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Mn®-Induced Loss of
Ethylene from Gaseous 4-Octyne**

Christian Schulze and Helmut Schwarz*

Abstract: The mechanism established for the unimolecular loss of C,H, from [Fe(4-oc-
tyne)]®, is somehow altered in the analogous Mn®-induced reaction in that some intra-
molecular hydrogen exchange (involving unprecedented manganese-carbene complexes)
precedes the dissociation. Mechanistic variants are discussed, and brief mentioning is also
made on the propene loss which is unique to the [Mn(4-octyne)]® complex.

Gas-phase experiments with bare transi-
tion metal ions offer an unique opportu-
nity to probe, in the absence of any solva-
tion and ion-pairing effects, the inherent
properties of reactive organometallic spe-
cies and-to evaluate the potential role of
these remarkable molecules in the initial
stages of the activation of CH and CC
bonds!!. While many transition metal ions
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M?® readily undergo oxidative insertion
(Eq.(1)) in C—X bonds (X = hydrogen,
carbon, nitrogen, oxygen, halogen, etc.)!",
Mn® shows a distinctly lower reactivity to-
wards these substrates™. The decreased
reactivity of Mn® in comparison with, for
example, Fe® has been explained by using
several qualitative concepts of MO theory.
Allison and Ridge '** ascribe the low reac-
tivity of Mn® due to the quite high promo-
tion energies to generate from the 3d%4s'
ground state configuration of Mn® either a
3d‘4s? or a 3d*4s'dp' excited state, which
may then be used to form two covalent
bonds. Armentrout"*® and Weisshaar *
explain the low reactivity of Mn® in terms
of a frontier orbital MO concept, devel-
oped earlier by Saillard and Hoffmann V.
According to this, the metal insertion of a
3d"4s® configuration is favoured over that
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with a 3d"'4s' due to two favourable do-
nor-acceptor interactions in the former.
These are the interactions of (i) the doubly-
occupied oo, orbital (donor) with the
empty 4s,,e (acceptor) and (ii) of a doubly-
occupied d,,, say (donor) with the empty
oy (acceptor). Moreover, spin conserva-
tion also requires double occupancy of the
d,, orbital which can only occur for 3d"
metal ions with n > 6, i.e. for Fe®, Co®,
and Ni®, but not for the ground state Mn®
ion.
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We recently reported that, in spite of
these constraints, Mn® (presumably in ex-
cited electronic states) may well react with
organic substrates like alkynes. Among the
many reactions observed, a spectacular
one corresponds to the Mn®-induced
demethanation via an unprecedented 1,6-
elimination mode accross the triple bond,
to generate metallacycloalkynes with Mn®
in a high oxidation state. A mechanism
which is in keeping with the labeling data
and the chain-length effects is depicted in
Scheme 1. Addition of either a CC (1-2)
or a CH bond (1-3) to the n-complexed
Mn® ion 1 generates intermediates which
may further rearrange to the manganacy-
cloheptyne cation 4; the latter may serve as
direct precursor in the reductive elimi-
nation of methane to generate species 5.











