Facile and Selective synthesis of 1,2-disubstituted benzimidazoles using copper oxide/Bentonite K-10 composite – A reusable heterogeneous catalyst
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Abstract: Cu (II) oxide supported on Bentonite K-10 has been found to be a selective catalyst for the synthesis of 1-benzyl-2-phenyl-1H-1,3-benzimidazole via condensation of o-phenylenediamine and benzaldehyde. Simple procedure, inexpensive and non toxic reagents, low reaction time, high yield of the product, catalyst reusability makes this a useful synthetic protocol. Cu (II) oxide has improved the yield of the product under mild reflux conditions. Powder X-ray Diffraction (PXRD) studies indicated the presence of Cu (II) oxide in the Bentonite K-10/metal oxide composite. The UV-Visible diffuse reflectance spectral analysis of CuO-Bentonite K-10 sample indicated the absence of  oligonuclear [Cu-O-Cu]n species.  The total acidity of the composite was evaluated by potentiometric titration using n-butyl amine as the base. Compared to Bentonite K-10, the copper oxide containing composite was found to be superior in their catalytic activity in the condensation reaction. The higher activity is attributed to the surface acidity as well as the Cu(II) species. 
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1. Introduction
Molecules having benzimidazole as a basic structural unit are commercially used in several therapeutic agents such as anticancer, antiulcerative, antihypertensive, antiviral, antifungal, antitumor, antihistaminic and an entire class of anthelminthic agents in veterinarian medicine[1,2]. Appropriately 1,2-disubstituted benzimidazoles are used as agonists against c-butyric acid A receptor (GABAA) [3]. Moreover, they display thrombin inhibitory activity [4a] and antibacterial activity against gram-positive bacteria [4b].

The available methods of preparation for 1,2-disubstituted benzimidazoles involves the direct reductive amination (DRA) of carbonyl compounds[5],  N-arylation of amines with aryl halides [6] and  direct one-step condensation of o-phenylenediamines(OPDA) with aldehydes under the influence of different acid catalysts [7]. The drawbacks of the former two methods include the use of reductants in more than stoichiometric amounts as well as   use of carbon monoxide, strong acidic and harsh reaction conditions. The direct one pot condensation method however shows poor selectivity in terms of N-1substitution, which results in the formation of two compounds i.e., the formation of 2-substituted benzimidazole along with 1, 2-disubstituted benzimidazole as a mixture. 
Supported copper oxide based catalysts has been extensively used in the oxidation of methanol [8], benzene [9], phenol [10], carbonmonoxide [11]. Nano crystalline CuO has been successfully used as an effective catalyst in the asymmetric aldol condensation [12]. In the present paper, we report the use of Cu(II)O supported on Bentonite K-10 as a selective catalyst for the condensation reaction between 1,2-phenylenediamine and benzaldehyde to selectively yield 1-benzyl-2-phenyl-1H-1,3-benzimidazole. 

2. Catalyst preparation and catalytic test
100 g of Bentonite K-10 was suspended in 1 litre of de-ionized water and stirred on a magnetic stirrer for 4 hours at 60-70oC. After 4 h, the suspension was left overnight undisturbed. The supernatant solution was decanted and the solid was dried at 120oC in a hot air oven for 12 h. This washed clay was used in the preparation of copper oxide/Bentonite K-10 samples and this sample is labeled as clay-120. A portion of this sample (5 g) was calcined at 350oC in a muffle furnace and labeled as clay-350. The Cu (II) oxide supported on Bentonite K-10 was prepared by wet impregnation method. 18 g of clay-120 was taken in a pestle and to this required amount of Cu(NO3)2.3H2O predissolved in minimum amount of water was added and mixed thoroughly with a mortar. The resultant solid was dried at 1200C for 12 h and this sample was labeled as WI-120. 5 g of this sample was calcined in a muffle furnace for 3 hours at 350oC. The calcined sample was labeled as WI-350.
The condensation reaction between OPDA and benzaldehyde was performed under mild reflux conditions. In a typical experiment, 1.08g (10 mmol) of OPDA and 2.1mL (21mmol) of benzaldehyde were taken in a round bottom flask and a defined amount (100 mg) of the catalyst was added to the reaction mixture (scheme 1). The mixture was refluxed at 50oC for 1 h. The products of the reaction mixture were analyzed by TLC and later confirmed using GC-MS. 
3. Results and Discussion
3.1. Physico-chemical features

In the XRD pattern of Clay-120, one reflection was observed in the region 2o<2θ<8o. This value corresponds to the 5.73o (2θ) value from which the interlamellar distance was found to be 15.42Ǻ. In clay-350, the d001 peak was not present indicating the collapse of the laminar structure of the clay material and the relative intensity of the peaks decreased showing poor crystallinity of the calcined clay. In the WI-350 sample, the increase in the relative intensity of most of the peaks indicates the presence of Cu(II) species (Table 1). On comparing with the JCPDS (File No.02-1041, the three strong lines being at 2.52Ǻ, 2.30Ǻ and 1.37Ǻ), it can be said that CuO was present in the prepared composite with three strong lines at 2.53Ǻ, 2.33Ǻ and 1.38Ǻ. The slight variation in the d-spacing values is due to the possible interaction of the copper oxide in the composite (Fig.1). 
Acidity of the catalysts used was determined by potentiometric titration (13). WI-350 showed higher acidity compared to clay-120 and clay-350 (Fig.2). Acidic properties of clay composite stems from the terminal hydroxyl groups, bridging oxygen’s and from the dissociation of interlayer water molecules co-ordinated to the exchangeable cations. 
A band between 220-240nm which is attributed to charge transfer transitions between mononuclear Cu2+ ion and oxygen indicating the presence of CuO in the prepared WI-350. The Broad band between 300-600nm indicates the absence of any charge transfer transitions between Cu2+ and oxygen in oligonuclear [Cu-O-Cu]n species in WI-350 when compared to the clay-120 and clay-350 (Fig.3).
3.2. Catalytic properties

The catalytic performances of clay-120, clay-350 and WI-350 were evaluated in condensation reaction under the following optimized conditions: Treaction= 50oC, reaction time 1 hour, OPDA/Benzaldehyde molar ratio =1:2, catalyst = 0.1g. The results are summarized in Table 2. The WI-350 composite gave high yield of 1,2-disubstituted benzimidazole only. By contrast clay-120 and clay-350 gave a mixture of 2-substituted benzimidazole along with 1,2-disubstituted benzimidazole. These catalytic performances and the variation of acidity as determined by potentiometric titration suggest that the high density of strong acid sites present on WI-350 composite is much more effective and readily available than the pool of weaker acid sites in the clay counterparts. The regenerated catalyst after filtration was dried at 120oC in a hot air oven for 5 hours and used in successive reactions. Possible reaction mechanism involves the formation of dibenzylidene-o-phenylenediamine which is protonated by the WI-350 catalyst followed by ring closure resulting in the formation of the five membered ring. 1,3-hydride transfer and deprotonation results in the formation of the product (scheme-2). 
In conclusion, CuO/Bentonite K-10 prepared by the wet impregnation method is an effective and selective catalyst for the synthesis of 1-benzyl-2-phenyl-1H-1,3-benzimidazole when compared to Bentonite K-10 alone involving facile work up procedure and catalyst regenerability. A reaction mechanism for the same has been proposed. The synthesis of other 2-aryl-1-arylmethyl-1H-1,3-Benzimidazoles is in progress. 
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Fig.1. PXRD Patterns of Clay-120, Clay-350 and WI-350

[image: image2.wmf]10

20

30

40

50

60

70

Clay-120

 

 

Relative intensity

2

q

Clay-350

 

 

WI-350

 

 

Fig.2. Acidity distribution curves of Clay-120, Clay-350 and WI-350
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Fig.3. UV-DRS of WI-350
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Scheme 2
Table.1. d-spacing values and relative intensities of the catalyst material

	Clay-120

	d(Ǻ)
	15.42
	9.92
	4.98
	4.47
	4.26
	3.34
	3.19
	2.56
	1.98
	1.82
	1.67
	1.49
	
	
	

	I/Io
	304
	230
	115
	208
	146
	345
	94
	110
	68
	46
	35
	64
	
	
	

	Clay-350

	d(Ǻ)
	-
	9.90
	4.96
	4.46
	-
	3.34
	-
	2.56
	1.99
	1.82
	1.67
	1.50
	2.45
	3.82
	

	I/Io
	-
	141
	50
	95
	-
	124
	-
	58
	36
	24
	38
	35
	44
	49
	

	WI-350

	d(Ǻ)
	-
	9.97
	4.98
	4.49
	4.26
	3.34
	-
	2.53
	1.99
	1.86
	
	1.50
	1.39
	2.33
	1.37

	I/Io
	-
	326
	132
	164
	157
	351
	-
	220
	81
	89
	
	82
	66
	159
	80


Table.2. Catalytic activity of clay-120, clay-350 and WI-350
	Catalyst
	Products obtained
	Isolated yield* (%)

	Clay-120
	1-benzyl-2-phenyl-1H-1,3-benzimidazole and 

2-phenyl benzimidazole
	30

	Clay-350
	1-benzyl-2-phenyl-1H-1,3-benzimidazole and 

2-phenyl benzimidzole
	45

	WI-350
	1-benzyl-2-phenyl-1H-1,3-benzimidazole
	85


*Isolated yield is the yield of 1,2-disubstituted benzimidazole obtained after column chromatography 
(Elent 1:5 – EtOAc: Pet.ether)
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