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1. Introduction

The oleander aphid, Aphis nerii Boyer de Fonscolombe, sometimes called the milkweed aphid, is a common pest of
several important ornamental plants in the family’s Apocynaceae and Asclepiadaceae.! This bright yellow aphid with black
appendages is commonly found in Egypt feeding on oleander, Nerium oleander, milkweeds, such as butterfly
weed, Asclepias tuberosa, and scarlet milkweed, Asclepias curassavica.? The oleander aphid ingests sap from the phloem
of its host plant. The damage caused by aphid colonies is mainly aesthetic due to the large amounts of sticky honeydew
produced by the colony members and the resulting black sooty mold that grows on the honeydew. In addition, the growing
terminals can be deformed. Of more concern to nursery managers is the potential for stunted plant growth due to repeated
heavy infestation throughout the year.? Pyridines and heterocyclic annulated pyridazines have been investigated intensively
for their applications in agriculture, and in particular for their biological activity for use as potential drugs.* The trend of
insecticide development is changing from organophosphorus, carbamate, and synthetic pyrethroids to nicotinic and diamide
insecticides.’ During the past decade, compounds possessing a variety of novel modes of action have also been launched or
are under development. Neonicotinoids are utilized throughout the world, accounting for more than one-fourth of the global
insecticide market.®® Currently, novel nicotinic compounds flupyradifurone (FPF), triflumezopyrim (TFM), and
dicloromezotiaz, arbitrarily classified here as new generation, are introduced into the market (Fig. 1).>!!
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Fig.1. Chemical structure of some nicotine insecticide

Meiji Seika Pharma discovered a novel chemotype insecticide flupyrimin (FLP), providing important biological
properties featuring outstanding insecticidal potency to the resistant rice pests as well as superior safety toward beneficial
organisms, including pollinators.® Flupyradifurone and flupyrimin, exhibiting extremely low honeybee toxicity, have been
developed and subjected to practical use. Florylpicoxamid controls a wide range of pathogens including Septoria spp.,
powdery mildew, Botrytis spp., Anthracnose, Alternaria, scab, Monilinia, and others. Florylpicoxamid is a neopicolinamide
fungicide under development and presumed to be a Qil, having the same mode of action as fenpicoxamid.'? The pyridine
derivatives neonicotinoid analogues were designed and used as insecticides against cowpea aphid (4phis craccivora).’
Hydrazones are also used as plant growth regulators'®, insecticides!®, and pesticides (substituted nalidixic acid based
hydrazones).'® Recently a novel series of 1,3-di- and 1,3,5-trisubstituted 1,6-dihydro-6-iminopyridazines (DIPs) was
designed and evaluated their antagonistic effects against common cutworm and housefly RDLRs.!” The results indicate that
several compounds exhibit excellent antagonism against both RDLRs, with micromolar ICsy values from 2.2 to 24.8 uM.
Moreover, most 1,3-disubstituted DIPs showed moderate larvicidal activity against common cutworms at 100 mg kg
However, the effect on the in vivo or in vitro activities by introducing aromatic groups at the 5-position of the pyridazine
ring remains to be clarified by more structural modifications. This work is a summary of our preliminary research on the
fully selective synthesis of nitro-functionalized nicotine analogs. Although the considered reactions may theoretically
proceed giving four regio- and stereoisomeric cycloadducts, a single isomeric product has been obtained.'® Cyclization of
thioacrylamide with malononitrile and ethyl cyanoacetate in ethanolic solution containing a catalytic amount of
triethylamine afforded the pyridine derivatives. The polyfunctionally substituted 1,2-Dihydropyridine was obtained in good
yield by cyclization of cyanoacetic acid with ketene dithioacetal. diazotiazation of sulfonamide followed by coupling with
3-aminocrotonitrile in ethanol at room temperature in the presence of sodium acetate afforded hydrazon-3-
oxobutanenitrile. 1,4-dihydropyradazin-4-one was obtained by intramolecular cyclization of hydrazon-3-oxobutanenitrile
with dimethylformamide-dimethylacetal (DMF-DMA) under refluxing in dry m-xylene.!*?? The principal goal of the work
is to explore the insecticidal activity of these compounds. As continuation of our earlier work on pyridazine derivatives and
related compounds, in this article we report the synthesis and insecticidal activities and results of our toxicity studies.

2. Materials and methods
2.1. Chemicals

The target compounds 6-Amino-2-thioxo-1,2-dihydropyridine-3,5-dicarbonitrile 1, 2-amino-3-ethoxycarbonyl-6-
thioxo-1,6-dihydro-pyridine-5-carbonitrile 2'7, 1,2-Dihydropyridine 6°°, hydrazon-3-oxobutanenitrile 9a,b** and 3-cyano-
1,4-dihydro-1-[4-N-(2-thiazolyl sulfamoyl)]-phenyl]pyradazin-4-one 10%* were synthesized according to our previously
reported methods. The aphids of Aphis nerii insects were gathered from experimental farm fields of Agricultural research
center, Sohag branch during 2022 season.
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2.2. Laboratory Bioassay

Toxicity of the target compounds was screened by leaf dip bioassay method.?>-3 Results of laboratory screening to find
out the concentrations of the target compounds which are demanded to kill 50% (LCso) of Aphis nerii were declared here.
Five concentrations of each prepared compound plus 0.1% tween-80 as a surfactant were utilized. Five concentrations of
each synthesized compound are prepared by dissolving each compound (pure state) in acetone and water plus 0.1% tween-
80 as a surfactant were utilized. A number of nymphs and adults of insects, nearly the same size, (nearly 20 nymphs and 20
adults of insects, which nearly have the same size), were immersed for ten seconds in every concentration with replicate
three times. Insects which were treated were permitted to dry at room temperature for about one hour. Control batches of
used insects (immersed only in solution of acetone, water and tween-80) were also utilized. After the treated batches of
insects had dried, they were moved to Petri dishes (9 cm diameter) and remained for 24 h at 22 + 2 °C, 60 + 5% relative
humidity and photoperiod of 12:12 (light/ dark). With a binocular microscope the aphid mortality was counted after 24 h of
test. The aphid that was unable to coordinate forward movement was considered dead. The insecticidal activity test of each
compound was repeated three times and the obtained data were corrected by Abbott’s formula.’” By using a computerized
Probit regression analysis program, median lethal concentrations (LCso) and slope values of target compounds were
computed and reported as parts per million (ppm).3

Table 1. Insecticidal activity of compounds 2, 3, 6, 9a and 10 against the adult and nymph of Aphis nerii after 24 h of
treatment

Adults of Aphis nerii Nymphs of Aphis nerii
Comp. LCsp Toxicity Index ® Slope LCso Toxicity Index Slope
2 52.45 50.43 0.6081 + 0.2064 1.70 58.0 0.2283+0.2546
3 15.22 14.63 0.2197 +0.1593 0.02 1.00 0.0476+0.1876
6 1.04 1.00 0.1362 +0.2157 0.59 29.5 0.1449 £ 0.2710
9a 37.89 36.43 0.3566 + 0.2764 13.30 665 0.3507 + 0.2000
10 15.00 14.43 0.6694 + 0.2565 5.26 263 0.3505 +0.1948

®Notes: toxicity index is calculated as most LCso value for baseline toxicity/the compounds’ LC50 value X 100.
3. Results and discussion
3.1. Chemistry

The synthetic route of the target compounds is summarized in (Schemes 1 and 2). Cyclization of 2-cyano-3-[4-
(piperidin-1-yl) phenyl]thioacrylamide 1 with malononitrile and ethyl cyanoacetate in ethanolic solution containing a
catalytic amount of triethylamine afforded the 6-Amino-2-thioxo-1,2-dihydropyridine-3,5-dicarbonitrile 2 and 2-amino-3-
ethoxycarbonyl-6-thioxo-1,6-dihydro-pyridine-5-carbonitrile 3 derivatives, respectively. The polyfunctionally substituted
1,2-Dihydropyridine 6 was obtained in good yield by cyclization of cyanoacetic acid [4-(morpholin-4-
yl)benzylidenyl]hydrazide 4 with ketene dithioacetal. Diazotiazation of sulfonamide (7a, b) followed by coupling with 3-
aminocrotonitrile in ethanol at room temperature in the presence of sodium acetate afforded hydrazon-3-oxobutanenitrile
(9a, b). The 3-cyano-1,4-dihydropyradazin-4-one 10 was obtained by intramolecular cyclization of hydrazon-3-
oxobutanenitrile 9a with dimethylformamide-dimethylacetal (DMF-DMA) under refluxing in dry m-xylene.
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Scheme 1: Synthesis of 6-amino-2-thioxo-1,2-dihydropyridine-3,5-dicarbonitrile 2, 2-amino-3-ethoxycarbonyl-6-thio-1,6-

dihydropyridino-5-carbnitrile 3 and 6-amino-4-methyl sulfonyl-2-oxo-1,2-dihydropyridino-3,5-dicarbonitrile 6.



602

0
CN
H,C
NH, N,Cl N
NH HN
EtOH/ACONa
NaNO,/HCI CN
I + H;C - =
SOz NHR SO, NHR
SO, NHR

7a, R = 2_thiazolyl
7b, R = 2_pyrimidinyl

N
0 /NH%]
H3C /NH@SOz s DMFDMA
—N
Cc 9a

9a, R = 2_thiazolyl
9b, R =2_pyrimidinyl

SO, N
C \H—”
NH{SE

10

Xylene/ Reflux
N

Scheme 2: Synthesis of hydrazon-3-oxobutanenitriles (9a, b) and 3-cyano-1,4-pyridazin-4-one (10).

3.2. Insecticidal bio-efficacy screening

All the target compounds have been screened for insecticidal activity as described below:
3.2.1. Toxicological activity test for the adults of Aphis nerii:

The toxicity results as shown in Table 1 the target compounds are varied in toxicological activity after 24 h of the test
with LCsg values varying from 52.45 to 1.04 ppm. Compounds 2, 3, 6, 9a and 10 gave a high toxicity with LCsy values of
52.45,15.22, 1.04, 37.89 and 15.00 ppm, respectively. Compound 6 revealed the highest toxicity of insecticide compared
to the other target compounds.

2.2.2. Toxicological activity test for the nymphs of Aphis nerii,

Our target compounds were screened for their toxicity as insecticides and this is illustrated below. As shown in Table 1
the five synthesized compounds exhibited strong to weak toxicological activity against the nymphs of Aphis nerii because
a number of them were as active as or more than other after 24 h of the test with LCsy values of compounds 2, 3, 6, 9a and
10 werel.70, 0.02, 0.59, 13.30 and 5.026 ppm, respectively. From the results in above, the toxicity of compound 3 against
the nymphs of Aphis nerii was about twofold that of other synthesized compounds after 24 h of the test because LCso value
of compound 3 was 0.02 ppm.

4. Structure-action relationship

As a continuation of this work, the structure-activity relationships (SAR) were reported here according to the toxicity
values in Table 1, and Fig. 2 and Fig. 3 as well. All compounds exhibited higher insecticidal activity towards nymphs of
Aphis nerii than that of adults of Aphis nerii after 24 h of treatment. The preliminary SAR analysis indicated that compounds
6 and 3 showed the highest toxicological activity against adults and nymphs of Aphis nerii, this may be due to each one of
them having a pyridine nucleus. Compound 6 was the strongest insecticides against adults, this heights in activity may be
due to the presence of two cyano groups, S-metyl moiety, pyridine ring in addition to piperidine ring, respectively in their
structure. In addition to the toxicity of compound 3 possessing the strongest activity against nymphs, may be due to the
presence of cyano group, pyridine ring and to piperidine ring in their structure. However, compound 2 also possesses
pyridine-2-thion with the substituent groups NH» and two CN groups without ester groups, we think that the second cyano
groups may cancel the effect of cyano groups or decrease it. So, compound 2 has weaker activity than other 3 or 6.
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Fig. 2. insecticidal activity of compounds 2, 3, 6, 9a and 10 against adults of Aphis nerii.
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Fig. 3. insecticidal activity of compounds 2, 3, 6, 9a and 10 against nymphs of Aphis nerii

5. Experimental

General Synthetic Procedure for 6-Amino-4-[4-(piperidin-1-yl)phenyl]-2-thioxo-1,2-dihydropyridine-3,5-dicarbonitrile
(2) and 2-amino-4-[4-(piperidin-1-yl)phenyl]-3-ethoxycarbonyl-6-thioxo-1,6-dihydro-pyridine-5-carbonitrile (3): As
starting substancea mixture of thioacrylamide 1 (0.01 mmol) and active methylene compound (0.01 mmol) and in ethanol
(30 ml), a few drops of triethylamine was added. The reaction mixture was heated under reflux for 1 h. A crystalline solid
was obtained on cooling. Synthesis of 6-Amino-4-methylsulfanyl-2-oxo-1-[(4-(piperidin-1-yl)benzylidenyl)amino]-1,2-
dihydro- pyridine-3,5-dicarbonitrile (6): To a solution of hydrazone 7 (0.01 mmol) in dimethylformamide (8 mL), potassium
carbonate anhydrous (1 gm) and ketene dithioacetal 5 (0.01 mmol) was added. The reaction mixture was heated under reflux
until the evolution of methyl mercaptan had stopped. After cooling, the reaction mixture was poured into cold water (100
mL) and acidified with HCI. The resulting solid product was collected by filtration, washed with water to obtain the 1,2-
dihydropyridine 6.2
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General Synthetic Procedure for hydrazon-3-oxobutanenitrile (9a, 9b): Sulfonamide (0.01 mmol) was dissolved in a
mixture of concentrated HCI (5 ml) and water (5 ml) and cooled to 0 °C in an ice bath. A cold aqueous solution of sodium
nitrite (0.01 mmol) was then added. The diazonium salt obtained was filtered into a cooled mixture of sodium acetate (2 g)
and 3-aminocrotonitrile (0.01 mmol) in ethanol (20 ml). The resulting solid product was washed with water washed with
water to obtain the hydrazon-3-oxobutanenitrile.2®

General Synthetic Procedure for synthesis of 3-cyano-1,4-dihydro-1-[4-/V-( 2-thiazolyl salfamoyl)phenyl|pyradazin-
4-ones 10: To a solution of hydrazone 4b (0.01 mmol) in dry m-xylene (20 ml), dimethylformamide-dimethylacetal (DMF-
DMA) (0.01 mmol) was added. The reaction mixture was heated under reflux for 1 h. The solvent was removed by
evaporation under reduced pressure and the remainder was left to cool. The solid product so formed was collected by
filtration, washed with petroleum ether (bp 40-60 °C).2

6. Conclusion

A series early stage aphicidally active hydrazone dihydropyridine and pyradazine derivatives were chemically prepared.
The toxicity of these compounds was estimated against adult and nymphs of Aphis nerii and showed that a number of the
prepared compounds possess good toxicological activities as insecticides. Especially, compound 6 had the best insecticidal
activity against adults of Aphis nerii than the other synthesized derivatives which LCsy was 1.04 ppm. Compound 3 had the
best insecticidal activity against nymphs of Aphis nerii than the other synthesized derivatives which LCso was 0.02 ppm.
The activity concerning compound 6 may be due to the existence of the S-methyl, tow cyano group,pyridine and piperidine
ring attached to molecular structure. These results are hopeful and valuable for additional work on the improvement of new
and other potent pesticides. Our research demonstrated that the hydrazone dihydropyridine and pyradazine derivatives could
effectively control against adult and nymphs of Aphis nerii.
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