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Summarv: Teneraic acid, a naturally-occurring trans-2,6-piperidine dicarboxylic acid, 

has been synthesized using the imine-epoxide rearrangement. 

The family of trans-2,6-disubstituted piperidine alkaloids includes a number of 

products exhibiting notable biological activity.l Despite interest in the 

pharmacological properties of these compounds, there are few general, stereoselective 

methods for their synthesis. The reduction of substituted pyridine derivatives2 or 

various intramolecular cyclizations 3 have generally yielded product mixtures in which 

the more stable cis isomers predominate. More recent approaches which have 

demonstrated significant tram stereoselectivity have included the hydride reduction 

of cyclic imines4, alkene cycloadditions to tetrahydropyridine N-oxides followed by 

reductive cleavages, and the alkylation and reduction of cyanopiperidines6 or bicyclic 

carbamates7. 

In recent work, we have shown that the imine-epoxide rearrangement followed 

by hydride ion reduction provides a mild, efficient method for the formation of trans- 

2,6-disubstituted piperidinesl, and we have used this procedure for the synthesis of 

the fire-ant venom alkaloid, solenopsin A9 1. To further illustrate the applicability of 

this methodology, we now report a stereoselective synthesis of teneraic acid 2. To 

our knowledge, this is the first synthesis of this trans-piperidine-2,6-dicarboxylic 

acid, recently isolated from the red alga porphyra tenera.*0~ll 
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The readily available I-bromo-6-hepten-2-one 3 l2 was heated with KOAc in 

absolute ethanol to yield the keto acetate 4 (85%) which was then treated with 

MCPBA to form the epoxide 5 (85%). The keto-epoxide 5 was then heated at reflux for 

22 h with benzylamine in the presence of 3A molecular sieves to form the 
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oxidized to the diacid 12 in t-BuOH with aqueous KMn04 in the presence of a pH 4.5 

phosphate buffer (60%). Removal of the BOC protecting group was accomplished with 

trifluoroacetic acid, and treatment with 1 N HCl provided a quantitative yield of 13. 

The teneraic acid hydrochloride 13 obtained in this manner was identical in all 

respects (250 MHz NMR, FTIR and MS) to an authentic sample.16 
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