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Equilibrium between Metallaindans and
Aryne Olefin-Metal Complexes!
Sir:

The equilibrium between bis(olefin)-transition metal
complexes 1 and metallacyclopentanes 2 appears to be an
important step in many catalytic reaction sequencies? (eq 1).
This transformation has been observed with a variety of
transition metals, and it has been suggested as being a quite
general reaction.? More detailed information about this im-
portant structural relation is, however, scarce. Most of the data
available has been obtained from studies on the parent systems,
the unsubstituted metallacyclopentanes.* There is, however,
very little known about how sensitive this rearrangement is to
variations in the organic moieties of the complexes.
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Table I. Thermolysis of Biscyclopentadienylzirconaindans

neat, in the presence of olefins
dec A(i txu_‘xc'c.
compd temp, °C¢ kcal/mol? solvent
5 130 299+ 0.4 |-octene
303+ 0.4 norbornene
6 120 27.8+£0.3 l-octene
7 105 27.6 £ 0.3 isooctane-|-octenc
isooctane-norbornene
8 15 294409 norbornenc
9 170 31,6 £ 0.8 isooctane-5.5-

dimethylnorbornene

@ Halflife of | h. # For the formation of aryne olefin zirconocenes
at 80.5 °C, obtained from the initial slope of the first-order plot.
¢ 3.3-Dimethyl-1-[bis(n3-cyclopentadienyl)zircona]indan.

A severe perturbation of the system would presumably re-
sult, if one of the olefinic ligands of 1 could be replaced by
dehydrobenzene, because the energy content of the bis(olefin)
structure should be increased by this structural change relative
to the metallacycle. Moreover, this would hopefully lead to
thermally more stable compounds and simpler overall kinetics,
since dissociation of the aryne ligand from the complex should
be an unfavorable process.® Consequently we developed a
synthetic route to I-metallaindans. The reaction of dehy-
drobenzenezirconocene (4, generated from diphenylzircono-
cene®) with ethylene (20 bar) produces a 95% yield of metal-
laindan § (eq 2). Likewise metallaindans regioselectively
(=95%) bearing the substituent in the 3 position are obtained
from substituted olefins.”

In contrast to most metallacyclopentanes, temperatures
above 100 °C are required to start the decomposition of the
zirconaindans (Table I). In solution the corresponding phen-
ylalkanes are the only organic compounds obtained. When the
zirconaindans 7-d4 or 9-d,4, containing labeled aromatic rings,
are thermolyzed in saturated hydrocarbon solution, labeled
phenylalkanes are obtained. 'H NMR analysis shows the av-
erage presence of only three deuterium atoms. No deuterium
can be found in the alkyl substituents. Mass spectroscopic
analyses of these phenylalkanes reveal the presence of a mix-
ture of products containing one to five deuterium atoms in a
distribution which is almost statistical if it derives from initially
pure phenylalkanes-d;. Equally, thermolyses of unlabeled
zirconaindans in benzene-d, produce phenylalkanes containing
some of the isotope bound to the phenyl groups. Thermolyses
of the solvent-free zirconaindans under vacuum (10~3 Torr)
proceed alike, except with 3-n-butylzirconaindan (7) which
produces 2-phenylhexane accompanied by a low yield (~10%)
of 1-hexene.

In the presence of olefins, the thermal reactivity of the zir-
conaindans appears markedly changed. At temperatures sig-
nificantly lower than required for the decomposition (vide
supra), liberation of alkene from the complex is observed. At
the same time formation of a new zirconaindan containing the
added olefin takes place (eq 4; see below). Upon thermolysis
of 3-n-butylzirconaindan (7) with excess norbornene (1.1 to
20 molar equiv), 9 is almost exclusively obtained (>98%).
Equilibration of 7 with the less reactive olefin | -octene (1 molar
equiv) leads to a nearly equimolar mixture of 3-n-hexylzirco-
naindan (10) and the starting material. This ratio is shifted in
favor of 10 with an increasing |-octene concentration (9:1 with
5 molar equiv of 1-octene). The pronounced effect of the olefins
on the equilibrium stands in contrast to the influences of the
olefins on the reaction rate. The rate of decrease in 7, obtained
at the beginning of the reaction, has been found to be inde-
pendent both of the structure and of the concentration of the
added alkene. All zirconaindans studied show a similar be-
havior.

These results indicate that the zirconaindans studied are
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subjected to two different types of thermally induced reaction
paths. The high activation energy process leading to phenyl-
alkanes most likely does not reflect a reaction mode typical
of a five-membered metallacycle. It rather resembles the
thermal decomposition of acyclic group 4 transition metal-aryl
complexes.® The loss of one deuterium atom from the aryl
group, the isotopic scrambling of the already formed phenyl-
alkane, and the participation of aromatic solvents in the re-
action can sufficiently be accounted for by an intermediate
aryne-zirconocene complex. The formation of such a species
(e.g., 11 from 6) by a 3-hydride elimination from the aromatic
ring is an attractive mechanistic possibility!? (eq 3). A different
intramolecular reaction pathway with a lower activation en-
crgy. however, becomes apparent in the presence of alkenes.
In the thermolysis of the zirconaindans, a reactive intermediate
is formed which can only revert to the starting material, if not
intercepted by an added olefin. A reasonable structure of this
intermediate is the 18-electron species aryne olefin zirconocene
(e.g., 12 from 7)!' (eq 4). The introduction of the dehydro-
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benzene ligand into this type of intermediate, as expected, leads
to an extraordinary high thermal stability of the corresponding
five-membered metallacycle. Moreover, the initial ring opening
of the metallaindan represents the rate-determining step in the
reaction sequence (eq 4).12 This feature can be used to obtain
information about the influence of structural changes or sub-
stituent effects on the transformation between metallacyclic
and bis(olefin) structure by this exchange reaction. The AG*
differences observed (Table 1) reflect a pronounced influence
of the olefinic ligand on the intermediate—the formation of
the more strained olefins makes the ring opening of the me-
tallacycle less favorable.!3 The unexpected deviation of 8 from
this behavior seems to indicate the sensitivity of this reaction
to steric hindrance, here introduced by the geminal two methyl
groups.

The thermal reactions of the zirconaindans demonstrate that
these metallacycles exhibit a reactivity which is markedly
dependent on the substitution, but, nevertheless, still follow
a reaction pattern typical of a five-membered metallacycle.
The unique features of the equilibrium between metallacycle
and bis(olefin) complex should make these readily available
metallaindans useful model systems to study the influence of
structural changes on carbon-carbon bond formation processes
in transition metal complexes.
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Non-Br~-Controlled Oscillations in the
Belousov-Zhabotinskii Reaction of Malonic Acid
Sir:

The principal features of the chemical mechanism for the
temporal oscillations in the Belousov-Zhabotinskii' -3 reaction
have been elucidated by Field, Korés, and Noyes.* ¢ Their
mechanism applies a hypothesis originally proposed by Zha-
botinskii. According to that supposition in the course of the
oscillations, the oxidation of Ce?* by acidic bromate is inhib-
ited periodically by bromide whenever the concentration of
bromide exceeds a critical value. That is, in the classical os-
cillations the bromide ion is a key reference reactant, a control
intermediate, the concentration variation of which “turns on”
and “‘turns off” certain chemical processes. In our experiments
we could detect oscillations of the redox potential when the
bromide concentration was much below its critical value.
During these oscillations the potential of a bromide-ion-specific
electrode changes monotonically or undergoes very small
amplitude oscillations.

The aim of the experiments was to observe the classical BZ
system when the natural bromide concentration was depleted

© 1979 American Chemical Society



