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Abstract: A two step, totally stereoselective synthesis of (E, E)-1,4-dialkoxy-1,3-butadienes from chiral
secondary alcohols has been developed. The key step involves the regio- and stereoselective
hydrozirconation of alkoxyethynes derived from chiral alcohols; the intermediate (E)-(2-
alkoxyvinyl)zirconium compounds, after treatment with cuprous chloride and thermally induced
decomposition of the corresponding (2-alkoxyvinyl)copper, give the dialkoxybutadienes in moderate yield
but with complete (E, E) diastereoselectivity. © 1997 Published by Elsevier Science Ltd.

Contrasting to other heterosubstituted dienes, which have been studied mainly in connection with their
use in Diels-Alder cycloadditions,' (E,E)-1,4-dialkoxy-1,3-butadienes still constitute a class of largely unknown
compounds. In fact, with the exception of the six-step synthesis of (E,E)-1,4-dimethoxy-1,3-butadiene
described by Meister more than thirty years ago,” only a few, mostly non-stereoselective approaches to a small
number of these dienes, derived from simple, achiral alcohols can be found in the literature. We wish to report
in this communication a two-step, general and totally stereoselective synthesis of (E,E)-1,4-dialkoxy-1,3-
butadienes derived from chiral secondary alcohols (1).

In our initial strategy, we planned to obtain the dialkoxydienes 1 by the stereoselective reduction of 1,4-
dialkoxy-1,3-butadiynes 2,’ which are readily available through the oxidative dimerization of the corresponding
alkoxyethynes 3 (Scheme 1).6

R*0-CEC-H —> R*O-C=C-C=C-OR* ----------- - R*O_\\__/_OR*
oxidative stereoselective
3 dimerization 2 reduction !
(ref. 5)
Scheme 1

All attempts to effect the transformation depicted in Scheme 1 on the 1,4-di (/-menthyloxy)-1,3-butadiyne
2a, chosen as a model, were however unsuccessful. In effect, the reaction of 2a either with aluminum hydrides
or with liquid ammonia solutions of alkaline metals led respectively to the formation of partially reduced products
or to complex mixtures of stereoisomers (Scheme 2). This behavior contrasts to that of C-substituted
monoalkoxyacetylenes, which are stereoselectively converted to (E)-O-alkyl enol ethers under both of these
reaction conditions.*’
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Scheme 2

At the light of these results, and inspired both by the hydrozirconation of ethoxyethyne reported by
Negishi8 and by the Zr(IV) to Cu(l) transmetallation of alkenylzirconocene complexes described by Schwartz,’
we turned our attention to an alternative strategy, the metal-mediated reductive dimerization of alkoxyethynes.
According to these literature precedents, the hydrozirconation of an alkoxyethyne 3 should lead to an (E)-(2-
alkoxyvinyl)zirconocene 4; subsequent treatment of this complex with a Cu(l) salt would give the corresponding
alkenylcopper(I) 5, whose thermally-induced decomposition would produce the desired (E,E)-1,4-dialkoxy-1,3-
butadiene 1 (Scheme 3).
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3 4 5 1

Scheme 3

The reaction conditions corresponding to this transformation were thoroughly optimized (with respect to
solvent, concentration, source of Cu(I) and temperature) for the di-/-menthyloxy derivative 1a, and extended 10 a
set of chiral dialkoxybutadienes 1b-f with the results summarized in the Table.'® As it can be seen, the yields are
generally higher than 40%, except in the case of the very hindered camphor-derived ‘alcohol f. In this instarce,
the low yield can be ascribed to the low dimerization rate of the intermediate vinyl copper, since the main product
of the reaction (50%) was the vinyl ether, probably arising from hydrogen abstraction in the thermal
decomposition of 5. In any case, this alkoxyvinyl ether can be conveniently separated by column
chromatography. Smaller quantities (10-20%) of vinyl ethers were also isolated in the reactions leading to
compounds 1c, 1d and 1e. Although these dialkoxydienes appear to be very sensitive both to acid-catalyzed
hydrolysis and to oxidation by atmospheric oxygen, they can be stored at -18°C for extended periods of time (1-
2 months) without appreciable decomposition when obtained in pure state. In that the requisite alkoxyethynes
3a-f can be obtained in one step from the corresponding chiral alcohols a-f'> by means of a well established
methodology® with the yields shown in the Table, the present approach constitutes a synthetically efficient route
to chiral (E, E)-1,4-dialkoxy-1,3-butadienes, taking place in just two steps from the starting chiral alcohols. The
use of chiral (E)-1-alkoxy-2-zirconaalkenes in the synthesis of chiral (E,E)-1-alkoxy-1,3-dienes and the
diastereoselective Diels-Alder cycloadditions of these two types of chiral dienes have also been studied in our
laboratories and will be the subject of forthcoming publications.
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Table. Two-step synthesis of (E,E)-1,4-dialkoxy-1,3-butadienes 1a-f from chiral alcohols.

R*OH R*0-C=C-H Thermolysis RO OR*
¢ moy RWa

(vield)* time (yieldy

% o  3a@®2%) 2h 1a (74%)
a

50“ 3b (72%) 15h 1b (50%)
b

%)H 3¢ (74%) 2h 1c (62%)
C

L OM 3d (81%) 1.75h 1d (42%)

d
;&u 3e (77%) 35h le (47%)
O.
[4

3£ (78%) 45 min 1£(25%)

f

*Yields of pure alkoxyethynes obtained according to the general procedure
described in ref. 6 "Time necessary for the complete decomposition (in refluxing
THF) of the alkoxyvinyl copper (5) obtained upon addition of the alkoxyvinyl
zirconium (4) to a suspension of CuCl. See note 10 for a representative
experimental procedure. °Yields of isolated product after chromatographic
purification. All dienes gave correct analytical and/or spectral data.
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(M+14, 14%), 224 (100%). Anal. Found: C, 79.65; H, 11.70. (Calc. for C24H4202: C, 79.50; H,
11.68). (NOTE: Due to the high sensitivity of the dialkoxydiene, the reaction glassware was washed with
aqueous NaOH and oven-dried prior to use).
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