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Relative Stability, Toxicity, and Penetrability of Abamectin and Its 
8,9-0xide 

John G. MacConnell,' Richard J. Demchak, Franz A. Preiser,? and Richard A. Dybas 

Agricultural Research, Merck Sharp & Dohme Research Laboratories, Hillsborough Road, 
Three Bridges, New Jersey 08887 

Experiments have been conducted to compare abamectin and its 8,g-oxide derivative in terms of 
ingestion toxicity to two-spotted spider mites, stability on Petri dishes, and penetration into bean 
leaves. The observed higher miticidal potency of the 8,g-oxide is explained by greater penetrability 
and stability. For both compounds, the lethal dose by ingestion is about 0.8 pg/mite. 

Avermectin B1 (abamectin, I) has been shown to have 
excellent activity against phytophagous mites and selected 
insect species of economic importance in agriculture (Putter 
et al., 1981; Dybas, 1983). I t  is currently under develop- 
ment worldwide for control of arthropod pests on sev- 
eral horticultural and agronomic crops (Dybas and Green, 
1984); however, its utility on certain crops is limited by 
poor stability to light and oxygen (Bull et al., 1984; Iwata 
et al., 1985). 
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In both laboratory and field studies, abamectin is rap- 
idly degraded by exposure to light and air. Bull and co- 
workers (1984) found rapid dissipation on cotton leaves 
and in soils; Iwata et al. (1985) reported very rapid ini- 
tial dissipation from orange and lemon leaves and fruit; 
MacConnell(l985, unpublished observations) measured 
a half-life for abamectin in a fire ant bait formulation of 
about 12 h when exposed to summer sun. Laboratory 
studies in solution have shown that light causes isomer- 
ization about the 8,9 and 10,ll double bonds (Mrozik et 
al., 1988) and the 8,g-isomer has been detected in extracts 
of abamectin-treated produce exposed to natural sun- 
light (Maynard et al., 1983). Other laboratory investiga- 
tions of the dark degradation of abamectin indicate that 
the 8a-position is particularly susceptible to oxidative 
attack; several 8a-oxidized degradants have been identi- 
fied [for instance, Bull et al. (1984) identified the 8a-hy- 
droxy compound and the 8a-keto compound has been iden- 
tified in numerous unpublished studies]. This is not unex- 
pected since the 8a-carbon is allylic to the 1,3-diene system 
and adjacent to an ethereal oxygen atom, both of which 
activate the position for oxidative attack. 
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In an attempt to stabilize the avermectin molecule by 
modifying the conjugated diene chromophore, abamec- 
tin 8,g-oxide (11) was prepared (Mrozik, 1985; Blizzard 
et al., 1988). In laboratory foliar residual bioassays against 
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the two-spotted spider mite (Tetrunychus urticue Koch), 
which measures the persistence of the test compound, 
the 8,9-oxide derivative was 2-4 times as potent as abam- 
ectin (Preiser, F. A., unpublished results, 1985; Dybas et 
al., 1989). Our interest in increased potency against arthro- 
pods and stability on plant foliage prompted us to seek 
the cause for this difference in residual biological activ- 
ity between the two compounds. 

We have performed experiments to separate several 
key factors affecting activity including inherent inges- 
tion toxicity to mites, chemical stability, and foliar pen- 
etration and to provide discrete comparisons for these 
factors. 

EXPERIMENTAL SECTION 
Formulations. Separate 18 g/L emulsifiable concentrate (EC) 

formulations of abamectin and its 8,g-oxide were prepared by 
removing the solvent from 1 pCi of either radiolabeled avermec- 
tin B,, or its 8,g-oxide (both labeled with 3H at the 5-position) 
and redissolving the residue in 100 pL of "cold" 18 g/L EC. 
Nominal 18 mg/L aqueous dilutions of the abamectin EC (emul- 
sion 1) and its 8,g-oxide (emulsion 2) were used in the plant 
experiments (toxicity and penetration). 

A separate formulation was made for the Petri dish stability 
study. A mixed abamectin/8,9-oxide emulsion was prepared 
as follows. A portion of the radiolabeled 8,g-oxide EC pre- 
pared above was diluted with cold 8,g-oxide EC (10 volumes). 
An aliquot (20 pL) was mixed with water (20 mL); to this 8,9- 
oxide emulsion was added cold abamectin EC (20 pL). The 
resulting mixed system (emulsion 3) is thus nominally 18 pg/ 
mL in both cold abamectin and radiolabeled abamectin 8 ,g-o~-  
ide. 

Stability Study. Eight glass Petri dishes (Kimax, 150-mm 
diameter x 15-mm depth) were cleaned with chromic acid, rinsed 
with distilled water, and air-dried. To each dish was added a 
2.0-mL aliquot of emulsion 3, and the dishes were dried for 1 h 
in a darkened hood. Two zero-time dishes were then processed 
as follows. The residue was washed from the dishes with meth- 
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anol (3 x 5.0 mL) and concentrated to  dryness at 40 "C. The 
residue was redissolved in methanol (2.0 mL), and the result- 
ing solution was quantitated by high-performance liquid chro- 
matographic (HPLC) analysis. 

The remaining six dishes were treated as follows. Three were 
placed in a dark drawer a t  room temperature; one was pro- 
cessed 24 h, one 48 h, and one 12 h after zero-time. The remain- 
ing three dishes were placed about 125 cm below the output of 
a Kratos Model LH 153 solar simulator (beam diameter a t  dish 
level -25 cm). One dish was processed as above after 6-, 24-, 
and 48-h exposure to  the simulated sunlight. 

HPLC-radiomonitor analysis was necessary only for the sta- 
bility study. The column was a 5-pm Zorbax (Du Pont) CIS, 
4.6 mm (i.d.) X 25 cm, maintained a t  40 "C. The mobile phase 
was acetonitrile-water (8515, v/v), flowing at 0.5 mL/min. The 
ultraviolet detector (LDC Spectromonitor 111, Model 1204A) was 
set a t  245 nm, 0.02 absorption unit full scale. A nominal 10-pL 
loop was used for all samples. The effluent from the UV detec- 
tor was directed to a Berthold LB504 radiomonitor, equipped 
with a 800-pL flow cell, where it was mixed with 1.50 mL/min 
of Aquasol 2 (New England Nuclear) liquid scintillator, pro- 
vided by a Kratos Spectroflow 400 pump. The ultraviolet and 
radiomonitor signals were analyzed on separate channels by Nel- 
son Analytical software and a Hewlett-Packard 9816 computer. 

Ingestion Toxicity Study. Nonresistant mites, primarily 
adult females, were taken from a laboratory colony maintained 
for several years on bush bean plants. Two-week-old bush bean 
seedlings (Phaseolus vulgarus L. var. Tendercrop) (24) were 
prepared by cutting the two leaves of each plant down to 2 X 2 
cm squares centered around the midrib. Tanglefoot was applied 
around the edges to  confine applied mites to  the ventral sur- 
face. The 24 plants were divided into groups representing six 
replicates of four treatments. 

Miticide application involved 64 1-pL drops of emulsions 1 
and 2 applied in a 8 X 8 pattern (8 X 4 on each side of the mid- 
rib) to  the dorsal surface of each leaf. As a background correc- 
tion for the three other treatments, an 18 pg/mL emulsion of 
cold abamectin was pipetted onto each of the 12 leaves of treat- 
ment group 1. Emulsion 1 was applied to  leaves of treatment 
groups 2 and 3; emulsion 2 was applied to the 12 leaves of treat- 
ment group 4. When the leaves were dry (-1 h after applica- 
tion), they were infested on the ventral surfaces with mites 
(approximately 150-200/leaf) to  recover a total of a t  least 2 X 
500 pooled dead mites (two replicates) from the 12 leaves of 
each treatment group. The 18 plants of groups 1,3, and 4 were 
put in a dark growth chamber overnight. The six plants of group 
2 were placed in an illuminated chamber. Both chambers are 
maintained a t  22.5 "C. Group 2 was included to estimate the 
effects of photodegradation on toxicity. 

The following morning, the dead mites were brushed from 
the ventral leaf surfaces and individually counted into sample 
oxidizer cones. The cones were combusted using a Packard Tri- 
Carb B-306 sample oxidizer. All samples were counted in a Pack- 
ard Tri-Carb 460 liquid scintillation counter. 

Penetrat ion Study. Eight similar bush bean seedlings were 
used in the penetration study, but here each of the 16 leaves 
was cut down to a 1 X 1 cm square. Sixteen 1-pL drops of 
emulsion 1 were applied to the dorsal surface of each of eight 
leaves on four plants, and emulsion 2 was similarly applied to  
the eight leaves of the other four plants. 

Leaves were processed a t  dry-down (1 h after application) 
and 24 h after application. The 24-h plants were kept in a dark 
growth chamber. For processing, each leaf was dipped into meth- 
anol (10.0 mL) and gently agitated for 5 s. An aliquot (1.0 mL) 
of the methanol rinse was drawn from each of the 16 vials and 
added to 10.0 mL of Insta-gel liquid scintillation cocktail. Recov- 
eries of 100% were determined from aliquots of the applied 
labeled emulsions. All samples were counted in a Packard Tri- 
Carb 460 liquid scintillation counter. 

RESULTS 

Stability Study. Abamectin is composed of two com- 
ponents, avermectin B,, and Blb; however, the results 
given are for avermectin B,, only. This is further addressed 
in the Discussion. 
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Figure 1. Stability of abamectin and its 8,g-oxide in Petri dishes. 
The data for the top pair of curves (dark) were generated from 
one set of three dishes, each containing mixed 18 ppm emul- 
sions of abamectin and its 8,g-oxide. The three light-exposed 
dishes, containing the same mixed emulsion, are represented 
by the bottom pair of curves. In all cases, abamectin was quan- 
titated by UV detection and abamectin 8,g-oxide by flow scin- 
tillation counting in the radiomonitor, using peak heights. 

The results of the stability study are shown graphi- 
cally in Figure 1. Percent recovery was determined by 
taking radiomonitor or UV detector peak heights for aver- 
mectin B,, as a percent of the B,, peak height for the 
corresponding zero-time sample. The error bars repre- 
sent standard deviations for measurements on the same 
dish. The initial half-lives vary from less than 10 h to 
more than 72; of the four treatments, the order of sta- 
bility is (most stable first) 8,9-oxide, dark > abamectin, 
dark > 8,9-oxide, light > abamectin, light. 

Ingestion Toxicity Study. The data for the inges- 
tion toxicity study of abamectin and its 8,9-oxide are pre- 
sented in Table I. For mites exposed to plants held in 
the dark, there was no significant difference between the 
amount of radiolabeled abamectin and its 8,g-oxide 
ingested. However, mites ingested a significantly greater 
amount of radioactivity from abamectin-treated plants 
held in the light. The radioactivity counted in the con- 
trol group mites was not significantly above the back- 
ground count. These results are based on 100-min counts 
of each of the sample oxidizer vials. From the accumu- 
lated counts, uncertainties of -2% are due to the ran- 
dom nature of radioactive decay. Another -5% repre- 
sents possible sampling and pipetting errors. The sam- 
ple oxidizer may contribute another 5-8%, reflecting 
precision (repeatability) and accuracy (recovery) defi- 
ciencies. Overall, we believe our values are accurate to 
f15%. 

Penetration Study. The results of the bean leaf pen- 
etration study are presented in Table 11. The percent 
recoveries given are the total radioactivity counted in the 
methanol rinse as a fraction of that originally applied to 
the leaf. At  both time points, significantly greater abam- 
ectin was recovered in the methanol than 8,9-oxide, a t  
the 95% confidence level. This means that significantly 
more 8,g-oxide was associated with the leaf. 

DISCUSSION 

General Discussion. Excluding parent compound vol- 
atility and contact activity [which are regarded as equiv- 
alent for both compounds (Dybas et al., 1989)], there are 
only three mutually independent factors responsible for 
a difference in miticidal activity between two com- 
pounds. The first is the compound's inherent miticidal 
potency, that is the amount actually needed to kill a mite. 
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Table I. Accumulation of Tritium-Labeled Abamectin and 
Its 8,9-0xide in Two-spotted Spider Mites 

treatment group wt ingested/mite, pg 
2 (abamectin, light) 
3 (abamectin, dark) 0.83, contaminated 
4 (8,9-oxide, dark) 0.85, 0.80 

1.13, 0.96 (2 replicates) 

MacConnell et ai. 

The second factor is the chemical stability of the miti- 
cide on and in the plant leaf tissues. Stability is espe- 
cially important for materials like abamectin, whose tox- 
icity is expressed slowly at  field concentrations (Putter 
et al., 1981). The third factor is penetrability; this is the 
toxicant's movement from the leaf surface through the 
cuticular waxes into the lower layers where the mites feed 
(Jeppson et al., 1975; Brito et al., 1986). 

In the interpretation of these results, one concern rel- 
evant in all three studies is how well the behavior of aver- 
mectin B,, predicts the behavior of abamectin. Our con- 
clusions are based primarily on the behavior of radiola- 
beled avermectin B,,, so the question is appropriate. 
Abamectin consists of a mixture of a t  least 80% aver- 
mectin B,, and no more than 20% avermectin Blb. Aver- 
mectin B,, differs from the Blb component only in hav- 
ing as the C-25 substituent sec-butyl (R = C,HJ as opposed 
to isopropyl (R = CH,). Numerous studies of abamectin's 
in vivo and in vitro metabolism and/or degradation have 
failed to detect a statistically significant change in the 
B,, to Blb ratio as a function of abamectin loss (Bull et 
al., 1984; many unpublished Merck studies). A ratio change 
would occur if the two components were degrading at 
different rates. On this basis, we believe the behavior of 
avermectin B,, is an excellent predictor for that of abam- 
ectin. 

A second concern is how well stabilities on Petri dishes 
predict stabilities on bean leaves. Third, in the penetra- 
tion experiment, only the nonbound levels of abamectin 
and its 8,g-oxide were measured. We did not distin- 
guish between miticide adhering to the superficial wax 
layer from that that may have migrated into deeper strata 
of the leaf where the mites feed. Fourth, the value mea- 
sured (-0.8 pg/mite) for both compounds in the toxic- 
ity experiment must represent an upper limit for two pos- 
sible reasons. First, degradation to nontoxic but still radio- 
active products would necessarily increase the uptake of 
radioactivity by a mite before a lethal dose were obtained. 
Second, a mite could conceivably ingest a supratoxic 
amount before dying, especially if the toxicant (as abam- 
ectin) is relatively slow-acting. These factors would not 
greatly obscure or over-emphasize the potency differ- 
ence between these compounds but would have an effect 
on the magnitude of the potencies measured. 

Stability Study. There are two sources of possible 
error in using stabilities on Petri dishes to predict sta- 
bilities on leaf surfaces. First, one could envision some 
degradative process catalyzed by glass that cannot occur 
on the surface of a bean leaf. On the other hand, the 
opposite is also true: An enzyme-catalyzed reaction could 
occur on a leaf that would not occur on a Petri dish sur- 
face. However, our goal in this study was to establish 
not absolute degradation rates but only relative rates for 
abamectin and its 8,g-oxide. It seems reasonable to assume 
that the compound that degrades more slowly on Petri 
dishes will decompose more slowly on plant leaves as well. 
We have data to support this assumption (Demchak and 
MacConnell, 1985, unpublished observations). Abamec- 
tin 8,g-oxide is more stable on both Petri dishes and the 
leaves of rough lemon seedlings than is abamectin. With 
use of techniques not importantly different from those 
described here, the 8,g-oxide analogue was found to have 

Table 11. Percent Recovery of Tritium-Labeled Abamectin 
and Its 8,9-0xide in Methanol Rinses of Treated Bean 
Leaves 

l-h data 24-h data 
Abamectin 

100 

100 
96.8 

92.8 
97.4 f 1.7" 

96.4 

85.7 
85.9 
92.0 f 3.7" 

100 

Abamectin 8,9-0xide 
72.1 87.8 
87.0 18.3 
92.3 73.0 
92.5 79.7 
86.0 f 4.8" 79.7 f 3.1" 

' Mean f SEM. 

a half-life of about 50 h on Petri dishes (compared to 1 2  
h for abamectin) and of 22 h on lemon leaves (compared 
to 10 h for abamectin). These experiments were also con- 
ducted under the solar simulator. We thus believe Petri 
dishes are satisfactory predictors of relative rates of deg- 
radation on leaves. Therefore, considering stability alone, 
we should expect greater (and/or longer lasting) miti- 
cidal activity from abamectin 8,g-oxide than from abam- 
ectin. 

Penetration Study. In the penetration experiment, 
we measured the amount of radiolabeled miticide asso- 
ciated with plant foliage, either bound to epicuticular waxes 
or associated with the lower layers. We chose not to pur- 
sue methods for stripping successive layers of leaf cuti- 
cle to obtain a more complete profile of toxicant pene- 
tration [see, for instance, Silcox and Holloway (1986)l. 
We elected instead to take a very simple approach and 
generate data indicative of penetration. Although the 
data from nominally identical leaves are rather impre- 
cise, there is little doubt that under similar formulation, 
concentration, and contact conditions more 8,9-oxide is 
unextracted by methanol. Thus, to the extent that bet- 
ter penetration yields a better miticide, the penetration 
study results favor the 8,9-oxide. 

Ingestion Toxicity Study. We conducted the toxic- 
ity study at 18 ppm to achieve a quick kill and thus reduce 
the influence of degradation. Nevertheless, we included 
two abamectin replicates held overnight in light to help 
gauge the magnitude of the effect. The intake per mite 
went from about 0.83 pg/mite in the dark to 1.05 pg in 
the light. If degradation is the only difference, this means 
that 21% of the material ingested had decomposed to 
inactive substances. To the extent that degradation did 
occur in the dark, and thus diluted the compound with 
radioactive but nontoxic degradants, the estimate of - 0.8 
pg/mite is an upper limit. 

The toxicity results allow further calculations and access 
to information that would otherwise remain unavailable. 
McEnroe (1961) found that active two-spotted spider mites 
weigh 17-22 pg each and imbibe about 3 nL/h under sim- 
ulated feeding conditions. The absolute toxicity is thus 
about 40 ppb (nanograms of abamectin or 8,g-oxide per 
gram of mites). Now, abamectin has a water solubility 
of about 8 ng/mL (Maynard, 1982, unpublished obser- 
vations). From this value and the intake value provided 
by McEnroe, an individual mite would have to feed con- 
tinuously for about 33 h to acquire a toxic dose of -800 
fg. Since the mites in this experiment had no source of 
toxicant except through feeding and fed no longer than 
about 22 h, either they took in the plant fluids more rap- 
idly or the abamectin concentration in the imbibed fluid 
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exceeded the 8 ng/mL solubility in pure water. We 
strongly suspect the latter. 

In conclusion, the results of these studies show that 
(1) abamectin 8,g-oxide is more stable than abamectin 
in Petri dishes and on plant leaves, (2) abamectin 8,9- 
oxide is associated with plant foliage to a greater extent 
than is abamectin, and (3) abamectin and its 8,g-oxide 
have equivalent ingestion toxicity for the two-spotted spi- 
der mite. Both penetration and stability are probably 
the determinants of the improved residual activity of the 
8,g-oxide over abamectin. At this time, however, it is 
not possible to determine the relative contributions of 
these factors to the increased activity of the 8,g-oxide in 
laboratory bioassays. 

ACKNOWLEDGMENT 
We thank Drs. Avery Rosegay and Allen Jones (Merck 

Sharp & Dohme Research Laboratories) for preparing 
and characterizing the radiolabeled avermectins used in 
this study. We are also grateful to Nancy Hilton for bring- 
ing pertinent references to our attention, Dr. Thomas 
Capizzi for statistical advice, and Carl Maurer for his 
patient aid in generating the stability graph. 

Registry No. I, 71751-41-2; avermectin B,,, 65195-55-3; aver- 
mectin B,, 8,9-epoxide, 98734-60-2. 

LITERATURE CITED 
Blizzard, T. A.; Mrozik, H.; Fisher, M. H. Chemical Degrada- 

tion of Avermectin B,. Tetrahedron Lett. 1988, 29, 3163- 
3167. 

Brito, R. M.; Stern, V. M.; Sances, F. V. Physiological Response 
of Cotton Plants to Feeding of Three Tetranychus Spider 
Mite Species. J .  Econ. Entomol. 1986, 79, 1217-1220. 

Bull, D. L.; Ivie, G. W.; MacConnell, J. G.; Gruber, V. F.; Ku, 
C. C.; Arison, B. H.; Stevenson, J. M.; VandenHeuvel, W. J. 
A. Fate of Avermectin B,a in Soil and Plants. J .  Agric. 
Food Chem. 1984,32,94-102. 

Dybas, R. A. Avermectins: their chemistry and pesticidal activ- 
ities. In Human Welfare and the Environment; Miyamoto, 
J., Ed.; Pergamon: New York, 1983; pp 83-90. 

Dybas, R. A.; Green, A. St. J. Avermectins: their chemistry and 
pesticidal activity. In 1984 British Crop Protection Con- 
ference. Pests and Diseases; British Crop Protection Coun- 
cil, Croydon, U.K., 1984; pp 947-954. 

Dybas, R. A.; Hilton, N. J.; Babu, J. R.; Preiser, F. A.; Dolce, 
G. J. Novel Second Generation Avermectin Insecticides and 
Miticides for Crop Protection. Topics in Industrial Micro- 
biology; Demain, A,, Hunter-Cevera, J., Rossmoore, H., Somuti, 
G., Eds.; Elsevier: Amsterdam, 1989; Chapter 23, pp 201- 
210. 

Iwata, Y.; MacConnell, J. G.; Flor, J. E.; Putter, I.; Dinoff, T. 
M. Residues of Avermectin B,a on and in Citrus Fruits and 
Foliage. J .  Agric. Food Chem. 1985, 33, 467-471. 

Jeppson, L. R.; Keifer, H. H.; Baker, E. W. Mites Injurious to 
Economic Plants; University of California: Riverside, CA, 1975; 
pp 120ff. 

Maynard, M. S.; Gruber, V. F.; Ku, C. C. Distribution and Deg- 
radation of Avermectin B,, on Citrus Fruits. Abstracts of  
Papers, 186th National Meeting of the American Chemical 
Society, Washington, DC; American Chemical Society: Wash- 
ington, DC, 1983; PEST 100. 

McEnroe, W. D. The Control of Water Loss by the Two-Spot- 
ted Spider Mite (Tetranychus telarius). Ann. Entomol. 
SOC. Am. 1961,54,883-887. 

Mrozik, H. Avermectin Epoxide Derivatives and Method of Use. 
U S .  Patent 4 530 921, 1985. 

Mrozik, H.; Eskola, P.; Reynolds, G. F.; Arison, B. H.; Smith, 
G. M.; Fisher, M. H. Photoisomers of Avermectins. J .  Org. 
Chem. 1988,53,1820-1823. 

Putter, I.; MacConnell, J. G.; Preiser, F. A.; Haidri, A. A.; Ris- 
tich, S. S.; Dybas, R. A. Avermectins: novel insecticides, aca- 
ricides and nematicides from a soil microorganism. Experi- 
entia 1981, 963-964. 

Silcox, D.; Holloway, P. J. A simple method for the removal 
and assessment of foliar deposits of agrochemicals using cel- 
lulose acetate film stripping. Aspects of Applied Biology. 
11. Biochemical and Physiological Techniques in Herbi- 
cide Research; The Association of Applied Biologists: Welles- 
bourne, Warwicks, 1986; pp 13-17. See also preceding and 
following papers by these authors. 

Received for review December 7, 1988. Accepted May 3, 1989. 

Synthesis of a 3-Acyl-4-hydroxycyclohex-3-en-l-one 
James E. Oliver,*it William R. Lusby,+ and Rolland M. Waters$ 

Insect Hormone Laboratory, USDA-ARS, Building 467, BARC-East, Beltsville, Maryland 20705, and Insect 
Chemical Ecology Laboratory, USDA-ARS, Building 001, BARC-West, Beltsville, Maryland 20705 

A synthesis of the title compounds from the isomeric 2-acyl-3-hydroxycyclohex-2-en-l-ones 1 has been 
developed. The 1,3-diketone system of 1 was preserved as its isoxazole derivative 2, facilitating manip- 
ulation of the remaining carbonyl, which in five steps was removed and reintroduced at the adjacent 
position. The carbonyl of the resulting 5-ketotetrahydrobenzisoxazole 1 la was sensitive to reduction 
and was protected as a ketal during reductive disassembly of the isoxazole ring. 

A number of 2-acyl-3-hydroxycyclohex-2-en-l-ones 1 
and 2-acyl-3,6-dihydroxycyclohex-2-en-l-ones 6 in which 

R is a saturated or unsaturated long-chain hydrocarbon 
radical are natural products isolated from insects (Lusby 
et al., 1987; Mudd, 1978, 1981) and plants (Nemoto et 
al., 1987). In a recent publication we described the syn- 
thesis of 6 starting with the 4-ketotetrahydrobenzisox- 

Insect Hormone Laboratory. 
Insect Chemical Ecology Laboratory. 
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