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AN INVBSTIGATION OF THE HIKXANISM OF THE PEDERIN TO PEDERENAL TRA9SFORH4TION. 
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S-l-y: The mechanism of the acid catalyzed conversion of pederin (2) and 

pedaldehyde (2 into pederenal (2) is investigated by isotopic labeling using 

model hydroxyaldehyde 5. CI 

Pederln (I), uhoae structure has been established by two independent x-ray crystallographic 

studies, 
1 - 

is a potent antimetabolite produced by beetles of the genus Paederus. Degradation of 

l_ under acidic conditions cleaves the asa-acetal moiety and gives rise to the a,f3-unsaturated 

aldehyde pederenal (2_), 2’3 an apparent dehydration product of the expected pedaldehyde (2). The 

surprising ease of this dehydration, which led initially to a misassignment of the pederln strut 

ture, 
2 has never been fully rationalized. In connection with a recently completed synthesis of 

3 4.5 
,u’ we have investigated the mechanism of this facile dehydration. 

Scheme I outlines the synthesis of hydroxyaldehydez, chosen as a convenient node1 of 

pedaldehyde In our initial work. 596 Heating ofLin a two phase system composed of hexane and 

1N H2S04* for 8 hr produced a 1:l mixture of unchangedzand its dehydration productA. Under 

these conditions j or 2 require ~a. 4 hr for complete conversion toA The difference in rates 

might result simply from a lower solubility of 2 in the acidic phase. 

A key role of the aldehyde group in these transformations is suggested by the failure of 

either the correeponding vinylic alcoholA (and Its ptoluenesulfonyl or acetyl derivatives) or 

methyl ester 7 to dehydrate under similar conditions. 
- Further information was provided by a 
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study of the converslon of 2 to2 in deuterated solvent. 

(i) Me02CCMe2LI 

(vi) H,O+ (vii) 

(ix) 03, Ph$’ 

(ii) Ac20,pyr (iii) 2 (i-pr)2NLi (iv) Me2S04, K2C03 (v) (~-Bu)~A~H 

( & )2CuLI (viii) LiAlK4, separation of epimers 

Substituting D20 for Hz0 in the nbove cwer fnrnt y irlded a sample of 2 In whic~h deuteradonhad 

occurred at C-l [-95X), C-3 (-80%>, and C-4 (-100% , one deuterium) as determined by 
1 

H NMR and 

mass spectral analysis. Tuo control experiments indicated that the isotopic exchanges come 

about as a result of the transformation itself. ReroveredA was found to he undeuterated at 

these posFtions, and ur.labeled 6_, when exposed to the same experimental conditions, showed no 

exchange at C-l and C-4 and less than 20% exchange at C-3. 



11 12 
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Scheme II outlines a mechanism which is consistent with these observations. In this path- 

way, enolizatfon of the aldehyde produces an ene-dial derivative, 8 ,’ which upon protonation in 

the appropriate direction yields oxonium ion 9. Deprotonatfon of 2 ran occur to give the endo- 

cyclic enol ether z, in which the hydroxyl group is highly activated. Thus, protonnt ion and 

departure of hydroxyl produces 2, in which the positive charge is stabilized by delocalization 

over several atoms. Since 11 has neopentyl cation character, one might anticipate rearrangemen 

of the carbon skeleton at this point. Houever, either of the resul.tlng tertiary rations would 

appear to be less stable than the delocalized precursor. ‘2 more likely fate for 11, therefore, 

is deprotonation to 12 _, which is simply the enol of 6. - 
Complete isotopic exchange of one proton at C-4 of6_ls a necessary consequence of the fin 

step in this proposed pathway when the reaction is carried out in D 0. 
2 

The high levels of deu- 

terium incorporation at C-l and C-3 imply that oxonium ion 9 is formed reversibly from bothA a 

10. Isotopic exchange at C-l is difficult to rationalize by any other mechanism. 
7 

c 
Evidence that pederin (1) and pedaldehyde (3) react y& a corresponding series of interme- 

dlotrs was provided by the production of pederenal (2) bearing a nimllar pattern of drutrrium 

incorporation when2 or 3_ were dehydrated in the presence of D20, 
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