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Abstract
The benzoguanamine-based nickel complex was prepared, characterized by several methods and its
biological (anti-bacterial, anti-cancer and anti-oxidant) activities were investigated. Also, the
benzoguanamine-based nickel complex was used as a capable heterogeneous nano-catalyst for the
synthesis of diverse 2-phenyl-1H-benzo[d]imidazoles from the reaction of o-phenylenediamine (PhenDA)
with various aldehydes in chloroform at re�ux conditions.  

Introduction
Benzimidazoles are known nitrogen-containing compounds which show anthelminthic [1], anti-allergic [2],
anti-cancer [3-6], anti-diabetic [7], anti-fungal [8], anti-in�ammatory [9], anti-malarial [10], anti-microbial
[11-14], anti-parasitic [15], anti-tubercular [16], and anti-viral activities [17,18]. Also, they are potent
molecules to be used in pharmaceutical industry [19], inhibition of HIV-1 reverse transcriptase [20],
topoisomerase-I inhibition and cytotoxicity [21], treatment of Parkinson disease [22], asymmetric
catalysis [23], chemo-sensing [24], corrosion science [25,26], crystal engineering [27], and
�uorescence [28].

Due to the biological and industrial importance of benzimidazole compounds, several various methods
have been used for their synthesis. For example, from the reaction of aromatic and heteroaromatic 2-
nitroamines by formic acid, iron powder and NH4Cl [29], the use of various o-phenylenediamines and N-
substituted formamides in the presence of zinc and poly(methylhydrosiloxane) [30], the reaction of o-
iodoanilines or electron-rich aromatic amines with K2S and DMSO [31], the reaction of aryl amines and
aldehydes with azides [32], the reaction of anilines, primary alkyl amines with sodium azide in the
presence of Cu and t-butyl hydroperoxide [33], the reaction of phenylenediamines and aldehydes by
cobalt nano-composite [34], the reaction of aromatic diamine with primary alcohols by Mn(I) complex
[35], the condensation reaction of simple o-phenylenediamines and a broad range of aldehydes by
molecular iodine under basic conditions [36], the reaction of o-phenylenediamines and primary amines by
o-quinone catalyst [37], a solvent- and catalyst-free reaction of alkylamines and o-
hydroxy/amino/mercaptan anilines in the presence of elemental sulfur as traceless oxidizing agent [38],
the reaction of o-nitroanilines with alcohols by sodium sul�de and iron(III) chloride hexahydrate [39], a
solvent-free cobalt- or iron-catalyzed reaction of 2-nitroanilines with benzylamines [40], the Brønsted acid
catalyzed reactions of 2-aminothiophenols and anilines with β-diketones [41], the reaction of O-
substituted anilines with functionalized orthoesters by Lewis acid [42], the oxone mediated reaction of 2-
aminobenzylamines with aromatic, hetero-aromatic, and aliphatic aldehydes [43], a one-pot
multicomponent synthesis of imidazo[1,2-a]pyridine derivatives by the use of pyridin-2-amines,
aldehydes, and terminal alkynes in the presence of a catalytic amount of silica-supported iron oxide
nanoparticles in re�uxing EtOH in good-to-excellent yields [44], the syntheses of multifunctional 1,2-
disubstituted benzimid-azoles from the reaction of 1,2-diamines and aldehydes or ketones by the
chitosan-supported Fe3O4 in ethanol at ambient temperature [45], the synthesis of tetraheterocyclic
benzimid-azolo[2,3-b]quinazolinones via the one-pot multicomponent condensation reaction of 2-amino-
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benzimidazole, dimedone, and various aldehydes by the use of Fe3O4@chitosan [46], the synthesis of
benzimidazoles from the condensation reaction of benzaldehydes with o-phenylenediamine by the citric
acid functionalized graphene oxide nanocomposite [47] and the synthesis of various
benzimidazoloquinazolinones under mild reaction conditions by a graphene oxide-based magnetite
composite nanocatalyst [48]. 

In recent years, the use of heterogeneous catalysts and their utility in chemical reactions has been the
focus of attention, since they have advantages such as recyclability and reusability, easy separation and
environmental friendliness [49-54]. That is why the design and preparation of novel heterogeneous
catalysts and their use are of particular importance [55,56].

To extend our new vision on the topic of the design, synthesis and applications of knowledge‐based nano
magnetic recyclable and reusable heterogeneous catalytic systems, we would like to report preparation of
the Ni-supported nano-catalyst via synthesis of the Fe3O4 magnetic nanoparticles, its coating with TEOS,
functionalization with CPTMS and benzo-guanamine ligand and complexation with nickel nitrate
(Fe3O4@SiO2@CPTMS@BGA@Ni) (Scheme 1).

Then, the magnetic Ni-supported complex was used as an e�cient heterogeneous nano-catalyst for the
synthesis of diverse benzimidazoles (Scheme 2).

Materials And Methods
All reagents were purchased from the Merck and Aldrich chemical companies and used without further
puri�cation. Analytical thin-layer chromatography (TLC) was conducted on pre-coated TLC plates; silica
gel 60 F-254 [E. Merck, Darmstadt, Germany]. The NMR spectra were recorded on a Bruker Avance DRX
250 MHz instruments in CDCl3. The chemical shifts are reported in parts per million (ppm) relative to
TMS as an internal standard and J values are given in hertz. FT‐IR (KBr) spectra were recorded on an
Alpha Perkin Elmer spectro-photometer. Melting points were taken in open capillary tubes with a Stuart
melting point apparatus and are uncorrected. The ICP measurements for the metal content evaluation
were performed using a Perkin‐Elmer ICP/6500.

Preparation of the Ni-supported nano‐catalyst

The new Ni-supported nano-catalyst was synthesized in the following �ve sequential stages. 

The �rst stage: preparation of the Fe3O4 magnetic nanoparticles 

The Fe3O4 nano-particles (Fe3O4 MNPs) were synthesized according to the literature.57 Brie�y, FeCl3.6H2O
(11.44 g, 42.39 mmole) and FeCl2.4H2O (4.3 g, 21.62 mmole) were dissolved in water (100 mL) and
stirred for 30 min at 80 °C. Then, NH3.H2O 37% was added dropwise to the mixture with vigorous stirring,
the pH of the reaction set to 10 and the reaction held further for 30 min. A black precipitate �ltered,
washed with water and vacuum dried.  
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The second stage: coating of Fe3O4 MNPs with TEOS

The coated Fe3O4 MNPs (Fe3O4@SiO2) were prepared by previous reported method [58]. Brie�y, Fe3O4

MNPs were dispersed into a mixture of ethanol-water under ultrasound irradiation. Then, NH3.H2O (3.0
mL) and tetraethyl ortho silicate (TEOS, 2.0 mL, 9.024 mmole) were added dropwise to the reaction
mixture. Fe3O4@SiO2 were obtained, washed with water and ethanol for several times, and dried under
vacuum.

The third stage: functionalization of Fe3O4/SiO2 with the CPTMS ligand

Functionalization of Fe3O4@SiO2 was carried out with 3-chloropropyltrimethoxysilane (CPTMS). So,
CPTMS (1.0 mL, 5.0 mmole), Fe3O4@SiO2 (1.0 g) and anhydrous toluene (100 mL) were mixed and
stirred for 18 h at 60 °C. Then, Fe3O4@SiO2@CPTMS was separated with a super magnet, washed with
toluene and dried under vacuum.

The fourth stage: further functionalization with the BGA ligand

Further functionalization of Fe3O4@SiO2@CPTMS was taken place by the mixing of BGA (0.93 g, 5.0
mmole), K2CO3 (414 mg, 3.0 mmole), toluene (50 mL) and Fe3O4@SiO2@ CPTMS (0.1 g) and re�uxed
for 12 h. The precipitate (Fe3O4@SiO2@CPTMS@BGA) was separated with super magnet, washed several
times with ethanol/water and dried in vacuum. 

The �fth stage: complexation of Fe3O4/SiO2/CPTMS/BGA with Ni(NO3)2

The complexation of Fe3O4@SiO2@CPTMS@BGA was accomplished with Ni(NO3)2. So,
Fe3O4@SiO2@CPTMS@BGA (0.2 g) and Ni(NO3)2.6H2O (1.45 g, 5.0 mmole) was stirred in toluene (100
ML) under nitrogen atmosphere at 70 °C and completion of the reaction monitored with TLC. Then, the
obtained Ni-supported nano-catalyst (Fe3O4@SiO2@CPTMS@BGA@ Ni) was separated by super magnet,
washed with ethanol and air-dried. 

General procedure for the synthesis of benzimidazoles by the Ni-supported nano-catalyst 

A solution of PhenDA (108 mg, 1.0 mmole), aromatic aldehyde (1.0 mmole), CHCl3 (3 mL) and the Ni-
supported nano-catalyst (20 mg) were mixed and heated with stirring under re�ux condition for 10-60 min
depending on the type of aldehyde. The progress of the reaction was monitored by TLC (mobile phase: n-
hexane/EtOAc/methanol). After completion of the reaction, the reaction mixture was allowed to cool to rt
and the Ni-supported nano-catalyst was separated using a super magnet. After solvent evaporation, the
pure products were obtained by recrystallization in ethanol.

Selected spectral data

2-Phenyl-1H-benzo[d]imidazole (3a) 
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IR (KBr, cm–1): 1621 (C=N), 3440 (NH); 1H NMR (DMSO-d6, 250 MHz): δH (ppm) = 12.93 (H of NH), 8.5-

6.87 (aromatic hydrogens); 13C NMR (DMSO-d6, 62.5 MHz): δC (ppm) = 122.1, 126.4, 128.4, 128.9, 129.2,
129.8, 130.1, 151.2.

2-(2-Hydroxyphenyl)-1H-benzo[d]imidazole (3b) 

IR (KBr, cm-1): 1600 (C=N), 3247 (OH, NH). 1H NMR (250 MHz, CDCl3): δH (ppm) = 13 (H of NH), 9.27 (H of

H2O), 8.86-6.56 (aromatic hydrogens); 13C NMR (62.5 MHz, CDCl3): δC (ppm) = 111.4, 112.5, 117.2, 117.6,
119.07, 122.3, 123.2, 126.1, 131.6, 151.6, 157.9.

2-(4-Hydroxyphenyl)-1H-benzo[d]imidazole (3d) 

IR (KBr, cm-1): 1605 (C=N), 3251 (OH, NH); 1H NMR (DMSO-d6, 250 MHz): δH (ppm) = 12.65 (H of NH),

10.07 (H of H2O), 8.32-6.67 (aromatic hydrogens); 13C NMR (DMSO-d6, 62.5 MHz): δC (ppm) = 115.6,
121.0, 121.6, 128.1, 151.7, 159.1.

2-(4-Methoxyphenyl)-1H-benzo[d]imidazole (3e) 

IR (KBr, cm-1): 1610 (C=N), 3420 (NH); 1H NMR (DMSO-d6, 250 MHz): δH (ppm) = 12.76 (H of NH), 8.2-7

(aromatic hydrogens), 3.9-3.4 (Hs of OCH3); 13C NMR (DMSO-d6, 62.5 MHz): δC (ppm) = 110.9, 114.3,
116.4, 121.5, 121.9, 122.5, 127.9, 151.3, 160.5.

2-(4-Chlorophenyl)-1H-benzo[d]imidazole (3f) 

IR (KBr, cm-1): 1600 (C=N), 3440 (NH); 1H NMR (DMSO-d6, 250 MHz): δH (ppm) = 12.98 (H of NH), 8.22-

6.07 (aromatic hydrogens); 13C NMR (DMSO-d6, 62.5 MHz): δC (ppm) = 111.4, 116.8, 121.6, 122.7, 128.0,
129.0, 134.4, 150.0.

Results
Synthesis of the Ni-supported nano-catalyst

The Ni-supported nanoparticle catalyst was obtained via synthesis of the Fe3O4 magnetic nanoparticles.
In order to prevent agglomeration of magnetic nanoparticles, the particles are coated with TEOS. This
covering stabilizes the magnetite nanoparticles in two various ways. On the one hand, is by shielding the
magnetic dipole interaction with the silica shell. On the other hand, the silica nanoparticles are negatively
charged. Therefore, the silica covering enhances the coulomb repulsion. Next step is the magnetic
nanoparticles functionalization with CPTMS and BGA ligand, and then complexation with
Ni(NO3)2.6H2O. 

Characterization of the Ni-supported nano-catalyst
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Formation of the Ni-supported nano-catalyst was veri�ed by the inductively coupled plasma (ICP), FT-IR,
X-ray diffraction (XRD), dispersive X-ray spectroscopy (EDX), scanning electron microscope (SEM),
transmission electron microscope (TEM), thermo-gravimetric-differential thermal analysis (TGA-DTA),
vibrating sample magnetometer (VSM) and BET (Brunauer-Emmett-Teller) measurements.

Characterization of the Ni-supported nano-catalyst by ICP

The ICP analysis of the catalyst showed that the Ni content of Fe3O4@SiO2@CPTMS@ BGA@Ni is about
49.7%.

Characterization of the Ni-supported nano-catalyst by FT-IR

Figure 1 presents the four FT‐IR spectra of A: Fe3O4@SiO2, B: Fe3O4@SiO2@CPTMS, C:
Fe3O4@SiO2@CPTMS@BGA and D: Fe3O4@SiO2@CPTMS@BGA@Ni. Curve A displays two basic

characteristic peaks at approximately about 583 and 1091 cm-1 which are attributed to the presence of
the Fe-O and Si-O stretching vibrations, respectively to indicate the silica coated magnetite nanoparticles.
Curve B shows a new peak at about 636 cm-1 indicating presence of the C-Cl bond. Curve C shows three
new peaks at 1416, 1674 and 3380 cm-1 which respectively are attributed to the C-C, C=N and N-H bonds,
to refer to the BGA ligand in Fe3O4@SiO2@CPTMS@BGA. And �nally, the curve D shows shifts from 3380

to 3512 and from 1674 to 1515 cm-1 which are related to the new interactions of nickel with the nitrogen-
containing ligand. Consequently, comparison of the IR spectra con�rms the successful stages of the Ni-
supported nano-catalyst. 

Characterization of the Ni-supported nano-catalyst by XRD

Figure 2 shows the XRD patterns of A (Fe3O4@SiO2, black), B (Fe3O4@SiO2@CPTMS, green), C
(Fe3O4@SiO2@CPTMS@BGA, blue) and D (Fe3O4@SiO2@CPTMS@BGA@Ni, purple). The XRD pattern
exhibited peaks at about 2θ = 18.5°, 30.4°, 35.7°, 43.5°, 53,8°, 57.6°, 63° and 74.7° con�rm the spinal
structure of Fe3O4 MNPs. Appearance of the new peaks at 2θ = 12.2°, 19.2°, 23.7°, 33.8°, 38°, 41°, 46.7°
and 60° are attributed to the Ni species.

Characterization of the Ni-supported nano-catalyst by EDX

Figure 3 shows the EDX analysis of the Ni-supported nano-catalyst and presence of the anticipated
elements in its structure, namely N (3.34 %), O (22.41 %), Si (2.99 %), Fe (11.33 %) and Ni (28.53 %). 

Characterization of the Ni-supported nano-catalyst by SEM

For the investigation of the size and surface morphology of the newly prepared catalyst, SEM images
were obtained as shown in Figure 4. According to these images, the sizes of the Ni-supported nano‐
catalyst particles are in the nanometer ranges (between 31.7‐35.6 nm).             

Characterization of the Ni-supported nano-catalyst by the SEM Mapping Images
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Also, the SEM elemental-mapping images presented in Figure 5 con�rm the elemental composition of the
synthesized catalyst and display a nice distribution of elements on the catalyst surface.

Characterization of the Ni-supported nano-catalyst by TGA-DTA

In order to investigate the thermal stability of the Ni-supported nano-catalyst, the TGA-DTA analysis was
conducted and the obtained curve is illustrated in Figure 6. The thermo gravimetric analysis curve show
the three mass losses of the organic materials as they decompose upon heating. The weight loss
beginning at about 85 °C could be related to the loss of water molecules, the weight loss at about 220 °C
could be attributed to the decomposition of complex, and the weight loss at about 380 °C could be
attributed to the decomposition of the BGA ligand. 

Characterization of the Ni-supported nano-catalyst by VSM

The VSM analyses of (A) Fe3O4@SiO2, (B) Fe3O4@SiO2@CPTMS, (C) Fe3O4@SiO2@ CPTMS@BGA and
(D) the Ni-supported nano-catalyst (Fe3O4@SiO2@CPTMS@BGA@Ni) were investigated in order to
demonstrate their magnetic behaviors (Figure 7). As can be seen, all four compounds have magnetic
properties; however, magnetization of B (43.8 emu/g), C (40.7 emu/g) and D (4.7 emu/g) were decreased
to some extent in comparison with A (68.4 emu/g). This can be explained by the reduction in the dipole–
dipole interactions between the magnetic nanoparticles after their coating with SiO2, functionalization
with both the CPTMS and BGA ligands and the complexation with Ni(NO3)2 which cause the more
coating of Fe3O4 MNPs.

Characterization of the Ni-supported complex by BET 

To obtain the speci�c surface area, the total volume of the pores and the mean pore diameter of the Ni-
supported complex, the nitrogen adsorption (uptake) and desorption analysis was performed at 77 Kelvin
and Table 1 shows the results of the Brunauer-Emmett-Teller (BET) measurements.

Table 1 Results of the BET measurements of the Ni-supported complex

valueParameter

15.885as (m2/g)

3.65Vm (cm3/g)

0.1275Total pore volume

32.116Mean pore diameter

The Figure 8 is a type III curve and indicates the absence of the hysteresis. 

The Figure 9 is the BJH adsorption curve of the Ni-supported complex indicating that the sizes of pores
are approximately between 5 and 85 nm.
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Optimization of the reaction conditions

After con�rmation of the new prepared Ni-supported nano-catalyst, the catalyst capability was
investigated for the synthesis of diverse benzimidazoles. To achieve this goal and to �nd the optimal
reaction conditions, the reaction of benzaldehyde and PhenDA was chosen as a model reaction. The
obtained data in various temperatures, amounts of the catalyst and solvents are summarized in Table 2.
The best result is obtained when the reaction is performed in the presence of 20 mg of the Ni-supported
nano-catalyst in CHCl3 at re�ux condition (entry 4). 

Table 2 Optimization of the reaction conditions for the synthesis of 2-phenyl-1H-benzo[d]imidazole

Entry Solvent Temp. (°C) Catal. amount (mg) Time (min) Yield (%)

1 C2H5OH room temp 10 180 83

2 C2H5OH re�ux 10 60 85

3 CHCl3 re�ux 10 40 82

4 CHCl3 re�ux 20 30 95

5 CHCl3 room temp 20 120 84

6 CHCl3 re�ux no catalyst 120 Trace

7 n-Hexane re�ux 20 80 70

8 CH3CN re�ux 20 75 65

9 Toluene re�ux 20 90 76

Synthesis of diverse benzimidazoles 

Based on the obtained results and using the optimized model reaction, the synthesis of diverse
benzimidazoles (3a-j) were carried out from the reaction of PhenDA with aromatic aldehydes (2a-j) in
CHCl3 by the Ni-supported nano-catalyst in re�ux conditions (Table 3). 

Proposed mechanism for the synthesis of diverse benzimidazoles

According to our suggested mechanism (Scheme 3), the withdrawing groups usually facilitate the
reaction rates in the nucleophilic substitution reactions. They pull out the electron density of the
electrophilic centers inductively or by resonance, so the electrophilic centers will become more positive,
therefore the nucleophilic attack will become easier.

Reusability of the Ni-supported nano-catalyst
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In another study, recyclability and reusability of the magnetic Ni-supported nano-catalyst was con�rmed
on the condensation of benzaldehyde and PhenDA for �ve runs under the optimized reaction
conditions. At the end of each run, in order to dissolve and extract the desired product and unreacted
starting materials and after removing the solvent, ethanol was added to the reaction mixture and
heated. Thereafter, by using an external super magnet the catalyst was separated from the reaction
mixture, frequently washed with ethanol, dried and reused in the next run. As illustrated in Figure 10,
catalyst activity investigated is preserved after �ve consecutive cycles without any signi�cant decrease in
yield and reaction time.

Comparison of the catalyst activities 

Table 4 shows the comparison of the previous methods (entries 1-10) used for the synthesis of
benzimidazoles with our proposed method (entry 11). In general, the disadvantages of the previous
methods are: formation of by-products and impurities, tedious work-up, long reaction times and low
yields, while our proposed method does not have any mentioned disadvantages, and is easy, applicable
and reusable with good to high yields.

Table 4 Comparison of different methods for the synthesis of benzimidazoles.

Entry Catalyst              Subject Time (h) Yield (%) Ref.

1 Glycerol Synthesis of benzimidazoles 2-3 70-85 [18]

2 AcOH/O2 Synthesis of benzimidazoles 0.33-1 52-92 [19]

3 Na2S2O5 Synthesis of benzimidazoles 16-20 43-73 [20]

4 [Msim]Cl  Synthesis of benzimidazoles  6-20 79-95 [21]

5 H2N-SO3H Synthesis of benzimidazoles  1 35-69 [22]

6 Me2S+BrBr- Synthesis of benzimidazoles  4-8 72-91 [23]

7 KHSO4 Synthesis of benzimidazoles Up to 2 81-87 [24]

8 zeolite Synthesis of benzimidazoles  1 75-94 [25]

9 (ENPFSA) Synthesis of benzimidazoles  3-4 70-90 [26]

10 Cu2O Synthesis of benzimidazoles 16 40-76 [27]

11 Our Method    Fe3O4@SiO2@CPTMS@BGA@Ni 0.5-1 87-95 -

Biological activities

Antioxidant activity
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The electron donation ability of the complexes was evaluated by bleaching of the purple-colored
methanol solution of DPPH (2,2-diphenyl-1-picrylhydrazyl). Brie�y, 180 μl of 0.3 μM DPPH solution and 20
μl of the synthesized complexes at different concentrations were added in a 96 well microplate, and then
the samples were incubated for 30 min at 25 °C in the dark. The reduction process of free radicals was
investigated by measuring the absorbance at 517 nm. Ascorbic acid was used as a positive control, while
the DPPH-methanol mixture without the synthesized compounds was used as the blank control [59]. The
percentage inhibition of DPPH radical (I) was calculated using the formula: %I=[1(Asample-
Ablank)/Acontrol]×100, where, Asample is the absorbance of chemicals/ ascorbic acid and Ablank is the
absorbance of the reaction mixture containing sample and methanol and Acontrol is the absorbance of the
control sample containing DPPH and methanol. The antioxidant activity was expressed as IC50 value,
which is de�ned as the amount of antioxidant that is required to decrease the initial DPPH concentration
by 50% [60].

Evaluation of the antibacterial activity

For all the experiments one gram-positive and one gram-negative bacterium were used as
Staphylococcus aureus (ATCC 33591), Escherichia coli (ATCC 35218). These strains were kept frozen at
-80 °C in appropriate media with 15% of glycerol. 

Minimum inhibitory concentration (MIC) determined by serial broth dilution method [60]. Stock solutions
of the synthesized compounds were prepared by dissolving dry compounds in solvent to a �nal
concentration of 10 mg/ml. The serial dilutions from the stock solution were made ranging from 5 to 0.30
mg/ml using Mueller-Hinton broth media (Abcam, UK) in 96-well microplates. A bacterial inoculum was
prepared with turbidity equivalent to a 0.5 McFarland standard. The bacterial suspension containing
almost 1.5×108 CFU/ml was prepared from a 24 h culture plate. Serial dilutions to get the �nal
concentration ranging from 0.3 to 5 mg/ml of chemical compounds in MHB were prepared in a 96-well
plate in a volume of 100 μl. Then, 100 μl of bacterial suspension was inoculated into each well. A sterility
control well and a growth control well were also studied for each strain. To determine the sensitivity of the
microorganisms, ampicillin was conducted as a positive control at a starting concentration of 0.10
mg/ml in sterile water. A negative control experiment was conducted using only DMSO. The microtiter
plates were incubated at 37 °C for 18 h, and the MIC values were visually determined by a microplate
reader at 620 nm. The lowest concentration of each chemical compound displaying no visible growth
was recorded as MIC. MIC values were determined in triplicate and repeated to con�rm activity [61].

Anticancer activity assay

Human cancer cell line MG63 (osteosarcoma) was purchased from Bon Yakhteh Company, Tehran, Iran.
Cells were cultured at 37 °C, and 5% CO2 in Dulbecco's Modi�ed Eagle Medium/Nutrient Mixture F-12
(DMEM-F12, Gibco, USA) supplemented with 10% fetal bovine serum (FBS, Gibco, USA) and 1%
penicillin/streptomycin. At 85% con�uence, the cells were harvested using 0.25% trypsin-EDTA. Then cells
were seeded at 5×104 density in each well containing 100 μl DMEM-F12 medium supplemented with 10%
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FBS in a 96-well plate and allowed to attach for 24 h before treatment. Cells were treated with various
doses of chemicals (0.3 to 5 mg) dispersed in double distilled water. The identical volume of solvent was
used as a control. The effects of the chemical agents on cell proliferation were detected by MTT (3-(4,5-
dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide) assay. After 24 h incubation, MTT solution (5
µg/ml) was added to each well, and the plates were incubated in a CO2 incubator for 3 h. The media was
removed, and DMSO was added to each well to solubilize the formazan crystals. The optical density (OD)
of each well was measured (570 nm) using a microplate reader (in�nite F50, TECAN, Austria), and the
growth inhibition was calculated [62]. Cytotoxicity is shown as the concentration of a compound
inhibiting cell growth by 50% (IC50). All tests were carried out three times, and the mean values were
recorded.

Antioxidant activity

The investigation on the antioxidant properties of chemicals was performed using the DPPH assay at six
different concentrations (0.15, 0.30, 0.625, 1.25, 2.5, and 5 mg/ml). Consequently, the antioxidant activity
for the catalyst at the concentration of 5 mg/ml was measured as 80%. Result showed that the
antioxidant activity was signi�cantly associated with that compound concentration (Figure 11).

Antibacterial activity 

The inhibition growth (%) of the benzoguanamine-based nickel complex (nano-catalyst) were
investigated at the highest concentration (5 mg/ml) against the two tested bacteria (E. coli (-) and S.
aureus (+)) which was 94% and 81%, respectively.

Results showed that the catalyst could impair the growth of both the gram-positive and the gram-
negative bacteria in all tested concentrations. Owing to the effect of lipopolysaccharide and other
structural features of gram-negative bacterial cell walls, these pathogens are usually more resistant to
antibacterial compounds. Antibacterial assay on catalyst determined an inhibitory effect at the
concentration of 0.65 mg/ml and higher. Noteworthy to mention, inhibitory activity of catalyst on S.
aureus was stronger than that on E. coli (Figure 12).

Anticancer activity

The present study investigated the anticancer activity of the catalyst against the MG63 cell line. The ratio
of cell viability under catalyst treatment has shown a considerable decrease compared to Cisplatin as the
positive control con�rming its anticancer property. The IC50 value determined the growth inhibition of
cancer cells, indicating that compound concentration was associated with the half inhibition of cancer
cell growth (Figures 13 and 14). 

Conclusions
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In summary, a new heterogeneous magnetic nano-catalyst was synthesized, characterized and its
formation was con�rmed by several methods, including FT-IR spectroscopy, EDX spectroscopy, elemental
mapping, XRD analysis, SEM, TG-DTA, VSM and BET. The catalytic performance of this catalyst was
investigated in preparation of benzimidazoles derivatives from the reaction of PhenDA with various
aldehydes under mild reaction conditions with good to high yield in short reaction times. 
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Figures

Figure 1

The FT‐IR spectra of A), B), C) and D) Fe3O4@SiO2@CPTMS@BGA@Ni.

Figure 2

The XRD patterns of A, B, C and D.

Figure 3
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The EDX analysis of the Ni-supported nano-catalyst.

Figure 4

The SEM images of the Ni-supported nano-catalyst.
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Figure 5

The elemental mapping images of the overlapping elements (a), iron (b), silicon (c), oxygen (d), nitrogen
(e) and nickel (f) in the Ni-supported nano-catalyst.

Figure 6

The TGA-DTA patterns of the Ni-supported nano-catalyst.
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Figure 7

The VSM analyses of A, B, C and D.

Figure 8

The nitrogen adsorption-desorption curve (BET) of the Ni-supported complex.
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Figure 9

The BJH adsorption curve of the Ni-supported complex.

Figure 10

Reusability of the Ni-supported nano-catalyst in �ve-consecutive reaction runs.
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Figure 11

DPPH radical scavenging activity (%) of the catalyst at 6 different concentrations and ascorbic acid as
standard. Data are expressed as mean ± SD. Graphs are representative of independent experiment
performed in triplicate.

Figure 12

Minimum inhibitory concentration (MIC) of the catalyst (mg/ml) against 2 ATCC bacteria. The experiment
was performed in triplicate and expressed as mean ± SD.



Page 23/24

Figure 13

Graphical representation of the antiproliferative activity of the catalyst against MG63 cancer cell line
obtained by MTT for indicated concentrations for 24 h. Data are expressed as mean ± SD. The data were
normalized as a function of the mean negative control treatment. Representative graphs of independent
experiment performed in triplicate (P < 0.05).

Figure 14

Graphical representation of the antiproliferative activity of the catalyst against MG63 cancer cell line
obtained by MTT for indicated concentrations for 24 h. Data are expressed as mean ± SD. The data were
normalized as a function of the mean negative control treatment. Representative graphs of independent
experiment performed in triplicate (P < 0.05).
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