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Abstract

Considering the importance of magnetic nanoalloys, this research tries to synthesis and application of bimetallic magnetic nanoalloys base on silver as catalysts for the synthesis of 1,8–dioxooctahydroxanthenes through one-pot Knoevenagel condensation, Michael addition, and cyclodehydration of 5,5-dimethyl-1,3-cycloheanedione (dimedone) with aromatic aldehydes. Also, anti-bacterial, anti-oxidant, and DNA cleavage properties of these nanoalloys are investigated. 
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1. Introduction
The addition of a second metallic component can improve the stability, solubility, and selectivity of pure metallic nanoparticles greatly by forming bimetallic nanoalloys. For example, bimetallic catalytic systems of silver can potentially achieve chemical transformations that are unprecedented with monometallic catalysts.1 On the other hand, nanoalloys due to their unlike properties and potential applications have several advantages over their corresponding bulk forms. For example, the Ag–Ni alloy, in the bulk form is immiscible and have no tendency to form any solid solution2 and the bulk form of Ag–Co has large miscibility gaps,3 whereas both Ag–Ni and Ag–Co nanoalloys show good solid solubility properties.4,5 
Among multiple nanoalloys, silver nanoalloys have many specific properties that make them very attractive and valuable for multiple purposes. For example, bimetallic systems include silver and a magnetic catalytic element (e.g. Ag–M, M= Co, Ni) are very useful in biomedical areas, catalysis, and magnetic imaging purposes.6 For instance, Ag–Ni nanoalloys have strong anti-oxidation properties7 and have been used in electrocatalytic reduction of benzyl chloride.8 Also, Ag–Co nanoalloys have ability to catalyze the oxygen reduction reactions9 and have been used in catalytic oxidation of formaldehyde.10 
One of the most important strategies for magnetic nanoalloys synthesis is reduction method, and one of the most useful agents for this reaction is hydrazine monohydrate.11 During reduction process, if primary elements have different reduction properties they will form a core shell structure, but otherwise this reaction will lead to a bimetallic nanoalloy generation.12 
Xanthene derivatives containing reactive pyran ring system are particularly attractive because of their biological and therapeutic properties such as anti-inﬂammatory,13 anti-depressant,14 and anticancer activities.15 Also, they have applications in fluorescent materials16 and photostable laser dyes.17 1,8-Dioxooctahydroxanthenes are one of the most important derivatives of Xanthenes. A convenient method for the synthesis of 1,8-dioxooctahydroxanthenes is reaction between an aldehyde (1 equiv) and dimedone (2 equiv) in the presence of a catalyst such as p-dodecylbenezenesulfonic acid,18 Amberlyst-15,19 SmCl3,20 carboxy functionalized ionic liquid,21 SiCl4,22 ceric ammonium nitrate (CAN),23 [Et3NH][HSO4],24 CAN-supported HY-zeolite,25 piperidine/HCl,26 Mg–Al hydrotalcite,27 thiourea dioxide,28 hydroxylamine-O-sulfonic acid,29 carbon nanotube-BuSO3H,30 cellulose/Al2O3-[MeIm]Cl-XAlCl3,31 sulfated zirconia,32 and L-pyrolidine-2-carboxylic acid sulfate (LPCAS).33 Most of these catalysts, however, have numerous disadvantages such as waste production, corrosion and no catalyst recovery, low yields, high reaction temperature, long reaction times, tedious work-up, and the formation of the uncyclized product 2,2’-aryl-methylenebis(3-hydroxy-2-cyclohexene-1-one) derivatives. Thus, it is an exciting challenge to find new catalysts with high activity and selectivity.
In further continuation to our ongoing research on the synthesis and applications of nanocatalysts and nanoalloys,34,35 we were prompted to explore the efficacy of Ag–Co and Ag–Ni magnetic nanoalloys as heterogeneous catalysts for the synthesis of 1,8-dioxooctahydroxanthenes. Also, the biological activities of these nanoalloys were studied.
2. Experimental
2.1.
Materials and Methods
All chemicals were either prepared in our laboratory or were purchased from Merck and Fluka. Two bacterial strains were used: E.coli (ATCC 35218) and S.aureus (ATCC 6538). Reaction monitoring and purity determination of the products were accomplished by GLC or TLC on silica-gel polygram SILG/UV254 plates. Gas chromatography was recorded on Shimadzu GC 14–A. IR spectra were obtained by a Shimadzu model 8300 FT–IR spectrophotometer. 1H NMR spectra were recorded on 400 MHz spectrometer in CDCl3. Melting points were determined on a Fisher–Jones melting–point apparatus. XRD patterns were recorded by a Phillips, X–ray diffractometer using graphite monochromatized Cu Kα radiation. A morphological study of the synthesized products was carried out directly by a Hitachi S4160 field emission scanning electron microscope (FE–SEM). TEM images were taken with a Hitachi S-3400N scanning electron microscope. Room temperature magnetic properties were investigated by Lakeshore device in an applied magnetic ﬁeld sweeping between ±10000 Oe.

2.2.
Synthesis of Ag–M (M= Ni, Co) Nanoalloys
[Ni(C2O4)2]K2 and [Co(NH3)6]Cl3 complexes were synthesized using as described in the literature, respectivly.36,37 In a typical procedure, 0.5 g (1.60 mmol) of [Ni(C2O4)2]K2 complex was dissolved in 25 mL of a mixture of water–ethanol (50:50). Then, a solution of AgNO3 (25 mL, 0.064 M) was gradually added to the above solution. After that, 5 mL of hydrazine (excess) and 5 mL of NaOH (4 M) were added to above mixture at 70–80 °C and the resulting mixture was stirred at this temperature. As the reduction reaction proceeded, the solution turned to black after 1 h. The Ag–Ni nanoalloys were carefully decanted and washed repeatedly with doubly distilled water. Then, the product was dried at room temperature for 24 h.
The Ag–Co nanoalloys were synthesized in similar method with 0.5 g (1.87 mmol) of [Co(NH3)6]Cl3 complex and 25 mL of AgNO3 (0.075 M). 

2.3. Typical Procedure for the Preparation of 1,8-Dioxooctahydroxanthene Using Ag–Ni and Ag–Co Nanoalloys
To a solution of 3-nitrobenzaldehyde (1 mmol, 0.15 g), dimedone (2 mmol, 0.28 g) and ethanol (3 mL) in a round-bottom flask, Ag–Ni (0.06 g) or Ag–Co nanoalloys (0.05 g) was added. The reaction mixture was magnetically stirred at room temperature. Progress of the reaction was monitored by TLC and GC. After completion of the reaction, the catalyst was removed by an external magnet and washed with ethanol (2×10 mL). Then, the filtrate was concentrated on a rotary evaporator under reduced pressure and the crude product recrystallized from ethanol to afford the pure product 9-(3-nitrophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8-(2H)-dione. 1H NMR (400 MHz, CDCl3) δ = 1.01 (6H, s, 2CH3 ), 1.14 (6H, s, 2CH3), 2.16–2.29 (4H, m, 2CH2), 2.51 (4H, s, 2CH2), 4.84 (1H, s, CH), 7.48–8.12 (4H, m, Ar-H). 
2.4. Antibacterial Performance of Ag–Ni and Ag–Co Nanoalloys
Disk diffusion test is performed by applying a bacterial inoculum to the surface of Muller-Hinton agar plates (100 mm diameter) using sterile swabs. At first, E.coli and S.aureus cells were separately cultured from pure bacterial to nutrient broth media, and incubated at 37 oC until reaching to 0.5 McFarland standards. After incubation of plates at 37 ºC for 24 h and growth of the bacterial, distinct equal wells have been created in the agar plates for antibacterial diffusion assay. Afterwards, dispersed solutions of Ag–Ni or Ag–Co nanoalloys with distinct concentrations (0.64, 0.32, 0.16 or 0.08 mg/mL) were individually poured into the wells. Plates were incubated for 18–24 h at 37 oC to determination of the zone sizes of bacterial growth inhibition in millimeter scale. Standard antibiotic discs and sterile distilled water has been used as positive and negative controls, respectively.

2.5. Free Radical Scavenging Activity of Ag–Ni and Ag–Co Nanoalloys
At first, a methanol solution of DPPH (0.1 mM) was prepared. Then, Tris–HCl buffer (450 μL, pH= 7.4) and methanolic DPPH solution (1 mL) were added to 50 μL of Ag–Ni and Ag–Co nanoalloys with distinct concentrations (2.5, 5, 10 or 20 μg/mL). The mixtures were kept at room temperature for 30 min in dark. Afterwards, absorbance of mixtures was measured at 517 nm. The methanol was applied as a blank solution. The same experiment was performed with BHT as a positive control. The DPPH free radical scavenging activity was subsequently calculated as:

 % DPPH radical scavenging= Control OD- sample OD/ Control OD× 100.

2.6. DNA Cleavage Assays

Agarose gel electrophoresis was used to identify the cleavage of pET-28 plasmid DNA by Ag–Ni and Ag–Co nanoalloys. Each 40 μL of Ag–Ni or Ag–Co nanoalloys with distinct concentrations (0.25, 0.5, 1 or 2 mg/mL) were added to plasmid DNA solution (5 μL, 0.25 μg/mL) in sterile 1.5 mL micro tubes and incubated at 37 oC for 24 h. Then, 10 μL of the resulting mixture was mixed with 1 μL of gel loading solution (Sigma, G2526-5ML) and loaded into the 1% agarose gel (W/V) wells. The agarose gel was prepared with TBE 1X buffer (Tris-HCl (0.07 M, pH= 7.4), EDTA (4 mL, 0.5 M, pH= 8.0), and boric acid (5.5 g)) in water (1 L). After performing electrophoresis (40 mA and 80 volt for 45 min), the agarose gel was observed in the gel duct device (UVItec Limited BTS-20M) under UV rays.

3. Results and Discussion

3.1.
Characterization of Magnetic Ag–Co and Ag–Ni Nanoalloys
Vibration spectra (FT–IR) of Ag–Co and Ag–Ni nanoalloys are shown in Figure 1. During the chemical reactions, complete destruction of primary complexes occurs and all spherical ligand vibration disappears. Therefore, FT–IR spectra have no absorption bands in the medium IR region, just the weak absorption bands due to the water in the alloy nanoalloys are observed in the infrared spectrum.
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Figure1. FT–IR spectra of (a) Ag–Co and (b) Ag–Ni nanoalloys.
The crystal structure of these Ag–Co and Ag–Ni nanoalloys were studied by pattern of X-ray diffraction of ﬁnal products (Figure 2). The pattern of X–ray for Ag–Co nanoalloys show that these nanoalloys were formed of cobalt and silver phase (Figure 2a) and in this respect, cobalt reflects two structure fcc and hcp. The difference between XRD pattern of fcc and hcp cobalt is in the 2θ region 51 related to structure of fcc and 47 related to structure of hcp (with card numbers 01-1259 and 01-1254, respectively). As shown in Figure 2a distinct diffraction peaks for structure fcc of metallic silver (with a card number 87-0717) were clearly observed at 2θ values of 38.5978, 44.7753, 64.8870 and 77.7717, corresponding to the reflections of the (111), (200), (220) and (311) crystal planes, respectively. Also, the diffraction peaks for Ag–Ni nanoalloys (Figure 2b) show that these nanoalloys are in fcc phase. As show in Figure 2b, this compound can be considered as Ag–Ni bimetallic nanoalloy. The results show that diffraction peaks were in good agreement with the standard values given nickel (with card no. 87-0712) and silver (with card no. 87-0717). In Figure 2b distinct diffraction peaks of metallic Ag are clearly observed at 2θ values of 38.3378, 44.7020, 64.6517 and 77.5765, corresponding to the reflections of the (111), (200), (220) and (311) crystal planes, respectively. In most studies of the grain size of nanocrystalline materials, X-ray line-broadening analysis is used. The crystallite size is estimated from the full width at half maximum (FWHM) of the diffraction peaks by the Scherrer formula. The crystal size obtained for Ag–Ni and Ag–Co nanoalloys, relationship at the sharpest peak are 24.45 and 35.64 nm, respectively.
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Figure 2. XRD patterns for (a) Ag–Co and (b) Ag–Ni nanoalloys.
FE–SEM provides valuable information regarding the structural arrangement, density and geometric features of materials in solid state. Figure 3 shows FE–SEM photographs of Ag–Co and Ag–Ni nanoalloys prepared. The FE–SEM images of Ag–Co samples (Figure 3a) show agglomerated spherical particles. The particle size distribution graphs for Ag–Co samples obtained from FE–SEM analysis, according to which the average diameter of maximum number of particles is in the range of 40–50 nm. Also the FE–SEM images show that the Ag–Ni nanoalloys have cabbage form (Figure 3b). The size of the nanoalloys in the lowest and maximum sizes were 26.61 and 38.23 nm, respectively.
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Figure 3. FE–SEM images of (a) Ag–Co and (b) Ag–Ni nanoalloys.

Besides FE–SEM micrographs, the different dispersion of the phases formed using the metals can be also argued by considering energy–dispersive X–ray (EDX) data. The EDX spectra acquired at low magnification of the powders are shown in Figure 4. EDX analysis of Ag–Co and Ag–Ni nanoalloys revealed that they are all pure bimetallic nanoalloys.
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Figure 4. EDX spectra of (a) Ag–Co and (b) Ag–Ni nanoalloys.
The magnetic data taken from VSM measurement of Ag–Co and Ag–Ni nanoalloys have shown in Figure 5. The hysteresis loops revealed that the resultant Ag–Co and Ag–Ni nanoalloys are ferromagnetic materials. The saturation magnetization (Ms) of Ag–Co and Ag–Ni samples (6 and 8 emu/g, at 300 K, respectively) have declined compared to Co and Ni pure nanoparticles (14 and 43 emu/g, at 300 K, respectively).38,39 The reason of the decrease in Ms of Ag–Co and Ag–Ni samples is due to the presence of dissolved Co and Ni in the Ag matrix. 
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Figure5. The magnetization curves and Ms of (a) Ag–Co and (b) Ag–Ni nanoalloys.
3.2.
Catalytic Applications of Ag–Co and Ag–Ni Nanoalloys
After synthesis and characterization of Ag–Co and Ag–Ni nanoalloys we decided to investigate the efficiency of Ag–Co and Ag–Ni nanoalloys as catalysts in the synthesis of 1,8-dioxooctahydroxanthenes derivatives. To optimize the amount of the catalyst, solvent and the reaction temperature, the reaction of 3-nitrobenzaldehyde (1 mmol) with dimedone (2 mmol) was studied in the various solvents and also under solvent-free conditions at different temperatures in the presence of different amounts of Ag–Co and Ag–Ni nanoalloys. The results showed that the reaction using 0.06 g of Ag–Ni nanoalloys or 0.05 g of Ag–Co nanoalloys proceeded in highest yield in ethanol at room temperature. Using lower amounts of Ag–Co and Ag–Ni nanoalloys resulted in lower yields, while higher amounts of the catalysts did not affect the reaction yields and in the absence of the catalyst, nearly no product could be detected. With these results in hand, we extended our studies using different substituted benzaldehydes with both electron-withdrawing and electron-donating groups (Table 1, entries 1–10). Also, 1-naphthaldehyde and cinnamaldehyde were treated with dimedone to give the corresponding products in excellent yields (entry 11,12). Acid-sensitive aldehydes such as 2-thienyl and 2-furanyl carbaldehydes (entries 13,14) were converted to their corresponding 1,8-dioxooctahydroxanthenes without formation of any polymeric by-product. 1H NMR spectrum of the 9-(3-nitrophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8-(2H)-dione is shown in Figure 6.
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Figure 6. 1H NMR spectrum of the 9-(3-nitrophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8-(2H)-dione.

	Table 1: Synthesis of 1,8-dioxooctahydroxanthenes.


[image: image9.emf]O O Ar

O

+

O

O

2

EtOH / r.t.

Ag-Ni

1

 (0.06 g) or   

Ag-Co

2

 (0.05 g)

ArCHO



	Entry
	Aldehyde
	Time (min)
	Yield (%)a,b
	mp (oC) (lit.)ref.

	1
	Benzaldehyde
	181,172
	961,952
	200–203 (202–204)18

	2
	4-Methylbenzaldehyde
	201,192
	951,942
	214–216 (217–218)18

	3
	4-Methoxybenzaldehyde
	251,252
	941,952
	240–243 (242–244)18

	4
	4-Chlorobenzaldehyde
	171,182
	971,962
	226–228 (228–230)18

	5
	2,4-Dichlorobenzaldehyde
	161,172
	971,982
	254–255 (253–254)18

	6
	4-Hydroxybenzaldehyde
	201,192
	951,952
	244–248(246–248)18

	7
	4-Bromobenzaldehyde
	191,202
	961,972
	243–245 (240–242)28

	8
	4-Cyanobenzaldehyde
	171,172
	971,962
	217–221 (218–220)28

	9
	4-Nitrobenzaldehyde
	151,162
	971,972
	222–224 (226–228)18

	10
	3-Nitrobenzaldehyde
	161,172
	961,982
	169–172 (168–170)18

	11
	1-Naphthaldehyde
	211,222
	951,942
	225–226 (227–231)31

	12
	Cinnamaldehyde
	271,242
	911,942
	174–176 (178–180)24

	13
	2-Thienyl carbaldehyde
	211,232
	961,242
	163–165 (164–166)21

	14
	2-Furanyl carbaldehyde
	201,222
	961,952
	65–67 (62–63)27

	aIsolated yield, bAll products are known compounds and were identified by comparison of their physical and spectral data with those of the authentic samples.


The proposed mechanism for the preparation of 1,8-dioxooctahydroxanthenes is given below in Scheme 1. Aromatic aldehyde is first activated by Ag–Co or Ag–Ni nanoalloys, which is then attacked by dimedone to yield intermediate I. Then, dehydration of intermediate I in the presence of nanoalloys gives the other intermediate II. Addition of a second molecule of dimedone on activated intermediate II followed by intramolecular cyclodehydration affords the 1,8-dioxooctahydroxanthene. Based on this mechanism, it is clear that the electron withdrawing groups substituted on aromatic aldehyde in intermediate II increase the rate of nucleophilic addition of dimedone. Thus, arylaldehydes bearing the electron withdrawing groups react with dimedone faster than those containing electron releasing groups (Table 1, entries 8–10).
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Scheme 1. The proposed mechanism for the synthesis of 1,8-dioxooctahydroxanthenes.
Following these results, we further investigated the potential of Ag–Co and Ag–Ni nanoalloys for the two component condensation of aldehydes and 4-hydroxycoumarin. As shown in Scheme 2, biscoumarins were obtained in high to excellent yields in short times. 
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Scheme 2. Synthesis of biscoumarins in the presence of Ag–Co and Ag–Ni nanoalloys.
The stability and reusability of a catalyst are very important parameters for industrial use. After each reaction, the catalyst was removed by an external magnet and reused for subsequent reactions with slight loss of activity (Figure 7).
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Figure 7. Recyclability of Ag–Co (0.05 g) and Ag–Ni (0.06 g) nanoalloys in the reaction of 3-nitrobenzaldehyde (1 mmol) with dimedone (2 mmol) in ethanol at room temperature after 17 and 16 min, respectively. 
By comparison of the catalytic performance of Ag–Ni and Ag–Co nanoalloys with other reported catalysts, it will be clear that these catalysts led to desired products in lower reaction times, with higher yields, at room temperature. 
	Table 2: Comparison of the efficiencies of a number of different reported catalysts with that of Ag–Co and Ag–Ni nanoalloys in the reaction of benzaldehyde with dimedone.

	Entry
	Reaction conditions
	Time (min)
	Yield (%)a

	1
	p-Dodecylbenezenesulfonic acid, H2O, reflux
	360
	8918

	2
	Amberlyst-15, CH3CN, reflux
	300
	9219

	3
	SmCl3, solvent-free, 120 oC
	540
	9820

	4
	Ionic liquid, ultrasound irradiation, r.t.
	50
	8721

	5
	SiCl4, dichloroethane, 60–70 oC
	180
	9022

	6
	CAN, 2-propanol, ultrasound irradiation, 50 oC
	35
	9823

	7
	[Et3NH][HSO4], solvent-free, 100oC
	20
	9424

	8
	CAN supported HY-zeolite, solvent-free, 80 oC
	90
	8825

	9
	Piperidine/HCl, ethanol/water, r.t.
	10
	6926

	10
	Mg–Al hydrotalcite, H2O, reflux
	180
	8527

	11
	Thiourea dioxide, H2O, 50–60 oC
	45
	9628

	12
	Hydroxylamine-O-sulfonic acid, solvent-free, 90 ºC
	35
	9229

	13
	Carbon nanotube-BuSO3H, EtOH, r.t.
	30
	9530

	14
	Cellulose/Al2O3-[MeIm]Cl-XAlCl3, EtOH, r.t.
	25
	9131

	15
	Sulfated zirconia, EtOH, 70 ºC
	480
	9532

	16
	LPCAS, solvent free, 100 °C
	5
	9533

	17
	Ag–Co nanoalloys, EtOH, r.t
	17
	95

	18
	Ag–Ni nanoalloys, EtOH, r.t
	18
	96

	aIsolated yield.


3.3. Biological Activity of Ag–Co and Ag–Ni Nanoalloys
The interaction of nanoparticles with microorganisms is an expanding field of research. Nanoparticles as antibacterial agents are of great interest for researchers in different fields, including textile industry, water disinfection, medicine, and food packaging.40,41 One of the simplest tests for the evaluation of the resistance of bacteria to different materials is the disk-diffusion testing. This test is easy, cheap and official method that is used in many clinical microbiology laboratories for antibacterial susceptibility testing. 
Following the obtained results of the catalytic activity of Ag–Co and Ag–Ni nanoalloys, we try to investigate the anti-bacterial properties of these nanoalloys on viable typical microorganisms. Figure 8 and Table 3 show the antibacterial effect of Ag–Co and Ag–Ni nanoalloys with distinct concentrations (0.64, 0.32, 0.16 or 0.08 mg/mL) on cultured microorganisms (E.coli and S.aureus cells). The results show that Ag–Co and Ag–Ni nanoalloys exhibit antibacterial properties against E.coli cells. In this case, Ag–Co nanoalloys have stronger degree of bacteria growth inhibition than Ag–Ni nanoalloys. Ag–Ni nanoalloys do not show antibacterial activity against S.aureus cells, while Ag–Co nanoalloys have an efficient antibacterial effect on these bacteria. In each case it is observed that the zone of growth inhibition increased with increasing the concentration of nanoalloys.
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Figure 8. Evaluation of the antimicrobial activity of (a) Ag–Ni nanoalloys against E.coli; (b) Ag–Ni nanoalloys against S.aureus; (c) Ag–Co nanoalloys against E.coli; (d) Ag–Co nanoalloys against S.aureus.
	Table 3: Antibacterial activity of Ag–Ni and Ag–Co nanoalloys.

	Species
	Zone of growth inhibition (mm)/ Concentration (mg/mL)a
	
	Zone of growth inhibition (mm)/ Concentration (mg/mL)b

	
	0.08
	0.16
	0.32
	0.64
	
	0.08
	0.16
	0.32
	0.64

	E.coli
	–
	–
	2
	3
	
	3
	4
	8
	11

	S.aureus
	–
	–
	–
	–
	
	1
	4
	6
	11

	aAg–Ni nanoalloys, bAg–Co nanoalloys.


Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are the cellular oxidants and the free radicals which are played a key role in human cancer development. Antioxidants play a defense role against carcinogens and oxidants. Recently, the estimate of antioxidant activity of nanoparticles has become one of the important basic studies in nano science.42,43 A convenient method for the determination of antioxidant activity of nanoparticles is radical scavenging method which in 2,2-diphenyl-2-picrylhydracyl hydrate (DPPH) is used as a stable compound which accepts electrons from antioxidant donors.
Encouraged by the results obtained from the antibacterial activity of Ag–Co and Ag–Ni nanoalloys, we tried to evaluate antioxidant activity of these nanoalloys with distinct concentrations (2.5, 5, 10, and 20 µg/mL) using butyl hydroxytoluene (BHT) as positive control and DPPH. As the results in Figure 9 show, the following order of the antioxidant activity was observed: Ag–Co nanoalloys > Ag–Ni nanoalloys > BHT. Table 4 shows IC50 (the concentration of sample required to scavenge 50 % of the DPPH free radicals) value of the Ag–Co and Ag–Ni nanoalloys and BHT.
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Figure 9. The DPPH radical scavenging activity of the Ag–Co and Ag–Ni nanoalloys and BHT.

	Table 4: The IC50 values of Ag–Co and Ag–Ni nanoalloys and BHT.

	Sample
	IC50 (μg/mL)

	Ag–Co nanoalloys
	7.94 ± 1.48

	Ag–Ni nanoalloys
	11.28 ± 1.98

	BHT
	12.53 ± 2.43


Recently, studies on the possibility of the DNA cleavage by synthetic materials such as nanoparticles have stimulated great interest.44 Damage in DNA by free radicals is a likely cause of mutations which, if they occur in genes, may promote some of diseases such as birth defects, genetic diseases, and cancer.45 Following our results on antibacterial and antioxidant activities of Ag–Co and Ag–Ni nanoalloys, we decided to investigate whether or not these nanoalloys have destructive effects on DNA molecules. Base on this, we examined effect of the distinct concentrations (0.25, 0.5, 1, and 2 mg/mL) of Ag–Co and Ag–Ni nanoalloys on the DNA cleavage. Figure 10 shows the agarose gel electrophoresis. Plasmid DNA mixed with water was used as the negative control. After exposure of plasmid DNA to different concentration of the nanomaterial suspensions, we did not observe any destructive effects on DNA molecules.
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Figure 10. Effect of the distinct concentrations of Ag–Co and Ag–Ni nanoalloys on the DNA cleavage. 
4. Conclusion
In summary, Ag–Co and Ag–Ni nanoalloys were easily prepared from their starting materials and used as highly efficient heterogeneous catalytic systems for the synthesis of 1,8-dioxooctahydroxanthene derivatives from the reaction of dimedone with aromatic aldehydes in ethanol as a green solvent at room temperature. The catalysts can be easily separated using an external magnet and their catalytic activity remains after several reaction cycles. The procedure offers several advantages including cleaner reaction profiles, simple experimental and work-up procedures, no competitive side reactions, high reaction rates, and excellent yields. To the best of our knowledge, these nanoalloys have not yet been evaluated in catalytic reactions in organic synthesis. Also, Ag–Co and Ag–Ni nanoalloys showed antibacterial and antioxidant properties and they had no destructive effects on DNA molecules. 
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