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Abstract 

The stability constant of the 1:l complexes formed between Mg*+, Ca*+ or Cu*+ and orotidinate 5’- 
monophosphate (OMF-) were determined by potentiometric pH titrations in water containing 30 or 
50% (vol./vol.) 1,4-dioxane (I=O.l M, NaN03; 25 “C). In addition to the stability constants of these 
M(OMP)- complexes, for Mg(OMP)- and Ca(OMP)- the acidity constants for the release of the 
proton from the H(N-3) site were also calculated, i.e. the formation of the corresponding M(OMP- 
H)2- complexes was quantified. All the corresponding equilibrium constants for aqueous solution are 
known from a previous study (M. Bastian and H. Sigel, J. Coord. Chem., 23 (1991) 137) and in the 
discussions these data are also taken into account. On the basis of recent measurements in aqueous 
dioxane mixtures with simple phosphate monoesters (M. C. F. Magalhfies and H. Sigel, J. Indian Chem. 
Sot., in press), evidence is provided that the somewhat increased stability of the Cu(OMP)- complex 
in the various solvents is mainly the result of a charge effect of the carboxylate group (in position 6 
of OMP’-) and not of a direct participation in complex formation, i.e. there are no indications for 
the formation of significant amounts of macrochelates involving the phosphate and the carboxylate 
groups. This result is in agreement with the dominating syn conformation of OMP’- in which the 5’- 
phosphate and 6-carboxylate groups are pointing away from each other. However, for the Cu’+ complex 
of salicyl phosphate (SaP3-) evidence is given by evaluating previously published equilibrium constants 
(R. W. Hay, A. K. Basak, M. P. Pujari and A. Perotti, J. Chem. Sot., Dalton Trans., (1986) 2029) 
that a simultaneous coordination of a phosphate and a carboxylate group to the same metal ion is 
possible; it is estimated that the eight-membered chelate of Cu(SaP)- reaches a formation degree of 
about 65 (&25)%. 

Introduction 

Orotidine and its derivatives are important in- 
termediates in the metabolism of pyrimidines [l], 
which involves also metal ions [2]_ For this reason 
we have endeavoured to study the metal ion-binding 
properties of orotidinate (Ore-) [3] and also of 
orotidinate 5’-monophosphate (Ow-) [4]. It be- 
came evident that the carboxylate group of Ore- 
is only weakly basic with a relatively low affinity for 
divaient metal ions like Cu*+ or Zn’+; yet overall, 
Ore- behaves in a first approximation as a simple 
carboxylate ligand [3]. The stability of the complexes 
formed between divalent metal ions and 0MP3- in 

aqueous solution is governed mainly by the metal 

ion affinity of the phosphate group; the relatively 

small extra stability due to the presence of the 
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carboxylate group in position 6 of the pyrimidine 
ring may largely be attributed to a charge effect [4]. 
This means, it was concluded that direct participation 
of the carboxylate group in metal ion-binding in 
M(OMP)- complexes does hardly or not at all occur 
in aqueous solution**. 

As one might think that the indicated carboxy- 
late-metal ion interaction could be favored in solvents 
with a polarity lower than that of water we have 
now studied the acid base properties of OMP, as 

well as the stability of several M(OMP)- complexes 

“Abbreviations: AC-, acetate; L, general ligand with 
undefined charge; M2+, divalent metal ion; NMP,nucleoside 
S-monophosphate; NPhP*-, 4-nitrophenyl phosphate; 
OMP-. orotidinate 5’-monophosphate; Ore-, orotidinate; 
RibMP*-, D-ribose 5’-monophosphate; R-MP’-, phosphate 
monoester where R is an organic residue; Sap-, salicyl 
phosphate ( = 2-carboxyphenyl phosphate); UMP2-, uridine 
S-monophosphate; m-, uridine 5’-triphosphate. 
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TABLE 4. Acidification of the H(N-3) site in 0MP3- (see Fig. 1) in several solvents (I=O.l M, NaNOa; 25 “C) by the 
formation of Mg’+ or Ca2’ complexes, as expressed by A pK,=pK&,-pK&,,,, 

No.’ 

la 0 9.35 + 0.02 
lb 0 

2a 30 9.85 f 0.05 
2b 30 

3a 50 10.17 f 0.06 
3b 50 

% Dioxane 
(vol./vol.) 

PK&W Mt+ 

M&k?+ 
Ca*+ 

Mg*+ 
Ca*+ 

MgZf 
Ca2+ 

PK&MP) 

8.89 f 0.02 
8.77 + 0.02 

9.32i0.11 
9.15 +0.06 

9.54f0.15 
9.27 kO.15 

A PK, 

0.46 * 0.03 
0.58 + 0.03 

0.53 f 0.12 
0.70 f0.08 

0.63f0.16 
0.9OkO.16 

“The values for pKgMP and pK&OMPj are from Tables 1 and 2, respectively; the error limits for the differences A pK, 
were calculated according to the error propagation after Gauss. 

by the presence of the 6-carboxylate group (Fig. 1). 

Hence, the acidity constant for the monoprotonated 

phosphate group in H(UMP)- reflects certainly the 

properties of the same group in H(OMP)‘- in the 

absence of any carboxylate influence; in other words, 

the negative logarithm of this micro acidity constant, 

pk&p.H (see, for example, ref. 18), is well represented 

by the PK$,~~) values given in Table 1 for the 

several solvents. With this micro acidity constant and 

the reference-line equations of Table 3 for the log 

KC” CUtR_MPj versus PK&~_~~) plots (see also Fig. 3), 

the logarithm of the stability constants for Cu(OMP)- 

complexes without the influence of the carboxylate 

group may be calculated, and the following stability 

difference with the experimentally determined values 

may then be defined: 

log A = log K%o~~),cxp - log K::(o~~),ca,c (14) 

The results of these calculations are presented in 

Table 5. An argument against this procedure could 

be that the experimentally determined values for log 

KC” Cu~OMP~,cxp in the three solvents are based on the 

corresponding macro acidity constants, i.e. the 

PK&OMP) values of Table 1. Therefore for com- 

pleteness, the basicity adjusted ‘experimental’ values 

are given in parentheses with the second column of 

Table 5 and the connected values for log A, also in 

parentheses, with the fourth column at the right. It 

is evident that the interpretation will not be sig- 

nificantly influenced by the small changes in these 

data; in fact, the parenthesized values for log A are 

even more in favor of the following conclusion. 

For aqueous solutions of M(OMP)- complexes it 

has been concluded earlier [4] (see also Section 4) 

that the stability enhancing effect of the carboxylate 

group amounts to about 0.4 log unit, which is in 

agreement with the A pK, value of the M$+/OMP 

system (0.46f0.03; Table 4) and both values are 

close to the log A value given for Cu(OMP)- 

(0.45 * 0.09/0.34) in Table 5; hence, this is evidence 

that the open species in equilibrium (10) dominates. 

More important, the values for log A of the Cu2+ 

system (0.51 f 0.03 (0.45); 0.57 f 0.04 (0.58); Table 

5) and those for A pK, of the Mg’+ system (0.53 f 0.12; 

0.63* 0.16; Table 4) in the aqueous solvents con- 

TABLE 5. Stability constant comparisons (eqn. (14)) for the Cu(OMP)- complex formed in different solvents between 
the measured stability constants (exp.) from Table 2 and the calculated stability constants for a pure Cu*+-phosphate 
coordination (talc.) based on the straight-line equations” quantifying the relationship between complex stability and 
phosphate group basicity (see Fig. 3) and the micro acidity constant kggF.H, not affected by the negatively charged 
carboxylate group in position 6 of OMP’- (see Fig. ly d 

% Dioxane 
(vol./vol.) 

talc. 

log A=log K+-log Kcnk 

0 3.29rtO.05 (3.18) 2.84 f 0.08 0.45 f 0.09 (0.34) 
30 4.32 f 0.01 (4.26) 3.81 f 0.03 0.51 f 0.03 (0.45) 
50 5.03 f 0.02 (5.04) 4.46 i- 0.03 0.57 f 0.04 (0.58) 

‘The corresponding parameters are listed in Table 3. cpk~~~.H=pK&,Wj (see text in Section 5 and Table 1). ‘The 
error limits (see also Tables 2 and 3) for the differences log A were calculated according to the error propagation after 
Gauss. %e data in parentheses are basicity corrected values (via the straight-line equations); see text in Section 5. 
The error limits of these values are the same as those given to their left. 







follows that the ‘closed’ isomer in equilibrium (30) 
occurs to 65 (+25)%. This then is clear evidence 
that a significant percentage of the Cu(SaP)- species 
contains Cu2+ that is coordinated simultaneously to 
the phosphate and to the carboxylate group in forming 
an eight-membered chelate. 

Finally, it seems worthwhile to point out that even 
though macrochelated species of M(OMP)- com- 
plexes occur evidently only in low amounts or even 
not at all (see Sections 5 and 6) this does not mean 
that in the biological context any carboxyiate-metal 
ion interaction can be neglected. It could, for example, 
well be that in an enzymic process the 6-carboxylate 
group of 0MP3- is directed towards a metal ion 
such that coordination occurs and that in this way 
decarboxylation of OMP’- to UMP*- is facilitated. 
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