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Thermal activation of [4.4.2]~opella2,4,1l-triene and related molecules poceeds by 

intramolecular (4 + 2)n cycleaddition with formati~ of transient cis2-bishcanobensenes and - 

ultimately cyclooctatetraenes of iscmneric structure.1 Incursicm of a seccmd symmetry-allowed 

process, the [1,5]signkropic carbon shift, is not seen under such conditions. However, the 

kinetically preferred Diels-Alder reactian can be blockaded and redirected in the presence of 

a transitian matal catalyst such as Mo(CO)~,~ the coordinative pclwers of which do not permit 

iwolvement of all six ps electrons during rearrangement. Among numerous hypothetical mecha- 

nistic possibilities for the catalyzed process, we have caosidered [1,5]sigmatropic shifting 

of a trigcnal cyclobutene carbon (path a) or of a poxbmal methylene center (path b) to be 

most plausible. Scheme I illustrates these alternatives without specifying either the rela- 

tive stereochemistry of the ccqlexing n&al or the possibility that transient MO-C bond 

formation omy bs involved, but assuming ?'j4 cocrdination2 for simplicity. These more refined 
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questions remade the subject of 

requiring valence isomarizatian 

continued study. We see th8t path a is quite direct, 

end decomplelarticm of 1 (not necessarily in that order) to 

prwide the cyclooctatetraene derivative. Reacticm coordinate b requires additional 1,5 

hydrogen migration in 2 @or to delkvering product. 

in minciple, a distinctian between these pat-8 is reelizable by suitable deuterium 

labeling and by substitution at CI1. In the latter event, p&h a would be expected to dis- 

w marked migratory selectivity #ince direct involvemen t of at least me cyclobutenylcar- 

bon is required. Mechanism b should, cm the other hand, not show 8 Large Cll/C1c substituent 

effect. In anticipation that the reaction terminus (Cc or C,) would also be predisposed 

t-d migratory bias, we have addressed this question as well. 

!The necessary canpomde were accessible by earlier procedures. es4 Thus, ~w8s pepared 

by structural modification of the cyclohexene 1,2-dicarbwlic anhydride-bulxdiene-1,1,4,4-d_ 

adduct.' When heated at reflux with 0.5 mol equiv of Mo(CO)e in anhydrous benzene under Ns 

for 36 hr, isomarization to 5 was observed. Structural aseiepment to this cyclcxctatetzxene 
5 

follows frcan its conversion with TCNE to 8dduct J_ of established isotopic substitution. 

& 3 (-J-J TCNE (gICNJ2 

3 N 4 N 5 
(CNle 

w 

Treahnt of &with Mo(CO)e in 8n8lcgous fashion resulted in the formation of & (5C$ 

vpc isolated). The spectral features of this hydrocarbon [m (Ccl,) 6 5.58-5.79 (m, 4), 

5.24-5.46 (m, 1) and 1.5-2.1 (br m with spike at 1.80, XL)], its isolstion as the exclusive 

pyrolysis product of &, and its reaction with N-phenyltriazolinedime to give adducts & (mp 

164-165°)8 and & (mp 214-214.5°)7'8 argue convincingly for j-methyl substitution. Although 

these point to 8n aver-whelming peference for Cl2 migration, they do not distinguish between 

the thernkL and catalyzed pocesses. This issue was resolved with6b, the pyrolysis of which 

at 480' (vapor phase) led expectedly to 2 88 revealed by ultinrrte cmversicm to e6 end a*7 

In contrast, exposure of Gtto Mo(C!O)~ as above gave & the differing positioning of deu- 

terium in which ~8s clearly seen in&e and &. 
7 

Although 2-methy1[4.4.2]propel.l8_2,4,ll-triene ($_) reacted with Mo(CO)e in refluxing 
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benzene with formation of au oily ccmplsx, heating of this latter substance in 8 Carius tube 

8t 125' for 45 min (CeHe solutian) g8ve 2 in 87$ yield. Erect metal-promoted iecmerization 

could be effected directly (e;Lbait less efficiently) in tolwne solutim. Pyrolysis of g was 

not 88 Cle8Il as usual. Iu8dditionto themajor poductchsracterized 88&,there was fcmmd 

anexanethylene hydrocarbontentativelyfornuibated as the triene resulting from1,54Imigra- 

tion ius A distincticm between 11 and 12 fol&ws chiefly from mechanistic ccmsideration of 

la 
the pyrolysie results. The ready therml isanerizati~ of ;U exclusively to 1;2 provides 

additimal circum8tautial evidence. Morewer, the cyclooctatetreenes & 11 and 2 exhibit 

patterns in the vinyl region of thek pm spectra which, although expectedly overl8pping in 

chemical shift, are characteristic of the particular isamr. Using these spectralcriteria, 

lJhaa been found to rearrange in the presence of Mo(CO)e and benzene (80') with form&ion of 

amixture ofg8hd 3 the 4-methylderiv8tiva predoninating slightlytothe extent of 6O-70%. 

!l%e pesmt reStit are COIISiSteEb with kWOlvwnent of path 8 as the preferred re8ctim 

channel. The simplest mechanistic inte~etaticm involves 1,5 sigmtropic displacement of one 

trigcmalcyclobutene carba3 while the other fmcticns as a fulcrum. Ini& the rearrangement 

is higfily regioepecific with the less substituted carbon shifting mferentislly. Using g as 
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a model, we see 8 marked poclivity for migration towed the mcaw highly substituted terminal 

butadiene carban. 

!Che mechanistic test is still incomplete. In particulsr, the ultimate question of 

whether these trensfornmticms represent the first authentic example of concerted sigmstropic 

shifts in the coordination sphere of a transition metalremains to be ccmvincingly established, 

Notwithstanding, the strikingly specific nature of these rearrangenmnts foreshadows a wo- 

misdng future for synthetic applications of transition metal catalysis.' 
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