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Trienes, Dienes, and Dienynes.
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Abstract: Treatment of alkyl, vinyl, or alkynyl zirconocenes with (E)- or (Z)-1,4-dichloro-2-butene and
2 equivalents of lithium 2,2,6,6-tetramethylpiperidide gave (3E)- or (3Z)-1,3-dienes, 1,3,5-trienes, or
1,3-dien-5-ynes in good yields and stereoselectivity. © 1997 Elsevier Science Ltd.

Hydrozirconation of alkenes and alkynes with the Schwartz reagent (Cp,Zr(H)Cl, Cp = C5Hj) to give
alkyl- and vinyl-zirconocene chlorides is a well established synthetic method.! To be useful in organic
synthesis methods for further elaboration of the organozirconium species are needed. Carbon-carbon bond
forming reactions include carbonylation, isocyanide insertion, and copper, nickel, and palladium catalysed
reactions.! A particularly interesting elaboration method was reported by Negishi2 when he showed that a
variety of o-haloorganolithium species inserted into the carbon-zirconium bond to form a new organometallic
(e.g. Eq. 1). We have applied this type of reaction to the elaboration of zirconacycles.3 We now describe the
use of the novel, and easily generated, carbenoid species (E)- or (Z)-1-lithio-1-chlorobutadienes for the elabo-
ration of acyclic organozirconium species to afford terminal dienes, trienes, and dienynes.*
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The base induced elimination of HX from (E)- or (Z)-1,4-dihalo-2-butene is known to give predominantly
(Z)- or (E)-1-halobutadiene respectively.5 o-Deprotonation of vinylhalides has also been described.® Treat-
ment of (E)- or (Z)-1,4-dichloro-2-butene with two equivalents of lithium 2,2,6,6-tetramethylipiperidide
(LiTMP) at -90°C gave stereoselectively (Z)- or (E)-1-chloro-1-lithio-1,3-butadienes (1 and 2). Trapping with
benzaldehyde to afford the chlorodienes 3 and 47 confirmed the formation and sterochemistry of the novel
carbenoids. The formation of 1 is notable as the first successful deprotonation of a (Z)-chloroalkene with a
hydrogen trans to the chiorine.8 Hydrozirconation? of 1-octene to give Cp,Zx(octyl)C1 followed by insertion
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Scheme 1. Solvent tetrahydrofuran throughout. R = n-CgHya.

of 1 or 2 (generated in situ from 1.3 equivalents of the dichlorides and 2.6 equivalents of LiTMP) and aqueous
work-up gave the (E)- or (Z)-dienes 7 or 10 in good isolated yield and isomeric purity (Scheme 1). The reac-
tion presumably occurs via formation and 1,2-metallate rearrangement of the ‘18-electron’ complexes 5 and 8
to give organozirconium species 6 and 9. The formation of 6 and 9 were proven by work-up with DCYD,0 to
give >95% deuterium incorporation at the indicated site. These results prove that with zirconium the 1,2-
metallate rearrangement of 5 or 8 goes with inversion of configuration at the sp? carbon centre.!? Reaction of
(E)-1,4-dibromo-2-butene and two equivalents of LiTMP with Cp,Zr(octyl)Cl proceeds less stereoselectively
to give a mixture of 7 and 10 (7 : 10 = 76 : 24) in 76% total yield.

In a similar way hydrozirconation of 1-octyne followed by insertion of 1 or 2 and aqueous work-up gave
the stereodefined 1,3,5-trienes 11 and 12 (Scheme 2). The incorporation of functional groups is important for
further applications of this chemistry so we investigated 3-butyne-1-ol as the hydrozirconation substrate.
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Scheme 2. Solvent tetrahydrofuran throughout.
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Reaction of the alcohol with 2.3 equivalents of Cp,Zr(H)Cl followed by 1.3 equivalents of the carbenoid 2
and protonolysis gave (3E,5Z)-3,5,7-octatrien-1-ol (13) in good yield and stereoselectivity. Careful control of
the quantity of Cp,Zr(H)Cl was required to prevent over-reduction of the alkyne and subsequent formation of
5,7-octadien-1-ol. Hydrozirconation of 1-rert-butyldimethylsiloxy-3-butyne followed by insertion of 2, proto-
nolysis, and deprotection also gave 13.

Access to (5Z)-1,3,5-trienes was desired to complete the scope of the synthetic method. Di(l-
octynyl)zirconocene (14) was readily prepared in situ from the lithiated alkyne and zirconocene dichloride.
Treatment with 1.3 equivalents (based on zirconium) of the lithium carbenoid 2 followed by aqueous work-up
gave (Z)-1,3-dodecadien-5-yne (16) in good yield (72%) based on Cp,ZrCl, but only 36% yield based on the
alkyne. Use of 2 equivalents of the carbenoid did not increase the yield of 16 implying that only one of the
two alkyne moieties in 14 reacts. Reaction of (1-octynyl)zirconocene chloride (15) (generated in situ from
zirconocene dichloride and one equivalent of the lithiated alkyne) with 2 followed by protonolysis gave 16 in
an improved yield of 55% based on the alkyne. In similar fashion reaction of 14 with 1 gave (E)-1,3-
dodecadien-5-yne (17) in reasonable yield, and good stereoselectivity. Use of 1-tert-butyldimethylsiloxy-3-
butyne as the acetylenic component and 2 as the carbenoid gave (Z)-5,7-octadien-3-yn-1-ol (18) after depro-
tection. Reduction of 1,3-dien-5-ynes to (5Z)-1,3,5-trienes with activated zinc is well known.11
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Scheme 3. Solvent tetrahydrofuran throughout.

We have described a one-pot synthesis of terminal diene, dienyne, and triene components found in many
natural products including pheromones and perfumery compounds!? using novel butadienyl metal carbenoids.
The potential of a carbon-zirconium bond in the initial insertion products for further elaboration! will provide
an important future extension of this chemistry.

Preparation of (32, 5E)-1,3,5-dodecatriene.

To a stirred suspension of Cp,Zr(H)C1 (0.260 g, 1.00 mmol) in THF (12.0 mL) was added 1-octyne (0.091 g,
0.83 mmol). The mixture was stirred at 20°C for 1h to give a clear yellow solution of the alkenylzirconium
compound. After cooling to -90°C (Z)-1,4-dichloro-2-butene (0.135 g, 1.08 mmol) was added followed by a
solution of LiTMP [preformed from TMP (0.305 g, 2.16 mmol) and BuLi (0.86 mL, 2.5 M in hexane, 2.16
mmol) in THF (2.0 mL)]. The reaction mixture was stirred at -90°C for 15 min then hydrolysed by the addi-
tion of 2M HClaq (8.0 mL). After extraction with diethyl ether (12 mL) the organic layer was washed with
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2M HCI (2 x 10 mL), dried over MgSO, and concentrated under reduced pressure. The residue was purified
by column chromatography (Silica gel, 40 - 60 petroleum ether) to afford (3Z, 5E)-1,3,5-dodecatriene (0.104
8, 76% yield).
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