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Insect Juvenile Hormone Analogues: Effects of Some
Terpenoid Amide Derivatives

PHILIP A. CRUICKSHANK'

A series of N-alkylamide epoxides have shown considerable selective activity against
insects. The N-ethyl and 7,11-dichloro-N-ethyl derivatives showed particularly pronounced
activity, and this paper revieews their effects against various insect species.

Our laboratory has been engaged in a programme
for the synthesis of compounds with juvenile-
hormone activity. During the course of these
studies we prepared a series of monoalkylamide
derivatives (I) of 10,11-epoxy-3,7,11-trimethyl-2,6-

CONHR

I

dodecadienoic acid. The structures of these com-
pounds and their activity against Tenebrio molitor
are shown in the accompanying table. Examination
of these data reveals a pronounced relationship
between the structure and the activity of the com-
pounds. Maximum activity-measured in terms
of the complete retention of pupal characteristics
in the abdominal region-was shown by the N-
ethyl derivative, to which there was a 100% response
at a dosage of 10-4 ,tg per insect. Also shown in
the table is the analogue of the cecropia-moth
hormone, 10,11-epoxy-N,7-diethyl-3,11-dimethyl-2,6-
tridecadienamide (II), whose activity is about

CONHC,H,

10 times that of the N-ethyl derivative mentioned
above.
We also prepared the dichloro derivative 7,11-

dichloro-N-ethyl-3,7,1 1-trimethyl-2-dodecadienamide
(III). The pure trans isomer showed fairly good
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c, cl

III

1 Central Research Department, FMC Corporation,
Princeton, N.J., USA.

activity against Tenebrio molitor (0.01 ,ug per in-
sect), but the activity of the crude product-com-
prising cis and trans isomers together with some
unidentified impurities-was as great as that of
compound I (R = C2H5).
The possibility of potentiating the hormonal

effects with synergists or with combinations of
hormonal materials has also been investigated.
For the most part, only slight enhancement of
activity was observed with the common insecticide
synergists. However, a 1 : 1 combination of com-
pounds I (R = C2H5) and III produced 100%
retention of pupal abdominal characteristics in the
Tenebrio screening test at a dosage of 10-6 ,g
of total active ingredients per insect.
Both compound I (R = C2H5) and compound III

have been tested against many insect species, and
the results show a highly selective pattern of acti-
vity. In general, the compounds have shown acti-
vity against members of the orders Diptera, Coleop-
tera, and Orthoptera, and have not shown activity
against members of the orders Hemiptera and
Lepidoptera. Maximum activity has generally been
observed with a 1 : 1 combination of compounds I
(R = C2H5) and III; of the single compounds,
I (R = C2H5) has generally been the most active.
The topical application of a mixture of com-

pounds I (R = C2H5) and III to final-instar larvae
of Musca domestica afforded control at a dosage
of 0.001 ,ug of total active ingredients per insect:
the larvae underwent normal pupation, but no
adult flies emerged from the pupae.
The development of Aedes aegypti and of Culex

pipiens is arrested at the pupal stage by the addition
of compound I (R = C2H6) to the breeding water
at a concentration of 0.1 ppm. Some adult develop-
ment takes place at lower concentrations, but the
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Tenebrio molitor screening of N-alkylamide epoxides

GENERAL FORMULA

R R

CONHR'

Substituents Response (%) at the following dosages (ig/g) a

R R' 100 10 1 0.1 0.01 0.001

H H 100 70 10 5 - _

H CH3 100 100 100 100 37 _

H C2Hs15 100 100 100 100 100 100

H n-C3H7 100 100 100 63 17

H iso-C31H-7 i100 100 100 7 - _

H n-C4Hs 100 100 28 16

H iso-C4Hs-9 100 100 O - - _

CH3 C2Hs 100 100 100 100 100 100 b

a Activity is expressed in terms of ,g of active compound per gram of insect weight. Since the
average weight of Tenebrio pupae is 100 mg, activity in terms of jig per insect would be approxi-
mately 1/10 of the values given in the table.

b 70% response at 10-4 g/g.

adult is frequently unable to emerge successfully
from the pupal case.

Control of the German cockroach, Blattella
germanica, can be effected by the use of a bait into
which compound I (R = C2H5) is incorporated
at a concentration of 20 ppm. Under the influence of
the hormone, gravid females drop their egg sacs

prematurely, thus preventing normal development
and the appearance of nymphs. In addition, both
adults and nymphs are unable to survive for long,
even if normal food is available. Our studies have
shown the bait to remain effective for more than a
year, and all attempts to establish a colony in the
presence of the bait have been unsuccessful.
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