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SHORT, REGIO- AND STEREO-SELECTIVE PREPARATION OF 1,5- AND 1,6-DIENES.
SYNTHESES OF EUDIA PAVONIA PHEROMONE AND GOSSYPLURE.
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Abstract : Two pheromones, (Z)-6,(Z)-11-hexadecadien-1-yl acetate (from Eudia pavonia ) and
gossyplure, have been synthesized each by two consecutive sequences of nickel-assisted Grignard
reactions with cyclic enol ethers and the preparation of Grignard reagents from the resultant alcohols,
followed each by copper-promoted Grignard reaction with a small-ring ether and subsequent
acetylation,

A few years ago a new method of carbon-carbon bond formation with great potential for rapid, regio- and
stereo-selective preparation of olefins was introduced, based on nickel-catalyzed interaction of Grignard reagents
with enol ethers.! This procedure appeared ideally suited for the construction of straight-chain polyen-1-ols (or
acetates), compounds wich abound in nature, especially as insect sex pheromones.2 The following presentation
illustrates the utilization of the method for the synthesis of Eudia pavonia pheromone (1)3 and gossyplure (a

1:1 2-3 mixture ).4
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The methyl-terminating portions of the dienyl acetates were built up in the following manner. Exposure of
dihydropyran (4) to #-butylmagnesium bromide in 4:1 toluene-ether (room temperature, 96 h) in the presence of
bis(triphenylphosphino)nickel dichloride ((tpp)2NiClo) led to 4-penten-1-ol and (Z)-4-nonen-1-ol1d.4e:h.5.6 (6a)
in 15 and 68% yield, respectively.’8.9 Interaction of 2,3-dihydrofuran (5) with r-butylmagnesjum bromide in
toluene (-10°C, 96 h) under the influence of (tpp),NiCl; gave (Z)-3-octen-1-ol 4.5 (7a) in 30% yield,” whereas
the same reaction (80°C, 20 h) induced by [1,3-bis(diphenylphosphino)propane]nickel dichloride ((dppp)NiCly)
afforded a ca. 2.3:1 mixture of (E)- (8a)4f and (Z)-3-octen-1-0l (7a)in 75% .yield.7 Treatment of alcohols 6a
and 7a with trifluoroacetic acid anhydride (tetrahydrofuran, 20°C) and thereafter w1th lithium bromide (2.5:1
tetrahydrofuran-dimethylformamide, 80°C)10.11 produced bromides 6b4¢.f (99%) and 7b4f (99%), respectively.
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Conversion of bromide 6b into a Grignard reagent (72%) with magnesium in ether and interaction with
dihydropyran (4) under the conditions (72 h) of the above preparation of alcohol 6a afforded (Z)-4,(Z)-9-
tetradecadien-1-ol (9a) (38%). Transformation of the latter into its bromide (9b) (99%) under the above 6a
—>6b reaction conditions, formation of a Grignard reagent (68%) and exposure thereof to cuprous iodide and
ethylene oxide (ether, room temperature)12 yielded (Z)-6,(Z)-11-hexadecadien-1-ol (9¢)3 (60%). Acylation of
the alcohol with acetic anhydride and pyridine furnished (99%) the Eudia pavonia pheromone (1).
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I\/\/\/l 9,n=3,Y=0H
b,n=3,Y=Br

¢,n=5Y=0H



2597

Me(CH,),
x A Me(CH,); X A
(CHnY (CHnY
10 11
a,n=3Y=0H
b,n=3,Y=Br
¢,n=6Y=0H

Formation of a Grignard reagent (65%) from bromide 7b and magnesium in ether and exposure of the
reagent to dihydropyran (4) and (tpp)2NiClz in toluene (room temperature, 72 h) gave (2)-4,(Z)-8-tridecadien-1-
ol (10a)3:4d (30%), whose quantitative conversion into its bromide (10b) followed the above 7a—>7b
procedure. Cuprous iodide-assisted interaction of the Grignard reagent (75%) with oxetane12 produced (Z)-
7.(Z)-11-hexadecadien-1-01 (10¢)3 (75%). Repetition of the 7a—>7b—> 10a—>10b—>10c reaction
sequence starting with the 8a-7a mixture yielded a ca. 2.3:1 mixture of alcohols 11¢3:4 and 10c3.4,
respectively, whose dilution with the requisite amount of pure hexadecadienol 10¢ led to a 1:1 10¢-11c alcohol
mixture. Acylation of the latter with anhydride and pyridine yielded quantitatively gossyplure (1:1 2-3).

The purity of the above synthetic intermediates was ascertained by glc analysis and confirmed by 13C NMR
spectral determination.!3 Except for the reported mixtures of reaction products each compound was >97%
stereochemically pure. The present method of pheromone synthesis is much briefer than previously recorded
procedures, e.g. the one-step preparation of olefinic alcohol 6a having required earlier many reactions. Finally,

the above reaction schemes can be executed on large scale (e.g. 20 g).
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