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Abstract Peracid oxidation and HF-catalyzed treatment of furfuryl alcohol derivatives affords 
lactone products arising from a highly stereoselective rearrangement process. The 
lactones serve as precursors of highly functionahzed anti- 1,3-dial derivatives. 

During the studies directed toward the total synthesis of thandamycin ~1 and the pheromone of the 

male swift moth Hepiulus hecta L2 it was demonstrated that the 2.6dioxabicyclo[3.3. llnonane ring system of 

the natural products (3) could be synthesized by peracid oxidation of arm-fur-fury1 alcohol derivative 1 and 

subsequent acid-catalyzed ketahzation of the resulting pyranone 2 (Scheme W3 To our surprise, oxidation and 

acid treatment of the diastereomeric syn-alcohol4 afforded bicyclic lactone 6, rather than the anticipated 

diastereomeric ketal. Lactone 6 resulted from a novel acid-catalyzed rearrangement of pyranone intermediate 

5. In this Communication. preliminary studies relating to this rearrangement process for pyranone 

derivatives are reported which demonstrate that both furfuryl alcohol 1 and its diastereomer 4 undergo 

oxidation-rearrangement m a completeiy stereoselective manner to yield a single product, la&one 6. Also, the 

rearrangement is general for furfuryl alcohol analogues and appears to possess potential as an approach to the 

stereoselective synthesis of acyclic derivatives (utde infra) . 
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The generality of the re arrangement process was evaluated initially using the least complex 

stereochemical system, racemic furfuryl alcohols 7 and 8 (Scheme 2). 4.5 Oxidation of anti-alcohol derivattve 

76 with mCPBA gave pyranone g6 as a mixture of anomers, which underwent intmrnolcular ketalization In 

5% HF-acetonitie at room temperature to furnish a mixture of bicyclic ketal 116 (77%) and bicyclic lactone 

I26 (trace). Under tdentical conditions, syn-furfury alcohol 8 gave exclusively lactone 12 vta dfastereomeric 

pyranone 105~~ [Scheme 21. 

Prolonged exposure of k&xi 11 to 5% HF-acetonitrtle resulted in complete rearrangement of the ketaL 11 

to la&one 121 Therefore, irrespective of Whether pyranone 9 or 10 served as the progenitor of la&one 12, a 

single la~tone was obtainedfrom the rearrangement! Accordingly, the stereocenter at C-6 of the pyranone had 

undergone epimerkation during the rearrangement. and the excellent stereoselectively observed in the 

rearrangement was controlled solely by the distal stereogenic center on the sidechain. Plausible mechanisms 

for the rearrangement and epimerization at C-6 are discussed below (vide infral. The stereochemistry of Iactone 

12 was established by single crystal X-ray analysis of lactone 13 677 which was synthesized under conditions 

which do not epimerize the stereogenic center adjacent to the lactone carbonyL7 
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Having established that both diastereomers of the fuxfuryl alcohol Tstem had afforded lactone 12 with 

complete stereoselectivity, the rearrangement of alcohols 1 and 4 was reinvestigated. Oxidation of alcohols 1 

and 4 provided the diastereomeric pyranones 2 and S,5*6 respectively, which underwent W-catalyzed 

rearrangement. Lactone 6 was the sole stereoisomer obtained. irrespective of whether pyranone 2 or 5 or 

bicyctic ketal3 was the substrate for the rearrangement reaction. The stereochemical reIaffonshfps fn Iactone 

6 were also co-ed by single crystal X-ray analysis7 (Scheme 1). 

As in the less complex system, lactone 6 possesses the C-3,C-4-syn, C-4.C-6-syn stereochemical 

relationship analogous with lactone 12 which indicates that epimerization of C-6 in the pyranone (C-4 in the 

lactone) has occurred during the rearrangement. The additional stereocenters at C-8 and C-9 of lactone 6 

presumably are controlled by post-rearrangement 

equilibration ula keto alcohol 14. Molecular mechanics 

calculations demonstrate that the relative stereochemistry 
z&j?--& _+JjjL& 

observed at C-8 and C-9 in lactone 6 constitutes the 
G ; 

thermodynamically most stable configuration.* 6 14 

The generality of the rearrangement sequence was also investigated ti the stereochemically complex 

system of furfuryl alcohols 15 and 16 5+6 (Scheme 31. Oxidation of alcohol 15 and brief treatment with 5% HF- 
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acetonitrile afforded bicyclic ketal 175.6 whose stereochemistry was confirmed by transformation into 

ttrandamycin A. 1 Prolonged exposure of ketal 17 to the acidic conditions, however, resulted in the conversion 

of ketal 17 to lactone 18.5*6 Alternatively, lactone 18 was demonstrated to be the exclusive product obtained 

from oxidation and rearrangement of diastereomeric furfmyl alcohol 16 IScheme 31. The relative stereo- 

chemistry at C-3, C-4, C-6. and C-9 of lactone 18 is analogous to the systems discussed above. The excellent 

stereoselectivity observed in this system demonstrates that the two additional stereogentc centers present in 

alcohols 15 and 16 have no apparent influence upon the stereochemical outcome of the rearrangement. 

Ml aa8 
16 1s” 

We speculate that the mechanism of the rearrangement occurs as depicted in Scheme 4.1° De&y&ton 

of pyranone 9 affords hemiketal 19 which dehydrates and undergoes electrocycllc rtng-opening9 to gtve 

oxonium ion 21. Diastereomeric pyranone 10 follows an analogous pathway to generate 24. Presumably, at 

this stage the epimerizatton of the C-6 center in the pyranone occurs. I0 Intramolecular capture of the oxontum 

ion by enol(21 or 241 yields enol ether and establishes the stereochemistry at the two new stereogenic centers. 

Overman has observed an analogous process in iminiuml 1 and oxonium12 ion systems. 

scheme 4 
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The sequence of reactions comprises a unique approach to the stereoselective synthesis of anti- 1.3~dial 

derivatives in which a single existing stereogenic center in the fur-fury1 alcohol defines the relative 

stereochemistry at three remote stereogenic centers in lactone 26. Since lactone 26 is functionally equivalent 

to diol-acid 27, we anticipate that this sequence of transformations will seme as the basis of an eti%zient 

method for the stereoselective synthesis of anti- 1,3-diol derivatives in which five contiguous stereogenic 

centers can be established. Relative stereochemistry at centers C-3, C-4, and C-9 in lactone 26 (or 27) are 

controlled by the configuration of the center at C-6 Intie supra), while a preexisting stereocenter at C-5 will 
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have no influence on the stereochemistry of the other centers as evidenced by the results shown in Scheme 3. 

Additional experiments to evaluate the generality of this oxidation-rearrangement sequence are in progress 

and shall be reported in due course. 
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