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The  react ion starts f rom a R O .  radical  which exhibits  
2 o ther  resonance  hybr ide  Rfl .  and  R5 .  radicals (see 
scheme).  Coupl ing  be tween  Rfl .  radical  and  R5 .  radical  
generates  27d and  the c o m b i n a t i o n  of  2 Rfl .  radicals yields 
3. 3 is oxidized with oxygen and  FeC13 as catalyst L~ to the 
endoperox ide  9 which  is reduced  by Fe 2+ ion and  finally 
rea r ranged  by FeC13 to give 5 and  6a. 4a is fo rmed  by 
dehyra t ion  of  5 and  6a dur ing  the separat ion.  

1 The study was supported by the National Science Council of 
ROC. 

2 Cousin, H., and Herissery, H., C. r. Sdanc. Acad. Sci., Paris 
147 (1908) 247. 

3 Sarkanen, K.V., and Wallis, A.F.A., J. chem. Soc. Perkin I 
1973, 1869. 

4 Leary, G., Aust. J. Chem. 30 (1977) 1133; Chiang, H.C., and 
Li, S.F., J. Chin. chem. Soc. 25 (1978) 141. 

993 

5 Miller, I.J., Tetrahedron gett. 1972, 4955. 
6 Miller, I.J., Aust. J. Chem. 29 (t976) 1127. 
7 a) Li, W.S., and El-Feraly, F.S., Natl Sci. Counc. B, ROC 5 

(1981) 145; b) Leopold, B., Acta chem. scand. 4 (1950) 1531; c) 
Erdtman, G.A., and Tomita, Y., Acta chem. scand. 17 (1963) 
535; d) Sarkanen, K.V., and Wallis, A.F.A., J. chem. Soc. 
chem. Commun. 1969, 298. 

8 King, F.E., and Wilson, J. G., J. chem. Soc. 1964, 4011. 
9 Gottfieb, O.R., Maia, J.G.S., and Riberiro, M.N.P.S., 

Phytochemistry 15 (1976) 773. 
10 Kuo, Y.H., Kao, S.T., and Lin, Y.T., Experientia 32 (1976) 

828. 
11 Haynes, R. K., Aust. J. Chem. 31 (1978) 121. 

0014-4754/83/090991-0351.50 + 0.20/0 
�9 Verlag Basel, 1983 

Ortho-aminoacetophenone: A component of the sex pheromone system of the web-spinning larch sawfly, 
Cephalcia lariciphila wachtl 

R. Baker,  C. Longhurs t  l, D. Selwood and  D. Billany 

Chemical Entomology Unit, Departments of Biology and Chemistry, The University of Southampton, Southampton S09 5NH 
(England), and Forestry Commission, Alice Holt Lodge, Wrecclesham, Farnham, Surrey GUIO 4LH (England), January 5, 
1983 

Summary. The o r tho- i somer  of  a m i n o a c e t o p h e n o n e  was found  in females  o f  Cephalcia lariciphila. The p h e r o m o n e  
released an t enna l  movemen t ,  a b d o m i n a l  flexing and  short  flights in males,  bu t  did not  release o r ien ta ted  upwind  flight in 
these act ivated males.  

Males  of  Cephalcia lariciphila have been  shown to respond 
to a sex p h e r o m o n e  p roduced  by the female2. In an  a t t empt  
to ident i fy  the p h e r o m o n a l  componen t s  of  female  C. larici- 
phila large scale collect ions of  p repupae  were made  f rom 
the Forest  of  Dean  (SO 650 160) and  Mor t imer  Forest  (SO 
625 350) in Feb rua ry  and M a r c h  of  1979-t981.  
Females  were extracted into pen tane  using a procedure  
s imilar  to that  deve loped  for Diprion spp. 3. The  insects were 
macera ted  in m e t h a n o l  and  ul t rasonicated.  The  mixture  
was then ref luxed for 24 h; af ter  cent r i fugat ion the super- 
na tan t  me thano l  was ref luxed with KOH.  The m e t h a n o l  
was then  evapora ted  and  fol lowing addi t ion  o f  water  the 
residue was extracted with pen tane .  Volati le compounds  in 

the pen tane  extract  were resolved on a S C O T  capillary 
G L C  co lumn (5% carbowax 20 M, 0.2 m m  • 50 m; 130- 
200~ at 4 ~  or a 2% OV17 on dia tomite  CLQ 
co lumn (100-200 mesh,  3 m m x 3  m; 130-315~ at 6 ~  
rain). Mass-spectra  of  the elut ing c o m p o u n d s  were record- 
ed at  70 eV on an  A.E.I. MS30 spec t rometer  with  a Kratos  
DS55 data  system. One  o f  the ma jo r  non -hydroca rbon  
peaks  ( < 0 . 5  g g / f e m a t e )  was ident i f ied  as an  isomer of  
aminoace tophenone ,  m / e  (%), 136 (8), 135 (81), 121 (10), 
120 (100), 93 (5), 92 (46), 65 (22), 39 (7). Compar i son  with 
au thent ic  samples  of  o-, p-  and  m - a m i n o a c e t o p h e n o n e  
(aap) conf i rmed  the na tu ra l  p roduc t  to be  the ortho-isomer. 
This c o m p o u n d  has previously on ly  been  repor ted  in the 

Table 1. Responses of male Cephalcia lariciphila to virgin females, 
female extract and o-aminoacetophenone ~ 

Behavioral 
response 

Number of males giving the behavioral 
response (number tested) 
Virgin Female o-Amino Solvent Virgin 
female extract aceto- control male 
(10) (12) phenone (10) (10) 

(15) 

1. Antennal 
movement 10 12 15 0 4 

2. Abdomenal 
flexing 10 12 15 0 1 

3. Short flights 
(100 mm) 9 7 12 0 1 

4. Upwind flight 6 4 0 0 0 
5. Courtship 3 0 0 0 0 

Assay chamber of same basic design as Jones et al. 6 but with 
a 1.1 m diameterx 2 m chamber and without hexagonal interface 
to give a laminar airflow. Males released from 200x 200 mm plat- 
form 0.5 m above the chamber floor and upwind of the female. 
Females and test substances were placed on a 100x 100 mm plat- 
form at the other end of the chanaber. Females were placed in 
40 • 35 mm high perforated plastic chambers. 

Table 2. Response of male C. lariciphila to delta and horizontal 
board traps baited with isomers of aminoacetophenone, female 
extracts or virgin females 

Trap Mean number of males/trap 
type Experi- Experi- Experi- 

ment 1 merit 2 ment 3 

Delta 3.2b 4.4c 
Board 36.0b 29.6b 
Delta 0.8b 
Board 5.6c 
Delta 2.4b 
Board 10.2c 
Delta 27.8a 
Board 42.4b 
Delta 96.6a 
Board 94.2a 
Delta 1.4b 3.4c 
Board 10.2c 

o-Aminoaceto- 
phenone 
m-Aminoaceto- 
phenone 
p-Aminoaceto- 
phenone 
Female extract 
(0.5 equivalent) 
Virgin female 

Control 

Mean trap catches followed by the same letter in any experiment 
are not significantly different at p>0.05; ANOVA followed by 
Newman Keul's test. Experiment 1 performed in 1980, experi- 
ment 2 in the period 7.-12.5.81 and experiment 3 in the period 
12.-19.5.8I. 
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Hymenoptera from the primitive-growing ants, Mycocepu- 
rus goeldit 4. 
Electroantennograph (EAG) measurements on the 3 isom- 
ers were obtained using whole insect preparations. The 
body of the insect was immobilized on a block of plasticine 
and the antennae secured with microstaples. Glass elec- 
trodes drawn out of capillary tubing (Medde GC-100 F-4) 
were filled with insect ringer solution and connected to a 
high impedance (1012 ~)  differential amplifier via chlori- 
dized silver wires inserted down the center of each elec- 
trode. The EAG response was recorded on a digital tran- 
sient recorder (DTR Type DL901). A test substance in 
solution was applied to the inside of a pasteur pipette and 
any solvent allowed to evaporate; the substance was then 
puffed over the antennae by hand. The pipette tip was 10- 
20 mm from the insect antenna. The mean response of the 
male antennae to 1 gg of o-aap was 2.4 mV, to m-aap 0.63 
mV and p-aap 0.30 inV. Live females elicited a 1.8 mV 
response, while female extracts a 0.8 mV response com- 
pared to 0.25 mV for the solvent control. The EAG 
responses to o-aap, as well as those of live females and 
female extracts, had a sharp leading edge characteristic of 
genuine pheromone responses 5. This sharp edge was lack- 
mg in the responses from other isomers. 
Laboratory observations of the behavioral responses of 
male C. lariciphila to females and experimental compounds 
were carried out in a plastic wind tunnel 6 of 1.1 m diameter. 
The behavioral responses leading to close range courtship 
and mating can be classified into the following sequence': 
1. Movement of the antennae (including searching of the 
substrate), accompanied by extrusion of the genitalia and 
opening of the mandibles. 2. Vertical flexing of the ab- 
domen from the horizontal and 'flitting of the wings'. 
3. Short flights (< 100 mm). 4. Upwind flight. 5. Close 
range courtship and mating. 
Only calling virgin females elicited this full behavioral 
sequence (table 1); extracts of females on rubber sleeve 
stoppers did elicit upwind flight, but males did not attempt 
to perform close range courtship displays or mate with the 
pheromone source. The ortho-aminoacetophenone released 
the first 3 sequences of the behavioral repertoire, but did 
not elicit upwind flight. 
Field testing was carried out in larch plantations at Wopley 
Hill (Mortimer Forest) in 1980 and 1981. Horizontal ply- 
wood traps (200 x 200 mm), with removable sticky surfaces 
(190x210 mm), were mounted on stakes 1 m above the 
ground. A 5 x 5 latin square experimental design was 
utilized to compare the responses of males to virgin female 
C. lariciphila (in plastic chambers2), female extracts (0.5 
female equivalents/trap) and the 3 isomers of aap at 1 gl/ 
trap. The aminoacetophenones were dissolved in dichlo- 
romethane and applied to 7 x 20 mm rubber sleeve stoppers 
(West Pharma Rubber). 
When deployed on open horizontal board traps the ortho- 
isomer Caught significantly more males of C. lariciphila 
than the other isomers (table 2, experiment 1) and as many 
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as the female extract. In 1981 an attempt was made to 
repeat this experiment using plastic delta traps (Wolfson 
Unit, Southampton University; 190• 120 mm high). 
In this experiment (table 2, experiment 2) no significant 
differences could be seen between the different isomers of 
aap and control traps. Previous experiments 7 had demon- 
strated that delta traps baited with live females perform as 
well as horizontal board traps; it was, therefore, concluded 
that the differences between experiments 1 and 2 were due 
to trap design interacting with the pheromone. A compari- 
son was made between delta traps and board traps (table 2, 
experiment 3) which showed that board traps baited with o- 
aap caught significantly more males than enclosed delta 
traps baited with the same compound. 
These data, from laboratory and field studies, are inter- 
preted as indicating a role for o-aap in a multicomponent 
sex pheromone. It is apparent that the aap does not release 
attraction of males to the pheromone source but only 
activates the early stages of the courtship sequence. The 
behavior released by the o-aap leads to an increased 
activity in the vicinity of the trap in the form of non- 
orientated random flights. This leads to an increased catch 
of male sawflies on the exposed sticky surface near the 
source of the activation stimulus. In contrast, to be captured 
in a delta trap, a male sawfly must make an orientated 
flight through the trap entrance. Laboratory studies 
(table 1) also indicate the role of o-aap in increasing flight 
activity. The significantly larger numbers of males found in 
delta traps baited with females (table 2, experiment 3) or 
female extracts (table 2, experiment 2), together with 
laboratory data from females and their extracts, indicate 
that other behavioral releasing chemicals, such as an orien- 
tation stimulant, are present in the complete pheromone 
system. 
Our results also indicate the unsuitability of unenclosed 
traps for pheromone research as they do not distinguish 
orientated responses from unorientated action responses 
when the density of flying insects is high, as in this sawfly 
infestation 2. 
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Summary. Enthalpies of mixing of the hydrocarbon portion of camphor with n-octane show that it exerts a condensation 
interaction on adjacent alkyl chains. This is a similar interaction to that displayed by cholesterol in cell membranes which 
results in an alteration of the membrane fluidity. 


