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Characterization

FT-IR spectra were recorded on a commercial spectrophotometer (Bruker Tensor 27 FT -IR). 1H and 13C NMR spectra were recorded on a Bruker 400 Ultrashield NMR Magnet (400 MHz for 1H NMR) with TMS as the internal standard. Powder X-ray diffraction (XRD) spectra were recorded at room temperature with a Philips X-Pert 1710 diffractometer using Co Kα (λ=1.78897 Å) at a voltage of 40 Kv and a current of 40 mA and data were collected from 10° to 90° (2θ) with a scan speed of 0.02° s. The morphology of the catalyst was studied using scanning electron microscopy (SEM; Philips XL 30 and S-4160) with coated gold equipped with dispersive X-ray spectroscopy capability. Thermogravimetric analysis (TGA) and differential thermal analysis (DTA) were performed using a thermal analyzer with a heating rate of 20°C min in a temperature range of 25–1100°C under flowing compressed nitrogen. The magnetic property of the catalyst was measured with a vibrating sample magnetometer (VSM).

The FT-IR spectrum of the AC exhibits the bands corresponding to the functionalities containing hydroxyl─OH group (~3442 cm-1), carboxyl C=O group (~1719 cm-1), C=C (~1577 cm-1), C─O group (~1384 cm-1) (Fig. 1a). The presence of Fe─O band (~673 cm-1) in the FT-IR spectrum of Fe3O4 NPs@AC confirms that the Fe3O4 NPs located on the AC structure (Fig. 1b). In the Fig 1C, the new bands observed at 2919 cm-1 and 1036 cm-1 due to stretching vibrations of sp3 C─H and C─S bands respectively which prove 1,4-butane sultone loaded on the MAC@C4H8SO3H. Furthermore, the FT-IR spectrum of Cu-MAC@C4H8SO3H NCs exhibits a new absorption band at 583 cm−1 due to the presence of copper onto structure (Fig. S1d). 
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Fig. S1. FTIR spectra of (a) AC, (b) MAC (c) MAC@C4H8SO3H and (d) Cu-MAC@C4H8SO3H NCs.

Fig. S2 illustrates the XRD patterns of AC, MAC and MAC@C4H8SO3H. A broad diffraction peak was obtained at 2θ=25.31° for AC due to the plane of amorphous activated carbon. In XRD patterns of MAC, some peaks were appeared at 30.51°, 35.81°, 43.51°, 54.15°, 57.46°, 63.06 and 74.60° were related to the cubic spinel structure of magnetic nanoparticles. The XRD pattern of MAC@C4H8SO3H was almost similar to the MAC but the intensity of pecks decreased which could be related to immobilizing of C4H8SO3H onto MAC.
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Fig. S2. XRD patterns of (a) AC, (b) MAC and MAC@C4H8SO3H.

The morphology of AC, MAC and MAC@C4H8SO3H were deduced by TEM analysis and the TEM images were shown in Fig. S3.

The mesoporous structure of AC was observed by TEM (Fig. 3a). The TEM images of MAC and MAC@C4H8SO3H show that the Fe3O4 nanoparticles are coated onto AC (Fig. S3b-c). 
From Fig. S3b and c show that the particle size of MAC@C4H8SO3H is larger than MAC (from 30 to 50 nm, respectively), which could be due to the immobilization of 1,4-butane soltune onto the surface of the MAC. 
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Fig. S3. TEM images of, (a) AC (b) MAC (c) MAC@C4H8SO3H NCs.

Thermal stability was studied by thermal gravimetric analysis of AC, MAC, MAC@C4H8SO3H and Cu-MAC@C4H8SO3H NCs in Fig. S4.

The thermal gravimetric analysis of AC displayed a weight loss below at temperatures of 175 °C, 200-400 °C, and 500-750 °C, which could be ascribed to the loss of adsorbed water (15.43 %), exclusion of oxygenated functional groups (8.85 %), and ultimately to the decomposition of AC (72.48 %), respectively (Fig. S4a). The TGA curve of MAC showed a weight loss about 51.14 % (Fig. 4b). For MAC@C4H8SO3H a weight loss occurred at 160-350 °C about 4.45 %, resulting from the pyrolysis of C4H8SO3H functional groups (Fig. S4c). Also, about 40.0 % of MAC and H3NSO3-MAC NCs retained at 750 °C, due to the remaining iron oxide. 

The TGA curve of Cu-MAC@C4H8SO3H showed an increase in temperature to 950 ºC which is related to the coordination of Cu(II) ions with the active sites of MAC@C4H8SO3H surface. Also, Cu-MAC@C4H8SO3H retained about 64.0 % of its weight at 950 °C, due to the residual of copper oxide and iron oxide (Fig. S4d).
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Fig. S4. TGA plots of (a) AC, (b) MAC (c) MAC@C4H8SO3H and (d) Cu-MAC@C4H8SO3H NCs.
The magnetization curves of the MAC, MAC@C4H8SO3H and Cu-MAC@C4H8SO3H NCs are exhibited in Fig. S5. The saturation magnetization of the MAC and MAC@C4H8SO3H NCs was 21.73 and 16.33 emu g−1 respectively that this decrease in saturation magnetization can be attributed to the loading of C4H8SO3H on the MAC. Also, the saturation magnetization of the Cu-MAC@C4H8SO3H NCs was 14.23 emu g−1. This observed decrease in magnetic property was due to the loading of copper onto the surface of MAC@C4H8SO3H NCs.
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Fig. S5. Magnetization curves of MAC, MAC@C4H8SO3H NCs and Cu-MAC@C4H8SO3H NCs.

The presence of Fe3O4, sulfamic acid and copper groups on the AC surface was further conﬁrmed by the EDS analysis of the MAC@C4H8SO3H and Cu-MAC@C4H8SO3H NCs (Fig. S6). 
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Fig. S6. EDS pattern of a) MAC@C4H8SO3H NCs and b) Cu-MAC@C4H8SO3H NCs.

General procedure for the synthesis of aryl thioquinazoline derivatives in the presence of Cu-MAC@C4H8SO3H NCs

To a solution of arylhalide compound (0.5 mmol), 2-mercapto-3-phenylquinazolin-4(3H)-one (0.5 mmol) and 0.75 mmol K2CO3 in 1.5 mL DMF, was added 20 mg of Cu-MAC@C4H8SO3H as a catalyst. The mixture was heated and stirred at 110°C for 4 h. The progress of the reaction was monitored by TLC. After 4 h, the nanoparticles were separated by an external magnet from the reaction mixture and washed with DI water and diethyl ether repeatedly. Then, 50 ml of water was added to the reaction mixture and extracted with CH2Cl2 (2×25 mL) and dried over Na2SO4. The solvent was removed under reduced pressure to give the crude product. The residue was subjected to column chromatography using n-hexane and ethyl acetates an eluent to afford pure product.
3-phenyl-2-(phenylthio) quinazoline-4-(3H)-one (3a). IR (KBr): 3057, 2921, 1691, 1626, 1541, 1465, 1295, 1257, 1202, 767 cm-1, 1H NMR (400 MHz, CDCl3) (σ, ppm): 8.24 (s, 1H, ArH), 7.58- 7.56 (m, 4H, ArH), 7.42-7.33 (m, 4H, ArH); 13C NMR (100 MHz, CDCl3) (σ, ppm): 161.9, 157.1, 147.7, 136.0, 135.7, 134.4, 130.0, 129.7, 129.6, 129.3, 129.0, 128.6, 127.1, 126.7, 125.9, 119.9. Anal. calcd for C20H14N2OS (330.40): C 72.70, H 4.27, N 8.48, S 9.70; found: C 72.77, H 4.55, N 8.15, S 9.88.

2-((4-methoxyphenyl)thio-3-phenylquinazoline-4-(3H)-one (3b). IR (KBr): 3065, 1728, 1626, 1573, 1468, 1250, 1173, 690 cm-1. 1H NMR (400 MHz, CDCl3) (σ, ppm): 8.22 (s, 1H, ArH), 7.63- 7.61 (m, 3H, ArH), 7.60-7.58 (m, 2H, ArH), 7.45-7.42 (m, 4H, ArH), 7.37-7.352 (m, 2H, ArH). 7.45-7.42 (m, 4H, ArH), 6.95 (d, 1H, ArH), 3.85 (s, 1H, OCH3); 13C NMR (100 MHz, CDCl3) (σ, ppm): 161.9, 160.7, 157.7, 147.7, 137.3, 135.9, 134.3, 129.9, 129.6, 129.2, 126.9, 125.8, 119.8, 119.1, 114.6, 55.3. Anal. calcd for C21H16N2O2S (360.43): C 69.98, H 4.47, N 7.77, S 8.90; found: C 69.84, H 4.54, N 7.97, S 8.50. 
3-phenyl-2-(p-tolylthio)quinazoline-4-(3H)-one (3c). IR (KBr): 3066, 1682, 1573, 1464, 1256, 1197, 766 cm-1. 1H NMR (400 MHz, CDCl3) (σ, ppm): 8.23 (s, 1H, ArH), 7.65- 7.57 (m, 3H, ArH), 7.45-7.42 (m, 4H, ArH), 7.37-7.36 (m, 3H, ArH), 7.26-7.23 (m, 2H, ArH), 2.42 (s, 1H, CH3); 13C NMR (100 MHz, CDCl3) (σ, ppm): 162.1, 157.6, 147.9, 139.9, 136.2, 135.3, 130.1, 129.9, 129.4, 127.2, 126.8, 126.0, 120.1, 21.5. Anal. calcd for C21H16N2OS (344.43): C 73.23, H 4.68, N 8.13, S 9.31; found: C 72.99, H 4.67, N 8.23, S 9.10.

2-((4-nitrophenyl)thio)-3-phenylquinazoline-4-(3H)-one (3d). IR (KBr): 3104, 2974, 2925, 1690, 1548, 1511, 1466, 1343, 1258, 1050, 769 cm-1. 1H NMR (400 MHz, CDCl3) (σ, ppm): 8.27-8.25 (m, 2H, ArH), 8.23 (m, 1H, ArH), 7.76-7.74 (m, 2H, ArH), 7.68 (m, 1H, ArH), 7.62-7.61 (m, 2H, ArH), 7.44-7.42 (m, 4H,ArH), 7.37-7.35 (m, 1H, ArH); 13C NMR (100 MHz, CDCl3) (σ, ppm): 161.0, 154.5, 147.7, 146.7, 136.5, 134.3, 135.0, 134.2, 129.8, 129.3, 128.6, 125.9, 123.2, 119.5. Anal. calcd for C20H13N3O3S (344.43): C 63.99, H 3.49, N 11.19, S 8.54; found: C 63.77, H 3.44, N 11.31, S 8.84.

2-((4-bromophenyl)thio)-3-phenylquinazoline-4-(3H)-one (3e). IR (KBr): 3067, 1695, 1549, 1466, 1260, 1110, 765 cm-1. 1H NMR (400 MHz, CDCl3) (σ, ppm): 8.23 (m, 1H, ArH), 7.66-7.64 (m, 1H, ArH), 7.61-7.58 (m, 2H, ArH), 7.57-7.55 (m, 2H, ArH), 7.43-7.36 (m, 7H,ArH); 13C NMR (100 MHz, CDCl3) (σ, ppm): 161.6, 156.2, 147.4, 137.0, 135.6, 132.0, 129.6, 129.0, 127.5, 126.9, 126.5, 125.9, 124.1, 119.8. Anal. calcd for C20H13BrN2O3S (409.30): C 58.69, H 3.20, N 6.84, S 7.83; found: C 58.92, H 3.24, N 6.91, S 7.55. 
Copy of 1H NMR, 13C NMR & CHNS of the synthesized compounds.

3-phenyl-2-(phenylthio) quinazoline-4-(3H)-one (3a).
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2-((4-methoxyphenyl)thio-3-phenylquinazoline-4-(3H)-one (3b).
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3-phenyl-2-(p-tolylthio)quinazoline-4-(3H)-one (3c).
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2-((4-nitrophenyl)thio)-3-phenylquinazoline-4-(3H)-one (3d).
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2-((4-bromophenyl)thio)-3-phenylquinazoline-4-(3H)-one (3e).
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