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In recent years there has been much interest in the electronic
structures of transition-metal carbonyl = complexes of hy-
drocarbons in these laboratories?™ and in others.® A primary
thrust of the work in these laboratories has been to demonstrate
that the ultraviolet photoelectron spectra (UPS) of the stable
complexes of intriguing labile transients such as cyclobutadiene
can be used in estimating the = ionization energies of the
transient.>? In fact, recent UPS studies by Heilbronner and
co-workers’ on tetra-tert-butylcyclobutadiene have supported
our predictions for the = electronic structure of the parent
cyclobutadiene. This note will address UPS of several tran-
sition-metal complexes of and the electronic structure of an-
other interesting transient species—the allyl radical.

Results and Discussion

The low-ionization-energy regions of the photoelectron
spectra of four n*-allyl transition-metal carbonyl complexes
are shown in Figure 1. The resolution in the region above
12 eV for these spectra was not sufficient to render definitive
assignments for the ionization bands corresponding to removal
of electrons from o-bonding orbitals. However, assignment
of the bands in the region below 12 eV for these complexes
would appear to be straightforward.

The spectrum of n°-allylmanganese tetracarbonyl, A, ex-
hibits four resolved band components below 12 eV. The I,
and I, components at 8.05 and 8.48 eV, respectively, must
correspond to ionization of orbitals primarily confined to the
transition metal Mn; ample precedent for such an assignment
exists in the literature.>® Thus, the I; and I, components at
9.03 and 11.13 eV can be assigned to ionization of the per-
turbed = orbitals on the allyl ligand. Using a very elaborate
photoelectron spectrometer, Houle and Beauchamp were able
to obtain the spectrum of the allyl radical.® They report a
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Figure 1. Photoelectron spectra of some n°-allyl transition-metal
complexes. The excitation source was the He I resonance line.

first ionization potential of 8.13 eV for this radical which, of
course, must refer to ionization of the highest occupied =
orbital which is primarily nonbonding in character. Thus, it
is evident that this 7 orbital is perturbed significantly (sta-
bilized by ca. 0.9 ¢V) by the bonding interaction with the
manganese tetracarbonyl moiety. In fact, the 0.9-eV per-
turbation is almost exactly the same as that (0.89 + 0.07 eV)%?
observed for the highest occupied = orbital of a number of
hydrocarbons when these systems are coordinated to an iron
tricarbonyl moiety. While this may seem fortuitous, a similar
observation has been reported for the molybdenum, chromium,
and iron carbonyl complexes of norbornadiene.’ It is inter-
esting that such a divergent series of transition-metal carbonyl
complexes has similar perturbation energy for the r HOMO;
however, there would seem to be no theoretical justification
for this experimental observation. Because of overlapping
bands due to decomposition products of 3-butenyl nitrite used
to generate the allyl radical, Houle and Beauchamp were not
able to locate higher ionization bands for the transient radical.®
In any case the I, process for the allyl radical would be subject
to the complication introduced by multiplet splitting (cf.
trimethylenemethane®) such that little useful comparison with
I, for complex A could be accomplished.

The appearance of the photoelectron spectrum of (n-2-
methallyl)manganese tetracarbonyl, B, is very similar to that
for A, as would be expected. Again I, and I, at 8.03 and 8.37
eV can be assigned to ionization of orbitals confined primarily
to Mn, while I5 and I, at 8.95 and 10.58 ¢V must refer to
ionization of the perturbed allyl = orbitals. It should be noted
that introduction of the methyl group at the 2 position on allyl
causes greater destabilization of the second 7 orbital (0.55 eV)
than of the HOMO (0.08 eV). This observation is entirely
in accord with simple MO arguments in that the HOMO for
the allyl radical contains a node at position 2, while the second
= orbital contains maximum orbital density at this position.
Such effects have been observed previously in the UPS of
substituted unsaturated hydrocarbons.!®
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The spectra for (n*-cyclopentadienyl)(n*-allyl)molybdenum
and tungsten dicarbonyls (C and D, respectively) are quite
similar. For both C and D the band assignments are as follows:
I,at7.14 or 7.08 ¢V and I, at 7.67 or 7.65 eV, metal d orbital
ionization components; I, at 8.71 or 8.80 eV, allyl r HOMO;
I, at 9.52 or 9.66 ¢V and Is at 9.75 or 9.97 eV, cyclo-
pentadienyl 7 orbitals; I at 10.71 or 10.75 eV, second allyl
7 orbital. Lichtenberger and Fenske® have reported the UPS
of (n’-cyclopentadienyl)manganese tricarbonyl, and Lichten-
berger has recently obtained the UPS of (n°-methylcyclo-
pentadienyl)manganese tricarbonyl, ethylenedicarbonyl, and
propylenedicarbonyl.!! In contrast to the intriguing obser-
vations that the 7 orbitals of the ethylene and propylene ligands
are destabilized by complexation with manganese, the = or-
bitals of the cyclopentadienyl ligand are stabilized (relative
to cyclopentadiene at an I, of 8.57 ¢V).!? The degeneracy
of the # HOMO of the ligand is broken by complexation,
giving rise to ionization band components at ca. 9.6 and 9.9
eV in the spectrum of (n’-methylcyclopentadienyl)manganese
tricarbonyl. The I, and I5 band components for complexes
C and D are very similar in energy and shape to those observed
by Lichtenberger which leaves very little doubt in our band
assignments. The Iy component for C and D is rather broad
relative to the analogous = allyl component for A and B. This
could indicate that the lower 7 cyclopentadieny! orbital ion-
ization component also lies in this region of the spectrum (the
second = ionization energy for cyclopentadiene is 10.62 eV).!?
However, Lichtenberger has observed that the most stable =
component for the cyclopentadienyl ligand for manganese
complexes occurs at an ionization energy above 12 eV.!! One
notes that the perturbations introduced by the transition metal
to the allyl = orbitals are smaller for C and D than they were
for A and B. It is possible that this is caused by the presence
of the n’-cyclopentadienyl ligand for C and D rather than by
alteration of the transition metal (see earlier discussion).

Finally, it is of interest to compare the current results for
7’-allyl complexes with those obtained by Green et al. for
(n*-allyl) bis(n*-cyclopentadienyl)niobium!? and more recently
by Fehlner et al. for (n°-cyclopentadienyl)(y!-allyl)iron di-
carbonyl.!* For the former complex UPS bands at 8.0 and
8.6 eV were assigned to ionization of the perturbed allyl =
orbital and metal/cyclopentadieny! orbitals, respectively; the
current work suggests that these assignments should be re-
versed. For the latter n!-allyl complex, a band at 9.78 eV is
assigned to ionization of the isolated 7 orbital (analogous to
free propylene), while a band at 8.54 eV is assigned to ioni-
zation of the Fe—C o orbital. Thus it would appear that the
7 HOMO for the n*-allyl complexes is slightly more stable
than is the ¢ HOMO for the g'-allyl complex and that the
same is true for the lower ligand orbital for the two types of
complexes. A reasonable conclusion which might be drawn
from this observation is that an n*-allyl complex should be
somewhat more stable than its #! analogue, a conclusion that
is amply substantiated by experimental observations.'®

Experimental Section

The photoelectron spectra discussed in this work were obtained on
a Perkin-Elmer PS 18 spectrometer. A volatile-inlet probe was em-
ployed for complexes A and B, but the solid-inlet probe was used for
C and D because temperatures near 70 °C were necessary to obtain
suitable spectra. The spectra in Figure 1 represent the average of
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several runs for each sample. Xenon and argon were always employed
as internal calibrants. Compounds A-C were prepared by phase-
transfle7r catalysis;'® compound D was prepared by the method of Faller
et al.
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The anomalous greater basicity of trimethylphosphine than
trimethylamine relative to borane! was used to advantage in
the preparation of a new borane-derived base, trimethyl-
phosphine—((dimethylamino)methyl)borane (2) (eq 1). The

MC3P + MC3N'BH2CH2NM62 -
1
MC3N + MC3P‘BH2CH2NM62 (1)
2

known amine analogue, 1, is prepared from the reaction of
tert-butyllithium and bis(trimethylamine)dihydroboron(1+)
chloride.2 After 12 h in hexane solution, the reaction with
1:1 to 1.5:1 stoichiometry yields nearly 50% of product which
is separated as a clear, colorless liquid, mp —31 to —33 °C, by
fractional condensation in a -35 °C trap.

Like 1, 2 is simultaneously a strong Lewis base and an
adduct of another strong Lewis base, this time trimethyl-
phosphine. This feature is the cause of inherent thermal
instability toward loss of the BH,CH,NMe, fragment (and
its concomitant dimerization) on standing at room tempera-
ture. Any process such as bonding to an acid or dissolution
in a protonic solvent (water, ethanol) that effectively removes
the basic site markedly improves the thermal stability. Under
comparable conditions, however, 2 is observably much more
stable than 1. Even toward acid hydrolysis, 2 is also more
stable.

An interesting compound of 2 is the borane adduct prepared
by contact with diborane in hexane at =78 °C (eq 2). The

2+ 1/2B2H6 - Me3P'BH2CH2NMez'BH3 (2)
3

adduct forms as an insoluble solid and is purified by subli-
mation without decomposition, at 60 °C under high vacuum.
This adduct, like the analogous adduct of 1, has two different
dative bonds in the same molecule and does not rearrange to
the supposedly stabler adducts Me;P-BH; and
[(BH,CH,;NMe),],.
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