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_____________________________________________________ 
Abstract 

Cobalt(II) is an essential metal ion reacting with biologically relevant substrates in aqueous media, 
affording soluble and bioavailable forms of Co(II).  D-(-)-quince acid is a plant cellular representative 
metal ion binder, capable of promoting reactions with Co(II) under pH-specific conditions, leading to the 
isolation of functional cellular metallo-factors.  The physicochemical profiles of these new Co(II) species, 
in the solid state and in solution, earmark the importance of aqueous structural speciation, which projects 
chemical reactivity pathways in the binary Co(II)-quinate system, in understanding the mobilization of 
Co(II) in plant fluids. 
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1. Introduction 
 
In numerous biological systems, including 
plants, metal ions are mobilized into 
processes involving interactions with 
organic substrates.  In so doing, they form 
soluble bioavailable species with target 
substrates of both low and high molecular 
mass.  Cobalt is one of those metal ions, 
Co(II), possessing chemical reactivity and 
actively participating in cellular processes.  
To that end, Co(II) acts as a competent 
metal ion capable of coordinating low 
molecular mass substrates, including α-
hydroxycarboxylic acids, and entering 
physiologically crucial ternary interactions 
(Hamilton, E. M. N.).  One such 
representative substrate is the low 
molecular mass binder D-(-)-quinic acid, 
1α,3α,4α,5β-tetrahydroxy-1-cyclohexane 
carboxylic acid.  As a natural substrate, it 
can be found in plants, carrots and tobacco 
leaves.  Quinic acid is a precursor of 
shikimic acid (Bohm, B. A.; Kelley, C. J. 
et. al; Corse, J. et. al), which is involved in 
the biosynthesis of aromatic amino acids. 

 In that respect, quinic acid appears to be 
vital to cellular physiology (Kelley, C. J. et. 
al; Corse, J. et. al; Benoit, I. et. al.).  It is a 
polyfunctional organic ligand, containing 
two very important structural features that 
render it an efficient metal ion binder: a) a 
carboxylate moiety known to promote metal 
ion binding, and b) alcoholic moieties, one 
of which is in an α- position to the 
carboxylate group and three abutting 
alcoholic groups diametrically opposed to 
the carboxylate moiety, akin to polyol 
functionalities.  Based on these properties, 
quinic acid can bind metal ions, such as 
Co(II), promoting solubilization essential to 
metallo(bio)chemical interactions.  
Prompted by the need to understand the 
interactions of Co(II) with quinic acid, we 
investigated a) the aqueous solution 
speciation of the binary Co(II)-quinate 
system, b) the pH-dependent syntheses, 
isolation, spectroscopic, and structural 
characterization, and c) the implications of 
the chemical attributes of such species in 
the chemical biology of that metal ion with 
low molecular mass substrates. 
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2. Experimental Section 
 
In the course of this study, we investigated 
the aqueous synthetic and solution 
chemistry of the binary Co(II)-quinic acid 
system.  

The synthesis of the new Co(II) 
compounds was carried out in aqueous 
media, under specific pH conditions.  The 
addition of base, for the adjustment of the 
pH, took place under continuous stirring. 
Ethanol added at 4 oC – where needed –, 
was the precipitating agent affording 
crystalline material amenable for further 
spectroscopic and crystallographic 
characterization.   
 
3.Results and Discussion 
 
Positive identification on the crystalline 
products was achieved by elemental 
analysis, spectroscopic, and structural 
studies. The structures of the derived 
anionic and neutral complexes project 
mononuclear core units, assembled by a 
central Co(II) ion, bearing two quinate 
ligands in [Co(quinate)2(H2O)2] and three 
quinate ligands in [Co(quinate)3]-, 
respectively, attached to it.  The quinate 
ligands bind to the metal ion through the 
terminal carboxylate and alcoholic oxygens 
forming stable metallacyclic rings.  The 
alcoholic group is not deprotonated and 
retains its identity upon binding to Co(II). 

In an attempt to understand the association 
between the various and different species 
emerging from the aqueous speciation of 
the binary Co(II)-quinic acid system, 
potential synthetic links were perused 
through transformation chemistries 
involving the 1:2 and 1:3 Co-quinate 
species.  The undertaken chemistry showed 
that the stepwise formation of the 1:3 
species form the 1:2 Co-quinate species, 
pointing out the details of the aqueous 
chemistry in the binary system.   
 The collective physicochemical properties 
of the synthesized and characterized binary 
Co(II)-quinate species are in agreement  

 with the solution studies on the requisite 
system and the arisen speciation as a function 
of pH and molar fraction of Co(II) entering 
interactions with the physiological substrate 
quinic acid. 
 
4. Conclusions 
 
In the course of the herein presented research, 
the investigated chemistry on the binary 
Co(II)-quinic system of a) projected a clear 
view the complexity of the requisite 
speciation in aqueous media and the diversity 
of species to be expected to arise as a function 
of pH and molecular stoichiometry of the 
binary Co(II):quinate system, b) defined the 
physicochemical attributes of two classes of 
Co(II)-quinate mononuclear species isolated 
at specific values of the biologically relevant 
pH range, c) shed light on specific structural 
features of the respective solid state lattices of 
Co(II)-(O-containing) substrate materials, and 
d) related to the transformation chemistry of 
binary and ternary metal-low molecular mass 
interactions that might be developing between 
Co(II), quinic acid and water in cellular fluids 
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