
Research Articles Experientia 46 (1990), Birkh/iuser Verlag, CH-4012 Basel/Switzerland 1211 

+l 

O 

Z 

5 

4 

3 

Rotating trap pair 

/ ~ ~ , , , , , . , . ~ , . ~  sticky 
trap 

<- -3m > ] -   eo ror 

2 
I. d u p l l c a t u s  

I. t y p o g r a p h u s  
1 

0 
Ipsdienol Ipsdienol + 

E-Myrcenol 

Figure 2. Catch of Ips duplieatus and I. typographus ozl a pair of slowly 
rotating sticky traps (30 cm x 30 cm diameter) baited with racemic ips- 
dienol and ipsdienol plus E-myrcenol (n = 7, V/irmland, Sweden, 23 May 
- 16 June 1989; n = 11, ~s, Norway, 6 13 June 1990). Release rates for 
ipsdienol and E-myrcenol were each about 100-200 rig/rain (equivalent 
to natural rates from at least 50 males). The sex ratio of L duplieatus 
caught on the most attractive bait was 1.5 females per male (1.0-2.4, 
95 % binomial confidence interval). 
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insects with respect to trap position, will allow more 
reliable discrimination among behaviours elicited by 
semiochemical blends than current methods permit. 
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Summary. Partially fluorinated analogs of (Z)-9-dodecenyl acetate, the major pheromone component of the grape 
berry moth Eupoecilia ambiguella, produced a variety of different behaviors in wind tunnel and field trapping 
experiments. A difluoro analog was a potent attractant, the trifluoromethyl analog had little attractancy, and the 
pentafluoroethyl analog was a potent synergist for the natural pheromone. 
Key words. Pheromone analog; moth behavior; Eupoecilia ambiguella; grape berry moth; hydrophobic sites; receptor 
binding; fluorination. 

The tortricid moth Eupoecilia ambiguella (Lepidoptera, 
Tortricidae) is a major insect pest of vineyards in Eu- 
rope 2. Recent studies have focused on identification of 
the complete sex pheromone produced by the female 
moth as well as optimization of the blend used in field 
trapping experiments, including the synergism of trap 
catches by dodecyl acetate and octadecyl acetate 3. This 
pheromone trapping system allows examination of the 
effects of altering the hydrophobicity of the n-alkyl ter- 
minus of a pheromone component on moth behavior. 
Replacement of hydrogen atoms by fluorine atoms in 
biological molecules causes only a small steric perturba- 

tion but leads to major changes in hydrophobicity, flexi- 
bility, and polarity of the hydrocarbon chain 4, 5. In this 
study, we systematically replaced the two methylene hy- 
drogens, the three methyl hydrogens, or all five ethyl 
hydrogens by fluorine atoms. Unexpectedly varied be- 
havioral responses to three fluorinated analogs of (Z)-9- 
dodecenyl acetate (Z9-12 :Ac) (1), the major component 
of the E. ambiguella pheromone blend 6, were observed. 
First, the 11,ll-difluoro analog (4) was equipotent to 
Z9-12 :Ac. Second, the 11,11,12,12,12-pentafluoroethyl 
analog (2) was essentially inactive alone but synergized 
trap catches when tested with Z9-12:Ac. Finally, the 
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12,12,12-trifluoromethy1 analog (3) was inactive alone as 
a Z9-12: Ac mimic, inhibited trap catches of E. ambiguel- 
la when mixed with Z9-12:Ac, and attracted males of 
.several moth species which normally respond to a Z9- 
14:Ac-containing sex pheromone�9 
Fluorinated pheromone analogs 2-4 (fig. 1) were synthe- 
sized and purified to > 99 % chemical and geometric 
purity v. Headspace analysis by capillary gas chromatog- 
raphy (CGC) and CGC retention times indicated that the 
volatilities and polarities of the fluorinated materials 
were different from those of 1. The difluoro analog 4 was 
less volatile than the parent compound, while the trifluo- 
romethyl analog 3 and the pentafluoroethyl analog 2 
were more volatile. The CGC retention times on polar 
OV-240-OH column were: 1, 20 min; 2, 20.2m in; 3, 
30.6 min; 4, 31.4 min; CGC on nonpolar SE-54 column: 
1, 19.9 min; 2, 17.2 min; 3, 18.9 min; 4, 20.3 min. The 
headspace analysis on filter paper containing equal 
amounts of the four components showed a ratio in the 
vapor of 1 : 2 : 3 : 4  = 1:7: 1.4: 0.5. 
Initially, the analogs were tested with E. ambiguella males 
at doses of 0.010-20 gg on filter paper in a wind tunnel 
and compared with Z9-12:Ac (1), or as an additional 
control, with calling female moths. As indicated in figure 
2, the l l , l l -d i f luoro-Z9-12:Ac (4) was as effective as 
virgin females and often more effective than zg-12 :Ac  in 
eliciting flight activation, take-off, upwind flight, and 
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Figure i. Structures of (Z)-9-dodecenyI acetate and three fluorinated 
analogs. 
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landing. In addition, the apparent dosage range for max- 
imal response was higher by an order or magnitude, 
possibly as a result of its lower vapor pressure. It  ap- 
peared that sensory adaptation was not occurring with 
the difluoro analog 4 even at very high vapor concentra- 
tions. In contrast, the ll,11,12,12,12-pentafluoro- 
Z9 12:Ac (2) was weakly active, evoking activation and 
take-off, but with surprisingly low net attraction to the 
source. Moreover, males took significantly longer to re- 
spond to the pentafluoroethyl analog 2. The mean times 
to take-off were: 36 _+ 27.7 s for pentafluoroethyl analog 
2, 22.7 _+ i7.2 s for Z9-12:Ac (1), and 24.2 _+ 19.9 s for 
11,11-difluoro-Z9-12:Ac (4). The value for the pen taflu- 
oroethyl analog is significantly different (p = 0.05) from 
the other two values as indicated by Kruskal-Watlis test 
followed by Scheffe's F-test. Finally, the 12,12,12-trifluo- 
ro-Z9-12:Ac (3) showed very weak activation and no 
moths completed flights in response to this material. 
Field trapping was conducted with zg-12 :Ac  and with 
the three fluorinated analogs in a vineyard in Maienfeld, 
Switzerland while moths were actively flying in May and 
June 1989. Five dosages ranging from 5 to 2000 gg were 
applied to rubber septa placed in Tetra traps 3, with 10 
replicates per trap spaced 2 m apart and 20 m between 
replicate groups. Trap catches after 4 weeks are illustrat- 
ed in figure 3. 
Consistent with the wind tunnel results, the 11,11-difluo- 
ro-Z9-12:Ac showed attractancy indistinguishable from 
the non-fluorinated compound�9 At high doses, males of 
a second tortricid (Cnephasia incertana Tr.) were also 
trapped in significant numbers. Mimicry was not always 
observed; this difluoro analog could not substitute for 
Z9- /2 :Ac  in a 1:1 blend of Z9-12:Ac and E9-12-Ac as 
a field attractant for another tortricid (Enarmonia for- 
mosana) which was active locally during the field trials 
(data not shown). 

i 60' 0 40,1~i Z9*12:Ack ~ ~ ~ ~ ~ 100] 11,11,12,12,12.Penmnuoro_Z9.12:Ae ~ 4 0  ~ 1 ~  ~ ~ ~ ~ 

20, 20 

0.01 0.0~i 0.2 I 5 20 0.01 0,05 0.2 1 5 20 

20, 2 0 -  

0.01 0.05 0,2 1 5 20 0.01 0.05 0.2 1 5 20 
Amount on filter paper 01g) Amount on filter paper 01g) 

Figure 2. Behavioral respormes of male Eupoecilia ambiguella in a wind 
tunnel. (Mean values for n = 50 males per dose.) 
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Figure 3. Field trapping ofEupoecilia ambiguella with fluorinated analogs 
of Z9-12 :Ac. Key: Df, difluoro analog 4; Tf, trifluoromethyl analog 3; 
Pf, pentafluoroethyl analog 2. Values (hatched bars) are for total catch in 
ten replicates; different letters indicate values significantly different at the 
95 % confidence level (Tukey-Kramer method). For comparison, a check 
dose (ten replicate traps) of 100 gg Z9-12:Ac (open bars) was run with 
each dose-response series. The total catches and significance levels for 
these check traps are: Df series, 26ab; Tf series, 8a; Pf series, 32a; 
Pf + zg-12:Ac series, 11c. 
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plistic notion that fluorine acts as a hydrogen isostere to 
disrupt hydrophobic interactions 2~ does not fully ac- 
count for the variety of effects observed. Fluorination at 
the allylic position seems to enhance or at least preserve 
pheromonal activity in selected species. For example, 
single cells respond to a difluoromethylene analog of 
the pheromone of the turnip moth Agrotis segetum, 
7,7-difluoro-Z5-10:Ac (Sun, W.-C., Prestwich, G.D. ,  
Liljefors, T., Bengtsson, M. and Hansson, B. S., unpub- 
lished results). Recently, electrophysiological and flight 
responses of the oriental fruit moth Grapholita molesta to 
7,7-difluoro-Z8-12:Ac were reported 12. 
Fluorination of the terminal methyl group destroys activ- 
ity, clearly demonstrating the importance of this hydro- 
phobic interaction in pheromone-receptor interac- 
tions 22. The complete replacement of the alkyl chain by 

a perfluoroalkyl chain results in a pheromonally-active 
material with a higher vapor pressure and apparently 
lower receptor affinity 5. However, judicious replace- 
ment of allylic methylene hydrogens with fluorine gives 
highly attractive analogs 7,11. Fluorinated pheromone 
analogs can provide a new window into the molecular 
basis of pheromone action 13. ~ .  

The pentafluoroethyl analog 2, as predicted from wind 
tunnel results, showed no attraction in the field for any 
of the tortricid species. Similarly, the trifluoromethyl 
analog 3 failed to attract the tortricid males. To our 
surprise, however, significant catches of two noctuids 
(Axylia putris 8 and Cucullia lucifuga 9) occurred with the 
trifluoromethyl analog 3. These noctuids normally re- 
spond to Z9-14:Ac or blends containing this compound. 
In contrast, the trifluoromethyl analog 3 failed to substi- 
tute for Z9-14:Ac in trapping Adoxophyes orana, which 
responds to a 1:9 ratio of ZII-14:Ac and Z9-14-Ac 
(data not shown). 
Equally unexpected was the observation that the 
pentafluoroethyl analog 2 synergistically increased trap 
catches of E. ambiguella and of one or more Cnephasia 
species (Tortricidae). Perhaps this can be explained by the 
increased pre-flight activity caused by the pentafluo- 
roethyl analog 2; with more moths 'activated' in the field, 
a greater number were able to follow the Z9-12:Ac sig- 
nal to its source. The inactive trifluoromethyl analog 3 
did not show this synergistic activity; indeed, at the 
2000 ~tg level, it significantly inhibited trap catches of E. 
ambiguella. 
The introduction of multiple fluorine atoms into the hy- 
drophobic chain of a pheromone thus appears to have 
multiple and complex effects on moth behavior. The sire- 
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