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Imidacloprid (IMI) derivatives conjugated with benzo-15-crown-5 and benzo-18-crown-6 structures,
applied for the first time to explore novel insecticidal molecule, elicited strong excitatory toxic signs to
the house flies and stunningly exhibited three to five times higher insecticidal activity than that of the
parent IMI, yet the two benzo-crown structures themselves had no effect.

© 2009 Elsevier Ltd. All rights reserved.

The use of crown ethers expanded in analytical chemistry, or-
ganic synthesis, biological systems, molecular electronics, and
other material technologies, resulting in an increasing number of
recent breakthroughs.! However, to our knowledge, pesticides de-
signed using supramolecular aspects have not been published.?
The present investigation applies for the first time the crown-ether
structure to design novel insecticidal molecules, leading to benzo-
15-crown-5 or benzo-18-crown-6 conjugated imidacloprid (IMI).
IMI is the current top-selling insecticide acting at the insect nico-
tinic receptor. The prosthetic crown-ether moiety with a specific
Na™ carrier and amphiphilic functions may give unexpected biolog-
ical properties. Intriguingly, we found that the crown-capped IMI
derivatives showed high insecticidal activity consistent to or great-
er than that of the parent IMI.

Benzo-15-crown-5 and benzo-18-crown-6 capped imidacloprids
(2, 3) were prepared by the reaction of 2-nitroiminoimidazolidine-
1-ylmethyl-benzo-crown (7, 8) with 6-chloro-3-pyridylmethyl
chloride and resulted in yields of 33% and 45%, respectively (Fig. 1).*

A test compound (0.22 pL, dissolved in 80% DMSO) was injected
into the thorax of female adult house flies (Musca domestica).”> Mor-
tality was determined at 24 h after treatment. The LDsqy values
were calculated using log dose-probit mortality analysis. The tox-
icity signs of the poisoned flies were observed in the following se-
quence: convulsions with leg tremor and wing motion followed by
paralysis, and death with a curled abdomen or out-stretched legs,
similar to that of IMI itself, suggesting that the crowned derivatives
presumably act on the insect nervous system. The LDsos were
25+4.4 and 17 £ 2.4 ng/fly (n =5) for 2 and 3, respectively. Under
these conditions, the LDsq for IMI was 84 + 5.1 ng/fly (n = 3). Inter-
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estingly, neither of benzo-15-crown-5 nor benzo-18-crown-6
showed toxic effect even at doses as high as 1100 ng/fly. Moreover,
the insecticidal activities of the crowned compounds were deter-
mined in the presence of the metabolic inhibitor, propyl 2-propy-
nyl phenylphosphonate known to synergize the insecticidal
potency of IML® Insecticidal potency of compounds 2 and 3 in
the presence of the metabolic inhibitor were 4.8+1.8 and
4.3 +1.1 ng/fly (n=3), respectively, which were higher than that
of IML” When the compounds topically-applied to the insect integ-
ument at a dose of 15 pg/fly, the mortality was 44% and 38% for 2
and 3, respectively. These values were higher than the 24% ob-
served for IMI. Lipophilic ingredients are generally more effective
upon insects in integument penetration and distribution in the
body, which results in efficient delivery to the site of action
through the lipid-protein membrane. Several experiments using
IMI-related compounds have actually shown that the higher the
hydrophobicity of the molecules, the higher the insecticidal or
neurophysiological activity.®

One of the most prevalent hydrophilicity/lipophilicity quotient is
the partition coefficient between octanol and water (Pow). The log
Pow for 2 and 3 were 0.15 and 0.28 (n = 4), respectively. These values
were smaller than observed 0.57 for IML® This suggested that
crowned derivatives are more hydrophilic than IMI. The unexpect-
edly higher dermal insecticidal potencies of the crowned derivatives
despite their smaller Pows may be explained by the amphiphilic
properties of crown ether. Crown ether can be lipophilic or hydro-
philic depending on the ring conformation, which can change
according to the properties of the surrounding fluid (Fig. 2).

We showed that crown-capped IMI derivatives have higher
insecticidal activity compared with the parent IMI. Considering that
molecules having potencies comparable to the most active product
in this insecticide class have rarely been found despite the number
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Figure 1. limidacloprid (IMI) and preparation of crowned derivatives.
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Figure 2. Conformational change of benzocrowns. I and II in lipophilic and
hydrophilic fluids, respectively.

of structural modifications testing various angles that have been at-
tempted over the past 30 years, it was surprising that the activity of
IMI was enhanced by crown-bridging to the extent we observed.!°
Therefore we questioned whether the crowned-IMI was the real ac-
tive species at the target site, or if we were observing the effect of a
physiologically regenerated IMI. Our experiments showed that no
detectable amount of liberated IMI were observed after 24 h in a
physiological salt solution. This result caused us to exclude the effect
of a spontaneous prodrug from our observations.’

To approach the effect of crown-capping on the biological ac-
tion of IMI, we examined the complexing behavior of the deriva-
tives in the presence of several molar ratios of sodium
thiocyanate by NMR in CDCl3/CDs;0D (1:50 v/v) according to the
standard protocol.'? Both insecticidal molecules showed a typical
profile representing a loosely bound 1:1 complex with Na*. The
binding constants were as high as 440+ 30 and 16,000 * 3000,
respectively, at 25 °C (n=3) for 2 and 3, comparable to those of
the uncapped benzo-crown compounds.'® Therefore, the crown-
capped derivatives have prominent ion-capturing properties, con-
ceivably attenuating physiology of the nervous system and ulti-
mately conferring the enhanced insecticidal potency.

In conclusion, the novel crown-capped IMI derivatives had high
insecticidal potency, suggesting an action at the insect nervous
system presumably mediated by nicotinic receptor. The biochemi-
cal and physiological studies should be conducted to define the un-
ique mode of action for the crown-capped insecticide.
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