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The unexpected reactivity of Zeise’s anion in strong basic medium
discloses new substitution patterns at the platinum centref
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Zeise’s anion in strongly basic hydroxylated solvents undergoes
unprecedented nucleophilic addition of OR ™ (R = H, Me, Et)
to the n*~ethene giving trans-[PtCly(n'-C,H,OR)(OR)P*~ which
readily reacts with bidentate nitrogen donors N-N to give Cl
and OR"™ substitution and formation of
[PtCI(CH,CH,OR)(N-N)]. Protonolysis of this stable organo-
metallic species offers a versatile route to cationic [PtCl(n*

C,H)(N-N)[* complexes.

The special reactivity of olefins n*coordinated to late transition
metals can promote Wacker type hydroxylation and alkoxylation
reactions'* and homogeneous polymerization of o-olefins.”’
Some of the previous reactions also involve intermediate species
containing alkoxo and hydroxo ligands with an unusual
combination of soft metal centres and hard ligands.

One of the first recognized key step in the Wacker process is the
attack of OH™ on the n>olefin of the Pd analogue of Zeise’s
anion, [PtCly(n*-C,H,)]~.% Hydrolysis of Zeise’s anion in water or
alcoholic solvents has been reported to give a stepwise substitution
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of the chlorides leading to compounds 1-3 (R = H, Me,>"’
Scheme 1). However no direct attack of the alkoxide on the olefin
with formation of a c-alkyl (Pt-CH,CH,OR) has been reported.
Apparently only in the case of platinum(Iv) species such an
addition reaction could take place.'®

We discovered that when Zeise’s anion is dissolved in strongly
basic methanol, addition of methoxide to the n*-ethene takes place
besides multiple chloride substitution (Scheme 1). Hence dissolu-
tion into a CD3;0D solution containing NaOCDj results in the
immediate disappearance of the starting Zeise’s anion and
formation of a ca. 1 : 1 mixture of 1 and 4 (Fig. 1). On standing
in solution, within a few minutes 1 and 4 undergo further
transformations with formation of new species containing either
n*bonded ethene (2 and 3 in Scheme 1) or a o-bonded alkyl (5
and 6 in Scheme 1). Longer reaction times result in decomposition
with formation of metallic Pt.'"'

Interestingly, addition of an aliphatic diamine (N,N,N',N'-
tetramethyl-1,2-diaminoethane, Megen, a) or an aromatic diimine
(2,2'-dipyridyl, dip, b; 1,10-phenathroline, phen, c; or 2,9-dimethyl-
1,10-phenathroline, Mephen, d) to the mixture of 1 and 4, formed
by Zeise’s anion in basic methanol, results in the quantitative
formation of [PtCl(n'-C,H,OMe)(N-N)] (7a—d) which generally
precipitates from the solution.'* Monitoring the reaction by 'H
NMR has revealed immediate disappearance of 4 and slow
progressive consumption of 1. This suggests that compound 4
reacts instantaneously with the bidentate N-donor ligand whereas
1 is rather inert and its disappearance with time could be mediated
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Fig. 1 'H NMR spectrum obtained soon after dissolution of Zeise’s salt
in strongly basic CD;0D ([CD;0 ] = 1 M, 20 °C). Ethene signals of 1 (*)
and 4 (#) are labelled.

by conversion into 4 (Fig. 2). Therefore a much greater reactivity
of compound 4 (c-bonded alkyl) with respect to compound 1 (1>
coordinated olefin) is observed.

How to explain the different reactivities of species 1 and 4 with
chelating N-donor ligands? The frans effect of an n>-olefin stems
from its ability to remove electron charge from the metal centre, so
stabilizing the five-coordinate transition state occurring in ligand
substitution at 4-coordinate square planar substrates (entering and
leaving groups and the ligand frans to the leaving group in the
trigonal plane and the two ligands cis to the leaving group in the
axial sites).14 In contrast, in the case of compound 4 the trans eftect
stems from the strong o-donor ability of the alkyl ligand which
labilizes the trans MeO™ ligand and favours its dissociation while
the entering nucleophile (the N-donor) is approaching. Probably
the steric hindrance of the entering nitrogen ligands used in this
investigation, together with the high electron density of the
coordinated methoxy group, disfavour the essentially associative
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Fig. 2 'HNMR spectra of Zeise’s salt in basic CD;OD ([CD;0 ] ~
1 M, 20 °C) before (a) and after the addition of Me,phen [soon after
mixing the reactants (b), after 5 min (c) and after 20 min (d)]. Signals of 1
(*), 4 (#), 7 (+), and free Meyphen (x) are labelled. Methyl signals of
coordinated Me,phen (around 3.0 ppm) are broad and weak due to proton
exchange with deuterium of the solvent.

mechanism occurring in the reaction of 1 with respect to the largely
dissociative mechanism occurring in the reaction of 4.

After substitution of the methoxy group by the first end of the
bidentate ligand, the following reaction could be expected to be
different for the two cases. In the case of 1 it is expected that, due
to the ability of the n°>-bonded olefin to withdraw electron density
from the metal centre, the second N-donor of the bidentate ligand
also coordinates to the metal atom, giving rise to the formation of
a five-coordinate trigonal bipyramidal species in which the two
N-donors and the olefin define the trigonal plane and the two trans
chlorides the apical positions.' In the case of Me,phen such a five-
coordinate species'® is extremely stable even under the experi-
mental conditions used in the present investigation (strongly basic
methanol solution); therefore its absence indicates that Me,phen is
totally unable to displace the methoxy group from compound 1.
On the other hand, in the case of 4, after substitution of the
methoxy group by the first nitrogen of the bidentate ligand, the
second nitrogen cannot simply bind to the metal centre forming a
stable 5-coordinate species because of the poor electron with-
drawing ability of the c-alkyl. Instead, the second N-donor of the
ligand can displace one cis chloride forming compound 7.

Reaction of species 7a—¢ with non coordinating acids results in
the quantitative formation of cationic complexes 8a—c. While 8a
has been prepared long ago,'® 8b and ¢ are obtainable only
through the procedure described here, which represents the way to
produce a class of versatile and very electrophilic complexes."”

This represents a case example of the dual character of the
labilizing effect of trans ligands which can depend upon their
ability to stabilize a five-coordinate transition state (n>-olefin) or to
labilize the frans ligand (o-alkyl). In the case of substitution of a
MeO™ by a N-donor ligand only #rans labilizing ligands of the
second type are able to speed up the reaction. What is amazing
in the system under investigation is that it is possible to shift
the properties of the trans-labilizing ligand simply by changing
the pH.
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