
Tetrahedron Letters,Vol.29,No.43,pp 5525-5528,1988 oo40-4039/88 $3.00 + .oO 
Printed in Great Britain Pergamon Press plc 

(+)MODHEPHENE AND (+)ISDCOMENE VIA CASCADE REARRANGEMENT’) 
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Summary: Dispiro[3.0.4.2]undecane 1 has been synthesized and rearranged to (f)modhephene 2 
and triquinane 3 under kinetic control, and to (f)isocomene 4 and triquinane 5 under 
thermodynamic control. Molecular mechanics calculations (MM2) support the mechanism 
proposed. 

Since their detection a decade ago, (f)modhephene 2 2) and (*)isocomene 43) have been the subject of 

an increasing number of total syntheses. Within the strategies used, rearrangements are rare and ne- 

ver comprise more than a single step. This is somewhat surprising as 2 and 4 are associated in na- 

ture2a’b) and may formally be derived from each other by three consecutive 1,2-shifts. Despite of 

this fact no equilibration studies with 2 and/or 4 have become known. We now wish to report the 

synthesis and rearrangement of dispiro[3.0.4.2]undecane 1 and our finding that 1 may not only be re- 

arranged to (f)modhephene 2 and triquinane 3, but also to (fhsocomene 4 and triquinane 5. In view 

of these findings an early assumption of Zalkow 2a) that 17 might be a common precursor of 2 and 4 

deserves further attention. 

1 2 3 4 5 

The synthesis of 1, specifically devised to give access to 2 4) , was achieved as follows: regiospecific 

addition of dichloroketene 5) to isopropylidenecyclobutane 6 and subsequent dechlorination 6) yielded cy- 

;reut$one 77) which was cyclobutylidenated to 8 7) and then epoxidized and rearranged to dispiroke- 

tonation8) 

Methylation of 9 proceeded stereospecifically, and deprotonation and stereoselective repro- 

of the resulting 10 7, then yielded 117). Stereoselective addition of methyllithium to 11 

completed the synthesis of 1 7) . 

When 1 was heated with an equimolar amount of a 0.040 molar solution of p-toluenesulfonic acid in 

benzene-d6 and the reaction progress followed by 1 H-NMR spectroscopy 9) , the formation and con- 

sumption of (f)modhephene 2 and triquinane 3 7) could be observed. After 10 min at +70°C the rear- 

rangement of 1 was complete and 2 (62%) and 3 (31%) were the principal products. After 22h at 
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+70°C (f)modhephene 2 had disappeared, the content of 3 had dropped to 23%, and (fhsocomene 4 

(27%) and triquinane 57) (24%) had formed instead. After 76h at +70°C 3 (10%) had been largely 

consumed, the content of (f)isocomene 4 (27%) had remained unchanged and triquinane 5 (33%) was 

now the main product. 13 C-NMR spectroscopy was used to identify (*)modhephene 2 2a,d) and (*)iso- 

comene 43b), and the same technique revealed the absence of (*)epimodhephene 32 2c) and (*)epiiso- 

comene 343i) throughout the whole rearrangement. The structural assignment for triquinanes 3 7) and 

S7) was therefore straightforward: they were the only remaining olefins which could exhibit the one 

proton quadruplets observed in the vinylic proton region 9) . While mixtures of 2 and 3 could readily be 

separated by chromatography on silica gel impregnated with silver nitrate in dichloromethane, mixtu- 

res of 3, 4 and 5 could not. Triquinane 5 7) was therefore identified in a difference analysis using the 

known l3 C-NMR data for 3 7) and 43b’. 

In order to get more insight into the rearrangement of 1, we calculated 10) the heats of formation of 

all olefins which could be derived from the two series of epimeric tertiary carbenium ions 12-18 and 

23-29. In accordance with the experimental results, (fhsocomene 4 (hHf = -26.7 kcal/mol) and tri- 

quinane 5 (AHf = -28.7 kcal/mol) were found to be more stable than triquinane 3 (AHf = -26.6 

kcal/moI) and (f)modhephene 2 (AHf = -25.5 kcal/mol), with (*)epiisocomene 34 @I-If = -24.5 kcal/mol) 

and (f)epimodhephene 32 @I-If = -23.9 kcal/mol) coming next. We deduce from the above that the re- 

arrangement of 1 to (f)modhephene 2 and triquinane 3 is kinetically controlled, and the subsequent 

rearrangement of both 2 and 3 to (fhsocomene 4 and triquinane 5 is thermodynamically controlled. 

It is interesting to note that the rearrangement of 1 to 5 requires no fewer than nine 1,2-shifts and 

an epimerization at the stage of carbenium ion 16 (16-21-27). However, we realize that the C7-epi- 

mer of 1 should enter the energy surface of the tricycloundecyl carbenium ions 12-18 and 23-29 

specifically at 24 and therefore provide a more direct access to 5. Moreover, as optical activity 

established in 1 and the C7-epimer of 1 should be preserved throughout the whole rearrangements, 

enantiospecific syntheses of 2 2m) , 3, 4 and 5 should be feasible. The absolute configuration of natural 

isocomene 43b) may thus be clarified. 
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