The effect of phenyl substitutions on the structure and metal- ligand bond strength of copper acetylacetonate. A DFT study.
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Introduction
β-diketones are important organic reagents and were found to be useful chelating ligands. The investigation on the structures and properties of metal β-diketonates is of significant importance because of a variety of potential applications [1, 2]. The most studies on metal complexes of β-diketones have been carried out on complexes of acetylacetone (AA) and their properties. However, there are only few studies on metal complexes of benzoylacetone (BA) and dibenzoylmethane (DBM) and their properties, especially their stabilities. 
The aim of the present work is to investigate the effect of phenyl substitutions (instead of the methyl groups in the β position of AA) on the structure and metal-ligand bond strength of copper acetylacetonate using density functional theory (DFT). Hence, the structure of Cu(AA)2, Cu(BA)2, and Cu(DBM)2 are optimized and the structural parameters are compared.
Method of analysis

All computations on the structure and vibrational spectra of the complexes were performed using Gaussian 03 at the B3LYP/6-311G* level. The assignment of the calculated wavenumbers is aided by the animation option of the GaussView 5 graphical interface for the Gaussian program, which gives a visual presentation of the shape of the vibrational modes.
Results and discussion
According to the theoretical calculations, two configurations are possible for Cu(BA)2, cis and trans ones. The trans configuration is considerably more stable than the cis one (about 0.3 kcal mol-1) in the gas phase.  

The fully optimized geometrical parameters of Cu(AA)2, Cu(DBM)2, and cis and trans conformers of Cu(BA)2 are listed in Table 1. Upon substitution of phenyl group in β-position, the Cu-O bond lengths and O···O distance in Cu(BA)2 and Cu(DBM)2 decrease in comparison with those of Cu(AA)2. Thus, the stability of the complexes of Cu follows this order: Cu(DBM)2> Cu(BA)2> Cu(AA)2 which is in agreement with the literature [3]. It is noteworthy to say that the C-O bond lengths increase by addition of phenyl group.  


The calculated Cu-O symmetric stretching (A species) is a good criterion to evaluate the stability of these complexes. This vibrational mode was predicted to observe at 450, 555, and 573 cm-1 in Cu(AA)2, Cu(BA)2 , and Cu(DBM)2, respectively. Therefore, the mentioned stability order can be confirmed once more. 

Table 1. The calculated bond lengths for the mentioned Cu complexes. a 

	
	Cu(AA)2
	 Cu(BA)2
	Cu(DBM)2

	Bond lenghts
	 
	Cis
	    Trans
	 

	Cu-O(Ph)
	1.925
	1.923
	1.920
	1.919

	Cu-O(Me)
	1.925
	1.922
	1.923
	1.919

	C-O(Ph)
	1.270
	1.274
	1.274
	1.275

	C-O(Me)
	1.270
	1.271
	1.272
	1.275

	O…O
	2.769
	2.760
	2.760
	2.754


a, The words in parentheses indicate the adjacent functional groups in the ligands. 

Conclusions

 
The calculated bond lengths of Cu-O and O…O are shorter in Cu(DBM)2 than the corresponding ones in Cu(AA)2 and Cu(BA)2. The Cu-O symmetric stretching frequency is higher in Cu(DBM)2 than Cu(AA)2 and Cu(BA)2. Therefore, the resonance and also stability of Cu(DBM)2 is increased in comparison with Cu(BA)2 and Cu(AA)2.
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