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Equilibria in Complexes of Heterocyclic Ligands

By R. D. GiLLarp* and J. R. Lvons
(The Chemical Laboratory, University of Kent at Canterbury, Canterbury, Kent)

Summary Changes with pH of the spectroscopic properties
of aqueous solutions of bipyridyl complexes of platinum-
(11) are attributed to a reaction not at the metal ion but
of the ligand, at its 6-position.

AMoONG the best studied complexes formed in protic media
are those involving co-ordination to metal ions of hetero-
cyclic bases, such as pyridine, 2,2’-bipyridyl, or 1,10-
phenanthroline, and their derivatives,! We report here
evidence for nucleophilic attack by hydroxide ion on the
ligand in the bis-(2,2"-bipyridyl)platinum(i1) ion and its
§,6’-dimethyl analogue.
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Fi1Gure 1.  Electronic spectrum of aqueous [Pt(bipy),](ClO,), as a
unction of pH.

The large changes in the electronic spectrum which occur
on the addition of base (Figure 1) are attributed to equili-
brium (1). These spectroscopic changes are complete in
the time of mixing and are fully reversed by acidification.
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Hydrolysis of the complexes is extremely slow under the
conditions used. The apparent pK for change, determined
from the pH-dependence of the electronic spectrum, is
90 +£ 02 (R=H) and 95+ 03 (R=Me). Bis-(5,5-di-
methyl-2,2’-bipyridyl)palladium(r1) ion exhibits the same
type of behaviour, but decomposes on lengthy exposure to
base (pK = 82 4 0-3). The changes occur with hydroxide
but not chloride, so 5-co-ordinate structures for (II) are
unlikely.
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FIGURE 2. H N.m.r. spectra at 100 MHz of (a) [Pt(bipy),1(NO;),
in neutral D,O; (b) [Pt(bipy),](NOy), in alkaline DyO; (¢) methyl
resonance of [Pt(5,5-Meybipy),|Cl, in neutral D,O; (d) [Pt(5,5'-
Mebipy),]Cl, in alkaline D,0.

The nature of the species (II) in basic conditions is con-
firmed by the *H n.m.r. spectrum, which has been assigned
by reference to the spectra of phenanthroline and its methyl-
substituted derivatives [both complexed to platinum/(ir)
and as the free ligands]. On basification, only the resonance
of the 6,6’-protons suffers loss of intensity, which is accom-
panied by growth of a new peak at high field (Figures 2a
and 2b). This change is fully reversed when the solution
is neutralised, i.e. there is no specific exchange of any
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aromatic hydrogen atom with the deuterium atoms of the
solvent. Also, for R = Me, species (I) shows a single
signal arising from the protons of the methyl group, whereas
(IT) shows at least three signals, arising from the inequi-
valence of the methyl groups (Figures 2c and 2d).

In heterocyclic molecules, where electron density has
drained away from the ring through quaternisation of the
nitrogen, nucleophilic attack at the carbon atom adjacent
to the ring nitrogen is common? (and is frequently suggested
as a kinetically significant fact). We suggest that ‘quater-
nisation’ by a metal ion may lead to similar low energy
pathways for nucleophilic attack by solvent or other
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Lewis base (although we do not observe the present striking
spectroscopic features for all N-heterocyclic complexes).

Such equilibria could help to explain some anomalous
features in the chemistry of such complexes including:
(i) the spectroscopic change in alkaline solution of 5-nitro-
phenanthroline and of its tris-complex with iron(1),
attributed to deprotonation,? but where, in the free molecule,
we have been unable to detect exchange; and (ii) the rapid
rate and detailed kinetic features of certain reactions of
complexes of heterocyclic ligands.?
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