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Ligand Exchange of Cu(II)-Polyaminopolycarboxylate with Penicillamine.

Evaluation of the Stability of Metal Complexes in Dynamic Aspects
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Stopped-flow kinetic studies have been done on the ligand-exchange of Cu(Il)
complexes of polyaminopolycarboxylate (EDMA, EDDA, EDDP, EDTA and EDTPO)
with penicillamine to yield Cu(II)-bis(penicillamine). The reaction consists of two steps
and the transient which is a ternary complex has been characterized. A fairly good
correlation existed between the stability constants of the mother complexes and the rate

constants of ligand-exchange.

The stability of metal complexes has been defined by the term "Stability Constant ", which is expressed by
the ratio of the rates of formation to dissociation of the complcx.1'3) The stability constant thus defined could not
imply as to whether the complex is labile, i.e.under rapid equilibrium, or inert, i.e., under slow equiliblium. In
order to elucidate a function of the complex, for example transport of the metal jon from a ligand to another,
dynamism of the metal ion-ligand interaction is an important concept. We would estimate the stability of metal
complexes in dynamic aspects. The metal ion discussed here is Cu(Il). The Cu(Il)-ligand interaction given in
equation (1) is generally under rapid equilibrium. If the equilibrium is perturbed by addition of another

ligand(L"), it would be scrambled undergoing chemical relaxation to shift towards new equilibrium states as

Cu(Il)+ L = Cu(IL 1)
Cu(IDL + L' = L'Cu(INL @)
LCuIDL+L == Cu(Il)L'5 +L 3)
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shown in equations (1), (2) and (3). The relaxation time, which is related to the rate of ligand-exchange, would
depend on the stability of Cu(IT)L and/or Cu(I[)L'5.4)

When the complexes L'Cu(IT)L and Cu(IT)L', possess characteristic spectroscopic properties different from
the mother complex Cu(II)L, the rate of ligand-exchange can be determined easily and accurately.s) And, if
those complexes could be characterized, the reaction mechanism for the ligand-exchange is elucidated on a
molecular basis. For those purposes, the reaction of Cu(Il) and penicillamine is a suitable system. At first, the
Cu(Il) complexes containing penicillamine(pen) display S—Cu(II) charge transfer(LMCT) band at 330-360
nm.6) Secondly, the complexes are relatively stable as compared with those from cycteine or 2-
mercaptoethylamine, and do not undergo oxido-reduction during the ligand-exchange reactions. In this
communication, the ligand-exchange reactions of Cu(Il)-ethylenediaminetetraacetate(EDTA) and its related
compounds with pen were described to estimate the stability on dynamic basis.

Ligands used were ethylenediamine-N-acetic acid(EDMA),7) ethylenediamine-N,N'-diacetic acid(EDDA),
ethylenediamine-N,N'-dipropionic acid(EDDP), EDTA and ethylenediamine-N,N,N',N'-tetrakis
(methylenephosphonic acid)(EDTPO).B) Those are the compounds having ethylenediamine-skelton with
different numbers of acetate group as a pendant ligand, or with different kinds of pendants. The rates were all
determined by a stopped-flow technique. The mother complex, Cu(Il)-polyaminopolycarboxylate, undergoes
ligand-exchange by pen yielding Cu(II)-(pen);. In order to detect and characterize transients which might be
formed in the course of the ligand-exchange reaction, the absorption spectra were measured in the 280-450 nm
region by the stopped-flow and point-by-point method.9) An apparent rate for the ligand-exchange under pseudo
frist-order conditions using a large excess of pen were obtained from the absorbance-time plot at A ;. of
LMCT band. Plot of the observed rate constant k.4 against [pen] gave a straight line indicating the reaction to
be first-order to both the mother complexes and pen. The foward rate constant (k ;) and backward constant (k_)
for the ligand-exchange were determined from the slope and the intercept, respectively. 10) Both the spectral and
kinetic measurements were done mainly in I=0.1 M(NaClOy,) at 25 °C and pH 9.2 (1 M=1 mol dm'3).

The absorption spectrum of the transient obtained at the initial stage of the Cu(II)-EDTA and pen reaction
showed A . at 355 nm, while the final product Cu(I)-(pen), showed two absorption bands at A . =330
and 385 nm. Chemical composition and formation constant, K, of the transient were determined by the stopped-
flow and molar-ratio method.9) The ratio of [EDTA]/ [Cu(I)] / [pen] was determined to be 1/1/1, indicating the
formation of a ternary complex having the following parameters ( € = 4.8 X 103M-lem and Kg=5.93X 103

M'l). Those findings indicate that the ligand-exchange reaction between Cu(II)-EDTA and pen to yield Cu(II)-
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(pen), is described by equations (A) and (B). The rate of formation of the ternary complex was extremely rapid

at pH 9.2 so that the rate constant k ,  could not be determined at 25 C;the k1 at 5 °C was 1.3 X 105Mm1sL,

H,C—— CH, H,C— CH,
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Formation of the ternary complexes from the Cu(II) complexes of polyaminopolycarboxylate with acetate
or propionate groups was extremely rapid. Though the rate constants could not be determined accurately, the
reactivity in decreasing order was as follows; Cu(I)EDMA > Cu(II)EDDP > Cu(I)EDDA > Cu(I[)EDTA. On
the contrary, the reaction of Cu(I)EDTPO and pen appeared to be relatively slow as compared with other
complexes. Then, detection of the ternary complex did not succeed, because k .1 would be smoller than k5.
Spectral parameters for the ternary complexes at pH 9.2 and 25 °C are as follows: A ,../nm( & maX/M'lcm’l);
(EDDP)-Cu(II)-(pen); 345 (4670), (EDDA)-Cu(II)-(pen); 345 (4390), (EDTA)-Cu(Il)-(pen); 357 (4430).11)

The rate constant k .5 was at least three orders of magnitude less than k , 1, and the.constants of the reverse
reactions, k_1 and k_», were at least two orders of magnitude less than the corresponding constants of the forward
reactions. Then, the dynamic equilibrium constant, expressed by K=k 1/k 1 and Ko=k,o/k 9, would be
aproximately ~102 ML or larger. Plot of the stability constants K of the mother conplexes against k ,» are
summarized in Fig.1. The complexes with same kind but different numbers of the pendant appeared to have a
fairly good correlation between K and k. In other words, as numbers of the pendant increased, the mother
complex was stabilized and the ternary complex likewise became inert. Both the Cu(II) complexes of EDDA and

EDDP complexes having similar stability constants showed different lability; the ternary complex with EDDP
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appeared to undergo more rapid ligand-exchnge
than that with EDDA. Of much interest is that the
complex having EDTPO barely undergoes ligand
exchange. The pendant which would not be
coordinated directly to the Cu(Il) ion in the
ternary complex affects the lability of the
complex. A detailed account on the dynamic

equilibrium and the participation of the pendant

in the ligand-exchange will be published
elsewhere. log K/ w1
Fig.1. Rate constant-stability
constant relationship.
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