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ABSTRACT

The present study reports the synthesis of novel organo-based agrochemicals, particularly quinazoline-based
organophosphorus derivatives, and their evaluation for agricultural applications. Newly synthesized compounds
were characterized using melting point, IR, NMR, HPLC, and GC techniques. The biological efficacy of these
compounds was assessed through antifeedant activity against Helicoverpa armigera and pesticidal activity against
the white woolly sugarcane aphid (Ceratovacuna lanigera). Compounds A, B, and C exhibited strong antifeedant
activity at 500 ppm, moderate activity at 250 ppm, and mild activity at 100 ppm. Complete mortality of
Ceratovacuna lanigera was observed at 1000 ppm for all synthesized organophosphorus compounds. The results
indicate that quinazoline-based organophosphorus agrochemicals possess promising pesticidal and antifeedant
properties with potential agricultural applications.
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INTRODUCTION

Agricultural productivity worldwide is severely affected by insect pests and plant diseases, resulting in
significant yield losses. It is estimated that nearly one-third of global crop production is destroyed
annually due to pest and disease infestations, with higher losses reported in Asia and Africa compared to
Europe and North America. Indian agriculture, in particular, continues to suffer heavy economic losses
due to diverse pest infestations and environmental challenges.! Although several agrochemicals are
currently available, many suffer from drawbacks such as high production costs, complex synthesis
procedures, environmental persistence, and toxicity to non-target organisms.? The integration of multiple
pest control strategies into a unified and environmentally responsible management program is essential to
minimize economic losses while reducing adverse ecological effects.®> Nanotechnology has recently
gained significant attention in agriculture due to its potential applications in crop protection, fertilization,
and pest management. Nanomaterials, typically ranging from 1-100 nm in size, exhibit unique
physicochemical properties that can enhance bioavailability and controlled release.* Quinazoline and
organophosphorus compounds are known for their diverse biological activities. The present work focuses
on the synthesis of novel heterocyclic quinazoline-based organophosphorus pesticides, their nano-scale
relevance, and evaluation of their biological efficacy against major agricultural pests.’

Synthetic Scheme for Compound A

The synthesis involves four stages: initially, 3-methylaniline reacts with carbon disulfide in the presence
of triethylamine to form a dithiocarbamate intermediate. This intermediate then condenses with
anthranilic acid under reflux to undergo cyclisation, yielding a quinazoline derivative. The product is
converted into its sodium salt using NaOH, followed by neutralization with HCI. Finally, the sodium salt
reacts with O, O-dimethyl thiophosphorochloridate, forming the target organophosphorus compound via
P—S bond formation.
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Synthetic Scheme for Compound B
The synthesis proceeds through four stages: first, 3-methylaniline reacts with carbon disulfide in the

presence of triethylamine to form a dithiocarbamate intermediate. This intermediate then condenses with
anthranilic acid under heating to cyclize into a quinazoline derivative. The product is converted into its
sodium salt using NaOH for activation. Finally, the sodium salt reacts with O, O-dimethyl
thiophosphorochloridate, forming the target organophosphorus compound via P—S bond formation.
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Synthesis Reaction Scheme for Compound C

The synthesis proceeds through four stages: formation of a dithiocarbamate intermediate from aniline and
carbon disulfide in the presence of triethylamine, followed by cyclisation with anthranilic acid to yield a
quinazoline-4-one derivative. This is converted into its sodium salt using NaOH and subsequently reacted
with O, O-dimethyl thiophosphorochloridate to form the final organophosphorus compound via P—S bond
formation. Additionally, 2-aminobenzoic acid was synthesized from 2-nitrotoluene through oxidation and
hydrogenation and confirmed by standard analytical methods.
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EXPERIMENTAL
Preparation of p-Toluidine Dithiocarbonate Salt
p-Toluidine and carbon disulfide were stirred in a cooled round-bottom flask (05 °C), and triethylamine
was added dropwise over 1 h to form a yellow precipitate. The solid was filtered, washed with
ethanol/isopropyl alcohol, and dried to obtain p-toluidine dithiocarbonate salt.

Table-1: Raw Material Consumption

S. No. Raw Material Mol. Wt. Qty (g) Purity (%) | Qty (100%) | Moles %I;)tlif
1 p-Toluidine 107.15 93.13 99 92.19 0.860 1.0
2 Carbon disulfide 76.14 76.14 99 75.37 0.99 1.15
3 Triethylamine 101.19 101.19 99 100.17 0.99 1.15
Product | . P-Toluidine 284.48 250.46 99 247.95 0.872 —
dithiocarbonate salt

Synthesis of 3-(p-Methylphenyl)-2-thioxo-4(3H)-quinazolin-4-one

p-Toluidine dithiocarbonate salt (1.0 mol) was refluxed with anthranilic acid (1.0 mol) in isopropyl
alcohol for 5-6 h, with reaction progress monitored by TLC. After solvent removal, the residue was
treated with ethanolic NaOH, filtered, acidified with HCI to precipitate the product, and recrystallised
from ethanol to obtain 3-(p-methylphenyl)-2-thioxo-4(3H)-quinazolin-4-one.
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Table-2: Raw Material Consumption

S. No. Raw Material Mol. Wt. Qty (g) Purity (%) Moles Molar Ratio
p-Toluidine
1 dithiocarbonate salt 284.48 270.46 98 0.932 1.0
2 Anthranilic acid 137.13 137.13 98 0.980 1.05
3 Ethanol — 150 mL — — —
4 Sodium hydroxide 39.99 40 — — —
5 Hydrochloric acid 36.46 36.46 — — —

Preparation of Quinazolinone Sodium Salt

3-(p-Methylphenyl)-2-thioxo-4(3H)-quinazolin-4-one was dissolved in 1% NaOH solution to form its
sodium salt. Neutralization with 1 N HCI yielded the free quinazolinone. The compound was again
treated with 2 N NaOH, and evaporation removed water to yield the corresponding sodium salt.

Synthesis of O, O-Dimethyl-S-[3-(p-methylphenyl)-quinazolin-4-one-2-yl] Phosphorodithioate

The sodium salt of quinazolinone (1.0 mol) was reacted with O,0-dimethyl thiophosphorochloridate (1.0
mol) under stirring for 2-3 h. The reaction mixture was cooled to 0 to —5 °C, resulting in precipitation of
a white solid. The product was filtered, recrystallized from ethanol, and characterized by melting point,
FT-IR, NMR, HPLC, and GC analyses.

RESULTS AND DISCUSSION
Antifeedant Activity Against Helicoverpa armigera
The synthesized quinazoline-based organophosphorus compounds were white solids, soluble in benzene
and DMF but insoluble in alcohol and water, and exhibited concentration-dependent antifeedant activity
against Helicoverpa armigera. Strong deterrence was observed at 500 ppm (minimal leaf consumption and
weight loss), moderate at 250 ppm, and slight at 100 ppm, with larvae progressing to pupation within 48 h,
confirming their feeding deterrent nature.

Fig.-1: Antifeedant Activity Against Helicoverpa armigera

Mortality Study Against White Woolly Sugarcane Aphid (Ceratovacuna lanigera)

The synthesized organophosphorus agrochemicals were evaluated against Ceratovacuna lanigera,
showing clear dose-dependent activity. Compounds A, B, and C reduced initial infestations (14, 16, and
21 aphids) to zero at 1000 ppm, achieving 100% mortality, while no mortality was observed at lower
concentrations (100-500 ppm). This indicates that the compounds exhibit effective aphicidal action only
at higher doses.

Table-3: Antifeedant Activity of Synthesized Compounds against Helicoverpa Armigera

Compound | Concentration Weight of leaves | Weight of leaves | No. of excreta Observed
before test (g) after test (g) pellets mortality
A 500 ppm 1.377 1.212 49 No
250 ppm 0.924 0.793 57 No
100 ppm 1.038 0.709 82 No
Control 0.924 0.000 244 No
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B 500 ppm 1.103 1.084 55 No
250 ppm 1.503 0.265 82 No
100 ppm 0.849 — 148 No
Control 0.655 — — No
C 500 ppm 1.038 1.005 43 No
250 ppm 0.853 0.589 43 No
100 ppm 1.335 0.719 115 No
Control 1.217 0.000 198 No

Compounds A—C showed concentration-dependent antifeedant activity against Helicoverpa armigera,
with strong effects at 500 ppm, moderate at 250 ppm, and slight at 100 ppm, as indicated by reduced leaf
consumption and excreta. No larval mortality was observed, confirming their role as feeding deterrents
rather than toxic agents.

Table-4: Pesticidal Activity of Synthesized Compounds A against White Woolly Sugarcane Aphid (Ceratovacuna

lanigera)
Concentration (ppm) No. of WWSA/leaf before spraying No. of WWSA/leaf after 24 h
(T, M, B) (T,M, B)
Control (12,21, 10) (12,23, 11)
100 (13,21, 30) (09, 18, 25)
250 (11,12,17) (10, 08, 13)
500 (07,31, 13) (04, 24, 09)
1000 (14,25,19) (0,0, 0)

The synthesized organophosphorus compounds (A—C) showed dose-dependent pesticidal activity against
Ceratovacuna lanigera, with complete (100%) mortality observed at 1000 ppm after 24 hours. At lower
concentrations (100-500 ppm), only partial reduction in aphid population was noted, indicating that
effective aphicidal action occurs primarily at higher doses.

CONCLUSION
A series of quinazoline-based organophosphorus compounds were efficiently synthesized as white solids
with selective solubility. They exhibited concentration-dependent antifeedant activity against Helicoverpa
armigera, showing strong effects at 500 ppm without causing larval mortality, indicating a deterrent
mechanism. The compounds also demonstrated pesticidal activity against Ceratovacuna lanigera,
achieving complete mortality at 1000 ppm and partial effects at lower doses. Overall, these compounds
show dual agrochemical potential as antifeedants and pesticides, suitable for eco-friendly pest
management.
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