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Summary: Neutralization-reionization mass spectrometry
(NRMS) has been used for the first time to generate and
characterize in the gas phase neutral FeCH, (x = 0-3).
Evidence is presented that neither ionic FeCH, * (x = 0,
2, 3) nor its neutral analogue FeCH, (x = 0, 2, 3) rear-
ranges to hydridometal complexes HFeCH, (x = 1, 2), in
contrast to FeCH*/FeCH which rearranges to HFeC* and
HFeC, respectively.

Alkyl groups bonded to metals in varying states of
saturation (MCH,: M = transition-metal atom or complex:
x = 0-3) are commonly proposed intermediates in many
homogeneous® and heterogeneous? catalytic processes.

The cases where M corresponds to a single metal atom
represent the simplest organometallic complexes possible.
Analogous compounds have been the subject of consider-
able interest, particularly in the gas phase where the
charged analogue can be readily detected.® However, the
neutral, by virtue of being uncharged, represents a chal-
lenge to detect in the gas phase. On the other hand, in
the condensed phase, such compounds are usually too
reactive to study. Several theoretical studies have dealt
with such neutrals; however, experimental studies are
either limited or nonexistent.

Recently, a method of producing neutrals in the gas
phase from the cation by first neutralizing the monocation
followed by reionization (NRMS)® has produced formerly
unobtainable neutral compounds such as the long
sought-after carbonic (HOCOOH)® and carbamic (H,NC-
OOH)" acids, as well as unusual acetylenes of the type
XC=CY (X =H, Y = OH, NH;; X, Y = OH, NH,).%»®
We have applied the same technique to produce the title
compounds from the corresponding cations in a multisector
mass spectrometer. This process offers the possibility of
eventually studying neutral organometallic reactions in the
gas phase.

Experimental Section. The principal features, in-
cluding a discussion of technical aspects, of NRMS have
recently been reviewed in the literature.® Briefly, the
process involves first generating cations in the ion source,
followed by mass selection of the cation of interest with
the sector B(1) of a triple sector mass spectrometer (in this
case a Vacuum Generator ZAB-HF-3F mass spectrometer
which is of BEB configuration; B stands for the magnetic
and E for the electrostatic sector, respectively). The cation
of 8 keV kinetic energy is then neutralized by collision with
O, gas (although Xe as well as metal vapor can also be
used). All surviving charged species are deflected by a
positively charged electrode placed parallel to the path of
the beam. The neutrals, however, proceed to a second
collision chamber where they are reionized by collision with
O,. The resulting ionic fragments are recorded in a single

*Dedicated to Professor F. W. McLafferty on the occasion of his
66th birthday.
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focussing mode by scanning the electrostatic sector. The
second magnet is not used in the present experiment in
order to have higher sensitivity.

The FeCH, complexes were produced by ionizing, via
electron impact (70 V), a mixture containing Fe(CO); and
some appropriate organic precursors (in 1:5 respective
proportion) in a chemical ionization source (pressure re-
acting in the pumping line ca. 10° mbar). Iron penta-
carbonyl and all organic precursors are commercially
available and were used without further purification.

Results and Discussion. Figure 1a shows the NR mass
spectrum of FeCHj; formed from the ionization of a Fe-
(CO); and CH;I mixture. The reionized neutral parent
produces an abundant signal suggesting that FeCHj; is
quite stable both as a cation and as a neutral. It is seen
that the parent FeCHj signals has a smaller width than
the other signals in the spectrum. This observation pro-
vides a useful criterion for distinguishing between neutrals
produced by direct ionization of neutralized species and
fragment ions produced upon dissociation of the reionized
neutrals. This is because ejection of an electron is not
associated with a significant kinetic energy release whereas
the dissociation of an ion generally is.° Prior to reioni-
zation a fraction of the neutralized gpecies may dissociate
into neutrals of smaller mass which are subsequently
ionized. Depending on the kinetic energy release in the
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Figure 1. NR mass spectra of {(a) FeCH; (generated from Fe-
(CO)s/CH;l) and (b) FeCDj; (generated from Fe(CO);/CDsl).

above reionization the width of the resulting signals in the
NR spectra may vary from narrow to very broad;® more-
over, the presence of a “composite” peak may indicate the
simultaneous operation of both reactions, i.e., formation
of an ion by direct electron ejection from a stable neutral
(“narrow” peak) and via dissociation of ions (neutrals)
(“broad” component). In the present case, we cannot de-
tect a composite signal.

The spectrum is further dominated by a large m/z 56,
presumably Fe*. Signals corresponding to FeH, FeH,, etc.
are not observed. Hence, hydrogen migration such as in
reaction 1 probably does not occur and the hydrogen atoms

Hjo,* H—|o,¢
Fe—Cl.,,,, —= H—Fe =(| 1
H ’ H

remain on the carbon. This is in marked contrast to results
based on low-temperature matrix and chemisorption
studies of methane on iron films.'® From these studies
it was concluded that an irreversible rearrangement, FeCHj,
~ HFeCH,, occurs. However, a series of peaks near the
parent peak suggest consecutive losses of hydrogen atoms.
These losses are confirmed by the spectrum of FeCDj,
(Figure 1b) produced under similar conditions. Interest-
ingly, signals corresponding to CH,;*, CH,*, and CH",

(10) Andersen, J. R., Ed. Chemisorption and Reaction on Metallic
Films; Academic: New York, 1971; Chapter VIIIL
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Figure 2. NR mass spectrum of FeC generated from Fe-
(CO)s/CH,l.

albeit weak, are also observed. This result clearly dem-
onstrates that not only FeCH;*!! but also the neutral
analogue exist largely if not exclusively as metal-methyl
FeCHj, and not as hydrido-methylidene structure HFe=
CH,. When the NR mass spectra of FeCH; and FeCD,
are compared, note the increased abundancy of the parent
peak in the latter, indicating that the propensities of
FeCD; and FeCD;* to fragment are significantly reduced
in comparison with the hydrogen analogues. This may be
well (i) due to a kinetic isotope effect retarding the
breaking of a CD versus a CH bond and (ii) as suggested
by a reviewer due to a simple mass effect in the collision
processes. Our experiments do not permit a distinction.
The only other complex to come out cleanly from the
Fe(CO);/CH,l mixture is FeC (Figure 2) which also ex-
hibits a strong parent peak in the NRMS experiment. Not
surprisingly, the only fragment observed is Fe* resulting
from the loss of a neutral carbon atom. '
NRMS spectra of FeCH, and FeCH could conversely be
produced by ionizing mixtures of Fe(CO); and CH,Br, and
CHBr3, respectively. In the spectra of FeCH, and FeCH
the relative abundance of the parent peak is 28% (FeCH,)
and 42% (FeCH) enhanced in comparison to that of the
FeCHj; species (12%); this may indicate that the stability
of the FeCH,, species increases with decreasing hydro-
genation. The base peak in both spectra, again, corre-
sponds to Fe*, and from the absence of FeH* signals in
the specra of FeCH, and FeCH,* we conclude that no
hydridometal species are present (eq 2). A distinct be-

To.+
/H To.+
Fe =C —H— H—Fe=C—H 2)
Ny 7
—Jo.+ . To.+
Fesss(—H - H—Fe=C 3)

?

havior is shown by the product generated from Fe-
(CO);/CHBr;. The collisional activation spectrum of [Fe,
C, H]* contains signals for both Fet and FeH™" in the
approximate ratio 1:2, which are also present in NR
spectrum. Thus, part of the FeCH* species must be
present as H—Fe=C",

(11) For studies on MCH;3* (M = Fe, Co) see (a) ref 8l,0. (b) Halle,
L. F.; Armentrout, P. B.; Beauchamp, J. L. Organometallics 1982, 1, 963.
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In conclusion, neutralization of FeCH,* (x = 0-3) species
generates neutral analogues FeCH, (x = 0-3), having
lifetimes ¢t = 105 s. No evidence is available for the in-
volvement of hydridometal species, for x = 2 or 3.
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Summary: The silacarbonyl ylide 4a has been observed
by the photolysis of oxasilirane 5a in an isopentane/3-
methylpentane matrix at 77 K, The ylide was also gen-
erated independently by the direct reaction of dimesityl-
silylene with tetramethyl-2-indanone. The silacarbonyl
ylide is intensely blue in color with a maximum at 610 nm.
Excitation of this band with visible light resulted in the
formation of oxasilirane 5a. A silathiocarbonyl ylide has
also been generated by either photolysis of a thiasilirane
or the direct reaction of silylenes with indanethione.

The formation and characterization of carbonyl ylides
in the photochemical ring opening of aryloxiranes! or in
the reaction of carbenes with ketones? have been well-es-
tablished by low-temperature photolysis or flash laser
photolysis. However, the chemistry of silacarbonyl ylides,
the silicon analogues of carbonyl ylides, is completely
unknown. Recently we reported synthesis of oxasilirane
5a3 and thiasilirane 5b* and the photochemical fragmen-

SIiMes2
o]

+ -
O—SiMes;

5a 48 (Mg, =610 M)

tation of 5a to a silylene and a ketone in solution, probably,
via a silacarbonyl ylide intermediate.® We report here the
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Figure 1. (A) After photolysis of 5a with a low-pressure mercury
lamp (254 nm) for 10 min in IP/3-MP (6:4) at 77 K (—). (B) After
the additional irradiation of the above sample for 5 s with a xenon
lamp (A > 460 nm) (---). The band completely disappeared by
60-s irradiation with A > 460 nm,

first spectroscopic evidence for the intermediacy of the
hitherto unknown silacarbonyl and silathiocarbonyl ylides
in a low temperature matrix.

Irradiation of oxasilirane 5a (0.02 mmol) in an iso-
pentane (IP)/3-methylpentane (3-MP) matrix® at 77 K
with a low-pressure mercury lamp led to the appearance
of a new band at 610 nm in the UV-vis spectrum, and the
matrix became intensely blue in color (Figure 1). This
absorption band was stable at 77 K on prolonged standing.
However, it immediately disappeared on brief irradiation
with a xenon lamp (A > 460nm) or when the matrix was
allowed to melt. These results appear to be related to the
photochemistry of aryloxiranes in rigid organic glasses to
give colored intermediates that can be eradicated either
by irradiation into the visible absorption band or by
warming the matrix.! The colored species was also ob-
servable at 610 nm in the photolysis of 5a in 3-MP glass
at 77 K.

This colored species was independently generated by the
reaction of dimesitylsilylene (2) with 1,1,3,3-tetra-
methyl-2-indanone (3a). Thus, irradiation of 2,2-dimesi-
tyl-1,1,1,3,3,3-hexamethyltrisilane (1) in the presence of
3a in IP/3MP at 77 K with a low-pressure mercury lamp
produced a colored species with Ay, at 573 nm due to
dimesitylsilylene (2).¥! The absorption bands at 610 and
420 nm increased in intensity in the dark at the almost
same rate as the decrease of the band at 573 nm, showing
that 2 reacts with 3a or dimerizes to tetramesityldisilene
(420 nm) in the matrix at 77 K (Figure 2).° Irradiation
of the red solution of the 610-nm species, with a wavelength
of light greater than 460 nm, or melting the matrix resulted
in production of the oxasilirane 5a.1°

(5) Ando, W.; Hamada, Y.; Sekiguchi, A. J. Chem. Soc., Chem. Com-
mun. 1983, 952,
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monda, J. W.; Albrecht, A. C. J. Chem. Phys. 1964, 40, 1148.
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(8) The bands at 573 and 420 nm are due to dimesitylsilylene (2) and
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Ando, W. Chem. Lett. 1987, 209.

(10) The products 5a and 5b were identified by comparison of their
spectra with those of authentic samples.
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