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The highly unsaturated aldehyde (9Z)-9,13-tetradecadien-11-ynal and the corresponding alcohol were
identified as possible sex pheromone components of the avocado seed moth, Stenoma catenifer. The alde-
hyde as a single component attracted more male moths than caged virgin female moths, and addition of
the analogous alcohol and/or acetate decreased attraction. A stereospecific synthesis of the pheromone is
described.
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The avocado seed moth, Stenoma catenifer, is one of the most
serious pests of commercial avocado production in areas in which
avocados and S. catenifer are endemic. The current range of this in-
sect extends from Mexico to South America, and damage from S.
catenifer infestations can be so severe that it has been reported
to limit and even prevent commercial avocado cultivation in some
areas.1 This insect has not yet become established in avocado pro-
duction areas of the United States in southern California, Florida, or
Hawaii, but US Department of Agriculture risk assessments con-
ducted over the past decade have identified S. catenifer as one of
the most serious potential threats to the US avocado industry.2

As part of an effort to provide growers, exporters, and regulatory
agencies with a sensitive and reliable method for detection of S.
catenifer, we report here the identification, synthesis, and prelimin-
ary testing of the novel sex pheromone of this insect.

Insects were obtained from naturally infested fruit collected
from commercial Hass avocado orchards and non-Hass avocados
in Guatemala, and used to start a colony. Colony-reared pupae
and pupae from infested avocados were packed singly in ventilated
plastic vials with cotton wool, and shipped by courier to the Uni-
versity of California, Riverside quarantine facility from Guatemala
for pheromone analysis (USDA-APHIS permit #P526P-06-01565).
Pheromone glands were dissected from 1 to 2-day-old unmated
adult females. Groups of excised glands were soaked in pentane
(�20 ll per gland) for�1 h, and the composite extracts were trans-
ferred to clean conical vials and concentrated under a stream of
nitrogen for analyses. Aliquots of extracts were analyzed by cou-
ll rights reserved.

r).
pled GC–electroantennogram detection (GC–EAD) on nonpolar
(DB-5) and polar (DB-WAX) columns,3 and by GC–MS (Hewlett–
Packard 5973 mass selective detector interfaced to an H–P 6890
GC, DB-5MS column, 30 m � 0.25 mm ID � 0.25 lm film, 40 �C/
1 min, 10�/min to 280 �C, hold 15 min; electron impact ionization,
70 eV).

In GC–EAD analyses of pheromone gland extracts on the DB-
WAX column, two compounds consistently elicited large responses
from antennae of male moths (Fig. 1, peaks A and C). These
Figure 1. Coupled gas chromatography–electroantennogram analysis (DB-WAX
column) of a composite extract of pheromone glands of female Stenoma catenifer.
Upper trace shows the GC detector response, lower, inverted trace shows the
response from a male S. catenifer antenna.
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compounds had retention times in the ranges typical of 14-carbon
conjugated, multiply unsaturated aldehydes and alcohol standards,
respectively (Kovats index [KI] values vs hydrocarbon standards;
on polar DB-WAX column, 2231 and 2472, respectively; on nonpo-
lar DB-5 column, compound A, KI = 1654; compound C, KI = 1718).4

GC–MS analyses confirmed these results with the mass spectrum
of the first compound showing an unusual and distinctive base
peak at m/z 78. This is in marked contrast to the mass spectra of
many other polyunsaturated lepidopteran pheromones, fatty acids,
and related compounds which typically show a strong m/z 79 ion
(e.g., [9Z,11E,13]-tetradecadienal).5 It was also unusual that the
molecular ion was very weak; lepidopteran pheromones with con-
jugated double-bonds typically show medium to quite strong
molecular ions, even for alcohols.6 The highest mass ion seen in
the spectrum obtained from the small amount of compound A in
the extract was m/z 189, which was followed by a regular series
of losses of 14 amu down to m/z 91. These data supported a possi-
ble molecular weight of m/z 204, corresponding to an aldehyde
with 4 carbon–carbon double bond equivalents. The base peak at
m/z 78 could be accommodated by a terminal, conjugated dienyne
fragment, and the presence of a triple bond also explained the very
weak molecular ion.7 Analysis of a standard of (11E)-11,13-tetra-
decadien-9-ynal, available from a previous project,5 determined
that its retention time was approximately correct, but its mass
spectrum was entirely different, with a base peak at m/z 91, and
a relatively small m/z 78 ion. However, the mass spectrum (Fig.
2) and retention times on both polar (DB-WAX) and nonpolar
(DB-5) columns matched those of a synthetic standard of (9Z)-
9,13-tetradecadien-11-ynal (vide infra). There was no uncertainty
as to which stereoisomer was present because the corresponding
(E)-isomer eluted a full minute later on the DB-5 column under
the GC conditions used. Furthermore, the retention times and mass
spectra of the third possibility, isomers of 9,11-tetradecadien-13-
ynal, also were markedly different.8

The mass spectrum of the second compound that elicited a
strong electroantennogram response from the antennae of male
moths (Fig. 1, peak C) also showed a base peak at m/z 78, and
the spectrum was quite similar to that of (9Z)-9,13-tetradecadi-
en-11-ynal. This compound eluted later than (9Z)-9,13-tetradeca-
dien-11-ynal on both the DB-5 and DB-WAX columns. The
difference in the Kovats indices between the two columns (241
KI units later on the polar DB-WAX) was analogous to the differ-
ence in KI values for two model compounds, (E8,E10)-8,10-tetra-
decadien-1-ol and (E8,E10)-8,10-tetradecadienal, respectively (KI
difference 245 units), suggesting that the second compound was
the alcohol analog of (9Z)-9,13-tetradecadien-11-ynal. This was
confirmed by retention time matches of the insect-produced com-
Figure 2. Electron impact (70 eV) mass spect
pound with a synthetic standard of (9Z)-9,13-tetradecadien-11-yn-
1-ol on both GC columns, and a good match between the mass
spectra. As with the aldehyde, the large difference in the retention
times of the (E)- and (Z)-isomers rendered the stereochemistry
unequivocal. A third compound (Fig. 1, peak B) that elicited only
weak electroantennogram responses from antennae of male
moths, despite being present in much larger amounts than the
other two components, was tentatively identified as (Z6,Z9)-6,9-
tricosadiene from its molecular ion at m/z 348 and diagnostic frag-
ments in its mass spectrum. The identification was confirmed by
matches of its retention times on polar and apolar columns and
its mass spectrum with those of an authentic standard.

Because we did not initially know which stereoisomer of the
dienynal was produced by the insects, our synthesis was designed
to produce either isomer simply by changing the stereochemistry
of one intermediate (Fig. 3). It was also deemed prudent to use a
synthesis in which the two alkene substructures were inserted in
the correct degree of unsaturation and with fixed and known ste-
reochemistry, rather than using a route based on selective partial
reductions of one or two acetylene units, with the possibility of
generating under- or over-reduced contaminants that might be dif-
ficult to remove. Thus, 9-decyn-1-ol 1 was hydroborated with cate-
cholborane, and the resulting boronic acid intermediate 2 was
regiospecifically and stereoselectively converted to the (Z)-vinyl
iodide 3.9 After protection of the alcohol as the THP derivative 4,
the iodide was coupled with propargyl alcohol, with Pd and CuI
catalysis, giving alcohol 5.10 Oxidation of the propargylic alcohol
gave aldehyde 6, and subsequent Wittig reaction with methylene-
triphenylphosphorane placed the terminal double bond. The syn-
thesis of the basic structure was completed by removal of the
protecting group, giving (9Z)-9,13-tetradecadien-11-yn-1-ol 7.
Straightforward acetylation or oxidation of 7 gave (9Z)-9,13-tetra-
decadien-11-yn-1-yl acetate 8 and (9Z)-9,13-tetradecadien-11-
ynal 9, respectively.11 The former compound was prepared for test-
ing in field trials, in case it proved to be either a synergist or an
antagonist. Samples of the (E)-isomers of 7 and 9 were prepared
by the same route by starting with (9E)-10-iododecen-1-ol instead
of the (Z)-vinyl iodide 3.

In preliminary field trials in avocado orchards in Guatemala,
(9Z)-9,13-tetradecadien-11-ynal 9 (0.1 mg doses on grey rubber
septum lures) as a single component was attractive to male moths
(baited traps, mean ± standard error, 7.2 ± 2.1 moths; controls, zero
moths). In a second trial run in an orchard with low populations
due to heavy insecticide use, 0.1 mg doses of the aldehyde at-
tracted male moths (total of 28 moths in 11 traps), whereas three
traps baited with caged virgin female moths caught no moths.
Addition of (9Z)-9,13-tetradecadien-11-yn-1-ol, (9Z)-9,13-tetra-
rum of (9Z)-9,13-tetradecadien-11-ynal.
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Figure 3. Synthesis of (9Z)-9,13-tetradecadien-11-yn-1-ol, and the corresponding aldehyde and acetate.
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decadien-11-yn-1-yl acetate, or both, significantly decreased the
attraction, suggesting that these components are not part of the
pheromone. Furthermore, blends of (Z6,Z9)-6,9-tricosadiene with
(9Z)-9,13-tetradecadien-11-ynal over a range of ratios were no
more attractive than (9Z)-9,13-tetradecadien-11-ynal as a single
component. Thus, this species appears to use a single-component
pheromone. Comprehensive field trials testing a full range of doses,
blends, and the field longevity of formulations are in progress, and
will be reported in due course.

The dienyne structure of this pheromone is remarkable, both in
terms of the presence of the alkyne, which is a very unusual functional
group in lepidopteran pheromones,7 and in terms of the overall high
degree of unsaturation, with five double bond equivalents within a
fourteen carbon chain. To our knowledge, (9Z)-9,13-tetradecadien-
11-ynal 9 is a new natural product, and the terminal conjugated
dienyne motif appears to have no precedent among known natural
products. However, as is often the case with lepidoptera, closely
related species use similar pheromone compounds, and (9Z,11E)-
9,11,13-tetradecatrienal has been identified from the congeneric
species Stenoma cecropia,12 as well as from a more distantly related
pyralid moth species, Ectomyelois ceratoniae.13 In fact, (9E)-9,13-tetra-
decadien-11-yn-1-ol and (9E)-9,13-tetradecadien-11-yn-1-yl ace-
tate, the 9E isomers of 7 and 8 respectively, have been reported as
intermediates in a synthesis of (9E,11Z)-9,11,13-tetradecatrienal.14

Overall, the identification of an attractive pheromone for this
notorious pest species will benefit avocado producers worldwide
by providing an effective method for monitoring adult moth popu-
lations and population cycles. The pheromone will also be of sub-
stantial benefit to regulatory agencies charged with the detection
of this potentially invasive species, and in reliably certifying spe-
cific orchards and even entire geographic areas as being free of this
insect, so that avocado shipments can be made without fear of
introducing a noxious pest into new areas or countries.
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