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Summary. Methylene blue-sensitized photo-oxygenation of Z-2-(3’-oxobutyl)methoxymethylidenecyclohexane 
(7)in CH Cl at -78*, followed by catalysis with Amberlyst-15, gave an epimeric pair of methoxy-1,2,4-trioxanes 
(9 and 18) a d an an isomeric peroxide (11) in 67 and 30% yields. The E-isomer (8) under the same conditions also 
gave 9-11 (48%) and 2-formyl-3-(3’-oxobutyl)cyclohexene (30%). Trioxanes are formed by cyclization of an ini- 
tially formed I ,2-dioxetane. 

Two recent syntheses’ of arteannuin (3), an unusual, sesquiterpenic 1,2,4-trioxane endowed with antimalarial 

properties,x have depended on the photo-oxygenation of an enol ether in methanol, exemplified by 1 and the 

acid-catalyzed transformation of the resulting hydroperoxide 2 to 3. The nature of these steps remains problem- 

atical.’ As part of our program of developing new technology for preparing 1,2,4-trioxane analogues of improved 

antimalarial activity,’ we now describe the synthesis of two new arteannuin-like molecules in which the afore- 

mentioned reactions are clarified. 

The starting point was 2-(2-cyanoethyl)cyclohexanone (4)’ which, on treatment with diphenylmethoxymethyl- 

phosphine oxide,’ gave a 1:l mixture of the Z and E methoxymethylidenes (5 and 6). Each isomer was separated 

by chromatography and converted with lithiummethyl to the corresponding 3-oxobutyl derivatives 7 and 8. The Z 

and E configurations were assigned from the characteristic ‘H and ‘SC-NMR spectra of 5 and 6. The side-chain 

in the E isomer 6 prefers the equatorial disposition (6e). In contrast, the Z isomer 5, on account of A”’ strain,’ 

adopts the chair conformation in which the side-chain occupies an axial position (5a). Consequently, the proxim- 

ity of the methoxy substituent to the C2-H grouping provides the essential clue to geometry. The C2 Proton is 

deshielded in 5a compared to 6e. Conversely, the C2 carbon atom is shielded in 5r relative to 6e thanks to the T- 

effect.’ 
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The photo-oxygenation and subsequent acid treatment of the 2 and E isomeric 3-oxobutyl derivatives proved 

equally distinctive.’ The 2 isomer 7 in CHsCl,, at -78O, using methylene blue as sensitizer, followed by addition 

of Amberlyst-15, afforded two epimeric 1,2,4-trioxanes (9 and 10) and the peroxide X1 in yields of 48, 19, and 

30% respectively. Compounds 9-11 were separated by column chromatography over silica gel using CHsCI, as 

e1uant.l’ As the NMR spectra were insufficiently informative, their structures were elucidated by X-ray analysis 

of single crystals” (Fig.). The same sequence of photo-oxygenation and acid treatment of the E isomer 8 also de- 

livered 9, 10, and 11, but in diminished yields of 17, 17, and 14% respectively as they were compensated by the 

formylcyclohexene 13ra in 30% yield, which undoubtedly arose from the competing formation of the hy- 

droperoxide 12. 

It should be emphasized that the correct choice of conditions was crucial for success. Temperatures higher 

than -78’, solvents such as MeOH, and catalysts like trimethylsilyl trifluoromethanesulfonate resulted in inferior 

yields of 9-11 (t4096). 
H 

M&5’ 0 

3 

Me 

7- 
o-o + 

y 9 

8 - 9, 10, 11 + 

Me 

CHO 

& OMe 
o-o 

11 

[?G*]_T 

13 O 

Fig. Perspective drawings of the X-ray structures of 9, 10 and 11 
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These results are best rationalized by the initial attack of singlet oxygen on the least hindered face of the 

double bond. The 2 isomer in its preferred conformation 7r, having no axial allylic hydrogen atom available, 

produces solely the dioxetane 14. In fact, proof for 14 was provided by carrying out the photo-oxygenation of 7 

in CDCls with methylene blue at -78’. A single new compound was formed and characterized by its NMR spec- 

trum.” The same experiment conducted in CHsCI, followed by warming gave the diketone X5 in 90% yield aris- 

ing by scission (14-U). The dioxetane X4 or its conformer 16 by acid catalysis could then undergo cyclization in 

two steps to 9, which is the kinetic product since it is the first formed. Independent submission of 9 to acidic 

conditions caused its equilibration to 10 and 11. It is noteworthy that the i-membered ring in 9 breaks to create 

11 preserving the peroxide link. Moreover, the tram placement of the methoxy group with respect to the alde- 

hyde function is understandable in terms of the intermediacy of the oxonium ion 17, which is attacked by the 

expelled methanol molecule on the least hindered side. Alternatively, methanol could add in tandem to the alde- 

hyde group and cationic center in 17, so accounting for the epimerixation of 9 to 10. 
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Similar mechanistic eventx are Likely for the E isomer. However, since it exists preferentially as Se, axially 

disposed allylic hydrogen atoms enable singlet oxygen to undergo the “ene” reaction. Only the least substituted hy- 

droperoxide is formed owing to syn selectivity.” Nonetheless, some dioxetane also forms which cyclizes to the 

trioxanes 9 and 10 as before. 

Last, but by no means least, in vitro tests against P. jalciparwn clones have shown that 9 and 10, but not 11, 

possess commensurate activity with that of arteannuin.16 Synthetic applications of the foregoing technology and 

detailed biological tests will be reported elsewhere. 
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