Insect Juvenile Hormones: Highly Potent Synthetic Mimics

Abstract. The substitution of a 7-alkoxy group for the 6,7-epoxy moiety in
aryl terpenoid ethers having high juvenile hormone activity has produced several
compounds exceptionally active against Tenebrio molitor. The most potent com-
pound [7-ethoxy-1-(p-ethylphenoxy)-3,7-dimethyl-2-octene, called JH-25] is active
at the level of 10 picograms per insect, or about 100 times more active than other
promising juvenile hormone mimics so far reported. Compound JH-25 was also

active against Tribolium confusum.

Insect-controlling chemicals more
selective in action than the currently
used broad-spectrum insecticides are
needed to suppress injurious insect pop-
ulations without damage to nontarget
organisms and the environment. The
possibility that juvenile hormones, vital
growth-regulating chemicals of insects,
might be used to derange normal growth
patterns of insects and thereby control
injurious species (/) has led to the
synthesis of a wide variety of juvenile
hormone (JH) mimics, that is, com-
pounds with JH activity that differ
structurally from the natural hormones
2).

We prepared and tested a series of
such compounds, some of which proved
to be exceptionally potent in bioassays
against the yellow mealworm, Tenebrio
molitor L. The general formulas of the
compounds (1 to 4) are shown in Fig.

1. The compounds are related to aro-
matic terpenoid ethers previously re-
ported to be highly effective (3-6), but
they differ mainly in having a 7-alkoxy
group in place of the 6,7-epoxy group
7).

Juvenile hormone activity was deter-
mined (8) by applying 1 ul of an ace-
tone solution of each chemical topically
to the venter of the last three abdom-
inal segments of newly molted pupae
(2 to 8 hours old) of the yellow meal-
worm and to last-instar nymphs of the
large milkweed bug, Oncopeltus fascia-
tus (Dallas) ; insects were held at room
temperature until the following molt to
determine JH activity, which was sig-
naled by the retention of larval charac-
teristics.

Table 1 presents the bioassay data
for T. molitor. In the first group of
compounds (structure 1), R’ denotes

Table 1. Activity of juvenile hormone mimics on 7. molitor. Ten pupae were used for
each dose of each compound. The responses, rated as follows, were averaged: 0, perfect
adult, no JH activity; 1, retention of gin traps or urogomphi; 2, retention of gin traps and
urogomphi; 3, retention of gin traps and urogomphi, and pupal cuticle retained around
treatment area; 4, second pupa—retention of all pupal characters. For structures 1 to 4
see Fig. 1.

Average response of insect to indicated dose (ug/insect)

R R’
10 1 10 102 10-® 10 108 10-¢
Structure 1
p-CH, C.H;s 4.0 4.0 4.0 2.6 1.5
p-C.Hg* C.Hy* 4.0 4.0 4.0 4.0 33 2.1 1.8 1.1
p-C:H, C.H; 4.0 4.0 4.0 2.5 2.0
p-CH(CH,), C.H; 4.0 4.0 3.0 1.8
p-OC.H; C,H; 4.0 4.0 4.0 2.3 1.0
3,4-O0CH,0- C,H; 4.0 4.0 4.0 3.0 0.5
m-Cl C.H; 3.0 3.0 24 02
p-Cl C.H; 4.0 4.0 4.0 2.8 0.0
3,4-diCl C,H; 4.0 2.8 1.2
p-NO, C.H; 4.0 4.0 3.7 1.2
p-C.H, CH, 4.0 4.0 2.4 0.0
p-C.Hg*T C.Hg*t 4.0 4.0 4.0 4.0 33 2.1 1.8 1.1
p-C.Ht C.H,} 4.0 4.0 4.0 4.0 4.0 2.7 1.7
p-C.Hj CH, 4.0 4.0 4.0 2.2 1.2
p-C.H; CH,CH(CH;), 4.0 3.8 4.0 3.0 1.6
Structure 2
p-C.H; C.H; 4.0 4.0 4.0 3.0 1.6
3,4-OCH,0- C,H; 4.0 4.0 40 3.0 1.0
3,4-diC1 C.H; 34 3.0 1.4
Structure 3
p-C.Hg C.H; 4.0 4.0 4.0 2.6 1.3
Structure 4
p-C.H; C,Hg 4.0 4.0 2.7 04

* Compound JH-25. The values are averages of responses from four series of tests on two separate
preparations of JH-25. + For convenience in comparing compounds, the values for JH-25 (second
compound listed) are repeated. 1 In comparative tests, JH-25 was more active than this compound.
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C,H; and the aromatic substituent R
is varied. The compounds selected for
synthesis and testing were 7-alkoxy
analogs of 6,7-epoxides that had pre-
viously exhibited high JH activity
against T. molitor or O. fasciatus (3,
5, 6). The unusually high potency of
the p-ethyl analog (R = p-C,Hj) led
us to systematically vary the 7-alkoxy
group of this compound, and the bio-
assays of these compounds are grouped
next in Table 1. The same compound
(structure 1; R and R’ = C,Hj), which
will be referred to as JH-25, was again
the most potent of the group; the pro-
poxy analog (structure 1; R = p-C,Hj,
R’ = C3H;) also exhibited excellent ac-
tivity. Other analogs of the structures
2, 3, and 4, comprising the third group
of compounds in Table 1, were con-
siderably less active.

Compound JH-25 is by far the most
potent JH mimic we have tested against
T. molitor, which is probably the most
widely used test insect for evaluating
JH compounds. In our tests, its activity
was about 100 times that reported for
related epoxy analogs, such as 6,7-
epoxy-1-(p-ethylphenoxy) -3,7-dimethyl-
2-octene (9) and 6,7-epoxy-3,7-dimethyl-
1-[(3,4-methylenedioxy) phenoxy]-2-no-
nene (5); both of these epoxides are
promising enough to have been exten-
sively evaluated in the field (10).

Despite its high potency against T.
molitor, JH-25 and the various other
alkoxy analogs were comparatively in-
effective against O. fasciatus. This re-
sult is in line with observations (6, 11)
that JH compounds effective against
one order are often ineffective against
another order (Coleoptera and Hemip-
tera in this instance). This difference
exemplifies the high selectivity of action
often mentioned in connection with JH
compounds, an action that can con-
ceivably be utilized to combat an in-
jurious insect species while allowing
beneficial species of another order to
survive unharmed (I11).

We also tested JH-25 against another
coleopteron, the confused flour beetle,
Tribolium confusum Jacquelin duVal.
In one test, last-instar larvae (20 per
jar) were placed in jars containing dif-
ferent concentrations of JH-25 in 10 g
of 80-mesh bleached flour. With as
little as 0.1 part per million (ppm) of
JH-25 in the flour, no adults were
found after 4 weeks; with 0.05 ppm in
the flour, five adults survived after 46
days, but their eggs failed to hatch. In
contrast, 13 adults and 75 larvae per
jar were present in the control (no JH

SCIENCE, VOL. 179



mimic) after 46 days. In another test,
eggs of the contused flour beetle (20
per cup) were placed in ¥s-ounce (18.5
ml) jelly cups each containing 5 g of
80-mesh bieached flour. With as little
as 0.1 ppm of JH-25 in the flour, no
adults were observed; with 0.02 ppm,
two adults were noted after 47 days,
but they produced no eggs. In similar
tests with pupae and adults, 50 ppm of
JH-25 did not prevent reproduction.
‘Thus, the chemical will be most efiec-
uve when administered before the in-
sects reach the pupal stage.

We speculate that the high activity
of JH-25 may stem from the inability
of the insect to destroy the JH mimic
at the appropriate stage of its develop-
meat; the insect is thus prevented from
maturing normally.

The compounds were prepared by
alkoxymercuration of the phenyl ter-
penoid ether in the appropriate alcohol,
followed by demercuration with sodium
borohydride (/2). The crude product
was purified by chromatography on a
Florisil (/3) column developed first
with hexane and then with 2 percent
ether in hexane when the desired prod-
uct emerged. Each fraction from the
column was analyzed by gas chroma-
tography (/4), and those containing
the desired compound were combined.
Infrared and nuclear magnetic reso-
nance data were consistent with the
structures presented (/5). Compound
JH-25 appears to be potentially inex-
pensive judged by the method of syn-
thesis and the intermediates used. The
configuration of the double bond in
several preparations of JH-25 was 75
to 80 percent (E). Bioassays of the
individual isomers prepared by other
routes (/6) showed the (F£) isomer
to be ten times more active than its (Z)
analog.

The stability of JH-25 was com-
pared with that of its 6,7-epoxy analog
(9) by exposing 40 mg of each com-
pound coated on glass plates (5 by 20
cm, two per treatment) to sunlight for 8
hours; the chemicals were rinsed off the
plates with aceicne, and the amounis
remaining were determined by gas chro-
matography (/4). Losses from treat-
ment were less than 1 percent for JH-25
and 13 percent for the epoxide. An-
other set of plates coated with JH-25
was left in water for 24 hours; 88 per-
cent of the chemical was recovered,
indicating good stability of JH-25 to
water.

The exceptionally high activity of
JH-25 and some of its analogs, the
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Fig. 1. Structures of aromatic terpenoid
ethers.

likelihood that their cost will be low,
and the good stability they demonstrate
make these JH mimics especially prom-
ising as selective pest control agents.
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Retrograde Amnesia Gradients: Effects of Direct Cortical

Stimulation

Abstract. Electrical stimulation was delivered bilaterally to either the anterior
or posterior cortex in rats from 0.1 second to 4 hours after a single training trial
on an inhibitory avoidance task. As indicated by a retention test given 24 hours
later, the length of the retrograde amnesia gradients ranged from 5 seconds to
240 minutes, depending on the brain region stimulated and the intensity of the
stimulating current. The stimulation intensity that was threshold for amnesia
varied directly with the length of the interval between training and treatment.

Electroconvulsive shock (ECS) ad-
ministered shortly after a training ex-
perience produces a retention deficit,
usually taken as evidence for retro-
grade amnesia (RA). As the interval
between training and ECS increases,
the degree of amnesia decreases. This
phenomenon is termed a RA gradient
(/). It has generally been assumed that

the RA gradient directly reflects the
time course of memory consolidation.
Estimates of the memory consolidation
period have ranged from 10 seconds
to several hours (2, 3). Although the
fact of the RA gradient has been widely
demonstrated, variations in the length
of the RA gradients found in different
studies have made it difficult to draw
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