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Summary: Saturated fulvene endoperoxides derived from 
6-vinylfulvenes prove to be excellent precursors of 5-pro- 
pylal-substituted 2-cyclopentenones; allene oxides and/ 
or cyclopropanones are postulated as intermediates in 
these reactions. 

The development of methods for the synthesis of 
cyclopentenones continues to be one of the most active 
areas of research1t2 owing to the wide abundance of this 
structural unit in a large number of natural products such 
as the jasmonoids? prostaglandins," dicranenones? and 
rethrolones.6 Moreover, cyclopentanones containing a 
propylal substituent on the 2-position have been important 
targets in the synthesis of fused cyclopentanoids.' We 
report here an unconventional entry into side-chain 
functionalized 2-cyclopentenones. The methodology is 
based on an intramolecular cycloaddition of reactive 
intermediates which can be formally considered as vinyl- 
cyclopropanones. The latter compounds are formed 
during the thermal decomposition of 5,6-dihydrofulvene 
endoperoxides (2)&1° derived from 6-vinylfulvenes (1)ll 
by photooxygenation12 at -78 "C and subsequent selective 
diazene reduction of the unsaturated endopero~ides.~sJ~ 
Thermolysis of the endoperoxides in refluxing CC4 gives 
the diversely substituted 2-cyclopentenones (3) (Table I).16 
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(16) A simii cyclization during the epoxidation of vinylallenea has 
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Table I. Cyclopentenones from Fulvene Endoperoxides 
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Scheme I describes the mechanisms that satisfactorily 
account for our results.16J7 Either of the three possible 
intermediates 4,5, or 6 could serve as the precursor of the 
cyclopentenones 3. In cases where more than one stere- 
oisomer was possible (Le., C-4 substituted derivatives), 
the trans-isomer was dominant.l* Although the yields of 
3 are modest in a few cases,19 the present protocol offers 
several advantages: the starting vinylfulvenes are readily 
available; the photooxygenation and reduction steps are 
carried out in a one-pot procedure; the endoperoxides need 
not be isolated and can be thermolyzed in the same solvent 
(longer reflux in CH2C12 needed) after filtration to remove 
KOAc; even more importantly, this method permits the 
synthesis of cyclopentenones carrying a propylal group on 
C-5, amenable to further synthetic transformations, in- 

(17) The reaeon(s) for the observed stereochemical preferances and 
the variations in isomer ratios are subject to speculation at  this time. It 
is evident that the (2)-alkenyl-substituted allene oxides exhibit less 
stereoselectivity than the (E)-alkenyl d o g s ,  suggesting that the 3 + 2 
cycloaddition is not entirely concertad. A detailed diecussion of the 
cycloaddition mechanisms and the consequences for the product stere- 
ochemistry are reserved to a full account of this subject. 

(18) The translcis aseignmenta to the products 3a-g were based on 
the more upfield shift (-0.5 ppm) of the protons on C4 in the trans- 
produderelativetothoseinthecis-products;see: Anteunis,MDanneels, 
D. Org. Magn. Res. 1976, 7, 345. 

(19) The product yields and the isomer ratios in each entry in Table 
I are the averages from at least two trials. 
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cluding cyclopentene (or cyclopentanone) annulation by 
way of the McMurry reaction20 and intramolecular lactol 
or lactone annulation. Moreover, intramolecular aldol 

reaction of the corresponding cyclopentanones would lead 
to bicyclo[3.2.llodan-8-ones. 

In summary, we have uncovered a new, eynthetically 
useful facet of the “fulvene endoperoxide - d e n e  oxidel 
cyclopropanone” rearrangements in the form of a short, 
versatile approach to 2-cyclopentenones bearing a func- 
tional group on the side chain. We are presently exploring 
applications of this methodology to obvious natural targets 
and/or their precursors. 
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