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sonably decent yield from 7 or 8 is surprising.

It is highly unlikely that the net elimination of a carbon atom
from most strained allenes or carbenes in solution results in a free
carbon atom. Such processes would be highly endothermic as seen
by the following rough estimates for singlet states in the gas
phase:'* CH, — C atom + H,, AH = +93 kcal/mol; 1 — C atom
+ benzene, AH = +130 kcal/mol; 15 — C atom + benzene, AH
= +36 kcal/mol; 16 — C atom + benzene, AH = +58 kcal/mol.
The conclusion would not be grossly different for the triplet states.
Ring strain would raise the energy of the starting material and
would lower the AH of reaction. In fact, black deposits were
observed from 15 when it was generated in the vapor phase.!!

In solution, it is much more likely that the carbon atom is
transferred to a nucleophilic atom or bond in the solvent. It was
reported that 15 reacts with THF to give CO and ethylene.!! In
the thermolysis or photolysis of 7, the infrared spectra of the
evolved gases showed CO (bands centered at 2110 and 2170 cm™)
and ethylene (bands centered at 3110 and 3035 ecm™).)®* Our
MNDO calculations indicate the direct transfer of the carbon atom
to the oxygen atom of THF (producing 17) would lower the above
AH values by about 25 kcal/mol.

The thermolysis of 7 in Me,SO gave 10 and Me,S. Deoxy-
genation of Me,SO by carbenes has also been reported to give
ketones,'® but the ketone 6 was not observed in the present work.

We can only speculate on the identity of the intermediate which
gives up the carbon atom. 1-Triptycylmethylene and 2-
triptycylmethylene, which are related to 3 by carbene-allene
rearrangements,’ were shown not to be involved since their separate
generation from their tosylhydrazone salts gave a large number
of normal products but no 10."” Rearrangement of 3 to the
norcaradienylidene 18 or the norbornadienylidene 19 might be

followed by the loss of a carbon atom. A recent report has
considered the involvement of norcaradienylidenes and nor-
bornadienylidenes in rearrangements.®* The formation of 14 by
hydrogen abstraction might implicate the triplet version of 4 in
some of these reactions. Work concerned with these intermediates
and designed to test for the necessity of a through-space interaction
with the benzo rings is in progress.
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A number of metal-metal bonded mixed-metal compounds are
known for carbonyl clusters? but only a few for noncarbonyl
clusters with no strong o-donor and m-acceptor ligand.> The latter
clusters would show a more fundamental aspect of the metal-metal
bond, since the metal ions in carbonyl clusters are electronically
perturbed by carbonyl ligands. We wish to report here two new
mixed molybdenum(IV)-tungsten(IV) trinuclear clusters, orange
red [M02W(}L3'O)2(#'CH3COO)6(H20)3]2+ (abbreviated as
Mo,W) and orange [MoW,(x;-0),(u-CH,;COO0)s(H,0),]**
(MoW,). Since the corresponding red trimolybdenum(IV)* (Mo;)
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and yellow tritungsten(IV)* (W,) clusters are known,® a whole
series of four complexes, Mo;, Mo,W, MoW,, and W3, are now
available. To our knowledge, this is the first complete series of
trinuclear metal-metal bonded non-carbonyl clusters involving
two metal ions.”®

Sodium tungstate dihydrate (5 g; 0.015 mol) and 10 g of zinc
dust in 300-cm? acetic anhydride was refluxed for 15 min. After
addition of 5 g (0.021 mol) of sodium molybdate dihydrate and
10 g of zinc dust the reflux was continued for further 24 h. The
precipitate (ca. 18 g) was dissolved in 1 dm? of 0.4 M HBr and
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Figure 1. 'H NMR spectra, 400 MHz, in aqueous solution of the
bromide salt of (a) [W;0,(CH;CO0)(H,0);]**, (b) [MoW,0,-
(CH,CO0)¢(H,0),]**, (¢) [Mo,WO,(CH;CO0)4(H,0),]**, and (d)
[Mo0,0,(CH;COO0),(H,0),]**.

allowed to stand for 2 days. A mixture of the trinuclear clusters
was separated into each component by SP-Sephadex C-25 cation
exchange column chromatography (successive three columns of
4 ¢m in diameter and 140 cm in length). It took nearly a month
for complete separation. Three components, orange red, orange,
and yellow in elution order, were obtained with 0.1 M HBr as
eluent (elution rate was ca. 1 dm? per day). These were eventually
found to be Mo, W, MoW,, and W, clusters, respectively. Slow
evaporation under reduced pressure at room temperature gave
crystals of ca. 1 g of the bromide of each component, [M,M’-
(#3-0)5(u-CH3CO0)4(H,0)3] Br-H,0. Analysis of C, H, Br, Mo,
and W were consistent with the formula indicated. The Mo and
W contents were determined by an ICP method.

The 400-MHz 'H NMR spectra in D,O (Figure 1) provide the
most convincing evidence that the orange red and the orange
crystals are mixed-metal clusters and not a mixture of the two
homonuclear trimers. One sharp methyl singlet is observed at
2.188 and at 2.285 ppm (vs. ((CH,);S1),0 internal standard) for
the Mo, and the W, cluster, respectively. On the other hand, each
of two mixed-metal complexes shows two methyl singlets with
integrated intensity ratio of 2:1. The Mo,W complex gives signals
at 2.189 and 2.204 ppm (1:2 ratio) and the MoW, complex at
2.218 and 2.260 ppm (2:1 ratio). Electronic absorption spectra
(Figure 2) of these complexes in aqueous solution show two peaks
in the visible region except for the Mo,W complex which exhibits
one broad band with a distinct shoulder at lower energy side.
There is a systematic trend among the W;, MoW,, and Mo,
complexes that corresponding transitions shift to shorter wave-
lengths with an increase in intensity as molybdenum is replaced
by tungsten.

Both the compounds, Mo,W and MoW,, crystallize in well-
formed hexagonal columns. The single crystals of Mo,W and
MoW, consist of the rhombohedral lattice with very similar lattice
constants: for Mo,W,a=b=c=11809 (5)A, a=8=v=
106.37 (4)°, and ¥ = 1394.5 (12) A% and for MoW,, a = b =
c=11812 (4 A a=8=v=106.34 (3)°,and V = 1396.5 (10)
A3, These lattice parameters are again similar to those reported
for Mo,.? Crystal densities of Mo,W and MoW, were found to
be 2.33 and 2.54 g cm™, respectively, by a floatation method
(acetic anhydride/ CHBr;), which are consistent with calculated
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Figure 2. Electronic absorption spectra in 1 M HCIO, of [Mo;0,-
(CH,CO0)¢(H,0)5]** (=), [Mo,;WO,(CH;C00)s(H,0)5]** (---),
[MoW,0,(CH;CO0)4(H,0);)*" (-+-), and [W;0,(CH;CO0),-
(Hy0)3]* ().

values (2.35 for Mo,W and 2.57 g cm™ for MoW, based on Z
=2).

The results of the X-ray study indicate that, in the crystal lattice
of Mo,W or MoW,, molybdenum and tungsten are statistically
disordered, giving apparently the same crystal symmetry to Mo, W
and MoW, as that of Mo;. This is not surprising, since reported
bond lengths and angles about Mo in [M0;0,(CH;COO),(H,-
0),]Br,-H,O? are very similar to corresponding values about W
in [W;0,(CH;C00)e(H,0);](CF;80;),."°
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The controlled generation and utilization of reactive interme-
diates in the construction of organic compounds is a cornerstone
of organic synthesis. However, the development of methodology
utilizing oxygen-based reactive intermediates' has lagged far
behind those based on carbon, nitrogen, phosphorous, and sulfur.
We report here our preliminary results on the intramolecular
generation of allylic oxonium ylides and their subsequent
[2,3]-sigmatropic rearrangement to give five-, six-, and eight-
membered oxygen heterocycles.
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