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Upon comparison with a known mass spectrum 4) , component I, showing key ions 

(EI) at m/z 206 and m/z 108, could be identified as (Z,Z,Z)-3,6,9-nonadeca- 

triene in amounts of ca. 1 ng per individual. This compound was synthesized 

5) according to known methods . 

To identify component II we proceeded as follows. On Silar 1Oc it eluted 

under the front edge of a large pentacosane peak at a level some 5 times less 

than component I. The EI-MS data indicated some relationship to (Z,Z,Z)- 

3,6,9_nonadecatriene. Its molecular weight was determined by CI-MS to be 

M=278, pointing to an oxygenated derivative of component I (M=262). The 

presence of oxygen was further indicated by loss of H20 of the quasimole- 

cular ions in the CI mass spectrum (m/z 261, 259). 

Assuming a biogenetic relationship between components I and II, the pre- 

sence of the key ion m/z 206 and the near absence of m/z 108 in the spectrum 

of component II suggested a 6,9-nonadecadiene chain containing an oxygen 

function at one of the first four carbon atoms 5) ; the compound would then be 

either an epoxide, a vinyl carbinol or a carbonyl compound. A plotted spectrum 

of component II is given below. 
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EI mass spectrum of p. rhomboidaria female sex pheromone component II. 

An alcohol function was ruled out since treating the extract with tri- 

fluoroacetic anhydride did not alter the retention time nor EAD activity of 

component II. The three epoxides produced as a mixture by reaction of (Z,Z,Z)- 

3,6,9_nonadecatriene with mCPB showed shorter retention times than the natural 

component. However, NaBH4-reduction of the epoxides and PCC-oxidation to the 

corresponding ketones led to a mixture containing a biologically active compo- 

nent showing the same mass spectrum and retention indices as the natural pro- 

duct. This information and the presence of an intensive ion at m/z 57 in the 

mass spectrum of component II suggested a 6,9-nonadecadien-3-one. The (Z,Z)- 

isomer was stereoselectively synthesized as follows and proved to be identical 

to the natural product in all respects. 

Coupling of 1-bromododecyne-2 (L)6) with the Grignard derivative of 
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l-(2-tetrahydropyranyloxy)-3-butyne (2)7) yielded 75% of l-(2-tetrahydropyra- 
- 

nyloxy)-3,6-hexadecadiyne (3). This base-sensitive skipped-conjugated acetal 

was hydrogenated with Lindlar catalyst to give the corresponding THP-protected 

dienol which, after treatment with triphenylphosphonium dibromide 8) , gave 

(Z,Z)-3,6_hexadecadienyl bromide (&)4) [bp: PO-95 "C / 0.01 mm; 1H NMR 

(CDC13): d = 0.89 (t,3H); 1.27 (mc,l4H); 1.95-2.15 (m,2H); 2.66 (q,2H); 2.81 

(t,2H); 3.36 (t,2H); 5.26-5.61 (m,4H)]. 

Similar to a synthesis of the Carposina pheromones 9) , 4 was converted 

to 1-cyano-(Z,Z)-3,6-hexadecadiene (I) [IR (film): v = 2245, -CN; 'H NMR 

(CDC13): b = 0.88 (t,3H); 1.29 (mc,llrH); 1.96-2.13 (m,2H); 2.27-2.51 (m,4H); 

2.80 (t,2H); 5.26-5.61 (m,4H)]. Reaction of the nitrile 1 with ethyl 

magnesium bromide gave the desired (Z,Z)-6,9-nonadecadien-3-one (6) which was 

purified by HPLC [lH NMR (CDC13): b = 0.88 (t,3H); 1.06 (t,3H); 1.26 (mc, 

14H); 1.96-2.12 (m,2H);2.26-2.51 (m,6H); 2.80 (t,2H); 5.26-5.48 (m,4H)]. 

Reaction scheme: 
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EAD activity of the synthetic product 5 was compared with that of the 

natural component II. A dose-response curve was established with split in- 

jections of (Z,Z)-6,9-nonadecadien-3-one on Silar 1Oc at 160°C; 2-3% of the 

amount injected was estimated to reach the EAD. Female extracts were like- 

wise analysed using the same three antennae providing the following results: 

amount of 
(Z,Z)-6,9-nonadecadien-3-one 

injected 

70 ng 

7 ng 
700 Pg 
70. Pg 
7 Pg 

700 fg 
70 fg 
blank 

female extract tested (FE) 
response to female extract (mV) 
estimated amount per female (ng) 

antenna1 response (mV) 
male no. 

1 2 3 
----- --_-- ----- 

3.0 - 
2.0 4.9 4.4 
1.0 4.2 3.4 
0.4 2.8 2.0 
0.1 1.0 0.9 
0.02 0.3 0.3 
0 0 0.1 
0 0 0 

2 2.5 2.5 
1.0 4.0 3.0 
0.35 0.23 0.16 
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From these results, the mean amount of (Z,Z)-6,9-nonadecadien-3-one present in 

the female extract is about 0.25 ng/FE. This is in close accord with the quan- 

tity determined by GC-MS (using the m/z 206 ion) of 0.2 rig/FEE and indicates 

that the synthetic compound is biologically as active as the natural component 

II. Other GC-EAD analyses indicate that the male antenna is ca. 1000 times 

more sensitive to (Z,Z)-6,9-nonadecadien-3-one than to the triene. 

In preliminary field trials, (Z,Z)-6,9-nonadecadien-3-one, alone and in 

combination with the triene, proved highly attractive to 2. rhomboidaria males 

in vineyards near Lake Balaton, Hungary, and Sion, Switzerland. 

The novel (Z,Z)-6,9-nonadecadien-3-one could be biosynthetically derived 

from (Z,Z,Z)-3,6,9_nonadecatriene or a common precursor; the trienic hydro- 

carbon contains the skipped double bond system known from linolenic acid. 

Methylene-interrupted polyenes are widespread in nature and include sex phero- 

mones of female moths of the genera Arctiidae, Geometridae and Noctuidae. 

While most of these compounds are hydrocarbons, oxygenated polyenes include 

linolealdehyde, 10) linolenaldehyde , and epoxides such as (Z,Z)-3,6-cis-9,10- 

epoxyheneicosadiene"), (Z)-6-cis-9,10-epoxyheneicosene") and (Z,Z)-3,6- 

11) cis-9,10-epoxynonadecadiene . 
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