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STEREOSPECIFIC SYNTHESIS OF Z- AND B-1-ALKOXY-1,3-BUTADIENES
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Summary: A stereospecific, highly efficient, generally applicable synthesis of 2- and E-
1-alkoxy-1,3-butadienes involving dehydrative decarboxylations of 4,5-unsaturated-
2-alkoxy-3~hydroxy-carboxylic acids is described.

The Diels-Alder reaction of substituted 1—alko:1:y-1,3—dienes1 has been extensively
employed in the synthesis of a wide range of natural products, most notably in the synthesis
of polycyclic quinonesz, such as daunomycinones, and carbohydrates3. These dienes are
usually obtained either by pyrolysis of the corresponding g-alkoxy-acetal4 or by Wittig
reaction of unsaturated carbonyls with alkoxy—phosphoraness. In addition, in recent years
several more elaborate syntheses of l-alkoxy-1,3-butadienes have been developeds. However ,
it should be noted that all of these methods suffer fram a lack of stereochemical control at
the oxygenated double bond, providing usually inseparable mixtures of 2Z- and E-dienes in
varying ratios. This 1limits considerably the scope of the Diels-Alder and related
cycloaddition reactions in the cases where the stereochemistry of the resulting adducts is of
crucial importance7. We wish to report that the highly efficient, stereospecific synthesis
of Z- or E-l-alkoxy-l,3-butadienes can be achieved by application of two dehydrative de-
carboxylation methods8 to the readily separable erythro-and threo-4,5-unsaturated-2-alkoxy-
3~hydroxycarboxylic acids, 3 and 4, respectivelyg. <

The intermediate hydroxy acids 3 and 4 were obtained by alkylation of alkoxy-acetic
aciés 1 (R,= H) or their esters 1 (R,= Et) with unsaturated aldehydes 2 (Table 1)1, In al1
cases, the erythro-isamer 3 was the major diastereomer, with the ratio varying from 1.25 to
2.5 and both diastereamers, 3 and 4, were found to be easily separable. The erythro-hydroxy
acids 3 (R2= H) were conveniently obtained pure after a couple of recrystallizations of the
mixtures of 3 and 4 (R,= H) from hexanes-ether. Alternatively, the hydroxy esters 3 and 4
(R2= Me,Et) (obi\:ained by either esterification of the hydroxy acids with diazomethane or
alkylation of ethyl alkoxy-acetates) could be separated by flash chromatography or by
preparative HPLC (Waters, Prep 500) and quantitativély hydrolyzed to the hydroxy acids with
lithium hydroxide in methanol-water without epimerization. The assigmment of the stereo—
chemistry of 3 and 4 was made through stereospecific conversion of the hydroxy acids to the
l-alkoxy-1,3-butadienes 7 and 8 by using two different methods as illustrated in Scheme I.
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Anti dehydrative decarboxylation of the hydroxy acids was effected in high yields (>80%)
with dimethylformamide dineopentylacetal in methylene chloride after 20 min at 0°C (Table
II)ll; the work-up of the reaction was done by simple evaporation of the solvent followed by
chromatographic purification of the product on silica gel. The use of diethylazo-
dicarboxylate—triphenylphosphine12, a mo-re‘ cammon reagent for this transformation, resulted
in decomposition of the sensitive dienol ether products. The configurations of 7 and 8 were

assigned using 1H NMR spectroscopy; the E- isomers showed a 3 of 11.1-12.8 Hz, in

4,2
contrast with 6.0-7.1 Hz for the Z- isomers.

Alternatively, syn dehydrative decarboxylation was realized via lactonization; thus,

treatment of the hydroxy acids with benzenesulfonyl chloride at 0°C in dry pyridinel3

afforded smoothly the corresponding g-lactones 5 and 6 (Table II)13. Interestingly, the
lactone 5b, produced from 3b, was found to be thermally labile even at 0°C, undergoing
spontaneous decarboxylation under the reaction conditions to give the crystalline E-diene
_7214. The decarboxylation of the @-lactones was found to be very sensitive to the solvent
usedls. when the reaction was done neat or in a decalin solution, the thermolysis took place
at 155-160°C. However, the temperature of the reaction was lower when using more polar
solvents, such as DMF (100°C, 2h) or DMSO (85°C, 2h)'%;

carboxylation is stereospecific and the yields of the dienes are almost quantitative.

under these conditions, the de-

In this way, by using complementary syn and anti dehydrative decarboxylation methods of
the pure 4,5-unsaturated-2-alkoxy-3-hydroxycarboxylic acids 3 and 4, both E- and 2-l-alkoxy-
1,3~butadienes 7 and 8 were obtained in good yields with a stereoisomeric purity over 98%.
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Scheme I Conditions : (a) 1, LDA (2.5 equiv), THF, -78°C, 30 min; 2 (2.5 equiv),
-78°C, 1lh. (b) DMF dineopentyl acetal (5.5 equiv), dichloromethane, 0°C,
20 min. (c) PnSO,CL (5 equiv), pyridine, 0°C, 1.5 h. (&) DMF, 100°C, 2h.
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Table I : Alkylation of a-alkoxy enoclates with unsaturated aldehydes 2

Compounds - R2 R3 & R.?;:i;igfd_?_ :4 g’_mp (°c) .
a O & @, = 2.5:1 (85) 72-73° *
b Ph H H Ph 2.1:1 (41) 129-130° *
< ph H c, H 1.6:1 (62) 105-106°  93-94°
4 PhCH, H H H 1.3:1 (69) 76-78° *
e’ - Bt CHy H 2.4:1 (87) * *
wit—Buth

* : these campounds could not be crystallized

Table IT : Synthesis of §-lactones 5, 6 and l-alkoxy-1,3-butadienes 7, A

% yield from 4 & yield from 5

trans-lactone % yield from 3 E-diene reaction b reaction d

5a 86 Za gad 88
1% 879 41

Sc 71 Ic 93 93

54 68 yish 82 98

Se 72 Ie 86 100

cis-lactone % yield from 4 Z—diene 3 ggéglgag 3 %rggt(iioﬁrgn s

6a 64 8a 86 100
8b 88

sc 74 8c 81 93

&4 62 84 80 89

£e 77 8e 91 95

¥ : yields are given for isolated campounds purified by flash chramatography
6 : estimated based an the diastereomeric purity of the starting materials
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