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SF6-photosensitised IR laser pyrolysis of W(CO)6 in the gas
phase at moderate temperatures leads to unsaturated
W(CO)n (n < 6) species; these prove to be effective
abstractors of O atoms from a range of organic substrates,
and afford a simple, clean and low-energy route from
carbonyl compounds into gas phase carbene chemistry.

IR Laser Powered Homogeneous Pyrolysis (LPHP)1,2 has been
successfully exploited for over 20 years in the investigation of
the mechanisms of thermal decomposition of volatile organo-
metallic3 and organic compounds.4 In IR LPHP, the vapour of
the target species is mixed with SF6, and the mixture exposed to
the output of a CO2 IR laser.2 The SF6 strongly absorbs the laser
energy, which is rapidly converted to heat via efficient intra-
and intermolecular relaxation. The advantages of this technique
are well documented; very small quantities of material are
required, initiation of reaction is unambiguously homogeneous,
and short-lived intermediates are readily trapped (physically or
chemically). Progress of reaction may be monitored, and
products quantified, by conventional analytical techniques, in
the present work FTIR spectroscopy or GC–MS. The pyrolysis
of many oxygenated organic compounds has been studied using
IR LPHP, principally by Pola and coworkers.5

LPHP of W(CO)6 at much lower laser powers (i.e. tem-
peratures) than those required for the organic compounds
described below leads to copious amounts of CO and a grey
deposit, shown elsewhere to be more or less pure tungsten.6 It is
generally assumed that these products result from the successive
homolytic loss of carbonyl groups. We have recently shown that
in the presence of vapours of chlorinated organic compounds,7
the deposits also contain chlorine; XPES and reflectance IR
spectroscopy indicate a composition approximating to
W(CO)4Cl2. It appears, therefore, that unsaturated W(CO)n (n <
6) species are highly efficient abstractors of Cl from such
compounds. Moreover, the secondary product of the W(CO)6,
namely CO, is chemically inert, and highly reactive Cl atoms
are effectively removed from the system. These factors lead to
end products that may be ascribed unambiguously to subsequent
reactions of the resultant C-centred radicals. In the present
communication, we report preliminary results that clearly
indicate that W(CO)n species are also efficient abstractors of O
from CNO groups, opening a similarly mild, efficient and simple
route to gas-phase carbene chemistry.

Pyrolysis (either by conventional methods or LPHP) of the
simple exemplar acetone alone yields cleanly methane, ketene
and ethane via a very well studied route that serves as a
paradigm of the classic Rice–Herzfeld radical mechanism.8 For
the benchmark experiments described here, the conditions used
were 2 Torr of acetone and 10 Torr of SF6, with a laser power
of approximately 8 W. By contrast, co-pyrolysis of acetone
together with the room-temperature vapour pressure of W(CO)6
at laser powers (i.e. effective temperatures) much lower than
those required for decomposition of acetone alone (approx-
imately 2 W) yielded no trace of ketene and very little methane.
Instead, the major products detectable by FTIR and GC–MS in
this system are higher hydrocarbons, including propane (outside
the range of the GC–MS trace shown in Fig. 1), propene and
2,3-dimethylbut-2-ene in a ratio of 30+15+1, readily interpreted

as the results of hydrogen abstraction reactions, a 1,2-hydrogen
shift and dimerisation of dimethylcarbene, respectively. Prod-
ucts of other routes, such as 2-methylpropene and isomers of
C6H10, are also observed. While the latter is readily interpreted
as the products of H-abstraction from 2,3-dimethylbut-2-ene,
the mechanism of formation of the former is not clear at this
stage. Relevant portions of the total ion chromatogram trace and
mass spectrum are illustrated in Fig. 1. By the same token,
acetaldehyde alone thermally decomposes to yield methane and
carbon monoxide,9 whereas co-pyrolysis with W(CO)6 leads to
ethylene and the stereoisomers of but-2-ene (ratio 1.5+1).
Finally, we have investigated cyclopentanone, the subject of a
number of recent investigations, including O atom abstrac-
tion.10 In the presence of W(CO)6, the products are cyclo-
pentene alone, with no trace of the allene generated via the more
exothermic abstraction of O with C atoms.10

It is well known that carbenes react via a number of routes,
including recombination, insertion into C–H or other bonds
(either intra- or intermolecular), or addition across double
bonds.11 The most characteristic reaction of carbenes bearing b-

Fig. 1 Partial gas chromatogram, A, of the products of laser pyrolysis of
acetone in the presence of W(CO)6, and mass spectra (observed, B, and
library, C) of the peak assigned to 2,3-dimethyl-2-butene.
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hydrogens is effectively a very rapid internal 1,2-hydrogen
shift. Many workers have investigated this route both experi-
mentally and computationally, with the conclusion that for
simple carbenes, the activation energy for the intramolecular
reaction is very low,12 with measurements and calculations
suggesting barriers of the order of 10–20 kJ mol21 for
dimethylcarbene. Measurements or calculations for bimolecular
reactions are more limited, although reports of dimerisations for
carbenes where the hydrogen shift reaction is precluded (CF2,
CCl2 or Ar2C, for example) support the intuitive view of a zero
barrier to recombination.13 Of course, it is quite feasible that
generation of the dimerisation product involves less direct
pathways, for example insertion of the carbene into the CNO
bond of acetone followed by abstraction of the epoxy O atom, or
addition of the carbene to propene together with a hydrogen
shift. It should prove possible to distinguish these possibilities
by the planned measurements of reaction rates as a function of
pressures of reagents. In addition, carbenes produced via highly
energetic routes sometimes reveal unusual fragmentation pat-
terns involving cleavage of two bonds b to the carbene
centre.10

Abstraction of oxygen from carbonyls is not novel, of course,
and there have been many reports of studies of the resultant
carbene reactions; however, the most widely used abstractors,
namely metal or C atoms, generally produce carbenes of
sufficient excess energy to result in atypical reaction routes.10,14

The majority of experimental studies have utilised the photol-
ysis of diazirines or similar compounds, and this route is also
likely to produce carbenes with very substantial excess internal
energies. This, together with relatively low yield, leads to
domination of the unimolecular rearrangement route where
available, and a consequent reduction in bimolecular products.
In our system, the abstraction of O atoms by W(CO)n is likely
to be marginally exothermic, if at all; the WNO bond strength is
estimated at 577 kJ mol21, whereas a value of 670 kJ mol21 has
been reported for the CNO bond in acetone.15 As a result,
bimolecular routes become competitive with the more com-
monly observed unimolecular pathway. Additional features not
readily probed by current experimental arrangements are the
roles played by spin states or transient tungsten–carbene
complexes; while the prototype CH2 has a triplet ground state,
for most higher carbenes the singlet state lies lower in energy.
These aspects are more readily explored through the high-level
calculations also planned.

We have also carried out similar preliminary studies of other
oxygen-containing compounds. Co-pyrolysis of W(CO)6 and
methyloxirane (propylene oxide), for example, leads to pro-
pene, with only trace amounts of other products. In future work,
we shall investigate further the mechanism of this kind of
reaction, as well as bringing to bear other analytical techniques,
such as matrix isolation IR spectroscopy and direct detection of
short-lived intermediates in the gas phase using tunable diode
laser spectroscopy.16
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