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Abstract

In this study, activated carbon (AC) was prepared from pistachio nut shell precursor as agricultural by-products. The prepared AC was used to synthesize an efficient nanocomposite via loading of the copper metal and magnetic nanoparticles (Cu-MAC@C4H8SO3H NCs) onto its structure. The structure of the nanocatalyst was characterized by different methods such as FT-IR, TEM, EDS, XRD, VSM, and TGA analysis. The catalytic activity of the prepared composite was tested in an especial C-S coupling with reaction of between iodobenzene and bromobenzene. The products of the aryl thioquinazoline derivatives were obtained in good yields and in short reaction time and the products was charachterized with 1H, 13C NMR and CHNS analysis. The other hand, with easy and high recovery of Cu-MAC@C4H8SO3H NCs through magnetic separation, a simple and green method to enhance the efficiency of the nanocatalyst has provided. The nanocatalyst was reused in the next reaction up to five cycles without obvious activity decreasing. 
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Introduction

According to the environmental movement of the 1960s, green chemistry prevents pollution by avoiding toxic and hazardous substances and minimizing waste in the production and application of chemical products.1 In recent years, chemists and engineers have been involved in the development of chemical products and processes that do not interfere with the environment or human health. The results of the researches show that one of the fundamental pillars of green chemistry is catalyst that can improve the chemical products and processes and reduce or eliminate the use and generation of hazardous substances.2–4 The basically properties of green

catalyst are high stability, high activity, low preparation cost, great selectivity, easy and efficient recoverable and good recyclability. According to mentioned properties, heterogeneous catalysts can be good choose because they have straightforward experimental procedures, mild reaction conditions, reusability of catalysts and minimal waste disposal.5–13 Two general strategies have been identified to facilitate catalyst recovery and reuse: the use of biphasic solvent systems and the use of heterogeneous or solid catalysts.14 One of the most important factors in the preparation of solid catalysts is the supporting of catalyst by magnetic nanoparticles, which can be easily separated from the reaction mixture by an external magnet. Activated carbon have been developed in various chemical process such as adsorbent for adsorption process and a suitable solid bed for preparation heterogenous catalyst in organic reaction due to its remarkable physical and chemical characteristics.15–18 To improve the catalytic activity, recent studies have been focused on supporting magnetic nanoparticles onto AC structure. By impregnating magnetic nanoparticles into AC, the characteristics of the resulting surface have modified so that there are a large number of active sites that can increase the catalytic capacity.19 In particular, magnetic nanoparticles-loaded AC can be easily and fast separated by using an external magnet. Quinazoline is an aromatic heterocycle with a bicyclic structure consisting of two fused six-membered aromatic rings, a benzene ring and a pyrimidine ring. The synthesis of quinazoline compounds has received special attention from researchers because some quinazoline systems are biologically active and pharmaceutically useful, such as antifungal,20, 21 anti-HIV,22 antiviral, 23 antimalarial,24 anti-inflammatory,25 antibacterial.26 For example, Gefitinib can bind to the ATP-binding site of EGFR, thus inactivating the anti-apoptotic Ras signal transduction cascade preventing further growth of cancer cells, and Lapatinib eliminates the growth of breast cancer stem cells that cause tumor growth, and Erlotinib binding to the ATP-binding sites of the EGFR receptors prevents EGFR from producing phosphotyrosine residues.27–29
Herein, we report the preparation of modified magnetic activated carbon (MAC) with 1,4-butane sultone and copper (Cu-MAC@C4H8SO3H NCs). Then the nanocomposites was studied the catalytic activity in C-S coupling reaction for the synthesis of aryl thioquinazoline derivatives and the results exhibited an excellent catalytic activity in the reaction. The nanocomposites structure was characterized systematically by different techniques such as FT-IR, TEM, EDX, XRD, VSM and TGA.

Experimental section

Material

All solvents and reagents were directly used in analytical grade purity without further purification. All experiments were performed using deionized water.

Synthesis of MAC@C4H8SO3H NCs
The dried pistachio nut shells were ﬁrstly crushed into dimensions 1–2 mm and was carbonized at 700 ºC for 1.5 h. Then, the carbon was activated under steam at 900 ºC for 10 h duration. To increasing of active sites on the AC, firstly, the AC (1.5 g) was stirred in HCl solusion (0.05 M, 15 mL) for 48 h and then was immersed to HNO3 solutions (50%, 69% HNO3) at 50 °C for 10 h, finally, the obtained AC was washed with the DI water three times and dried at 40 ºC for 12 h. 

For preparation of MAC, FeCl3.6H2O (50 mL, 0.3 M) was added to a dilute solution of HCl (0.5 mL, 0.2 M) and the reaction flask was located in the ultrasounic probe and irradiation under 80 kHz for 5 min. Then Na2SO3 (20 mL, 0.3 M) was added into 40 mL of above solution, after 5 min under ultrasound irradiation, the AC (1 g) was added to the reaction mixture. In the following, the resulting mixture was poured to solution containing of water and ammonium (400mL, 60 mL) and was sonicated for 30 min. Finally, the obtained magnetic dispersion was subjected to magnetic separation with a magnet, washed with water three times, and dried under vacuum at 60 ºC for 12 h.

To the preparation of MAC@C4H8SO3H NCs, the compound of 1,4-butane sultone (5.75 mmol) was added to a KCl solution (0.575 M) and was sonicated for 20 min. Then the dispersed MAC (0.2 g at EtOH (10 mL)) was added to above mixture and the reaction was stirred for 4 h at 60 ºC. After this time the reaction was continued for 10 h at room temperature. The magnetic product (MAC@C4H8SO3H NCs) was separated by an external magnet and washed with DI water and dried under vacuum oven.

Synthesis of Cu-MAC@C4H8SO3H NCs
The MAC@C4H8SO3H nanocomposite (0.5 g) was added to a mixture of 134 mg of copper (II) chloride and 50 mL solvent (H2O/MeOH 1:1). The mixture was continuously stirred for 24 h at room temperature. The final product (Cu-MAC@C4H8SO3H NCs) was separated by an external magnet and washed with DI water and dried under vacuum oven.
General procedure for 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 catalyst of Cu-MAC@C4H8SO3H. 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 with an external magnet from the reaction mixture and washed with DI water and diethyl ether. Water (50 ml) 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.

Result and Discussion
The synthesis of Cu-MAC@C4H8SO3H NCs catalyst, along with the growth of Fe3O4 NPs and the loading of C4H8SO3H and copper onto AC is shown in Scheme 1 and the nanocomposite was fully charachterized (See supplementary file for details).
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Scheme 1. Synthesis steps of Cu-MAC@C4H8SO3H NCs.
Catalytic activity

The catalytic activity of Cu-MAC@C4H8SO3H NCs was evaluated by the C-S coupling reaction for the synthesis of aryl thioquinazoline derivatives. The reaction of 2-mercapto-3-phenylquinazolin-4(3H)-one and iodobenzene was chosen to optimize the conditions of reaction and the results were reported in Table 1. Our observations showed that the reaction was not carried out without catalyst and under condition: 2-mercapto-3-phenylquinazolin-4(3H)-one (a) (0.5 mmol, 0.127 g), iodobenzene (b) (0.5 mmol, 0.102 g) and 0.75 mmol (0.104 g) potassium carbonate as base in 1.5 mL dimethylformamide (DMF) at 110 °C in closed vial for 2 h (Table 1, entry 1). This result confirmed that the catalyst have a vital role in this reaction. In next reaction, the MAC@C4H8SO3H nanocomposites as a catalyst was added to the reaction mixture and only trace yield was observed, but by using Cu-MAC@C4H8SO3H NCs the yield of reaction increased to 55 % (Table 1, entries 2, 3).
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Scheme 2. The model reaction to optimize reaction conditions in presence of Cu-MAC@C4H8SO3H NCs.
	Table 1. Characterization table of C-S coupling reaction of 2-mercapto-3-phenylquinazolin-4(3H)-one and iodobenzene.a

	Entry
	Catalyst
	Solvent
	Base
	Time

(h)
	Yieldb

%

	1
	-
	DMF
	K2CO3
	2
	0

	2
	MAC@C4H8SO3H
	DMF
	K2CO3
	2
	trace

	3
	Cu-MAC@C4H8SO3H
	DMF
	K2CO3
	2
	55

	4
	Cu-MAC@C4H8SO3H
	DMF
	K2CO3
	4
	80

	5
	Cu-MAC@C4H8SO3H
	DMF
	K2CO3
	6
	80

	6
	Cu-MAC@C4H8SO3H
	CH3CN
	K2CO3
	4
	50

	7
	Cu-MAC@C4H8SO3H
	Dioxane
	K2CO3
	4
	15

	8
	Cu-MAC@C4H8SO3H
	EtOH
	K2CO3
	4
	52

	9
	Cu-MAC@C4H8SO3H
	H2O
	K2CO3
	4
	0

	10
	Cu-MAC@C4H8SO3H
	DMF
	Na2CO3
	4
	trace

	11
	Cu-MAC@C4H8SO3H
	DMF
	Et3N
	4
	5

	12
	CuMAC@C4H8SO3H
	DMF
	NaOH
	4
	5

	13
	MAC
	DMF
	K2CO3
	4
	0

	14
	MAC@C4H8SO3H
	DMF
	K2CO3
	4
	0

	a Reaction conditions: a (0.5 mmol), b (0.5 mmol), base (0.75 mmol), solvent (1.5 ml), Cat (20 mg), 110 °C.

b Isolated yield.



To investigation effect of time in reaction yield, the reaction was allowed to be performed for 4 and 6 h, and the results showed that at this time the reaction had the same yield of 80% and therefore 4 hours was chosen as optimal time for this reaction (Table 1, entries 4, 5). Several solvent systems such as DMF, CH3CN, Dioxane, EtOH and H2O were also tested and the high yield (80% yield) was obtained in DMF (Table 1, entries 6-9). In next step, the reaction was performed in the presence of various bases such as K2CO3, Na2CO3, Et3N, and NaOH among which, K2CO3 had the best performance (Table 1, entries 4 and 10-12). Also, the reaction was tested in presence of MAC and MAC@C4H8SO3H NCs as a catalyst for 4 h, no product was founded, so the copper has the important catalytic role in this reaction (Table 1, entries 13, 14). 
	Table 2. Synthesis of aryl thioquinazoline derivatives.a
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	a Reaction conditions: arylhalide (0.5 mmol), 2-mercapto-3-phenylquinazolin-4(3H)-one (0.5 mmol), K2CO3 (0.75 mmol), DMF (1.5 ml), Catalyst (20 mg), 110 °C for 4 h.

b Isolated yield.


According to the optimal conditions, capability and efficiency of Cu-MAC@C4H8SO3H NCs were investigated in this reaction by screening different types of aryl halides and the results were depicted in Table 2. In optimal condition, iodobenzene and bromobenzene were converted into the corresponding aryl thioquinazoline (3a) with 80 and 20% yields respectively. In this reaction, aryl thioquinazoline was not formed when chlorobenzene was used instead of iodobenzene (Table 2, entries1–3). The results showed that the methoxy (MeO) group in the para position of aryl halide could be effective and increase yield of product. For example, the isolated yields of aryl thioquinazoline from the reaction of 4-iodoanisol and 4-bromoanisol were 90 and 40% respectively (Table 2, entries4, 5) while the yield of the corresponding product from 2-methoxyiodobenzene dropped to trace amounts (Table 2, entry 6). 3-Phenyl-2-(p-tolylthio) quinazolin-4(3H)-one (3d) was obtained from the reaction of 2-mercapto-3-phenylquinazolin-4(3H)-one with 4-iodotoluene and 4-bromotoluene in 83 and 20% yields respectively (Table 2, entries 7, 8). Also, 2-((4-nitrophenyl) thio)-3-phenylquinazolin-4(3H)-one (3e) was formed in 94% yield from the reaction of 4-iodonitrobenzene under the optimal conditions (Table 2, entry 9). This result shows that the electron drawing (NO2) group in the para position of iodobenzene can increase the yield of the mention product. In final reaction, 4-iodobromobenzene was tested as reactant and the corresponding product was isolated as 2-((4-bromophenyl) thio)-3-phenylquinazolin-4(3H)-one (3f) with 74% yield (Table 2, entry 10). All products were characterized by FT-IR, 1H and 13C NMR spectra and CHN analysis data (See supplementary file for details). According to pervious literature, the following reasonable mechanism can be suggested for this reaction (Scheme 3).30–32 In the first step of the mechanism transmetalation was occurred to produce intermediate 1. In the next step, Ar-X is attached to the catalyst and an intermediate (II) is formed. This process is done by oxidation and reduction of copper cation and finally converted to the coupled product 5 and copper (I). In the catalytic cycle, oxidation of Cu(I) to Cu(II) is done by molecular oxygen from the atmosphere.
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Scheme 3. A reasonable mechanism for the formation of product by Cu-MAC@C4H8SO3H NCs.
Reusability of catalyst
The reusability of the catalyst was checked in the model reaction. After completion of the reaction and separation of the catalyst by using an external magnet, the composite was washed with DI water and ethyl acetate, dried under vacuum and reused in a subsequent reaction. As shown in Figure. 1, there is only a slight decrease in the catalytic capacity after five cycles.
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Figure. 1. Reusability of Cu-MAC@C4H8SO3H NCs in model reaction.

Conclusions 
In conclusion, we developed a nanocomposite as efficient and reusable catalyst, which was prepared from activated carbon as solid phase with loading of copper and magnetic nanoparticles (Cu-MAC@C4H8SO3H NCs). The catalytic activity of the prepared nanocomposite was tested in an especial C-S coupling reaction for the synthesis of aryl thioquinazoline derivatives in short times and high yields. In addition to efficient and easy recycling, the catalyst can be used on a larger scale, making it a valuable candidate for practical applications.
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