diradical 6 is, in fact, the species we have observed. It remains
an open question whether or not dibenzobutalene also repre-
sents a potential minimum on this energy surface. The char-
acterization of 6 strongly supports Bergman’s evidence!4 on
the existence of 1,4-dehydrobenzene. The chemistry of
9,10-dehydroanthracene suggests that it may be an interme-
diate in the conversion of 1,5-didehydro-3,4-benz[10]annulene
to anthracene.??

A final point of interest deserves comment. The isosbestic
points (280, 320 nm) observed in the ultraviolet spectra during
photolysis of 5 and the absence of carbene intermediates
(which should have been detected in the ultraviolet and ESR
experiments)2? suggests either that the loss of both molecules
of carbon monoxide is operationally concerted or that the in-
termediate ketene-carbene is destroyed photochemically at
a much faster rate than the bisketene.
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A Novel Heterometallic Molecule Consisting of a New
Triangular Tungsten Cluster Bridged by Oxochromium
and Alkoxy Ligands

Sir:

Species resulting from the reactions of W(CO)¢ with car-
boxylic acids have escaped definitive characterization even
though such reactions have been examined in several labora-
tories! -3 as possible routes to the unknown dimers W,(O,CR )4,
isostructural with the well-known quadruply bonded dimers
Mo,(0,CR)4.* We report here the characterization of a new
tungsten cluster compound which resulted from efforts to
prepare the heteronuclear dimetal carboxylate derivatives
WCr(O;CR)4. Recent successes in preparation of the related
heteronuclear analogues, MoW(0O,CC(CH3)3)4° and Mo-
Cr(0,CCH3)4,% provided impetus to attain this goal. However,
as shown below, the presence of chromium in the reactions
instead served to trap the trinuclear tungsten carboxylate,
resulting from reaction of W(CO)¢ with carboxylic acids, in
a readily isolated crystalline compound of fascinating archi-
tecture.

The reaction was performed by refluxing a solution of
W(CO)¢, Cr(CO)g, and pivalic acid, in the mole ratio 1:1:2,
in o-dichlorobenzene until CO evolution ceased. Removal of
solvent from the green-black solution by very slow vacuum
distillation at 25 °C provided well-formed crystals of the dark
green product. The mass spectrum showed a set of lines for the
molecular ion centered around 2055 amu, having relative in-
tensities in good agreement with those calculated for the
composition W3Cr3025CgsH| 9. Subsequent x-ray diffraction
structure determination’ showed the compound is best for-
mulated as W;3(OCH,C(CH3);3)0;Cr3(0,CC(CH3)3) 2
2C¢H4Cl,. Both the analytical data and structure determi-
nation indicated, however, that full occupancy of the two sites
for the solvent molecules is not achieved, resulting in the in-
clusion of about 1.5 mol of solvent per mole of compound.® The
molecular structure of W3(OCH,C(CH3)3)03Cr;3(0s-
CC(CH3)3) 17 is depicted in Figure 1. At the center of this
beautifully interwoven, multiply connected molecule is the
important new triangular tungsten cluster with bridging “oxo”
oxygen atoms over the edges and the “alkoxo” oxygen of
OCH,C(CH3); triply bridging over the opposite face as shown
in Figure 2. In addition to the bridging oxo and alkoxo O atoms
each tungsten is bound to three carboxylate O atoms, one from
each of three different carboxylate groups. As shown in Figure
2, the Cr atoms are bound to the bridging oxo O atoms to form
W,CrO triangular arrays reminiscent of the Cr30 units found
previously in CI‘30(02CCH3)6(H20)3+.9

The coordination sphere about both W and Cr includes six
O atoms in deformed octahedral arrangement. Each W atom
also is bonded to the two adjacent W atoms to form the equi-
lateral triangle, d(W-W) = 2.608 (1), 2.608 (1), 2.614 (1) A.
The nearest neighbor W-Cr distances, average 3.528 (4) A,
attest to the absence of W-Cr bonding. There are no important
differences in the bonding about the individual metal atoms
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Figure 1, Structure and labeling scheme for the molecular unit
W3(OCH2C(CH3)3)03Cr3(0,CC(CHa3)3)12. with all C(methyl) atoms
of the carboxylate ligands omitted for clarity. Thermal elipsoids enclose
50% of the electron density.

Figure 2. A view of the W cluster showing the triply bridging alkoxo (028)
and doubly bridging oxo O atoms, and the nonplanarity of the three oxo
O atoms with the metals to which they are bonded.

within either the W or Cr set; the average bond distances are
d(W-0) = 2.07 (1) and 4(Cr-0) = 1.97 (2) A. The small
range of the Cr-O distances, e.g., 1.92-2.00 A about Crl,
clearly indicates Cr(III), rather than Cr(II) which would be
expected to show a much larger range because of Jahn-Teller
distortion.'9 Another perspective of the structure is gained by
viewing the cluster of W atoms and their bonded O atoms as
a W30,3 unit. The bonded O atoms form two closest packed
layers, six atoms in one and seven in the other, between which
the W atoms occupy adjacent octahedral sites. This structure
then is analogous to the triangular clusters found in
Zn,Mo305!" and Nb;Clg,'? but represents the first molecular
example of this type.

Assessment of oxidation state as 3+ for chromium is con-
firmed by the magnetic susceptibility. Over the range 77-300
K the temperature independent molecular moment of 6.44 up
indicates the paramagnetism arises entirely from Cr(III), i.e.,
6.44 (3—!/2) = 3.72 up per Cr atom, and that all electrons in
the tungsten cluster are paired. Thus, by deduction the average
oxidation state of W is 3.33+, and a total of four electron pairs
are involved in the W-W interactions of the cluster. According
to Cotton’s MO results for clusters of this type!? six electrons
clearly occupy the bonding orbitals a,(!) and e(1). The next two
electrons must reside in an a,;(® orbital, but the bonding
character is uncertain. A comparison of average metal-metal
bond distances, 2.610 (1) A in this compound vs. 2.53 (1) A
in ZnoMo3;Os!! and 2.52 A in W304F¢5~,'4 each with six

electrons, strongly suggests the last two electrons have anti-
bonding character.

In previous studies of the reaction between W(CO)¢ and
acetic acid amorphous trimeric products were obtained and
variously formulated as W;0(0,CCHj)e2 or W;O-
(O,CCH3)3(OH)-H»0,! each with W in the average oxidation
state 3.67+. If these products are diamagnetic as reported, then
their identification as derivatives of W (3.67+) cannot be
correct. Yet it is clear that oxygen is indeed abstracted from
the carboxylic acid in these reactions, for not only the ab-
stracted O atoms but also an alkoxy radical formed thereby
is trapped and incorporated in the molecule reported here. This
is an important feature because the enhanced ability of W to
abstract O atoms may prevent formation of the quadruply
bonded W,(0O,CR)4, in marked contrast to the ready forma-
tion of M0,(O>CR)4 in the related reactions of Mo(CO)g.
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Disproportionation of Lithium Salts of Radical Anions
of Planar Aromatic Hydrocarbons in Diethyl Ether.
Its Large Magnitude and Correlation with the
Cation-Anion Coulomb Energy

Sir:
Radical anions may disproportionate into dianions in a re-
action described by the equation 2A.~ = A + A2, In this

process the two electrons moving in two separated orbitals,
each associated with a molecular entity independent of the
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