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A Stereoselective Synthesis of Conjugated Trans Trienes: Low-Valent
s
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Abstract: A stereoselective synthesis of all-trans trienes is described via low valent titanium reductive
elimination of 1,6-dibenzoate-2,4-dienes.

Conjugated polyolefinic fragments are found in a wide variety of interesting and important
organic compounds. Several examples of natural products include: the polyene macrolides?? (over
200 members reported to date) which display potent antiviral activity and have been successfully
employed in antifungal therapy; carotenoids? that act as pigments in nature; leukotrienes?® which
are known to mediate immediate hypersensitivity reactions and inflammation. Uses of such systems
as energy transfer reagents in photochemical reactions have also been repoxtedzd. In light of these
and other examples, the efficient assembly of conjugated polyolefinic chains is desireable. In our
continuing studies in the area of polyene synthesis, we wish to report now our discovery of a
stereoselective method for the formation of conjugated trans-trienes via a low-valent titanium
induced reductive elimination of 1,6-dibenzoate-2,4-dienes. ’

Walborsky3 was the first to report that 1,3-dienes could be prepared by the low-valent titanium
reductive elimination of 2-ene-1,4-diols and we have since applied this method to the synthesis of
several natural products and analoguesd. Following these results, we began a study of the formation
of trienes5 by the same type of elimination starting from 1,6-diol-2,4-dienes.

The diene-diol system 3a was prepared (Scheme 1) via stepwise condensation of diacetylenet
with the aldehyde 1 derived from (+}(R}. methyl lactate, followed by stereospecific cis reduction of
the diyne using an activated zinc-copper couple’, The compound 3a, with a pure cis-cis geometry in
the dienic moiety (coupling constants of 11.6 Hz were measured for the vinylic protons}, was
isolated as a mixture of 3 diastereomers which could easily be separated by column chromatography
(A , least polar isomer; B minor isomer; C major and most polar isomer}.

Ti{0) reductive elimination was then applied, under the usual conditions%8, to each
diastereomer of compound 3a. In sharp contrast with our previous studies on vitamin A analogues,
yields were very low and curiously only the more polar and major diastereomer C gave the all-trans
triene I°. The other diastereomers (A,B) yielded only a geometric mixture of triene isomers (Table I).

During our studies of diene formation via titanium reductive elimination of 2-ene-1,4-diols, it
had been observed10 that protection of the aloohols had in some cases influenced the stereochemical
outcome as well improved the yield. This approach was applied to the 1,6-diol-2,4-diene system and
thus we prepared compounds 3b-3f. The results listed in Table I show that the stereoselectivity of
the reaction was dramatically improved by protecting both OH groups (3¢, 3d, 3f) and in the case of
the dibenzoate 3f we observed only the exclusive formation, in almost quantitative yields!1, of the
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Table 1. Low valent titanium reductive elimination of 3.
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all-trans triene I regardless of the starting diastereomer. A side product II, resulting from a vicinal
diol elimination, was observed in cases where a free OH group was present*<.

Table II reports another example confirming the preceeding results. The diene-diol 4 was made
in a similar way from aldehyde 1, diacetylene and butanal, followed by reduction of the triple bonds
with Zn-Cu. The two major diastereomers {A more polar, B less polar] were separated and subjected
to Ti(0) studies (Table If). The two diastereomers A and B of compounds 4a and 4b showed different
behavior upon exposure to the Ti(0) reaction: only the more polar isomer B gave the all-trans trienel3
in a moderate yield, whereas both dibenzoate diastereomers 4c gave only the all-trans triene in high
yield regardless of the diol configuration.

Table [1. Low valent titanium reductive elimination of 4.

OTBS OP,

T vy )\/\?\?\/\ i
T 4 IV, all trans A\
4 pt | o Dia. | Yield%| IV | V
4 | H H A 43 0 1
B 43 1 0
4 | Me H A 55 0 1
B 76 1 0
4c | COPh |COPh A 86 1 0
B 88 1 0

) Hence, low-valent titanium reductive elimination of 1,6-dibenzoate-2,4-dienes, readily
o!?tam_ed in 2 steps from the corresponding 1,6-diol-2,4-diyne, is a highly stereoselective and a high
yielding reaction allowing the synthesis of pure all-trans trienes. Application of this method in the
total synthesis of 6(E), 5(S), 12(R) leukotriene B, is reported in the following communication.
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