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Abstract 

A new Cu(II)-organophosphonate species was synthesized in aqueous solution at pH 5. The employed 
organophosphate ligand is butane diamine tetramethylene phosphonic acid (bdtmp).  The isolated 
crystalline material was characterized by elemental analysis, spectroscopic techniques (FT-IR) and X-ray 
crystallography.  The new species contains copper ions in a  square pyramidal environment. 

Keywords: Copper, N-methylenephosphonic acids 
_____________________________________________________________________________________ 
 
1. Introduction 

Copper belongs to a relatively small group 
of metallic elements, which are essential to 
human health.  These elements, along with 
amino and fatty acids as well as vitamins, 
are required for normal metabolic processes. 
However, as the body cannot produce 
copper, the human diet must supply regular 
amounts of that element for absorption.  
Copper combines with certain proteins to 
produce enzymes that act as catalysts to 
help a number of body functions. Some 
enzymes help provide energy required by 
biochemical reactions.  Others are involved 
in the transformation of melanin for 
pigmentation of the skin and still others 
help to form cross-links in collagen and 
elastin, thereby maintaining and repairing 
connective tissues [1]. This is especially 
important for the heart and arteries. 
Research suggests that copper deficiency is 
one factor leading to an increased risk of 
developing coronary heart disease.  Copper 
has been used as a medicine for thousands 
of years including the treatment of chest 
wounds and the purification of drinking 
water. More recently, research has indicated 
that copper helps prevent inflammation in 
arthritis and similar diseases [2]. Research is 
going on into anti-ulcer and anti-inflam-
matory drugs containing copper, and its use 

 use in radiology and for treating 
convulsions and epilepsy. Although there is 
no epidemiological evidence that copper 
can prevent arthritis, there have been claims 
that the wearing of copper bangles does 
alleviate the symptoms. This work describes 
efforts to unravel the chemical reactivity of 
Cu(II) toward the polydentate ligand butane 
diamine tetramethylene phosphonic acid 
(bdtmp) in the presence of aromatic groups, 
such as pyridine, in aqueous media. 
 
2. Materials and methods 
The aqueous synthetic chemistry of the 
binary system Cu(II)-bdtmp was 
investigated. Nano-pure water was used for 
all reactions. There, under specific 
stoichiometric and pH conditions, the arisen 
reactivity led to the isolation of a new species 
Cu(II) with butane diamine tetra-methylene 
phosphonic acid (bdtmp), 
Cu2(C5H5N)4(C8H20N2P4O12)].2H2O (1). The 
synthesis of 1 was carried out in aqueous 
media. The pH of the reaction mixture was 
adjusted to 5 with pyridine.  Addition of 
base was crucial for the isolation of the 
species. The resulting reaction mixture was 
placed in the refrigerator at 4 oC, where 
acetone diffused into the mixture in small 
portions.  The stoichiometric reaction for 
the synthesis of complex 1 is given below: 
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The FT-IR spectrum of the complex 1 was 
recorded in KBr and reflected the presence 
of vibrationally active phosphonate groups 

 The stretching vibrations νas(-PO3H2) appear 
in the range 1000-1200 cm-1 (Figure 1). 
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Figure 1: FTIR spectrum of compound 1 
 

X-Ray crystallography was instrumental in 
revealing the three dimensional structure of 
the investigated molecule. The structure of 
the isolated species reveals the presence of 
two Cu(II) ion coordinated to one butane 
diamine tetramethylene phosphonate ligand 
in a distorted square pyramidal environment. 
Each diamine tetramethylene phosphonic 
acid coordinates to the copper ion forming 
five member rings (O,N). Addition of pyri-
dine, was crucial in the investigated 
reaction, because a) it helps adjust the pH 
of the reaction mixture, and b) it occupies 
vacant coordination sites in the coordi-
nation sphere of copper. 

 3.Conclusions 

The herein described work exemplifies the 
chemical reactivity of Cu(II) toward polypho-
sphonate ligands under specific reaction 
conditions in aqueous media. The design of 
this reactivity included both the presence of 
the polydentate ligand butane diamine 
tetramethylene phosphonic acid (bdtmp) and 
the aromatic compound pyridine. The latter 
reagent played the role of both the base 
deprotonating the polydentate chelator bdtmp 
as well as the terminal ligand capable of 
binding Cu(II), thus fulfilling the metal ion 
center’s coordination requirements. The  

 

 

 



 
 

 
Diatsigos D. et al ./ Journal of Agroalimentary Processes and Technologies 14 (2008) 

 
 

   
 

 

 20

assembled species reflects the ability of 
Cu(II) to promote diverse chemical 
reactivity with specific ligands-substrates 
and produce species of specific nuclearity 
and physicochemical properties that might 
bear potential relevance to analogous 
species arising in biologically relevant fluids. 
 
Acknowledgments 
 
The authors would like to acknowledge the 
financial support to this project by a 
“PENED” grant co-financed by the E.U.- 

 European Social Fund (75%) and the Greek 
Ministry of Development-GSRT (25%). 
 
References 
1. National Research Council. Copper. In: 

Recommended Dietary Allowances. 
Washington, D.C.: Food Nutrition Board, 
NRC/NAS, 1980: 151-154 

2. Gant VA, Wren MW, Rollins MS, Jeanes A, 
Hickok SS, Hall TJ (2007). "Three novel 
highly charged copper-based biocides: safety 
and efficacy against healthcare-associated 
organisms". J. Antimicrob. Chemother. 60 
(2): 294–9.  

 
 
 
 

 


	Acknowledgments

