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Abstract: The inverse electron demand hetero-DieZs-Alder reaction of methoxymethylene substitut- 

ed 1.3~dicarbonyl compoccnds wzth en01 ethers a?zd enedzot ethers results in the select- 

ive forwatson of 3.4-dihyd~o-ZH-pyrana. These adducts with a hzgh denszty of ftmctio- 

nal groups are versatzle intermediate8 for n&uml product syntheses. 

Hetero-Duels-Alder reactlons of electronnch 1.3-dlenes (1.4-dlacetoxy butadlene, 1.4-dlacylaml- 

no butadlene, methoxybutadlene, and denvatlves) with reactive carbonyl compounds (Scheme 1) 

lead to pseudoglycals (ZH-5.6-dlhydropyrans). These compounds are versatile lntermedlates for 

short syntheses of carbohydrates and related natural products such as thromboxane B2 2-4) . 

Scheme I 
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COOR HYooR X,Y = OAc 

X,Y = NHAc 

x = OR, Y = H, Alkyl 
X X 

Hetero-Duels-Alder reactlons with inverse electron demand between a&unsaturated carbonyl com- 

pounds and enol ethers are an attractive route for the synthesis of 3.4-dlhydro-ZH-pyrans 5) . 

Recent lnvestlgatlons have demonstrated that electron with,drawing substltuents at the a-posl- 

tion increase the rate of this reactlon strongly 6) . 

This reaction would be of great potential utility for the preparation of carbohydrates and re- 

lated highly functlonallsed natural products, lf further functlonal groups could be introduced 

into the basic starting materials (Scheme 2). 

Scheme 2 

R X = OR, Y = H,Z = OR, Alkyl 

X,Y = OR, Z = OR, Alkyl 
Y 



1790 

Scheme 3 f 
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k,t~* 2 = Me, R1 = Et, R2 = H 

zp,b. Z = Me, R1 = Me; R2 = Me 

f.&b: Z = OMe, R1 = Et; R2 = H 

Me0 
l 

b 
7 OMe t 
= 

k,t~. Z = Me 

@,b: Z = OMe 
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Only one enantiomer IS deolcted. 
Table 1. Cycloadducts fe - ~LJ, 4$ - g, !%A&, %g,b, gg,-b -_ _ 

Starting Reaction Conditions a Products b Yield ' RF d 

Materials Temp. [‘Cl Time [hl [%I (TLC/Silica Gel) 

i t doEt 

A+< 
OMe 
Me 

OEt 
2 + d 

140 14 42 * $ *1:2 87 $2 * 0.48 $8 0.41 

100 12 52 $ ssl~l 74 22 * 0.54 g$ . 0.20 

130 14 52 * $x1 2 96 gg * 0.42 g$ : 0.30 

A+ z 150 14 82 : = b-1 w- 1 71 82 0.58 g$ : 0.40 

g+ 2 140 14 $!! : kW1.1 69 F!g 0.48 $i . 0.36 

$j’ ! 140 14 g,iJ ee 1.1 84 gz,ij . 0.53 

a Equlmolar amounts of starting material without solvent, trace of hydroquinone. 
b 

All compounds gave correct elemental analyses. 

' Isolated yields 

d Petroleum ether/ethyl acetate = 1 1 ($n,$, zn,$, gn,i, zj,Q), 2 1 (Cn,$, ikJ*$). 

e Chromatographic separation not performed. 
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0 2H3 

Table 2: 'H-NMR-Data a 

4g - &: R3 = H 

@j* $e : R3 = OMe 

(R1,R2 : s.scheme 3) 

A 
\ 

OR’ 

$i - ii: R3 = H' 

&, s$ : R3 = OMe 

(R1,R2 * s scheme 3) 
0 3H2 

H-2 H-3 H-3' H-4 
'2,3 '2,3' J3,3' J3,4 J3',4 

12 5.00(dd) 2.30(ddd) 1.64(ddd) 4.20(m) 10.6 2.2 14.0 2.2 3.7 

52 - 2.20(dd) 1.96(dd) 4.33(dd) - - 13.4 6.4 6.4 

$e 5.05(dd) 2.22(ddd) 1.59(ddd) 4.25(m) 10.6 2.2 13.6 2 2 3.4 

&j 5.10(d) 3.35(dd) - 4.46(d) 8.0 - - 3.0 - 

$0 5.18(d) 3.35(dd) - 4.56(d) 8.0 - - 3.0 - 

$ 5.15(dd) 2.35(ddd) 1.96(ddd) 4.23(dd) 3.5 3.6 14.7 3.6 5.4 

$b - 2.48(dd) 1 76(dd) 4.12(dd) - - 14.9 1.8 5.5 

@ 5.18(dd) 2.31(ddd) 1.88(ddd) 4.20(mc) 3.7 3.0 14.3 3.0 5.5 

f& 5.05(dd)b 3.65(dd) - 4.10(mc)c 3.0 - 1.5 - 

!$J 5.02(dd) 3.58(dd) - 4.04(mc) 2.0 - - 1.0 - 

Ala, 4.88(d) 3.5 - ___ 3.90(m) 4.3 - - e 

kd4.76(d) 3.5 - 4.10(d) 6.2 - - 4.3 - 

a8O- and 250-MHz spectra, 
constants in Hz. 

internal TMS, s-values in ppm, multlpllclty in parentheses, coupling 

bLong range-coupling with H-4. 

'Long range-coupling with H-4 and 6-CH3 
d 
Structural assignment not reliable on the basis of these data 

eNot assigned. 
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This paper demonstrates, 

methoxy substltuent form 
-I\ 

that a&unsaturated carbonyl compounds with an electron releaslng 

cycloadducts with enol and enedlol ethers regiospeclflcally (Scheme 3) 

'I. Methoxymethylene acetylacetone (A) and methyl methoxymethylene acetoacetate (i), react with 

ethylvlnylether (1 * R1 = Et, R2 = H) and lsopropenyl methylether (3 : R1, R2 = Me) to give the 

2.4-dlalkoxy-3.4-dlhydro-2H-pyrans i&b, %,b, and ig,k in a high yielding cls addition (Table - 
1). 1 and 2 react in an analogous manner with trans-1.2-dimethoxyethylene (2) to yield the 2 3. 

4-tnmethoxy-3.4-dlhydro-2H-pyrans &D and !&b, respectively. The stereoisomers were separat- 

ed chromatographlcally and the structures assigned on the basis of the 'H-NMR data (Table 2). 

Because of the anomerlc and/or allyllc effect 2'8) the 2-OR1-endo adducts 48 - g$, 8b, and pb __ 
prefer the 2H3-conformatlon. The same arguments favor an equlllbnum between the 2H3- and 3H2- 

conformers for the 2-ORI-exo adducts in - 82, En, and 22. However, the observed high J2,3 - 

coupling suggests that the 2H3-conformation predominates. 

The corresponding 3.4-dlhydro-2H-pyrans &b (Scheme 4) were obtained by the cycloaddltlon of 

phenylmethylene substituted acetylacetone !q_wlth 2 (see Table 1 and 2). 
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