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Complexation of Pd(II) with Nucleosides.
Evidence for a Strong Interaction Pd- - -HN by NMR
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The initial discovery of Rosenberg [1] has led to
extensive studies concerning the interaction of metals
and in particular of Pt(II) with nucleic acid consti-
tuents. The structure of some complexes has been
established by crystallographic data and the main
results show many variations about the site of coordi-
nation [2]. The pentose moiety has no determinative
role in the coordination. But the bases have many
sites of binding: heterocyclic nitrogen, amidic
nitrogen and oxygen atoms [2]. For nucleotides,
the divalent ions can also show interactions with
phosphate groups [3]. In our opinion, a systematic
approach must be conducted in a stepwise manner
and necessitates progressive comparative studies of
the behaviour of free bases, nucleosides and nucleo-
tides and if necessary, the same molecules bearing
protective groups.

This note provides some preliminary results con-
cerning the products obtained in the reaction of
K,PdCl,; and K,Pd(SCN), with: a) free bases; adenine
(Adi) I, methylcytosine (MeCyt) II. b) nucleosides; 2-
deoxy-adenosine (deo-Ado) III, 2-deoxycytidine (deo-
Cyd) IV and guanosine (Guo) V. ¢) a protected
nucleoside; N-benzoyl 2-deoxycytidine (N-benz-deo-
Cyd) VL

The palladium complexes are obtained by mixing
in aqueous medium the free base, the nucleoside or
the protected nucleoside with K,PdCl, or K,Pd-
(SCN), in the respective stoichiometry 2/1. After
heating the solution at 50 °C, a microcrystalline
yellow complex is usually formed. It is washed care-
fully and dried. The analytical results show that, in
all the isolated complexes, the metal is always coordi-
nated with two organic ligands. It appears that the
nature of these complexes varies with the ligand.

The complexes I', II', III', IV’ and V' (Table I)
(which are related respectively to the organic ligands
I, I, III, IV and V) are insoluble in most solvents and
are of a covalent nature. They correspond to the
general formula (PdL,X,) (where L is monodentate).
When the ligand X is CNS, the vg=n absorption
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(=2000 cm™) is typical of complexes having a
metal—sulfur bond. Therefore it appears that
important modifications on the basic ligand do not
affect the stoichiometry of the complex.

Moreover a trans configuration seems the most
likely for all the complexes because the IR spectrum
of I' and IV’ shows only one Pd—Cl stretching band
near 350 cm™? [2d] and the SCN ligands usually
adopt a trans geometry [4].

The complex V' which is formed by guanosine V
is soluble in water. It corresponds to an anionic
species (PdL,;)X, (where L is bidentate) and the
chloride ion is easily detected in the water solution of
this complex.

The comparison of NMR and IR data between the
two kinds of complexes and the corresponding free
ligands affords specific information about the site of
complexation and the complete structure of the
complexes.

In the discussion of these results, we can assume
that the electronic perturbing effect of the palladium
atom will be in strong correlation with the identity
or the proximity of the atoms or groups involved in
the complexation. First of all, it can be seen (Table
I) that the palladium complexes of methylcytosine
II', deoxycytidine IV’ and N-benzoyldeoxycytidine
VI' are coordinated only through the N(3) nitrogen
atom since the complexation has very little effect
on the vgy vibration. Another important feature
of complexes II' and IV’ is an outstanding modifica-
tion of the NMR signal of the two NH, protons.
These two protons in the complexes are highly
deshielded (A8 > 1,4 ppm) compared to the free
ligand and they are non-equivalent.

This non-equivalence cannot be attributed to a
diastereotopy due to the presence of the asymmetric
pentose group in IV’ because it is effective for the
methyl cytosine complex for which this chiral group
is absent. Moreover, the non-equivalence does not
occur for the uncomplexed basic ligands IV and III
and it would be difficult to postulate so large an
enhancement of the diastereotopy by the simple
effect of the complexation to the palladium atom.
In our opinion, the observed non-equivalence can
only be attributed to a selective interaction between
the palladium atom and one hydrogen of the amino
group. The possibility of such an interaction has
already been postulated between palladium as well
as molybdenum and CHj; groups [4]. It seems
difficult to account for the fundamental nature of
this interaction but it is clear that one of the
hydrogen atoms remains in the vicinity of the aniso-
tropic area of the palladium atom.

By studying the variation of NMR spectra of the
NH, signal with temperature we can estimate the
corresponding energy of activation to be 80 KIJ
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mol . This value is of the same order of magni-
tude as the energies which have been found for Pd--*
HC and Mo+ - -HC interactions [5].

It seems unlikely that the high value found in our
case results from the partial double bond character
of the C—NH,; bond possibly enhanced by the
complexation (such an activation energy is reported
to be about 25 KJ mol™! [2a, 8].

For deoxyadenosine complex III', the high
deshielding of H(8) and the bathochromic effect on
Vc=c and vg=y show that the coordination of the
palladium atom is through the N(7) nitrogen atom.
But in this case the NMR signal of the two NH,
protons is not split at room temperature. It can only
be noted that a significant shift and an appreciable
broadening is observed compared with the signal
of the free nucleoside. This broadening indicates that
the coalescence occurs at room temperature and
corresponds to a weak interaction between palladium
and the NH, group. This fact is a direct consequence
of the distance of the NH, group with regard to the
coordination site. The only suitable solvent for this
complex is DMSO which does not allow for low
temperature studies. The complex I' (from adenine) is
insoluble in the usual organic solvents and we cannot
obtain any significant results from the NMR data.
The corresponding IR data (vg=n frequency) are
consistent with a coordination on the N(7) nitrogen
atom.

Lastly, all the spectroscopic data obtained from
the complex V' of guanosine are in good agreement
with the ionic character of a bidentate complex
(PdL,)X;. The Pd—Cl vibration is not observed
and there is a substantial bathochromic effect on
ve=0 and vp=yn. Moreover H(1) and H(8) protons
are deshielded. These results indicate a chelating
interaction between the metal, the oxygen atom of

Ls3

the carbonyl group and the N(7) nitrogen atom. This
bidentate behavior of guanosine has already been
mentioned in such complexes with platinum [6] and
palladium [7].
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