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Summary: When the atomic Ni* ion is reacted in the gas
phase (Fourier transform ion cyclotron resonance) with
n-pentylbenzene, the encounter complex does not de-
compose via dehydrogenation, which is the usualreaction
pattern. The sole process observed corresponds to the
specific cleavage of the benzylic carbon-carbon bond
followed by loss of C4Hs. Labeling experiments enable
the elucidation of a plausible mechanism of the reaction.

In the gas-phase reactions! of “bare” Ni* ions with
various alkane derivatives, we noted? two trends which
distinguish the Ni complexes from their Fe* and Co*
congeners: (i) While Fe*- and Co*-mediated dehydroge-
nation is often highly specific, Ni* tends to induce
hydrogen exchange processes preceding the reductive
elimination of molecular hydrogen. (ii) Products due to
carbon-carbon bond cleavage are generally more pro-
nounced for the Ni* complexes in comparison with the
Co* and Fe* systems. While the electronic origin of these
effects remains to be clarified, it is also of interest to recall
that some of the Ni* systems we studied® exhibit a
chemistry reminiscent of the gas-phase behavior of Lewis
acid complexes. In the present note we describe the
chemistry of atomic Ni* when it is reacted in the gas phase
with n-pentylbenzene (1) using Fourier transform ion
cyclotron resonance (FTICR) mass spectrometry. To our
knowledge, the results are unprecedented in that only one
product is observed which corresponds to the exclusive
. cleavage of the benzylic carbon—carbon bond accompanied
by a hydrogen transfer to generate Ni(C;Hg)* and C4Hs.
By means of labeling experiments, insight into the possible
mechanism of this highly specific reaction is obtained.

Experimental Section

The apparatus (a Spectrospin-CMS-47X equipped with an
external ion source) and its operation have been described in
detail previously.3»¢ Atomic Ni* is formed via laser desorption/
ionization® in the external ion source® by focusing the beam of
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Table I. Ni*-Induced Elimination of C{Hs_,D, from
Deuterated n-Pentylbenzenes*

precursor C4Hs C4H7D C4H5Dz C4H5D3
CgHsCDz(CHz);CHg (ll) 100
C¢H;s(CH,),CD,CH,CH; (1b) 61.6 384
C¢Hs(CH,)4CD3 (1¢) 0.9 99.1

4 Data are given in LC4H;_,D, = 100%.

aNd:YAG laser (Spectron Systems, fundamental frequency 1064
nm) onto a high-purity nickel rod which was affixed in the external
ionsource. Theionsare extracted from thesource and transferred
into the analyzer cell by a system of electrostatic potentials and
lenses. After deceleration, the Ni* ions are trapped in the field
of the superconducting magnet (Oxford Instruments) which has
amaximum field strength of 7.05 T. The metal’s most abundant
isotope 5Ni* was isolated by using FERETS" and allowed to
react with the substrate that was present with a constant pressure
of (1.8-4.0) X 10-® mbar; reaction times are typically 1-10 s. For
collisional cooling of any excited states possibly formed and for
removal of kinetic energy remaining from the transfer, argon was
present as a buffer gas with a constant pressure of 1.5 X 10-7
mbar. The pressures given were measured with an uncalibrated
ionization gauge (Balzers IMG 070). When necessary, reaction
products were unambiguously identified by exact mass mea-
surements.

The labeled n-pentylbenzenes were synthesized and fully
characterized using established procedures® and purified by
preparative gas chromatography.

Results and Discussion

In the reaction of Ni* with n-pentylbenzene (1), we
observe as the only primary product the ion Ni(C;Hg)*.
This corresponds to the loss of C;Hg (Am = 56 amu). As
the neutral products of low-energy ion/molecule reactions
usually escape experimental detection, several possibilities
have to be considered for the nature of Am = 56 amu: (i)
The combined?® losses of C;Hg/H; or of 2C;H, are unlikely
on thermochemical grounds.!? They can also be ruled out
by analyzing the data obtained for the pentylbenzene
isotopomers la-1¢ (Table I). (ii) The formation of
cyclobutane is thermochemically feasible, as its heat of
formation is only 6.9 kcal/mol higher than that of
1-butene.!® Nevertheless, the labeling data are not com-
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patible with this assignment. (iii) From the analysis of
the labeling experiments it follows that the benzylic
position of 1 does not contribute at all to the formation
of C4Hs. Further, all three hydrogen atoms of the methyl
group are to >99% incorporated in the neutral fragment.
The fact that labeling of the internal position (C3) results
not only in the exclusive loss of C;H-;D (61.6%) but also
in the elimination of C4HgD3 (38.4 % ) clearly suggests the
operation of a hydrogen exchange process.

We have considered several mechanistic scenarios. The
simplified mechanism depicted in Scheme I has the merit
of being compatible with the experimental findings. We
suggest that C4Hg loss is not initiated by remote func-
tionalization!! of the terminal C-H group (1-Ni* — 2),
because 2 is expected to undergo a facile 8-hydrogen
rearrangement (2 — 3)followed by a reductive elimination
of molecular hydrogen. As stated above, no loss of H; is
observed when Ni* is reacted with 1 in the gas phase.
Rather, we suggest that the reaction commences with
oxidative addition of Ni* to the benzylic carbon-carbon
bond (1-Ni* —5).12 This intermediate does not rearrange
to the metallacycle 4 (which might be considered to serve
as a possible precursor for the reductive elimination of
cyclobutane). This conclusion follows immediately from
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the labeling experiment, as in 4 the originally distinct C2/
C5 positions have become structurally equivalent. As a
consequence, if 4 would decompose by a C-C reductive
elimination, the complex generated from either 1b and le
should exhibit specific loss of C;HgDs; this expectation is
not borne out experimentally (Table I). It may be
suggested that the 5 = 4 rearrangement occurs but without
any subsequent ¢-C4Hg loss. However, the concomitant
structural equilibration between C2 and C5 predictsa>1%
loss of C4HgD; from l¢ via the 6 = 7 = 6 mechanism
which we prefer. This is not observed (Table I), and we
suggest that 5 undergoes a rapid 8-hydrogen transfer (5
— 6). The olefin complex 6 has two basic options: (i)
direct olefin detachment; (ii) migratory insertion to
isomerize via 7 to 8 from which C4Hj can be eliminated.
If we ignore the operation of kinetic isotope effects, we
arrive at a kinetic scheme according to which the direct
loss of C;Hs from 6 is ca. 5.5 times faster than the
establishment of the equilibria 6 = 7 = 8 viathe migratory
insertion 6 — 7. Actually, if the sequence 6 = 7 = 8 is
expanded, the mechanism depicted in Scheme I can also
explain the minor loss (0.9%) of C4HgDs from le.

In conclusion, the encounter complex generated by
reacting bare Ni* with n-pentylbenzene in the gas phase
is unique in that no dehydrogenation occurs; rather, the
sole process corresponds to the specific activation of the
benzylic carbon-carbon bond followed by specific 8-hy-
drogen transfer processes to eventually generate C;Hg and
Ni(C;Hg)*.
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