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Dr. P. Ochsner, Givaudan SA, for a generous sample of (+)-
longifolene.
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Metal Carbene Chemistry. Formation and Reactions
of (7%-CsHs)Fe(CO),(CH,)* (n = 1, 2) in the

Gas Phase by Ion Cyclotron Resonance Spectroscopy
Sir:

It is often possible to prepare and characterize species in the
gas phase whose exceptional reactivity leads only to a fleeting
existence in solution, where their presence is more often in-
ferred than demonstrated. Transition metal carbenes are an
important class of intermediates for which this is the case.! -3
We wish to report studies, using the techniques of ion cyclotron
resonance spectroscopy,? of the formation and reactions of
several of these interesting species in the gas phase.’

Jolly and Pettit? report the attempted preparation of (-
CsHs)Fe(CO)2(CH,)*BF4~ by cleavage of the ether (n°-
CsHs)Fe(CO),(CH,OCH;3) with HBF4. While the cationic
complex could not be isolated, its presence was postulated to
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Figure 1, (a) Partial mass spectrum of CpFe(CO)>CH,OCHj; observed
in the drift mode at 10~7 Torr with 70-eV electron energy. (b) Spectrum
of products observed after 30-ms reaction time in a mixture of
CpFe(C0)2CH,0CH; (10~7 Torr) and CHa (1079 Torr) ionized by a
10-ms 70-eV electron beam pulse. Several ionic species pertinent to the
discussion in the text are identified.

account for methylene transfer to produce norcarane from
cyclohexene and cis- and trans-1,2-dimethylcyclopropane from
cis- and trans-2-butene, respectively. This system struck us
as ideally suited for acidic ionization by proton transfer in the
gas phase to produce the isolated CpFe(COQ)2(CH2)* ion.

The electron impact mass spectrum of CpFe(CO),-
CH,0CHS;8 (over the range of 12 to 70 eV) shows major
fragment ions CpFe(CO)CH,OCH;3* and CpFeCH,OCH;,
arising from sequential loss of CQ; the parent ion is not ob-
served. The ions CpFe(CQ)2(CHy)*, CpFe(CO)(CH3)*, and
CpFe(CO),(CHOCHj;)* are present, but in very low abun-
dance.

The ions CpFe(CO)2(CH;)* and CpFe(CO)(CH2)* show
dramatic increase in abundance when the acids BH* = NH,*,
C,Hs*, CHs*, and H3* 7 are used as protonation agents (re-
actions 1 and 2). The spectra shown in Figure 1 contrast the

CpFe(CO)(CH)* + CH,OH + B (1)
CpFe(CO),CH,0CH, + BH*

CpFe(CO)CHy)* + CO + CHOH + B (2)

abundant ionic species observed with 70-eV electron impact
(Figure 1a) and with the addition of CH4 (Figure 1b, reaction
time 30 ms?). Not unexpectedly, as the exothermicity of re-
action 1 increases over the series BH+ = NH4*, C,Hs*, CH;s+,
H;t,4 there is a concomitant increase in the abundance of
CpFe(CO)(CH3)* relative to CpFe(CO)2(CH2)*. Double
resonance’ identifies the carbene CpFe(CO),(CHOCH;)*
being produced at longer times or higher pressures, mainly
from CpFe(CO)2(CH,)*, reaction 3.10

CpFe(CO),(CH;)* + CpFe(CO),CH,OCH3
~» CpFe(CO),CHj; + CpFe(CO)2(CHOCH:)*  (3)
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These results illustrate the ease with which metal carbene
complexes can be generated in the gas phase.!! The following
describes some interesting observations on the reactivity of
these species.!?

Addition of cyclohexene results in the production of
CpFe(CO),* from CpFe(CO),(CH;)*. By analogy to the

CpFe(CO),(CH)Y + @ — CpFe(CO),* + <) (4)

solution chemistry, this is attributed to reaction 4.3 The ion
CpFe(CO)(CH,)™* does not react with cyclohexene to yield
CpFe(CO)*. Rather, reaction 5 is observed, in which cyclo-
hexene displaces ketene from the metal center.

CpFe(CO)CHY* + @ — CpFe(CeH,)t + CHLCO (5

A consistent pattern of reactivity is observed in the inter-
action of CpFe(CO),(CH;)* (n = 1, 2) with the n-donor bases
B = NH;, CH;CN, and CD3CDO. Each of these bases adds
tol(SDpFe(CO)z(CHz)+ to give CpFe(CO),CH,-B*,4 reaction
6.

CpFe(CO),(CH;)* + B — CpFe(CO),CH,-B*  (6)

No ligand displacement reactions are observed with
CpFe(CO),(CH3)™*. In contrast to this behavior, these bases
react with CpFe(CO)(CH;)™ by displacement of ketene, re-
action 7.

CpFe(CO)(CH)* + B — CpFe(B)* + CH,CO (7)

Thermoneutral exchange of carbon monoxide was monitored
using 13CO. The ions CpFe(CO)* and CpFe(CO),* readily
exchange CO. Neither CpFe(CO),(CH,)* nor CpFe(CO)-
(CH3)* exchange CO, and processes analogous to reactions
6 and 7 are not observed.

The following conclusions emerge from the above results.
(1) The reactions of CpFe(CO),(CH;)* in the gas phase,
specifically methylene transfer to cyclohexene, hydride ab-
straction to yield CpFe(CO),CHj, and addition of n-donor
bases to the methylene carbon, are entirely in accord with the
postulated solution reactions of this species? and consistent
with its formulation as a metal carbene. (2) The novel complex
CpFe(CO)(CH3)* does not exhibit the carbene chemistry of
the dicarbonyl species. Reaction of both cyclohexene and n-
donor bases results in displacement of CH,CO from the metal
center, strongly suggesting the formulation of this species as
a metal ketene complex. The question arises as to whether
ketene is present as a structural moiety in the complex
CpFe(CO)(CH,)™* or whether it is formed in the intermediate
which results from binding a - or n-donor base to the coor-
dinately unsaturated metal center. In the latter case, the
equivalence of the two coordinated CO ligands in the reaction
of 13CO with CpFe(CO)(CH,)* would allow for incorporation
of labeled ligand in the complex. Failure to observe this is ev-
idence for the formulation of the complex as CpFe(CH,CO)*,
I, ?Gmetal ketene complex, rather than the metal carbene,
IL.

0
+ + C °
CH, 2
I I

The extension of the present work to other systems is in
progress. We are particularly interested in identifying the
molecular properties which lead to differing reaction pathways
(methylene addition to form cyclopropanes vs. olefin me-
tathesis) and obtaining quantitative metal-carbene bond
energies.!”
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