
Tetrahedron Letters 51 (2010) 1336–1337
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let
Improved synthesis of (9Z)-9,13-tetradecadien-11-ynal, the sex pheromone
of the avocado seed moth, Stenoma catenifer

Yunfan Zou, Jocelyn G. Millar *

Department of Entomology, University of California, Riverside, CA 92521, USA

a r t i c l e i n f o a b s t r a c t
Article history:
Received 26 November 2009
Revised 5 January 2010
Accepted 6 January 2010
Available online 11 January 2010

Keywords:
(9Z)-9,13-Tetradecadien-11-ynal
1-Buten-3-yne
Sonogashira coupling
Conjugated dienyne
0040-4039/$ - see front matter � 2010 Elsevier Ltd. A
doi:10.1016/j.tetlet.2010.01.010

* Corresponding author. Tel.: +1 951 827 5821; fax
E-mail address: Jocelyn.millar@ucr.edu (J.G. Millar
The terminal dienyne of (9Z)-9,13-tetradecadien-11-ynal, the sex pheromone of the avocado seed moth,
Stenoma catenifer, was constructed by coupling a vinyl iodide precursor with commercially available 1-
buten-3-yne with Pd catalysis, resulting in a short and efficient synthesis of the pheromone.
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The avocado seed moth, Stenoma catenifer, is a major pest of
commercial avocado production in South and Central America,
with damage in some areas being so severe that the insect limits
or even prevents commercial cultivation of avocadoes.1 However,
the seed moth has not yet become established in avocado produc-
tion areas of the United States, although United States Department
of Agriculture risk assessments have identified S. catenifer as one of
the most serious threats to the US avocado industry.2

As part of an ongoing project to provide growers, exporters, and
regulatory agencies with a method for detection of S. catenifer, we
recently identified (9Z)-9,13-tetradecadien-11-ynal 1 as the sex
attractant pheromone of the seed moth.3 Field trials have now ver-
ified the biological activity of the pheromone, and protocols for its
use have been worked out.4 However, commercialization of the
pheromone has been slowed by the relatively inefficient synthesis
used for its production, particularly the multistep construction of
the terminal dienyne unit. Because we did not initially know the
relative positions or stereochemistry of the alkene and alkyne
bonds in the pheromone, our original synthesis3 was designed to
be flexible so that each of the two alkenes and the alkyne in the
conjugated system could be installed in any one of the three
possible positions. This requirement for flexibility resulted in the
synthesis being longer than might be required for a single specific
target. Improvements in the efficiency of several steps increased
the overall yield, but still required a three-step sequence to assem-
ble the terminal dienyne (Sonogashira coupling of an alkenyl
iodide with propargyl alcohol, oxidation of the resulting propargyl
ll rights reserved.
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alcohol to the aldehyde, and installation of the terminal double
bond with a Wittig reaction).3 It occurred to us that it might be
possible to install the terminal enyne in a single step via a
Sonogashira coupling between the vinyl iodide 4 and commercially
available 1-buten-3-yne (vinyl acetylene). A survey of the litera-
ture revealed only a single report of this type of coupling.
Specifically, De Meijere and co-workers showed that various 1,5-
dien-3-ynes could be prepared by Sonogashira coupling of an alke-
nyl halide with a substituted enyne.5 However, when 1-buten-3-
yne was used, the yield was low and styrene was identified as
the major product from a palladium-catalyzed formal [4+2] cyclo-
addition between two vinyl acetylene molecules.5 In addition to
this undesired side reaction, a further concern that became appar-
ent for our particular application was that 4 and 5 have almost the
same TLC Rf value and GC retention time. Therefore, if the reaction
did not go to completion, separation of the product from unreacted
starting material would be difficult, particularly on the larger
scales required for commercially useful s\yntheses. After some
experimentation with various ratios of the vinyl iodide 4 and vinyl
acetylene, we found that the desired Sonogashira coupling pro-
ceeded cleanly to give the desired dienyne product, with complete
consumption of the starting material, using 2.5 or more equiva-
lents6 of commercial 1-buten-3-yne (41.1 wt % in xylene; GFS
Chemicals), producing dienynal 1 in five steps from the readily
available starting material 2 (Fig. 1).

Thus, deprotonation of a THF solution of THP-protected 9-de-
cyn-1-ol 27 with BuLi at �78 �C, followed by the addition of a solu-
tion of iodine in THF gave iodoalkyne 3.4,8 Stereospecific reduction
with dicyclohexylborane in THF followed by protonolysis gave
Z-iodoalkene 4.4,9 Sonogashira coupling of the iodoalkene with
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Figure 1. Synthesis of (9Z)-9,13-tetradecadien-11-ynal.
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2.5 equiv of vinyl acetylene in pyrrolidine at 0 �C resulted in com-
plete consumption of the starting material, yielding the pure dien-
yne 5 in 81% isolated yield.10 The synthesis was completed by
straightforward removal of the THP-protecting group (PTSA in
MeOH; 90% purified yield), and pyridinium chlorochromate oxida-
tion of the resulting alcohol 6 to yield the target aldehyde 1
(71%).11 This short and efficient synthesis is now under commercial
development to produce the pheromone for use throughout Cen-
tral America, South America, and California.
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