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Equilibrium, kinetic and relaxometric properties of the [Mn(PhDTA)]2- complex
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The present work was dedicated to the determination of the stability and protonation constants of the PhDTA ligand (an aromatic amine derived chelating agent) and its complexes formed with biogenic metal ions (Ca2+, Mg2+, Zn2+, Cu2+, Mn2+) have been determined with the use of pH-potentiometric and UV-visible spectrophotometric methods. The stability constants were found to be lower compared to the corresponding values of the CDTA complexes. This might be ascribed to the electron withdrawing effect of the ortho-phenylene group.
The decrease of protonation constants of the PhDTA ligand compared to the CDTA ligand resulted in a noticeable decrease in its total basicity which in turn results in lower stability constants as far as the examined metal complexes are concerned. On the contrary one can assume that the conditional stability of the [Mn(PhDTA)]2- and the [Mn(CDTA)]2- complexes approximately the same, as they are both formed at 100% extent at pH = 5.0. The stability constant of the [Cu(PhDTA)]2--complex could not be determined with the use of pH-potentiometry, because the Cu2+ ion fully complexed already below pH = 1.2. Hence the stability constant of the given complex was determined by using UV-vis spectrophotometry by following the absorption of the diprotonated complexes as a function of acid (acid concentration rage of 0.01 – 3.00 M was used for this purpose).
To determine the relaxivity and confirm the equilibrium model of the [Mn(PhDTA)]2--complex accessed with the use of pH-potentiometry the pH dependence of the its relaxivity was studied. As a result of the study, we found similar relaxivity for the [Mn(PhDTA)]2- as the value determined for the [Mn(CDTA)]2--complex (r1 = 3.6 mM-1s-1), and its pH profile confirms the equilibrium model used for the fitting of the titration data.
The results of the metal exchange kinetic studies revealed that the [Mn(PhDTA)]2--complex has slightly higher inertness than the [Mn(CDTA)]2-. At physiologic pH and 25 °C the complex possesses a half life of 23.3 hours, on this basis only 6 % of the injected dose will dissociate in the body (considering seven times the 1.6 hour depletion). It has to be emphasized however that at 37 oC the extent of the dissociation expected to be somewhat higher, which clearly defines the need for further ligand design and synthesis for Mn2+ ion complexation.
Scheme 1. Structures of the ligands studied and discussed in the text
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