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Methane Activation by an Iron Phosphine Complex in Liquid Xenon Solution
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irradiation of FeH,(dmpe), [dmpe = 1,2-bis(dimethylphosphino)ethane] in a solution of methar_xe in liquefied xenon
at —100 °C affords a mixture of cis-FeH(dmpe),Me and trans-FeH{dmpe),Me; the cis and trans isomers equilibrate
photochemically at —100 °C but decompose thermally with elimination of methane at temperatures above ca. 0 °C

following solvent exchange with toluene.

Alkane activation has been achieved with a number of soluble
transition metal complexes,!-3 however, there are very few
well-characterised homogeneous reactions of methane with
organometallic reagents.3 Here we report the activation of
methane with FeH,(dmpe), 1 [dmpe = 1,2-bis(dimethyl-
phosphino)ethane] under photochemical conditions using
liquified xenon as a reaction solvent.

We have previously reported the photochemical activation
of C-H bonds in hydrocarbons (arenes, alkenes and alkanes)
with FeH;(L), complexes (L = R,PCH,CH,PR;, R = Me,
Et).4 These reactions are thought to proceed via the photo-
chemical elimination of dihydrogen from the organometallic
complex to form the unsaturated [Fe(L),] species which reacts
with C-H bonds in the hydrocarbon substrate.5 C-H activa-
tion of methane by organometallic complexes has been
studied in the solid state under matrix isolation conditions.®
Methane is, however, a technically difficult alkane substrate
to study conveniently in solution because of its low boiling
point (=161 °C) and generally poor solubility in solvents
suitable for C-H activation. Bergman et al.7 recently
employed liquefied xenon as an inert solvent for studying
reactive species in solution at low temperature. As well as
acting as an unreactive supporting medium, liquefied xenon
dissolves a variety of organic and organometallic compounds.

It has been used in a number of spectroscopic studies but its
potential as a useful solvent in organometallic synthesis is only
now being realised.8 With methane, xenon forms a solution
(>30 mol% methane) at pressures and temperatures where
C-H activation with homogeneous organometallic reagents
and catalysts can be studied without recourse to the use of high
pressures.

A mixture of methane and xenon (ca. 40 mol% methane)
was condensed quantitatively from a vacuum line into a
thick-walled NMR? tube containing FeH,(dmpe), (ca. 11
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Fig. 131P NMR spectrum (162.0 MHz) of FeH,(dmpe), 1 in a solution
of methane in liquid xenon (40 mol% methane, —110 °C). (a) before
irradiation; (b) after UV irradiation for 2 h

umol) and [2Hg]tetrahydrofuran (50 ul).t The tube was sealed
with a pressure-release cap® which permitted escape of the
gases if the pressure exceeded a preset level (ca. 8 atm.). The
mixture was warmed to —98 °C (methanol-liquid nitrogen
slush bath) and the solution mixed. The sample was irradiated,
through Pyrex, with a 125 W medium pressure mercury lamp
while the temperature was maintained at —100 °C. After
irradiation for 15 min, 3P and 'H NMR spectrai indicated
conversion of FeH,(dmpe), to cis-FeH(dmpe);Me 2 and
trans-FeH(dmpe),Me 3§ in a ratio of 5:2, respectively
(approximately 32% conversion). Methane activation
proceeded further with continued irradiation [approximately
74% conversion after 2 h, Fig. 1(b)] and the proportion of the
trans isomer 3 increased as the irradiation progressed.

In the 3CNMR spectrum, the metal bound carbon atoms of
2 and 3 appear to high field of SiMe4 at d — 14.02 and —18.95,

T [2Hg]THF assists the dissolution of FeH,(dmpe), iron complexes
and provides a deuterium lock signal for the NMR experiments.
Identical reaction products are obtained in the absence of THF.

1 NMR spectra were obtained at —110 °C using a Bruker AMX400
spectrometer. 31P NMR spectra (162.0 MHz) were referenced to the
shift of external, neat, trimethyl phosphite taken as 140.85 ppm
(extrapolated to —110 °C). 'H NMR spectra (400.1 MHz) were
referenced to the resonance of methane in the solution, taken to be
0.23 ppm; 13C NMR spectra were referenced to the highfield
resonance of [2Hg]THF in the solvent mixture, taken to be 26.7 ppm.
Chemical shifts are sensitive to the concentration of xenon present.

§ cis-FeH(dmpe),Me, 2, 3'P{'H} NMR (xenon-methane solution,
—110°C) 6 63.8 (m, 1P, J 28, 28 and 13 Hz), 67.4 (m, 1P, J 28, 28 and
13 Hz), 78.2 (m, 1P, J 128, 28 and 28 Hz), 79.8 (m, 1P, J 128, 28 and 28
Hz); THNMR 6 —1.37 (m, 3H, FeCHs>), —13.58 (dddd, 1H, 2Jpy 60.7,
60.7, 51.4 and 39.9 Hz FeH); 13C{1H,3'P} NMR & —14.02 (FeCH3)
trans-FeH(dmpe),Me, 3 31P{1H} NMR (xenon-methane solution,
—110 °C) 678.4 (s); 'H NMR & —2.08 (quintet, 3H, 3/py 6.0 Hz,
FeCHs), —19.43 (quintet, 1H, 2Jpy; 43.0 Hz, FeH); 13C{1H 3P} NMR
6 —18.95 (FeCH3)

9 The only other product formed (ca. 7% after 2 h irradiation)
exhibits a broad singlet resonance (d 61.5) in the 31P NMR spectrum.
This unidentified product does not contain an activated methy! group
and is also formed in photochemical activation of other substrates.*
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Fig. 2 High field regions of the 1H NMR spectrum (400.1 MHz) of
FeH,(dmpe); 1 in a solution of methane in liquid xenon (40 mol%
methane, —110 °C) after UV irradiation for 2 h

respectively. The iron-bound hydrides for cis-FeH(dmpe),Me
2 and trans-FeH(dmpe);Me 3 resonate at 6 —13.58 and
—19.43 in the 'H NMR spectrum and resonances due to the
protons of the corresponding iron-bound Me groups appear at
0 —1.37 and —2.08, respectively (Fig. 2).10 The resonances
assigned to trans-FeH(dmpe),Me 3 correspond to those of an
authentic sample of the compound formed by the reaction of
dimethylmagnesium with FeCl(dmpe),H in tetrahydrofuran
(THF) at —30 °C.10

Under the conditions of the experiment, both the cis and
trans isomers of FeH(dmpe),Me are formed. In the early
stages of the reaction, the cis isomer 2 is the major product in
the mixture, however, over an extended period of irradiation
the trans isomer 3 is formed almost exclusively. There is no
change in the cis:trans ratio when the product mixture is
allowed to stand at —110 °C in the dark for 14 h which
indicates that the observed isomerization is a photochemical
process at this temperature.

[2Hg]Toluene was condensed into the reaction mixture and
the xenon-methane solvent was removed by evaporation
below —80 °C without any change in the product mixture. As
the temperature of the toluene solution was increased to
—15 °C, the cis isomer 2 isomerised completely to the trans
isomer 3 i.e. the cis to trans isomerization also occurs
thermally but at significantly higher temperatures than under
conditions of irradiation. When a toluene solution of 2 and 3
was warmed to room temperature, methane was eliminated
and a mixture of the known cis- and trans-tolyl hydrido
complexes>? formed.|| The thermal elimination of methane

|| cis- and trans-FeH(dmpe),(CsH,Me) were obtained as a mixture of
meta and para isomers.
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from FeH(L),(Me) complexes and subsequent trapping of the
liberated [Fe(L),] fragment by reactive arenes has been
observed previously.4-5.10

The bonds in methane are amongst the strongest and least
reactive C-H bonds, however, the addition of a photochemi-
cally generated coordinatively unsaturated iron phosphine
species to a C-H bond of methane is a facile process in xenon
solution and proceeds smoothly even at —100 °C. Xenon has
proved to be an important supporting solvent for studying
homogeneous reactions of reactive organometallic complexes
with hydrocarbons which cannot be obtained conveniently as
liquids and we are currently exploring the reactions of related
iron phosphines with low-boiling alkanes in xenon solution.
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