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Summary: The sex pheromone of females of the carob moth, ZEctomyelois ceratonize, was
identified to be a mixture of (Z,E)-9,11,13-tetradecatrienal, (Z,E)-9,11-tetradecadienal
and (Z2)-9-tetradecenal in the ratio of 10:1:1. A synthetic blend proved to be attractive.

The carob moth, ZEctomyelois ceratoniae ({(Zeller)(Lepidoptera: Pyralidae), is a wide-
spread pyralid moth pest of nuts and fruits, including carobs, almonds, and dates. A sen-
sitive means of monitoring and detecting new populations, such as is offered by synthetic
sex pheromone traps, is urgently needed.

Sex pheromone glands of 2- to 5-day-old virgin female moths were excised during the
period of pheromone emission and extracted for 30 min in CS;. Analysis of the concentrated
extract by combined GC/EAGl), using DB-1 or DB-waxz) as the stationary phases, revealed
three peaks with strong EAG activity eluting on both columns in the ratio of 1:1:10.

Upon comparison with an authentic sample, GC/MS analysis3) proved the first eluting

minor EAG-active compounds (MY = 210) to be (2)-9-tetradecenal. The mass spectrum of the
other minor EAG-active peak (Mt = 208) showed a base peak at m/z 67 and an abundant
molecular ion4), which suggested a tetradecadienal with conjugated double bonds3). The
major EAG-active compound (Mt = 206) had a mass spectrum, which corresponded to a tetra-

decatrienal with at least one pair of conjugated double bonds. Since microozonolysis pro-
duced 8-formyloctanal, the first double bond was in the nine position, and, excluding
allenes and enynes, additional double bonds would have to be in the 11 and 13 positions.

EAG tests with a series of monounsaturated straight-chain acetates and alcochols
showing 12 to 16 carbon atoms revealed particularly high activity of the (2)-9- and (E)-11-
isomers in the ld-carbon series. On the basis of the identification of (Z)-tetradecenal it
was suggestive that the other two compounds were (Z,E)-9,ll-tetradecadienal and (Z,BE) -
9,11,13~tetradecatrienal respectively.
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Mass spectrum of the major active compound of E.ceratoniae, Hewlett Packard 5%70
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(Z,E)-9,11-Tetradecadienal was prepared from commercially available (Z,E)-9,11-te-
tradecadienol (SIGMA) by oxidation with PDC/molecular sieve®!. Mass spectrum and GC reten-
tion times of the synthetic sample were identical te¢ those of the natural product.

The synthesis of (Z,E)-9,11,13-tetradecatrienal was carried out as a Cg-Cg-sequence:
9-Decen-1-01 (ALDRICH) was silylated with tert. butyldimethylsilylchlorideT) (TBDMSCL,
ALDRICH)S), which after ozonolysis yielded the TBDMS derivative of 9-hydroxynonanal (1)8).
Ethyl-(£)-2,4-pentadienocate (ALDRICH) was converted to 1-bromo-(E)-2,4-pentadiene (2)
through reduction with LiA1H4 and subsequent treatment of the resulting alecohel with tri-
phenylphosphonium dibromide?). Refluxing 2 and triphenylphosphans in benzene furnished the
respective Wittig salt (3)10). Wittig reaction of 1 with 3 followed by cleavage of the si-
lyl ether group with tetrabutyl ammonium fluoridell), previously neutralized with acetic
acid, gave a mixture of geometrical isomers of 9, (E}-11,13-tetradecatrienol which could be
separated by reversad-phase #PLcl2) . The first eluting compound (M* = 208) showed the NMR
data given below (JH9,10 = 11,2 Hz: cis- and JH11,12 = 14.8 Hz: trans-} and thus proved to
be the (Z,E)-isomer; the data are in good accord with respective values for (Z,E, E})- and
(Z,E,Z2)-10,12,14-hexadecatrienyl acetatel3)' The alcohol could be oxidizeds) to the very
sensitive (Z,E)-9,11,13~-tetradecatrienal, which was identical to the natural product.

(Z,E)-9,11,13-Tetradecatrienol: 1g-NMR (CgDg) i chem. shifts/coupling const.
Data of the double bond system of the aldehyde are the same.

c-H, 1 27 8 3 10 11 12 13 14,14°
3 3.36 1.15 2.15 5.46 6.09 6.58 6.18 6.37 5.00
“1.15 5.13
H, /H 8/9 8'/9 9,10 10/11 11/12 12/13 13/14 13/14' 14/14°
Itz 8,0 8,0 11,2 11,2 14,8 10,2 10,4 16,8 1,0

Synthetic (2)-9-tetradecenal, (Z,E)-9,1l-tetradecadienal and (Z,E)-9,11,13-tetradeca-
trienal were EAG-active. Behaviour tests showed high attractivity of the trienal; the other
aldehydes, per se behaviourally inactive, show a slightly synergistic effect: in a wind
tunne114), 0.6 ng of a synthetic blend of the three compounds in naturally occurimng propor-
tions reached 80 % of the attractivity of 5 female equivalents.
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