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Summu?y: A detailed description of tire hetem Diels-Alder reaction8 of acyl lcetenes 4-6 with electron-rich 
dienophiles 7-9 for the facile synthesis of 2-alkoxy-2,3-dihydro4H-pyran-4-ones lo-12 is presented 

Recent developments in carbohydrate biochemistry have delineated the crucial role that oligosaccharides 

play at the interface of cell-cell recognition and immunochemical events? Of considerable importance is the 

modulation of biological properties of cells by incorporation of complex carbohydrates into cellular biooligomers 

(i.e., glycoconjugates), thereby influencing the physical properties, antigenic characteristics, and membrane 

binding capacity of cells.3 Concurrent efforts in synthetic chemistry have encompassed the development of 

effective, stereoconnolled methods for the partial and de nova synthesis of simple and complex carbohydratesp 

Of particular relevance to this work are the recent advances describing the use of [4+2] cycloaddition reactions for 

the construction of pyranoid ring systems.5 

1-Oxabutadienes exhibit excellent and predictable regioselectivity in [4+2] q&addition reactions, and as 

electron-deficient dienes they participate preferentially in inverse (LUMO~ne controlled) Diels-Alder reactions 

with electron-rich dienophiles.58 Acyl ketenes readily react as the 4x component in [4+2] cycloadditions with a 

variety of hetero-, olefinic, and acetylenic dienophiles.6 although their utilization for the construction of pyran 

systems of relevance to carbohydrate total synthesis has not been detailed to date.& Herein, we describe a poten- 

tially versatile approach to the 2-alkoxy-2,3-dihyd4H-pyran-4-one ring system that is based on the [4+2] 

cyclocondensation of electron-deficient acyl ketenes with electron-rich en01 ethers and ketene acetals (Equation 1). 

+ e Equation 1 

0Fis 

Acyl ketenes 4 and 5 were thermally generated6hC from dioxenones 17a and 2.m respectively, whereas 

acyl ketene 6 was generated by the thermal rearrangemenP of 3-d&o-2,4-pentanedimedione7c (3, Equation 2). In 

the studies described herein, acyl ketenes 4-6 were formed by the addition of toluene solutions of precursors 13, 

respectively, to a refluxing toluene solution of the uxmsponding dienophile. 

0 o 0 

Equation 2 
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The results of our preliminary studies on the cyclocondensation of acyl ketenes 4-6, generated in situ 

from l-3, respectively, with the representative electron-rich olefms butyl vinyl ether (7). Z-methoxypropene (8). 

and 1.1~dimethoxyethylene (9). are presented in the Table. The reactions were performed by the dropwise 

addition (2 h, syringe pump) of a dry toluene solution of 1-3 (1 equiv) to a refluxing solution of dienophiles 7-9 

(5 equiv) in dry toluene under I$. After an additional 30 min at reflux, the reaction mixtures were cooled, 

concentrated in vucuo, and the products IO-U8 were isolated by bulbto-bulb distillation. Slow addition (2 h) of 

the acyl lcetene precursors l-3 to the reaction mixture effectively prevented the formation of dimeric products 

arising from self-condensation of the intermediate acyl ketenes.5 

TABLE Cyclocondensation Reactions of Acyl Ketenes with Electron-Rich Olefins 

5 equiv, 0.15 equiv 
2,64utidine, tohmne, 

0 0 

f 
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R’ 

# ’ o&3 
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I OCHs 

EH, 
R* 0 1 
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;: 
5 equiv, 0.15 equiv 

$:E+ 
(1) R’.FP=H 

2,6_lutidina or 
(12a) 

9 
(2) R1-H,R2=Me 

I:::; 87 
z 

3-diazo-2,4pentanedione (3) ReillexTY 402, toluene, R1 -R2-Me 
1 lO”C, 2.5 h 

Prepared according to ref. 7a. bAvailable from Lancaster Organics, Ltd. CAvailable from Aldrich Chem- 
cal Co. dAvailable from Wiley Organics. eAll new sompounds exhibited satisfacq spectral data (lH and 
3C NMR, IR, EIMS, HRMS) consistent with the indicated structure.8 fYields for entries 8-9 refer tc 
eactions run with Reillexm 402 poly(4-vinylpyridine) as acid scavenger, yields for entries 4-6 were 
Letennined by 1H I%4R (CHzBr2 internal standard); all other yields refer to isolated, distilled products. 
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Reactions 4-6 and 7-9 were performed in the presence of catalytic (0.15 equiv) 2,6-lutidine or Reillexn” 

402 poly(4-vinylpyridine), thereby markedly increasing the isolated yield of 2.3~dihydro-4H-pyran-4-one 

products by suppressing the formation of rpyrone byproducts resulting from acid-promoted elimination of the 

2-alkoxy group of 11 and 12. While the presence of base effectively prevented this elimination during the cyclo- 

addition reactions of acyl ketenes 4-6 with 2-methoxypropene (entries 4-6), a significant amount of thermal 

elimination was observed during subsequent distillation, themby complicating product purilication. Surprisingly, 

compounds lla-llc existed as a co. 2.51 mixture of enol/keto tautomers9 in CDC13 (25“C) and this ratio 

increased to 4.4:1 for llb in CD3OD (2S°C), as determined by 1H NMR. The origin of this phenomenon is 

unclear9 and was not observed with compounds lOa-10c or 12a-12b, which existed exclusively as the keto 

tautomers, as evidenced by IH NMR (CDCl3). Reaction of acyl ketene precursors l-3 with 3.4~dihydro-2H- 

pyran and 2,3-dihydrofuran failed to provide the desired pyrano[2,3-b]pyran and furano[2,3_b]pyran 

cycloaddition products.~ Instead, products were observed that appeared to arise from simple attack by the enol 

ether on the ketene moiety without subsequent cyclization. 

The methodology described in this communication allows for the simple, one-step construction of 

2-alkoxy-2,3-dihydro-4H-pyran-4-one systems that are accessible intermediates for the total synthesis of 

biologically important 2,6-dideoxy hexopyranose sugars (cJ compound lob, entry 2). Furthermore, the 

capability to construct potential ketose sugar precursors such as lla and llb (cj. entries 4 and 5) portends the 

eventual application of this methodology to the synthesis of higher-order monosaccharides. 
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