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SELECTIVITY IN RETRO-ENE vs. CYCLOPENTENE 

REARRANGEMENTS OF A CIS-METHYLVINYLCYCLOPROPANE 
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Abstract: The the~olytic behavior of 6~-ethenyl-lo-methyl-bicycle [3.1.0] 
hexane-Z-one was examined at a wide range of temperatures and with 
diverse catalytic surfaces. Conditions are reported to effect 
selectivity between the retro-ene and the cyclopentene modes of 
rearrangement. 
indicated. 

The synthetic scope of these transformations is 

Recently we have demonstrated the availability of bicyclooctanes and bicyclononanes in 

us@ful yields' via the intramolecular cyclopropanation-rearrangement sequence of the cor- 

responding dienic diazoketones 
2 

. An extension of this methodology to diazoethylketones 

such as .l_ would provide rapid access to angularly methylated bicyclic ketone 2, which con- 

stitutes a structural subunit of such terpenes as hirsutene3, isocomene4 and retigeranic 

acid'. Our interest in the development of new synthetic routes to these terpenes has 

prompted us to initially investigate the thermolysis of vinylcyclopropane 2 as a source of 

bicyclooctane 2, Figure 1. 

i. Cu(acac)2/benzene; ii. 600°C; iii. 400°C 

Figure 1 

A review of literature suggested several avenues available to WtemS such as 3on 

pyrolysis. A few reviews describing the thermal unimolecular decomposition of diversely 

functionalized cyclopropanes have appeared6. The conversions of cis-substituted carboxy-, 

carbalkoxy-, and vinyl- methylcyclopropanes into y,6-unsaturated ketones7, esters8 and 

into 1,4-dienes' have been exploited from both the mechanistic 
6,lO and the synthetic 
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Stands. However, we have not found any examples of Preparatively useful cyclopentene 

rearrangements of cis-methy~vinylcycfopropane 11 
although the corresponding Process invotv- 

ing otherwise Substituted vinylcyclopropanes has been featured in Several annulation pro_ 

cedures"12. 

Of the above Processes only the formation of 1,4-diene and of cyc'opentene applies to 

the cyclopropane j_. We now WfSh to report the selective conditions to achieve either the 

formation of 1,4-diene or of cyc'opentene. - 

bfazoketone _t, prepared in quantitative yield by the action of ethera' dfazoethane 13 

on 4,Weptadienoy' chloride2, 

stereospecifically14, 

furnished viny'cyclopropane 2 f94%, b.p. 54°C/0.3mm), 

in ref'uxing benzene containing 20 mole percent of Cu(acac)2. In a 

tYPica' PYro'Ysis experiment, a '00 mg sample of gwas evaporated at 0,Ol mm/Hg through a 

Properly conditioned, hor~zontal'y situated, hot tube. The collected material (-95% 

recovery) was analyzed by gas chromatography and the components of the crude mixtures 
14 were isolated and characterized , 

The results of our experiments are Summarized in Table 1. Thus bicyclooctane g'4 was 

obtained in 70% isolated yield (6OO*C, vycorI PbC03), which result compared favorable with 

our previous experience concerning the unmethylated eases'. 

Simi'arly, enone s14 was prepared from J (Pyrex, 4OO"Cf in 85% isolated yield, The 

complete StereoselectiVity observed in the formation of enone 4, as we71 as the relative- 

ly low temperature required to bring about this conversion, are in line with a concerted 

retro-ene reaction 
6,10,15 

operating on cyclapropane 3. The transformation of the retro- 

ene product j_ into bjcycloo~tane 2 and dienonc 2 necessitates the reformation of cyc?oPro- 

pane 2 which then undergoes fast, radical, dissociatjon affording 2 and $_. No vinylcycio- 

propane qwas detected in the control pyrolyses of enone 4 suggesting undetectable concen- 

trations of J_ at equilibrium, should such thermal equilibrium between zand 2 exist at 

600'C. Finally, the cis-trans isomerization of cyc'opropane 3 has nut been detected. 
'4 

Higher temperatures may favor biradical intetmed!ates which 'lead to g and 5, the 

expected competing products of a "normal" viny~cyc~opropane rearrangement, That dienone 

5 orr'ginates in cyclopropane 3 is Supported by the inertness of bicyctooctane 1 at 600"C16. 

In view of the marked differences in the results obtalned on Plain vs. PbCO3-treated 

columns a speculation lends itself concerning lead-stabilized radicals a5 possible inter- 

mediates, Silylated or carbonate (~~C03) treated g'ass gave resu'ts identical to those 

obtained with untreated columns. 

The selectivity achieved in the thermolysis of 3 becomes useful in several Ways: 

firstfy it portends we'1 for high yield preparations of angularly methylated bicyclfc 

ketones of value in the above mentioned terpene syntheses. Secondly it poses a possibility 

of cyclopentene annulation from 1,4-dienes, should such dienes be more accessible than 

vinylcyclopropanes. The use of 4 8s a prostanoid synthon is presently under investigation 

in our laboratory, jn the form of its oxidative conversion into W-Sarkomycin 
17 

* 
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TABLE I 

The~olysis of Vinylcyclopropane z_ 

Vycor, plain 

Pyrex 

Vycor 

Pyrolysis of 1: 
Vycor, PbC03 

Legend: dProduct distribution from gas chromatography on Carbowax 1500 (F.I.D.) 

bAfter one wash with PbCO3, the column retained its "leaded" character during 
several uses. 

'Fresh PbC03 wash. 
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