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Very few kinetic studies of ligand substitution
in five-coordinate transition metal complexes have
been reported. The limited data available suggest
that five-coordinate d® metal complexes follow dis-
sociate mechanisms [1-8], while other five-co-
ordinate systems sometimes react via associative path-
ways [9, 10]. Before the generality of these results
can be ascertained, it is necessary that more reactions
be investigated.

Two kinetic studies of five-coordinate low-spin
nickel(I) have appeared. Grimes and Pearson [2]
studied phosphine exchange in trigonal-bipyramidal
[Ni(CN),(PR3)3] complexes. Sweigart and Heidt-
mann [1] reported the kinetics of the replacement
of tri-n-butylphosphine by various nucleophiles in
the square-pyramidal complexes [Ni(S,P,(OR),),-
PBus;] (R = Et, PhCH,CH,, C¢H,,). A dissociative
mechanism for ligand substitution was found in both
of these studies.

In order to expand the knowledge in this area, we
have initiated a detailed kinetic study of ligand sub-
stitution in the complexes [M(diars),X]* (M = Nj,
Pd, Pt; diars = o-phenylenebisdimethylarsine; X = Cl~,
Br~, I7, SCN™, SeCN™, etc.). A preliminary report of
the results for reaction (1) is presented herein.

[Ni(diars),Br] "SCN~ < [Ni(diars),SCN] " + Br~

(1)

The [M(diars),X]" complexes were first prepared
by Nyholm and coworkers [11] and have been the
subject of a number of spectroscopic [12] and
thermodynamic [13] studies. The complexes have a
square-pyramidal geometry [12].

A Durrum stopped-flow apparatus was used to
study reaction (1) in methanol solvent at 20.5 °C.
The ionic strength was maintained at 0.1 M with
NaNOj;. The metal complex concentration was 2 X
107 M and the NaBr and NaSCN concentrations
were in pseudo-first order excess. The reaction was
followed at 490 nm. The results are represented in
Table I.

The rate constants for reaction (1) measure the
rate of approach to equilibrium. The results are
compatible with a dissociative mechanism:
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TABLE 1. Kinetic Data for Reaction (1).%
103[Br7], M 103[SCN™], M Kobs,s
3.0 2.0 43
3.0 5.0 5.8
3.0 15.0 8.4
6.0 2.0 3.2
6.0 5.0 46
6.0 15.0 7.1
12.0 2.0 2.6
12.0 5.0 3.7
12.0 15.0 6.0

8Methanol solvent; 20.5 °C; ionic strength 0.1 M (NaNO3).
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The best fit of the data to equation (2) yields k, =
10 s7!, ks = 1.2 572, and k;3/k, = 0.9. From this the
equilibrium constant for reaction (1) is calculated to
be 7.5, which is similar to the value reported [13] in
water as solvent.

The data in Table I are clearly inconsistent with an
associative mechanism:
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Although this work is only the third report of
ligand substitution at low-spin five-coordinate
nickel(II), we believe that all such reactions will prove
to be dissociative and that associative pathways will
be found only for metal complexes having less than
eight d electrons.
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