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Which Electronic State Is Involved in
the Activation of CH- and CC-Bonds of
4-Octyne by Bare Chromium lons?**

Christian Schulze and Helmut Schwarz*

Abstract: In previous work we reported the unexpectedly rich gas-phase chemistry of
complexes of Cr® with 4-octyne. Results, based on high-resolution translational energy
loss spectroscopy (HRTELS) and charge stripping mass spectrometry (CSMS), are now
presented which prove that Cr® generated by electron impact ionization of
[Cr(CH,COCH,COCH,),] corresponds to the ground state of Cr® (3d°, a®S). It is also
demonstrated that Cr®-induced CH- and CC-bond activations, followed by reductive
eliminations of H,, CH, and C,H,, are truly unimolecular reactions with practically no

collision-induced contributions.

There are many reports on the low (if
not absent) reactivity of ground-state bare
chromium(1) ions with organic sub-
strates!". In most cases in which oxidative
addition of a bond R-X (X = C, H, N, O,
halogen) to Cr® has been observed the
reaction was ascribed to the presence of
long-lived (> ms)"? low-lying, excited
electronic states of Cr®. There is indeed
ample evidence "< that electron impact
ionization of [Cr(CO),] generates both
ground state (3d°, a°S) and approximately
70% long-lived excited state metal ions.
While the former are interpreted to be non-
reactive, the latter with so far not unam-
biguously identified electronic states are
suggested to be involved in the insertion of
the bare metal ion into the R-X bonds.

In distinct contrast to most reports we
recently noted” that the gas-phase reac-
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tion of bare Cr® (generated by 100 eV
electron impact ionization of
[Cr(CH,COCH,COCH,),]) with CH,, (4-
octyne) is unexpectedly versatile in that
both CH- and CC-activations take place.
Without being subjected to further colli-
sional activation the complex [CrC.H,,]®
gives rise to the products shown in Scheme
1 (expressed in % fragment ions generated
from mass-selected [CrC,H,,]® complexes).
It should be mentioned, that the product
distribution shown in Scheme 1 is not sen-
sitive to the mode by which the [CrCH ,,]®
complexes are made. For example, genera-
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tion of Cr® by 100 eV ionization of
[Cr(CO),] or by fast atom bombardment of
aqueous solutions of either CrCl, or CrO,
with 8 keV xenon atoms resulted in
[CrCgH,,]® complexes whose unimolecular
dissociations were practically the same as
those shown in Scheme 1.

From the study of deuterated isoto-
pomers of 4-octyne further details were re-
vealed which are pertinent to the mecha-
nism of fragment ion formations. For
example, Cr®-induced dehydrogenation
follows a clean 1,2-elimination involving
22% hydrogen from C-1/C-2 and 78%
from positions C-2/C-3, respectively.
From a study of the kinetic isotope effect it
was further concluded that the rate-deter-
mining step is not associated with the oxi-
dative addition of a carbon-hydrogen
bond to the metal ion but rather to the
reductive elimination of a hydrogen mole-
cule. The positional loss of hydrogen
atoms («scrambling») which is often ob-
served in gas-phase chemistry of hydrocar-
bons is not observed in the [CrC,H ,]® sys-
tem.

Cr®-induced demethanation is also a
clean process in that methane is exclusively
formed in a formal 1,2-elimination mode
involving the terminal, intact CH, group
and a H atom which originates from C-3.
Highly remarkable isotope effects were re-
ported? for this process, the origins of
which are, however, not yet fully under-
stood.

Scheme 1
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