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THE SCOPE AND MECHANISM OF REARRANGEMENT 
OF 4,6-DIALKOXY-2-PYRONESl 

Hemalatha Venkataraman and Jin K. Cha’ 
Department of Chemistry, Vanderbilt University, Nashville, TN 37235, U.S.A. 

Abstract: The scope and mechanism of a remarkably facile interconversion between 4,6- 
dialkoxy-3-alkyl-2-pyrones and their corresponding 5-alkyl isomers is described. The 
preponderance of the latter over the former is rationalized by the stereoelectronic 
conformational preference of the C4-alkoxy group. 

The preceding paper in this journal describes a rapid interconversion between 4,6- 

dimethoxy-3-methyl-2-pyrone la and its corresponding 5-methyl isomer Za.2 We have shown 

that 4-hydroxypyrones lb and 2b also undergo an interconversion, wherein lb is more stable.3 

The rearrangement readily takes place at room temperature (or even below) in a variety of 

organic solvents. In addition, it was found that pure 2a can be isolated due to selective 

crystallization f?om the equilibrium mixture. 4a Pyrones la and lb, as solids, do not appear to 

undergo the interconversion. 

a: R1=R2=CH3, RI=CH3 

b: R, -H, R2==&=CH3 

c: R, - & - CH,, b - CH$3-LCH2 

d: R, - R2 - CHc,, R3 - CH2CH2Cl+. 

e: R1-RP-~l F--Se 

f: R, = R3 = CH3, & = CH(CH& 

g: R, = R, = -(Cl-l&-, R, = Cl-& 

This apparent “migration” of substituents between the 3 and 5 positions appears to be a 

general phenomenon in the 4,6-dialkoxy-2-pyrones. For example, allyl, n-propyl and 

methylthio pyrones (1&2c-e) likewise equilibrate at 25%. In marked contrast to 4,6- 

dimethoxypyrones, however, rearrangement of 4-methoxy-6-isopropoxy-2-pyrones (If and 2f) 

requires temperatures higher than 60°C. Apparently, the bulkier isopropyl group at the 6 

position impedes the rearrangement (&de infru). Although the exact position of equilibrium is 

dependent upon substrates, solvents and temperatures, 4b 5-alkyl-2-pyrones 2a,c-f are more 

stable than their corresponding 3-alkyl pyrones. 
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The presence of two alkoxy groups was thought to be necessary for the rearrangement to 

take place at room temperature. Furthermore, we believe that the distinct conformational 

preference of the alkoxy group(s) in the pyrones, together with its steric consequences, 

determines the position of equilibrium. Methyl vinyl ethers53 and related systemsabJ, as well 

as carboxylic ester&I, are known to exhibit a strong preference for the s-cis conformation. This 

conformational preference has been attributed to the stabilization by n + Q* overlap, apart horn 

the main p-conjugation. Also, 2-pyrone can be best considered as an end lactone rather than as 

a pyrylium betaine. Consequently, the 4-M& group of the pyrones is expected to prefer the 

conformation with the lone pair on oxygen antiperiplanar to the C-3 and C-4 bond of the higher 

bond order.6 This extra stabilization has to be forfeited in la, c-f due to severe steric strain.7 

On the other hand, the conformation of the &alkoxy group is assumed to be of less importance 

since the Ca- Ce bond is cross-conjugated with two oxygen atoms.8 

In order to test this hypothesis, we decided to prepare bicyclic pyrones, lg and 2g.e 

Thus, the known ester 3 was carboxylated via its conjugate base to provide half-ester 4 in 50% 

boR, 
3: !+=tBu, I?,-” 
4: I+-tBu.Rs=CQH 

6: Rq-CHa.Rg=H 
7: %=C~,RE.=CQH 

OC”3 

0 : 1 

2 3 
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yield. Deprotection of the t-butyl ester group (TFA) and subsequent cyclization (AczO) gave 

anhydride 5. Treatment of 5 with diazomethane then provided a single X-pyrone lg.10 

Similarly, half-ester 7 was prepared and cyclized by means of AczO (60°C, 27 hr) to afford the 
same pyrone lg. Under milder conditions (50°C, -8hr), however, a mixture of regioisomers, lg 

and 2g, was obtained and then purified by SiOz chromatography, The structural 

determination of lg and 2g was unequivocally made by difference NOE spectroscopy. As 

expected, the position of equilibrium in bicyclic pyrones strongly favors lg (ZZO:I), where the n 
+ ox interaction, as well as the coplanarity of the 6-OMe group, is maximized. 

The intramolecular nature of the rearrangement was firmly established by the fact that 

none of crossover products between 2a and d7-2a were found that might arise if the 
rearrangement involves the intermolecular process .2 The rearrangement can be rationalized in 

analogy to the mechanism proposed by Pirkle for a similar skeletal rearrangement of 2-pyrones 
during gas-phase pyrolysis.*r Reversible electrocyclic ring-opening of 2-pyrones, 1 and 2, 

would lead to ketenes,lz which then suffer nucleophilic attack by the alkoxy substituent at the 
6-position.13 Furthermore, the higher temperature required for the rearrangement of the 6- 
isopropoxy derivatives might be due to the slow addition of a bulkier isopropoxy group. 
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Additional evidence for the proposed mechanism was found in successful ketene 

trapping experiments. Thus, treatment of 2a with phosphoranes 7a,b (benzene, reflux) gave in 

an excellent yield single adducts 8a,b contaminated with triphenylphosphine oxide.14 
Although all attempts at further purification of 8a,b were unsucessful because of instability, the 

spectroscopic data were consistent with the assigned structures.9 On the other hand, 5,6- 
dimethyl-4-methoxy-2-pyrone did not react with phosphoranes under similar reaction 

conditions. 

R6 

A 
7a: h-H 

Ph3P WEt 7b: Rg-CH3 

CH3 
8a: &=H 

EWC OCHB 8b: %-Cl-l, 

Further studies are being carried out in order to further clarify the reaction mechanism 
and determine which factors influence ease of the rearrangement.rs 
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