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Trimethylenemethane (TMM) is a uniquely important diradical 
species that has long attracted the interest of chemists.1 Ther
molysis of methylenecyclopropanes (MCPs) should provide a 
simple entry to the TMMs, and indeed we find many such allusions 
in the literature.2 However, to date no direct evidence for the 
formation of a discrete TMM has been obtained,3 except for the 
thermolysis of a strained [2.1.0] bicyclic skeleton.4 We now report 
the first direct experimental evidence that reactive TMM species 
can be generated thermally and reversibly from simple monocyclic 
MCPs. We also describe ab initio theoretical studies on a model 
species. 

The specific MCP under study is the dialkoxy MCP la, which 
has apparent thermal stability (100 0C, 24 h, toluene), yet un
dergoes thermal [3 + 2] cycloadditions.5 Initial information on 
the dynamic properties of la was gained by the observation of 
the facile thermal rearrangement of la'6 (the exo-methylene 
carbon is 13C labeled) to la", which now bears the 13C label on 
the ring carbon (Scheme I). The isomerization proceeded rapidly 
at 40-70 0C, producing a 1:1 mixture of la' and la".7 The 
first-order rate constant (k) of the reaction (60 0C, C6D6: 0.30 
M solution throughout the studies) was 9.6 X 10"5 s"1, and the 
activation energy (£a) was 25.5 kcal/mol (50-70 0C), a value 
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much lower than that for the unsubstituted MCP.8 The Ei of 
the rearrangement in CD3CN was 22.2 kcal/mol (k = 6.0 X 10"4 

s"1, 60 0C). The rate (60 0C) increased by a factor of 191 as the 
solvent was changed from C6D12 (5.7 X 10-6 s"1) to DMSO-^6 
(1.1 X 10"3 s"1), suggesting a relatively polar transition state. The 
rate of the rearrangement of la' changed little in the presence 
of 1,4-dinitrobenzene (1 equiv, a radical trap) or under 1 atm of 
oxygen. However, bubbling oxygen into a heated toluene solution 
of la (80 0C, 24 h) effect slow conversion of la to an unstable 
peroxide 4 (40%).9 In no cases did we observe CIDNP signals 
during the NMR analyses.10 

Direct evidence for the TMM 2a was obtained by solvolysis 
of la' in deuterated acidic solvents. Thus, the reaction of la' in 
CD3COOD or CD3OD at 40-60 0C gave an ortho ester 3 in 
quantitative yield, wherein a deuterium was specifically found 
on the ally lie methyl group with complete scrambling of the 13C 
label whereas the label in la' remained intact throughout the 
reaction, indicating that the "memory" of the labeling in la' was 
lost at a D+ quenching stage." No products due to D* abstraction 
from the CD3 group of the solvent were observed. Hydrolysis of 
la' in DC1/D20 also proceeded quantitatively with complete 13C 
scrambling. The pseudo-first-order rate constant of the metha-
nolysis of la at 60 0C was 1.1 X 10"3 s"1 with £a = 24.9 kcal/mol 
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Figure 1. Optimized geometries (A; deg) and natural orbital occupancies 
of 2b(i)-(iii). 

(40-60 0C). These solvolysis experiments are consistent with the 
formation of a symmetrical zwitterionic intermediate 2a, wherein 
the two methylene groups are nucleophilic and chemically 
equivalent. The close similarity of the £a of the rearrangement 
and the methanolysis suggests that both reactions proceed through 
the same reaction pathway involving the dialkoxy TMM 2a.'2 

We also generated the methyl-substituted TMMs 6 from MCPs 
54b and studied their stereochemical behavior through methanol 
trapping and thermal isomerization (Scheme II). Thus, the 
reaction of 5E5b and 5Z5b in CD3OD at 70 0C quantitatively and 
stereospecifically gave the (£)-tiglate (8E) and (Z)4iglate ortho 
esters (8Z), respectively.6 Evidently, the stereospecific ring opening 
gave TMMs, 6E and 6Z, as discrete intermediates. While the 
methanolysis allowed trapping of each TMM stereoisomer, 
thermolysis experiments indicated that these isomers undergo 
stereochemical isomerization. Thus, heating of both 5E and 5Z 
at 100 0C in toluene resulted in clean interconversion of these 
isomers. This experiment also generated a third isomer, 7,5 as 
the result of an alternative ring closure (Scheme II), and 7 in turn 
gave 5E and 5Z upon heating. The equilibrium ratio (100 0C) 
of 5E, 5Z, and 7 (starting from pure isomer) was 62:30:8.13 

Ab initio four electron/four orbital CASSCF (three ir orbitals 
of the allylic system and the p orbital of the remaining carbon: 
6-31G basis set) calculations were carried out on the singlet state 
of 2bu to determine the geometry and nature of the intermediate 
(Figure I). It has been found that all three possible low-energy 
conformers, the C2l,-planar 2b(i), the C^-bisected 2b(ii), and the 
Cj-bisected 2b(iii), have nearly the same energy. The Cs-bisected 
conformer 2b(iii) was found to be most stable, and 2b(ii) and 2b(i) 
were found to be only 4.23 and 4.44 kcal/mol higher in energy, 
respectively.15 AU these conformers should be equally available 
for the intermolecular reactions, since the energy barriers sepa
rating the three rotational isomers must be small.12 Although 
2b(ii) and 2b(iii) are pure diradicals by symmetry, 2b(i) has some 
zwitterionic character (Figure 1) and is best described in terms 

(12) An unlikely alternative (experimentally distinguishable, however, ref 
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anion to la to give a symmetrical allylic anion. We thank a referee for 
reminding us of this possibility. 
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of the resonance structures 2b(i), and 2b(i)n. It is reasonable to 
suggest that the contribution of these two resonance forms should 
be influenced upon going from the gas to the polar liquid phase 
and that the reactivity of 2a toward polar reactants (e.g., methanol) 
is governed by the zwitterionic character of 2b(i). In this case, 
the allylic moiety of 2a can be viewed as a four T electron system 
(2b(i)]) suitable for undergoing stereospecific [3 + 2] cycloaddition 
to electron-deficient olefins.53 
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Edge-shared bioctahedral transition-metal complexes of general 
formula M2L10 have long been recognized as one of the four most 
frequently occurring structural types for dinuclear compounds that 
contain metal-metal bonds.2 Such complexes can, in principle, 
exhibit metal-metal single, double, and triple bonds by overlap 
of metal d orbitals. While the concept of a triple bond for 
edge-shared bioctahedra is enigmatic,3"5 single and double bonds 
of valence electronic configuration a2 and <r2ir2 are well-known 
for d1 and d2 early transition metals.3 An exception to this ob
servation can be found in high-oxidation-state d1 and d2 metal 
halides, M2Cl10 (M = Mo, W, Re), which are paramagnetic with 
M-M distances on the order of 3.7 A.6"8 It has been suggested 
that replacement of bridging chloride ligands with bridging-oxygen 
donors may reduce the positive charge on the metal atoms and 
facilitate d-d overlap in d1 and d2 dimers.9 Here we describe 
the synthesis and molecular arid electronic structures of two new 
high-oxidation-state edge-shared bioctahedral complexes, W2-
(OMe)10 and Re2(OMe)10, which fulfill this expectation. 

The addition of 1 equiv of lithium powder to a THF solution 
of CW-WF2(OMe)4 (prepared from WF6 and neat Me3SiOMe10) 
produces a mixture of red tungsten(V) products characterized as 
W2Fx(OMe)10^ where x = 1-3 based on 1H and 19F NMR. This 
mixture reacts with excess sodium methoxide in THF to form blue 
W2(OMe)10 (1)" as the only soluble tungsten product (70% yield, 
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