), sodium azide (2 mmol) and DMF (2 mL) was added into a sealed tube, then heated for 1 h at 60 oC. After the catalyst was removed by magnetic separation (Figure S1), the solution was cooled and diluted with water then extracted with ethyl acetate/petrolem ether for further evaporation. After evaporation, we obtained the isolated triazoles. A sample for characterization was purified on a flash silica column.

5-phenyl-1H-1,2,3-triazole (1a):

White solid. M.P. 140-143 oC ; 1H NMR (400 MHz, DMSO- d6) δ 8.27 (s, 1H), 7.85 (d, J = 7.1 Hz, 2H), 7.43 (d, J = 7.8 Hz, 2H), 7.32 (s,1H). 13C NMR (101 MHz, DMSO- d6) δ 145.3, 131.2, 129.0, 128.1, 127.5, 125.9.
General procedure for the synthesis of tetrazoles(2a-2l)
The benzonitrile derivatives (2 mmol), sodium azide (3.2 mmol) and DMF (2 mL) were mixed in a sealed tube, then 30 mg of catalyst MSS-SO3H (or catalyst MSS-SO3Zn) was added into the tube, which was heated for 24 h under 140 oC. After 24 hours’ reaction, the catalyst was separated by magnetic force and the solution was poured into water. The liquid was acidified to pH 1, then ethyl acetate was added to extract the tetrazoles. Carefully evaporating the solvent under reduced pressure, we got the isolated tetrazoles. A sample for characterization was purified on a flash silica column..

5-phenyl-1H-tetrazole (2a)

White solid; M.P: 216-217 °C; 1H NMR (300 MHz, DMSO-d6) δ 7.64-7.65 (m, 3H), δ 8.07-8.10 (m, 2H); 13C NMR (151 MHz, DMSO-d6) δ 155.3, 130.3, 129.9, 127.9, 126.8. HRMS: calcd. for C7H8N4 (M+H+) 147.0665; found 147.0670.
General procedure for the synthesis of imidazolines (3a-3k)
The benzonitrile derivatives (1 mmol) and ethylenediamine (2 mL) were mixed in a sealed tube, then 45 mg of MSS-SO3Zn catalyst was added. The mixture was heated at 130 oC for 24 h. After cooling, the catalyst was separated by magnetic force and the organic layer was detached.Deionized water and dichloromethane were added into the organic liquid. The organic layer was evaporated.to obtain the isolated imidazolines. A sample for characterization was purified on a flash silica column.

2-phenyl-4,5-dihydro-1H-imidazole(3a)

white solid; M.P. 102～103 °C, 1H NMR (600 MHz, Chloroform-d) δ 7.39-7.78 (m, 5H), 4.61 (s, 1H), 3.77 (s, 4H); 13C NMR (151 MHz, DMSO-d6) δ 164.0, 130.9 , 130.6, 128.5 , 127.4 , 49.9 .
Magnetic Separation of MSS-SO3Zn Catalysts
Figure S1
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Optimum Reaction Condition of Tetrazoles, Triazoles and Imidazolines

Table S1

Effect of solvent and temperature on the formation of triazole 1a by MSS-SO3H
	Entry
	Solvent
	Temperature
	yield

	1
	DMF
	60
	97

	2
	CH3OH
	60
	83

	3
	CCl4
	60
	trace

	4
	DMF
	50
	88

	5
	DMF
	70
	93


Table S2

Effect of catalyst, solvent and temperature on the formation of tetrazole 2a by MSS-SO3H

	Entry
	catalyst
	Solvent
	Temperature
	Yield/%

	1
	2 wt%
	DMF
	130
	70

	2
	5 wt%
	DMF
	130
	78

	3
	10 wt%
	DMF
	130
	93

	4
	10 wt%
	DMSO
	130
	56

	5
	10 wt%
	EtOH
	130
	6

	6
	10 wt%
	CH3CN
	130
	14

	7
	10 wt%
	DMF
	100
	79

	8
	10 wt%
	DMF
	110
	82

	9
	10 wt%
	DMF
	120
	88


Table S3

Effect of catalyst, solvent and temperature on the formation of imidazoline 3a by MSS-SO3Zn
	Entry
	Solvent
	Temperature/℃
	Yield/%

	1
	CH3OH
	130
	38

	2
	EtOH
	130
	25

	3
	CH2Cl2
	130
	Trace

	4
	DMF
	130
	83

	5
	DMF
	120
	72

	6
	DMF
	110
	67


Spectral Data
Spectral Data of triazoles (1a-1h):
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: 5-phenyl-1H-1,2,3-triazole (1a);[2] White solid. M.P. 140-143 oC ; 1H NMR (400 MHz, DMSO-d6) δ 8.27 (s, 1H), 7.85 (d, J = 7.1 Hz, 2H), 7.43 (d, J = 7.8 Hz, 2H), 7.32 (s,1H). 13C NMR (101 MHz, DMSO-d6) δ 145.3, 131.2, 129.0, 128.1, 127.5, 125.9. MS (ESI) m/z for C8H7N3: 146 ([M+H]+)

[image: image3.emf]H

N

N

N

Cl

1b

： 5-(4-chlorophenyl)-1H-1,2,3-triazole (1b);[2] White solid. M.P. 155-157 oC; 1H NMR (400 MHz, DMSO-d6) δ 15.19 (s, 1H), 8.38 (s, 1H), 7.89 (d, J = 8.6 Hz, 2H), 7.51 (d, J = 8.6 Hz, 2H).13C NMR (101 MHz, DMSO-d6) δ 145.4, 131.4, 129.3, 128.1, 125.6. MS (ESI) m/z for C8H6CIN3: 180 ([M+H]+)
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：5-(2,4-dichlorophenyl)-1H-1,2,3-triazole (1c);[2] White solid. M.P. 178-179 oC; 1H NMR (600 MHz, DMSO-d6) δ 8.43 (s, 1H), 7.98 (s, 1H), 7.77 (s, 1H), 7.55 (s, 1H).13C NMR (151 MHz, DMSO-d6) δ 133.8, 132.2, 131.8, 131.3, 130.2, 128.3. MS (ESI) m/z for C8H5CI2N3: 214 ([M+H]+)
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：5-(4-bromophenyl)-1H-1,2,3-triazole (1d);[3] White solid. M.P. 170-171 oC; 1H NMR (600 MHz, DMSO-d6) δ 15.20 (s, 1H), 8.39 (s, 1H), 7.78 (d, 2H), 7.65 (d, 2H).13C NMR (151 MHz, DMSO-d6) δ 144.1, 132.3, 132.1, 127.7, 120.0. HRMS calcd. for C8H6BrN3(ESI) m/z: [M+H]+ 223.9823, found: 223.9818
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：5-(4-isopropylphenyl)-1H-1,2,3-triazole (1e);[4] White solid. M.P. 145-150 oC; 1H NMR (400 MHz, DMSO-d6) δ 8.20 (s, 1H), 7.76 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 2.89 (dt, J = 13.8, 6.9 Hz, 1H), 1.21 (d, J = 6.9 Hz, 6H).13C NMR (101 MHz, DMSO-d6) δ 148.7, 145.3, 128.8, 127.3, 126.1, 33.7, 24.3. MS (ESI) m/z for C11H13N3: 188 ([M+H]+)
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：3-(1H-1,2,3-triazol-5-yl) phenol (1f);[3] White solid; M.P. 205-208 oC; 1H NMR (400 MHz, DMSO-d6) δ 8.31 (s, 1H), 7.53 – 6.98 (m, 3H), 6.83 (d, J = 6.7 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 158.6, 131.9, 130.4, 116.8, 115.3,112.7. MS (ESI) m/z for C8H7N3O: 162 ([M+H]+)
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：4-(1H-1,2,3-triazol-5-yl) phenol (1g);[3] White solid. M.P. 213-214 oC; 1H NMR (400 MHz, DMSO-d6) δ 10.60 (s, 1H), 9.80 (s, 1H), 7.77 (d, J = 8.4 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H). 13C NMR (101 MHz, DMSO-d6) δ 191.3, 163.5, 132.3, 128.8, 116.0. MS (ESI) m/z for C8H7N3O: 162 ([M+H]+)
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：5-(3-nitrophenyl)-1H-1,2,3-triazole (1h);[2] Yellow solid 1; M.P. 201-204 oC; 1H NMR (400 MHz, DMSO-d6) δ 15.12 (s, 1H), 8.24 (s, 1H), 7.44 – 7.00 (m, 3H), 6.75 (d, J = 7.1 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 158.5, 131.1, 116.8, 115.7, 112.7. MS (ESI) m/z for C8H6N4O2: 191 ([M+H]+)
Spectral Data of tetrazoles (2a-2l)
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:5-phenyl-1H-tetrazole (2a);[5] white solid; M.P: 216-217 °C; 1H NMR (300 MHz, DMSO-d6) δ 7.64-7.65 (m, 3H), δ 8.07-8.10 (m, 2H); 13C NMR (151 MHz, DMSO-d6) δ 155.3, 130.3, 129.9, 127.9, 126.8. HRMS: calcd. for C7H8N4 (M+H+) 147.0665; found 147.0670.
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:5-(4-(trifluoromethyl) phenyl)-1H-tetrazole(2b);[6] white solid; M.P: 218-219 °C ; 1H NMR (600 MHz, DMSO-d6) δ 8.22 (s, 2H), 7.95 (s, 2H). 13C NMR (151 MHz, DMSO- d6) δ 155.8, 131.5(q, J = 31.7 Hz), 128.9, 128.1, 126.7(q, J = 3.0 Hz), 124.3(q, J = 273.3 Hz). MS (ESI) m/z for C8H5F3N4: 215 ([M+H]+)
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:5-(4a,10a-dihydrodibenzo[b,e][1,4]dioxin-2-yl)-1H-tetrazole(2c); white solid; B.P: 415-525°C; 1H-NMR (300 MHz, DMSO-d6), δ 7.58-7.60(m, 1H), δ 7.50-7.51(m, 1H), δ 7.03-7.05(m, 1H). δ 6.99-7.01 (m, 4H). 13C NMR (151 MHz, DMSO-d6) δ 143.1, 141.8, 141.0, 141.0, 129.3, 128.6, 124.8, 124.7, 123.1, 117.3, 116.6, 116.6, 114.7. MS (ESI) m/z for C13H10N4O2: 253 ([M+H]+)
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 : 5-(3-bromophenyl)-1H-tetrazole(2d);[7] M.P: 145-146 °C; 1H NMR (600 MHz, DMSO-d6) δ 8.25 (s, 1H), 8.09 (s, 1H), 7.85 (s, 1H), 7.62 (s, 1H). 13C NMR (151 MHz, DMSO-d6) δ 154.6, 133.5, 132.0, 129.3, 127.0, 126.0, 122.5. MS (ESI) m/z for C7H5BrN4: 225 ([M+H]+)
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 : 5-(4-bromophenyl)-1H-tetrazole(2e);[7] brown solid; M.P: 260.6-261.0 °C; 1H NMR (600 MHz, DMSO-d6) δ 8.00 (d, J = 8.5 Hz, 2H), 7.85 (d, J = 8.5 Hz, 2H). 13C NMR (151 MHz, DMSO-d6) δ 132.9, 129.3, 125.2, 123.5. MS (ESI) m/z for C7H5BrN4: 225 ([M+H]+)
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: 5-(3-methoxyphenyl)-1H-tetrazole(2f);[8] white solid; M.P: 158-160 °C; 1H NMR (600 MHz, DMSO-d6) δ 7.64 (s, 1H), 7.61 (s, 1H), 7.54 (s, 1H), 7.18 (s, 1H), 3.86 (t, 3H). 13C NMR (151 MHz, DMSO-d6) δ 160.4, 130.8, 124.7, 120.4, 119.5, 117.1, 112.3, 55.8. MS (ESI) m/z for C8H8N4O: 177 ([M+H]+)
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:5-(4-methoxyphenyl)-1H-tetrazole(2g);[9] white solid; M.P: 231-232 °C; 1H NMR (600 MHz, DMSO-d6) δ 7.81 (d, 2H), 7.11 (d, 2H), 3.82 (t, 3H). 13C NMR (151 MHz, DMSO-d6) δ 163.1, 134.7, 129.3, 119.5, 116.9, 114.7, 103.5, 56.3. MS (ESI) m/z for C8H8N4O: 177 ([M+H]+)
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:5-(3,5-dimethylphenyl)-1H-tetrazole (2h);[10] white solid; M.P: 204-206 °C; 1H NMR (600 MHz, DMSO-d6) δ 7.44 (d, 2H), 7.35 (s, 1H), 2.30 (m, 6H). 13C NMR (151 MHz, DMSO-d6) δ 139.6, 139.5, 135.2, 129.9, 119.5, 111.6, 21.3, 20.9. MS (ESI) m/z for C9H10N4: 175 ([M+H]+)
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:5-(4-chloro-phenyl)-1H-tetrazole(2i);[7] brown solid; M.P: 157-158 °C 1H-NMR (300 MHz, DMSO-d6), δ 8.06-8.07 (d, J = 4.2 Hz, 2H), δ 7.68-7.70 (d, J = 4.2 Hz,2H). 13C NMR (151 MHz, DMSO-d6) δ 155.2, 134.2, 129.8, 129.6, 123.4. MS (ESI) m/z for C7H5ClN4: 181 ([M+H]+)
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: 5-(2-chloro-phenyl)-1H-tetrazole(2j);[7] brown solid; M.P: 148-150 °C; 1H-NMR (300 MHz, DMSO-d6), δ 7.76-7.77 (m, 1H), δ 7.48-7.49 (m, 1H), δ 7.30-7.37 (m, 2H). 13C NMR (151 MHz, DMSO-d6) δ 153.6, 132.6, 132.0, 131.7, 130.4, 127.8, 124.3. MS (ESI) m/z for C7H5ClN4: 181 ([M+H]+)
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:5-p-tolyl-1H-tetrforazole(2k);[11] white solid; M.P: 248 -249 °C; 1H-NMR (300 MHz, DMSO-d6), δ 7.92-7.95 (d, J = 8.1 Hz, 2H), δ 7.41-7.44 (d, J = 7.8 Hz, 2H), δ 2.40 (s, 3H). 13C NMR (151 MHz, DMSO-d6) δ 155.6, 141.5, 130.2, 127.1, 121.6, 21.3. HRMS: calcd. for C8H10N4 (M+H+) 161.0827; found 161.0821
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:5-o-tolyl-1H-tetrazole(2l);[12] white solid; M.P: 157-158 °C; 1H-NMR (300 MHz, DMSO-d6, δ 7.70-7.67 (d, J = 3.6 Hz, 1H), δ 7.39-7.50 (m, 3H), δ 2.49 (s, 3H). 13C NMR (151 MHz, DMSO-d6) δ 155.4, 137.3, 131.5, 130.8, 129.5, 126.4, 124.0, 20.7. MS (ESI) m/z for C8H8N4: 161 ([M+H]+)
Sprctal Data of imidazolines (3a-3k)
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:2-phenyl-4,5-dihydro-1H-imidazole(3a);[13] white solid; m.p. 102～103 ℃;1H NMR (600 MHz, Chloroform-d) δ 7.39-7.78 (m, 5H), 4.61 (s, 1H), 3.77 (s, 4H); 13C NMR (151 MHz, DMSO-d6) δ 164.0 , 130.9 , 130.6 , 128.5, 127.4, 49.9 . MS (ESI) m/z for C9H10N2: 147 ([M+H]+ ).
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 : N1-(4-(4,5-dihydro-1H-imidazol-2-yl) phenyl) ethane-1,2-diamine(3b); 1H NMR (600 MHz, DMSO-d6) δ 7.73 (d, J = 7.2 Hz, 1H), 7.57 (d, J = 7.2 Hz, 1H), 7.38 (d, J = 6.6 Hz, 2H), 6.77 (s, 1H), 6.59 (d, J = 6.8 Hz, 2H), 3.62 (d, J = 65.5 Hz, 6H), 3.04 (s, 2H), 2.70 (s, 2H). 13C NMR (151 MHz, DMSO-d6) δ 163.4, 152.9, 133.8, 131.9, 129.6, 124.3, 121.3, 112.3, 95.9. MS (ESI) m/z for C11H16N4: 205([M+H]+ ).
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: N1-(3-(4,5-dihydro-1H-imidazol-2-yl)phenyl)ethane-1,2-diamine(3c);yellow solid; m.p. 202-204℃; 1H NMR (600 MHz, Deuterium Oxide) δ 7.30(m, 1H), 7.04 (d, J = 7.2 Hz, 1H,), 6.99 – 6.96 (m, 2H), 3.89 – 3.86 (m, 4H), 3.24 – 3.22 (m, 2H), 2.90 – 2.88 (m, 2H),; 13C NMR (151 MHz, Deuterium Oxide) δ 170 , 151.4 , 133.1 , 127.8 , 121.9 , 120.1 , 114.6 , 48.4 , 46.5 , 41.8 . MS (ESI) m/z for C11H16N4: 205([M+H]+ ).
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: 2-(4-methoxyphenyl)-4,5-dihydro-1H-imidazole(3d);[14] white solid; m.p. 124-126 oC;1H NMR (600 MHz, Chloroform-d) δ 7.74 – 7.73 (m, 2H), 6.92 – 6.91 (m, 2H), 3.84 (s, 3H), 3.77 (s, 4H).13C NMR (151 MHz, DMSO-d6) δ 163.5, 161.1 , 129.0 , 123.5 , 113.8 , 55.6 . MS (ESI) m/z for C10H12N2O: 177([M+H]+ ).
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: 2-(3-methoxyphenyl)-4,5-dihydro-1H-imidazole(3e);[15] white solid; m.p. 88-90 oC;1H NMR (600 MHz, Chloroform-d) δ 7.39 (d, J = 4.2 Hz, 1H), 7.31 (d, J = 4.3 Hz, 2H), 7.00 (p, J = 3.8 Hz, 1H), 3.84 (d, J = 4.1 Hz, 3H), 3.79 (d, J = 4.7 Hz, 4H); 13C NMR (151 MHz, DMSO-d6) δ 163.8, 159.3 , 132.4 , 129.6 , 119.8 , 116.4 , 112.6 , 55.5 . MS (ESI) m/z for C10H12N2O: 177([M+H]+ ).
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: 2-(m-tolyl)-4,5-dihydro-1H-imidazole(3f);[16] yellow solid; m.p. 97～99 oC;1H NMR (600 MHz, Chloroform-d) δ 7.63 (s, 1H), 7.54 (d, J = 7.4 Hz, 1H), 7.29 – 7.24 (m, 2H), 3.76 (s, 4H), 2.36 (s, 3H); 13C NMR (151 MHz, DMSO-d6) δ 164.1 , 137.6 , 131.2 , 130.9 , 128.4 , 128.0 , 124.6 , 49.9 , 21.3 . MS (ESI) m/z for C10H12N2: 161([M+H]+ ).
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: 2-(3,5-dimethylphenyl)-4,5-dihydro-1H-imidazole(3g);[17] yellow solid; M.P. 82-83 oC;1H NMR (600 MHz, DMSO-d6) δ 7.42 (s, 2H), 7.07 (s, 1H), 3.56 (s, 4H), 2.28 (s, 6H); 13C NMR (151 MHz, DMSO-d6) δ 164.1 , 137.5 , 131.8 , 131.0 , 125.2 , 21.3 . MS (ESI) m/z for C11H14N2: 175([M+H]+ ).
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:2-(p-tolyl)-4,5-dihydro-1H-imidazole(3h);[13] light yellow solid; M.P. 183～184 oC; 1H NMR (600 MHz, DMSO-d6) δ 7.70 (d, J = 7.7 Hz, 2H), 7.21 (d, J = 7.7 Hz, 2H), 3.57 (s, 4H), 2.32 (s, 3H); 13C NMR (151 MHz, DMSO-d6) δ 163.9 , 140.2 , 129.1 , 128.2 , 127.4 , 21.3 . MS (ESI) m/z for C10H12N2: 161([M+H]+ ).
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: 2-(4-(trifluoromethyl)phenyl)-4,5-dihydro-1H-imidazole(3i);[18] light yellow solid; M.P.171-172 oC; 1H NMR (600 MHz, DMSO-d6) δ 8.01 (d, J = 8.1 Hz, 2H), 7.80 (d, J = 8.1 Hz, 2H), 7.09 (s, 1H), 3.83 (t, J = 9.8 Hz, 2H), 3.43 (t, J = 9.9 Hz, 2H); 13C NMR (151 MHz, DMSO- d6) δ 162.9, 134.8, 130.6(q, J = 31.7 Hz), 128.2, 125.6(q, J = 3.0 Hz) 124.5(q, J = 273.3 Hz), 55.6, 44.7. MS (ESI) m/z for C10H9F3N2: 215([M+H]+).
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 : 2-benzyl-4,5-dihydro-1H-imidazole(3j);[19] yellow solid; m.p. 174-175 oC; 1H NMR (600 MHz, Chloroform-d) δ 7.35 (dd, J = 8.1, 6.7 Hz, 2H), 7.32 – 7.25 (m, 3H), 5.97 (s, 1H), 3.58 (s, 2H), 3.25 (q, J = 5.9 Hz, 2H), 2.75 (t, J = 5.9 Hz, 2H).; 13C NMR (151 MHz, DMSO-d6) δ 170.5 , 136.9 , 136.8 , 129.3 , 128.5 , 126.6 , 42.8 , 42.4 , 41.5 . MS (ESI) m/z for C10H12N2: 161 ([M+H]+ ).
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: 4-(4,5-dihydro-1H-imidazol-2-yl) phenol(3k);[18] light yellow solid; m.p. 283-286 oC; 1H NMR (600 MHz, DMSO-d6) δ 7.63 – 7.58 (m, 2H), 6.70 (d, J = 8.6 Hz, 2H), 3.55 (s, 4H); 13C NMR (151 MHz, DMSO-d6) δ 163.9 , 160.8, 129.2 , 120.6, 115.5 . MS (ESI) m/z for C9H10N2O: 163 ([M+H]+ ).
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Spectrum of tetrazoles (2a-2l)
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Spectrum of 3a-3k
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