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Enhanced Electrophilicity of Co-ordinated Ethylene in a Cationic
Platinum(ii) Complex
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The complex [Pt(n2-C,H,)Cl(tmen)] + (tmen = N, N,N’,N’'-tetramethylethylenediamine), in which ethylene
is unsymmetrically bound to the metal, reacts with NO,~, and N3~ to give stable addition products.

The activation of co-ordinated olefins towards nucleophilic NO

attack has been a topic of great interest for several years.! \ / C/ 2
The source of activation has recently been discussed by \ / Pa

Eisenstein and Hoffmann? who have suggested that it might

result from a slipping of the metal fragment along the double- N / \ NO;

bond axis which causes an increase in the overlap population

between the 7* orbital of the olefin and the electron pair of

the nucleophile. We now report a platinum complex with +2N03 H
ethylene in which such asymmetry, observed in the ground s N\ Y

state, is accompanied by an unusually high reactivity towards
nucleophiles.

The cationic complex [Pt(%*-C,H,)Cl(tmen)]* (1) (tmen =
N,N,N’,N’-tetramethylethylenediamine), recently prepared +2NCO™
by us, exhibits, upon X-ray analysis,® an interesting deviation CI /
of the ethylene axis from the expected orthogonal position, N [
the angle between this axis and the co-ordination plane ~=*_ C
being 80°. The tilting of the C,H, molecule causes the two /Pt
carbon atoms to be at different distances from the metal N
[2.176(9) and 2.242(11) A, respectively] and is accompanied m (3) N
by a considerable elongation of the carbon-carbon bond \/ ;3
which reaches the value of 1.470(17) A. Although we could
not exclude the possibility that some of the observed features
arose from steric interactions between ethylene and the
adjacent ligands, they are far too significant to be explained
on the basis of non-bonding interactions.*

We decided to test the reactivity of this substrate towards
nucleophilic attack. It is to be noted that although ethylene N
complexes of several transition metals can react with nucleo- ~.
philes such as alcohols, sulphides, phosphines, phosphites, <
thiocyanate, and in some cases the cyanide ion,® those of N
platinum(i) have so far been reported to react only with (5)
amines.® Therefore, we chose those nucleophiles which are Scheme 1. N—N = N,N,N’N,-Tetramethylethylenediamine.

+N3
CN~
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known to be the least reactive towards ethylene and the most
reactive towards platinum(i). The ions NO,~, NCO~, N;~,
and CN- lead to ligand substitution, instead of olefin
addition, even with [Fe(n?-C.H,)(n*-C;H;)(CO),I" which is
one of the most reactive and thoroughly studied substrates.
The results are summarized in Scheme 1.}

It should be noted that compounds (2) and (3) contain
two moles of nucleophile per mole of starting complex, and
that these were the only products isolated irrespective of the
ratio of reactants.

Compound (4), although containing only one mole of
azide per mole of complex, required the use of a large excess
of nucleophile and a lower reaction temperature (ca. 0 °C)
in order to increase the conversion of (1) to greater than 70 %;.

The cyanide ion, even when used in less than stoicheio-
metric amounts, led to ethylene substitution and formation
of (5) [V(CN) 2140 cm™~]. However there was some evidence
that a complex resulting from the attack of CN~ on ethylene
might be formed in a small yield [v(CN) 2200 cm™'] but it
could not be isolated in a pure state,

Compounds (2) and (4), either in the solid state or in
contact with a solvent, released ethylene to give the corres-
ponding substitution products [Pt(NO,),(tmen)] (6) and
[PtCI(N,)(tmen)] (7). The reaction was much slower for (2)
than for (4).

[Pt(NO,),(tmen)] [PtCI(N,)(tmen)]
6 M

From these results it appears that ethylene, which in
complex (1) is unsymmetrically bonded to the metal, is indeed
strongly activated towards nucleophilic attack and competes
with the metal centre, to give addition rather than substitution
reactions, even when the nucleophiles used are among the
most reactive towards platinum(r). This, we believe, repre-
sents the highest degree of activation that one can expect
from the co-ordination of an olefin to a metal atom.

1 All the reactions were carried out in water or methanol at
temperatures between 0 and 20 °C. The new compounds precipi-
tated out of solution as white solids and were fully characterized
by elemental analysis, i.r. and *H n.m.r. spectra, and conductivity
measurements.
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