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compound failed to give a pure product. Elementa 1 analyses
of compounds obtained from several different exper iments did
not agree well with each other nor with any obvicus formu-
lation,

The observation of loss of 1.9 mol of H, per mole of
[MoH,(diphos),] irradiated and the accompanyi ng infrared,
H, and 3'P NMR spectral changes are not incor asistent with
the formation of [Mo(diphos),] upon irradiatio'n of [MoH,-
(diphos),] in degassed solution. However, thie 3'P NMR
spectrum of the solid material isolated from thes e experiments
clearly indicates that this species, if formed, is riot sufficiently
stable for isolation. We suspect that [Mo(dipl10s),], possibly
solvated, may initially be photogenerated bu t that it subse-
quently decomposes or reacts with solvent when no other
suitable substrate is available. Loss of H, f rom [MoH,(di-
phos),] presumably proceeds in a stepwise fzishion via initial
generation of [MoH,(diphos),].

In regard to the question of whether or ncst [Mo(diphos),]
is photogenerated from [MoH(diphos),], Diamantis® and

Kisc:h!® and their co-workers have concluded from a series of
flasla photolysis studies that irradiation of trans-[W(N,),-
(dip hos),] does give transient formation of the analogous [W-
(dip hos),] complex, possibly as a solvated species. This latter
com plex subsequently reacts with N, to regenerate trans-[W-
(N;),(diphos),] and with CO and H, to give [W(CO),(di-
phass),] and [WH,(diphos),], respectively. The formation of
[W (diphos),] in these reported studies clearly makes [Mo-
(diphos),] a reasonable intermediate in our experiments.
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Bonding in the
(7-(3)-1,2-Dicarbollyl)tricarbonylmanga.nese Anion

Sir:

On the basis of SCCC MO calculatiors,! we have suggested
recently that the intuitive view of bondingz? in metallocarborane
complexes of the dicarbollyl type, e.g.., [CpFeCb]", as being
very similar to that in the analogous cyclopentadienyl complex
FeCp, (Cb = C,B¢H,,; Cp = CsHs), requires an important
qualification, namely, that, while in Cp~, the a,” (7) and e,”
() are genuine frontier orbitals, thieir counterparts in Ch?
lie much lower in energy than the HOMO, and in fact the
predominant interaction between ‘the iron atom and the di-
carbollide dianion (Cb%) involves 'the ¢ orbitals of the latter.

We have now extended our c:alculations to the “half--
sandwich” title compound CbMra(CO);]™ and compare thrz
results with those of CpMn{CO) ;. The SCCC MO metho d
was identical with that reported previously.! However, thie
program used previously had a slight error, and the prese nt
results are based on new calculations. For CpMn(CO);, t he
geometry was as used previously,® and for Cp~ and Cb® t he
geometry was as in the corresponding complexes. In
[CbMn(CO),], the structural parameters of Zalkin and co-
workers? for the analogous rlienium complex were used v with
suitable modification. Within the dicarbollide cage, the fol-
lowing parameters were taken: #(B-B) = 1.78 A, r(C-13) =
1.72 A, (C-C) = 161 A, (C-H) = 1.11 A, and r(B-}1) =
1.02 A. The geometry wzs idealized so that one cartsonyl
group was taken in the syymmetry plane of the molecu le (r-
(Mn-CO) = 1.79 A, r(C-0) = 1.16 A, Mn-C-O = 1§0° in
the tricarbonyl moiety). 'The perpendicular distance of the
dicarbollide cage from thre manganese atom was then 0.256
A shorter than the corres ponding value reported for tt 1e rhe-
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Table I. Metal, Ligand, and Carbonyl Charges and C-O
Overlap Populations

CpMn(CO), [COMn(CO), ]~
qM 0.524 0.584
qA -0.095 -0.564
qc0o ~0.143 -0.340
OP(C-0) 0.714 0.678

nium complex. Table I gives a comparison of the metal charge,
ligand (A) charge, carbonyl charge, and carbonyl overlap
population for the two compounds. It is immediately obvious
that whereas in CpMn(CO); the Cp~ anion donates 0.905
electron, the Cb* dianion donates more electrons (1.436) to
the Mn(CO); group. In both complexes, the metal atom
carries similar positive charges supporting earlier qualitative
ideas of one of us that the metal atom in organometailic
systems tends to “conduct” charge from one part of the
molecule to another.® Charge transfer from the C,B; face
involves nearly twice as much donation of ¢ density (0.327
electron) as « density (0.187 electron), but, interestingly, the
complexation of the dicarbollide dianion does not simply in-
volve the C,B; face but also leads to a considerable decrease
in ¢ density (0.479 electron) and a small increase in = density
(0.065 electron) of the Bs ring.

The C-O bond order in both complexes is lower than that
calculated for free CO (0.759) suggesting that charge donated
to the metal is largely transferred (by the above “conduction”
mechanism) to the (CO), group. The greater donation and
electron transfer in [CbMn(CO);]” compared to CpMn(CO),
is demonstrated by the calculated C-O overlap populations
(OP, Table I) and is nicely reflected in the lower carbonyl
stretching frequencies of [CbMn(CO);]~ (2020 and 1908
cm‘i)icomparcd to those of CpMn(CO); (2035 and 1949
cm™).

Our calculations suggest that while the bonding in metal—
dicarbollyl complexes and analogous metal-cyclopentadienyl
complexes is formally similar, the dicarbollide dianion should
be regarded primarily as a g-electron donor and only in a
secondary manner as a m-electron donor in carbonyl complexes,
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Figure 1. (-(3)-1,2-Dicarbollyl)tricarbonylmanganese anion where
O = boron, @ = carbon, and @ = oxygen.

as well as in complexes without carbonyl groups. Thus, one
may regard the dangling orbitals of the dicarbollide dianion
as essentially o orbitals with respect to any 12th atom of a
cluster.

Registry No. CpMn(CO);, 12079-65-1; [CbMn(CO);]", 73333-
88-7.
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Electron Transfer in Metal-Dioxygen Adducts
Sir:

The conventional delineation of metal-dioxygen adducts into
“superoxides” and “peroxides” is a convenient formalism which
conveys no information concerning the actual negative charge
residing on the dioxygen unit. “Superoxides” are characterized
by having an »(O-O)stretching frequency in the range
1075-1195 cm™.! X-ray studies reveal a (O-O) bond length
of about 133 pm, and, so far, all structures show the dioxygen
bound end-on to a metal atom. Thus the observation of a
v(0O-0) frequency in this range in an oxygen adduct conveys
a bond order of about 1.5 and almost certainly end-on binding.

The “peroxides” are closed shell and are characterized by
an »(0-0) frequency in the range 790-932 cm™.! X-ray
studies show an (O-O) bond length of about 146 pm and
sideways bonding for 1:1 complexes. Thus an infrared fre-
quency in the range indicated implies a bond order of about
1.0 and, for 1:1 complexes, probably sideways bonding.

Neither of these descriptions in themselves provides any
information about net electronic charge on oxygen.? Mo-
lecular orbital and valence-bond descriptions have inferred that
the net charge in superoxides may be quite small.>* Drago®
has shown that the ESR spectra of some cobalt—dioxygen
adducts may be interpreted in terms of 0.1-0.8 electron net
transfer to dioxygen. Several oxygen-17 ESR studies®’ may
be similarly, and perhaps more directly, interpreted. With the
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Figure 1. A plot of the more intense oxygen to metal LMCT band
(maximum) energy vs. the electron affinity of M(II) for a series of
M(O,), species. Most of the M(Q,), species included here have been
reported by Ozin and co-workers.® Ogden'? has reported Cr(O,),
and Cu(0,),. The Ti, V, Fe, and Mn species were prepared in pure
oxygen'® and are presumed, though not as yet proven, to be M(O,),
moieties. The best line through these data is (LMCT) = 8.88 —
0.22(EA) (11 points) with both (LMCT) and (EA) in eV.

exception of such ESR studies, direct experimental evidence
for net-electron transfer is sparse.

We now report additional experimental information and
show that infrared spectra in combination with electronic
spectra can be interpreted in terms of net negative charge
residing on oxygen. Ozin and co-workers® have synthesized
two series of binary metal dioxygen complexes, M(O,) and
M(0,),, by using cryogenic matrix techniques.’ In the ab-
sence of any other ligands any electron density, 6—, transferred
to (O,) must leave 6+ on the metal. It should therefore be
possible to correlate charge properties on the metal with those
on dioxygen. These species all exhibit an electronic spectrum
consisting of one strong band and one weak band usually seen
as a lower energy shoulder on the principal peak. In most cases
these two bands are the only absorption noted in the 200-
800-nm region. A simple group theoretical treatment!® pre-
dicts one strong LMCT (o—c*) transition'® and one weaker
LMCT (7—c*) transition irrespective of whether end-on or
sideways bound dioxygen is assumed.!! The spectrum is
assigned accordingly. As inferred above, there is no evidence,
in most of these species, for any band assignable to an internal
m—m* transition within the oxygen ligand. Studies on 1:1
“superoxo” cobalt(III) complexes reveal that this band, ob-
served near 250 nm in free superoxide ion, blue shifts at least
to 215 nm in the terminally bound 1:1 superoxides.!>!® It
will clearly be absent from the peroxy derivatives.
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