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Abstract: Aminobenzoic acid derivatives have shown various pharmacological properties, one of 

which is pesticide activity, giving these compounds the ability to work as alternatives to current 

pesticides. Nanotechnology could efficiently support the use of these compounds by encapsulating 

them in stable nanoformulations, to improve their stability and effectiveness. In the present work, 

3-chloropropylaminobenzoate derivatives were synthesised, evaluated against their effect upon the 

viability of the insect cell line Sf9 (Spodoptera frugiperda) and nanoencapsulation studies of the most 

active compound were carried out. The most potent molecules reduced insect cell viability by 

around 40% at 100 µg/mL. 
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1. Introduction 

According to FAO (Food and Agriculture Organization) by 2050, the world popula-

tion will reach 9.1 billion, which represents an increase of 34% of the current population 

[1] and consequently, an increase of 70% in the food production will be required [1,2]. 

Agrochemicals have been fundamental to produce food, as well as for the control of dis-

ease vectors [3]. To control weed, insect various disease-carrying pests infestation in agri-

cultural feeds, pesticides are widely used [3,4]. The intensive use of pesticides, promotes 

an insecticide resistance that affects the effectiveness and utility of pest protection com-

pounds [5]. Thus, as alternative is necessary to develop pest control options, especially 

those with new mechanisms of action [3,5]. 

Aminobenzoic acid derivatives are of fundamental interest, as different relative po-

sitions of the functional groups on the aromatic ring (para, meta and ortho) can produce 

significant differences in chemical properties. ortho-Aminobenzoic acid, trivialy named as 

anthranilic acid and its analogues have a privileged profile as pharmacophores for the 

rational development of deliberate drugs for the management of pathophysiology and 

pathogenesis of various diseases. The structure substitution of the anthranilic acid pro-
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vides a variety of compounds, which allow a comprehensive assessment of structure-ac-

tivity relationship analysis for the identification of hits and leads in a typical drug devel-

opment paradigm. Anthranilic acid derivatives exhibit interesting antimicrobial, antiviral 

and insecticidal properties [6].  

Nano-structured materials have recently received increasing attention due to their 

unique properties and wide range of vital applications [7,8]. Nanotechnology could effi-

ciently support the use of several biologically active compounds by encapsulating them 

in stable nanoformulations, such as nano-emulsions to improve their stability and effec-

tiveness [9].  

Given these facts into account, the synthesis of 2- and 3-aminobenzoic acid deriva-

tives were carried out in order to further evaluate them as potential alternative insecticides 

and nanoencapsulation studies were performed with the most active compound. 

2. Results and Discussion 

2.1. Synthesis of Aminobenzoic Acid Derivatives 3a–d 

Esterification of the aminobenzoic acids 1a-c with the intended alkyl bromide was 

carried out with cesium carbonate since, as it is known, compared to other alkali metal 

carboxylate salts, cesium salts have been shown to be especially efficient in esterification, 

under non-aqueous conditions. Acetonitrile is a convenient reaction solvent due to its ap-

propriate boiling point, as well as high dielectric constant and polar nature, which provide 

good solubility for the cesium carboxylate salts favorable for the esterification [10]. Thus, 

the reaction of 3-aminobenzoic acid 1a, 2-aminobenzoic acid 1b, and 2-amino-5-bromo-

benzoic acid 1c, with 1-bromo-3-chloropropane 2 was carried out in presence of cesium 

carbonate, in acetonitrile, at 60 ºC. After silica gel column chromatography purification, 

the corresponding esters derivatives, namely 3-chloropropyl 3-aminobenzoate 3a, 3-chlo-

ropropyl 2-aminobenzoate 3b and 3-chloropropyl 2-amino-5-bromobenzoate 3c, accom-

panied with 3-chloropropyl 5-bromo-2-((3-chloropropyl)amino)benzoate 3d, respectively, 

were obtained in yields up to 41% (Scheme 1), and characterized by NMR (1H and 13C) 

spectroscopies. 

In the 1H NMR spectra, signals related to the methylene protons of the new substitu-

ent in all derivatives are showed as a quintet (δ 2.21-2.24 ppm) and triplets (δ 3.67-4.44 

ppm). For compound 3d it was also visible the presence of methylene protons linked to 

amine group also as a quintet (δ 2.24 ppm) and triplets (δ 3.41-3.70 ppm). The presence of 

aromatic protons was detected by the presence of three signals for all derivatives (δ 6.32-

7.86 ppm). The 13C NMR spectra showed the carbons of the methylene groups, for all de-

rivatives (δ 31.65-61.51 ppm), as well as the aromatic carbons (δ 107.28-161.43 ppm). The 

confirmation of the presence of the newly formed ester linkage in all compounds was also 

supported by 13C NMR spectra, which displayed signals of the carbonyl group (δ 166.54 -

167.39 ppm). 
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Scheme 1. Synthesis of esters derived from amino benzoic acids 3a-d. 

2.2. Toxicity of Aminobenzoic Acid Derivatives 3a-d 

The impact of aminobenzoic acid derivatives 3a-d in the viability of Sf9 cells was 

evaluated at 100 μg/mL, following 24h of exposure. As shown in Figure 1, compound 3c 

containing, simultaneously, a bromine and an amine group in the benzen ring was com-

pletely devoid of toxicity. On the other hand, the derivatives 3a, 3b and 3d, elicited a sig-

nificant reduction in viability, compound 3b being the most potent causing ca. 40% cell 

death. For this reason, 3b was chosen for further nanoencapsulation assays, keeping in 

mind a future application as insecticides. 
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Figure 1. Viability of Sf9 cells after incubation with the indicated molecules (100 µg/mL) for 24 h. 

2.3. Nanoencapsulation Studies 

Before encapsulation, a preliminary study of the photophysical properties of com-

pound 3b was carried out, by measuring its absorption and emission spectra in solution. 

This study was needed for determination of the encapsulation efficiency and release ki-

netics, and the results are displayed in Figure 2. The absorption spectrum shows two 

peaks, the first at 250 nm and the other at 340 nm. The fluorescence spectra revealed a 

band between 360 nm and 500 nm, with a maximum around 410 nm. 
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Figure 2. Absorption and fluorescence emission (excitation at 340 nm) spectra of compound 3b in 

ethanol (1 × 10−5 M for absorption and 1 × 10−6 M for emission). 

Compound 3b was encapsulated into nanoliposomes of egg lecithin/cholesterol 

(Egg-PC:Ch 7:3), aiming at allowing an effective release of the loaded compound. A high 

encapsulation efficiency of 97.1% was obtained, showing that derivative 3b can be effi-

ciently encapsulated into the nanoliposomes. The structural characterization of the pre-

pared loaded nanoliposomes was performed by DLS, by measuring their hydrodynamic 

diameter, polydispersity index and zeta potential. As expected, liposomes with size of 

82.4 ± 1.3 nm, PDI of 0.16 ± 0.02, and zeta potential of −4.75 ± 1.28 mV were obtained, 

similarly to previous results obtained for the same formulation loaded with other com-

pounds [11].  

The release kinetic profile of compound 3b from the nanoliposomes was determined 

during 24 h and the obtained experimental data is displayed in Figure 3. The data of the 

release profile was fitted to two kinetic models, the Weibull model and the first-order 

model, and the obtained parameters are summarized in Table 1.  

  

Figure 3. Cumulative release of compound 3b from nanoliposomes of Egg-PC:Ch, fitted to the 

Weibull model. 

Table 1. Parameters obtained by fitting the release profile to the first-order kinetic model and 

Weibull model, and the respective coefficients of determination (R2). 

First-order Weibull 

K (s−1) R2 b a R2 

0.38 0.97 0.41 0.67 0.99 

A high release percentage of 54% was achieved, after 26 h, indicating that the Egg-

PC:Ch formulation is suitable for the efficient release of compound 3b. The Weibull model 

fitted better the experimental results, showing a higher coefficient of determination (Table 

1). From the Weibull model fit, a Fickian diffusion is expected, as the b value is below 0.75. 

Despite not so good, the first-order model also fits well the data, allowing the determina-

tion of a rate constant of 0.38 s−1.  

3. Material and Methods 

3.1. Typical Procedure for the Preparation of Compounds 3a-d (illustrated for 3b). 

To a solution of 2-aminobenzoic acid 1b (0.200 g, 1.46 mmol) in acetonitrile (3 mL), 

cesium carbonate (2.38 g, 7.30 mmol) and 1-bromo-3-chloropropane 2 (0.173 mL, 2.56 
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mmol) were added. The reaction mixture was stirred for 25 h at 60 ºC, and was monitored 

by TLC (silica: dichloromethane/light petroleum ether 9:1). 3-Chloropropyl 2-aminoben-

zoate 3b was obtained as a brown oil (0.098 g, 32%). Rf = 0.74 (dichloromethane). 1H NMR 

δH (CDCl3, 400 MHz): 2.22 (quint, J = 6.0 Hz, 2H, OCH2CH2CH2Cl), 3.70 (t, J = 6.4 Hz, 2H, 

OCH2CH2CH2Cl), 4.35 (t, J = 6.4 Hz, 2H, OCH2CH2CH2Cl), 5.76 (s broad, 2H, NH2), 6.63 – 

6.68 (m, 2H, H-3 and H-5), 7.28 (dt, J = 8.8 and 1.6 Hz, 1H, H-4), 7.85 (d, J = 8.0 and 1.6 Hz, 

1H, H-6) ppm. 13C NMR δc (CDCl3, 100.6 MHz): 31.65 (OCH2CH2CH2Cl), 41.31 

(OCH2CH2CH2Cl), 60.86 (OCH2CH2CH2Cl), 110.36 (C-1), 116.10 (C-3), 116.61 (C-5), 130.95 

(C-6), 134.11 (C-4), 150.52 (C-2), 167.75 (C=O) ppm. 

3.2. Biological Assays of Aminobenzoic Acid Derivatives 3a-d 

The potential of compounds 3a-d was evaluated as biopesticides in assays using the 

Sf9 (Spodoptera frugiperda) insect cell line. Cells were maintained at 28 °C and cultivated in 

Grace’s medium with 10% FBS. For the evaluation of viability, cells were plated at 3.0 × 

104 cells/well and exposed to the molecules, after which resazurin was added, resulting 

being read at 560/590 nm after 60 min. of incubation.  

3.3. Nanoencapsulation and Release Studies of Compound 3b  

The ethanolic injection method was used for the preparation of nanoliposomes 

loaded with compound 3b [12]. Liposomes of 1,2-diacyl-sn-glycero-3-phosphocholine 

from egg yolk (egg phosphatidylcholine, Egg-PC) and cholesterol (Ch) (70% Egg-PC and 

30% Ch) were used [10]. Briefly, an ethanolic solution of Egg-PC:Ch (7:3) and compound 

3b was injected, drop-by-drop, into an aqueous solution, under vortexing. For determina-

tion of the encapsulation efficiency, EE (%), equation 1 was used, 

𝐸𝐸(%) =  
𝐶𝑡𝑜𝑡𝑎𝑙 − 𝐶𝑛𝑜𝑛−𝑒𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑

𝐶𝑡𝑜𝑡𝑎𝑙

 × 100 (1) 

where ctotal is the compound concentration used for the preparation of liposomes and 

cnon-encapsulated is the compound concentration that was not encapsulated into the nanolipo-

somes. The separation of the compound-loaded liposomes from the non-encapsulated 

compound was performed using Amicon®  Ultra centrifugal filter units of 100 kDa, by cen-

trifugation at 3000 rpm, during 10 min. The emission of the non-encapsulated compound 

(the filtrate part) was measured for the determination of its concentration, using a previ-

ously obtained calibration curve of fluorescence intensity vs. concentration.  

The release kinetic profiles of compound 3b from the nanoliposomes were obtained 

using Amicon®  centrifugal filters, in which the upper compartment was filled with the 

3b-loaded nanoliposomes and the bottom with water. For determination of the cumula-

tive release, aliquots of 200 µL were collected from the bottom part of the Amicon® , and 

replaced with an equal volume of water, during 24 h. The concentration of released com-

pound was determined by measuring the emission of the aliquots, and the experimental 

data was fitted to the Weibull model [13] and first-order model [14]. The Weibull model 

expresses the compound fraction accumulated (m) in solution at time t, following equa-

tion 2, 

𝑚 = 1 −  𝑒
[
−(𝑡−𝑇𝑖)𝑏

𝑎⁄ ]
 

(2) 

where a defines the timescale of the process, Ti is a location parameter representing 

the latency time of the release mechanism, and b parameter denotes the curve type shape. 

For b > 1, the transport follows a complex release mechanism; b ≤ 0.75 indicates Fickian 

diffusion (in either fractal or Euclidian spaces), and 0.75 < b < 1 indicates a combined 

mechanism (Fickian diffusion and Case II transport). 

 The first-order model follows equation 3, in which F(%) and M0 are the percentage 

and the total amount of compound released, respectively, k represents the first-order rate 

constant, and t is time. 
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𝐹(%) =  𝑀0 × (1 − 𝑒−𝑘𝑡) (3) 

The emission spectra were collected in a Fluorolog 3 spectrofluorometer (HORIBA 

Jobin Yvon IBH Ltd., Glasgow, UK), and the UV-Vis absorption spectrum was obtained 

in a Shimadzu UV-3600 Plus UV-Vis-NIR spectrophotometer (Shimadzu Corporation, 

Kyoto, Japan). The structural characterization of the nanoliposomes was performed by 

Dynamic Light Scattering (DLS), using a Litesizer 500 equipment from Anton Paar (Anton 

Paar GmbH, Graz, Austria) with a solid-state laser of 648 nm and 40 mW. For the hydro-

dynamic diameter, polydispersity index, and zeta potential, three independent measure-

ments were performed. 

4. Conclusions 

In the present work, four 3-chloropropylaminobenzoate derivatives were synthe-

sized and used in biological studies against the Sf9 cell line, with the aim of evaluating 

their potential as insecticides. 

The encapsulation in liposomes of Egg-PC:Ch allowed a high encapsulation effi-

ciency and an effective release of the most active compound 3b, being a suitable formula-

tion for this potential insecticide. 

Author Contributions: Conceptualization, M.S.T.G.; methodology, M.S.T.G, D.M.P. E.M.S.C.; for-

mal analysis, M.S.T.G., M.J.G.F., R.B.P., E.M.S.C.; investigation, R.G.G.C., R.B.P., A.R.O.R.; writ-

ing—original draft preparation, M.J.G.F., M.S.T.G., R.B.P.; writing—review and editing, M.S.T.G., 

M.J.G.F., R.B.P., D.M.P., E.M.S.C., A.G.F.; supervision, M.S.T.G., M.J.G.F..; project administration, 

M.S.T.G.; All authors have read and agreed to the published version of the manuscript. 

Funding: This research was funded by FCT under project PTDC/ASP-AGR/30154/2017 (PO-CI-01-

0145-FEDER-030154) of COMPETE 2020, co-financed by FEDER and EU. FCT- Portugal and FEDER-

COMPETE/QREN-EU also gave a financial support to the research centres CQ/UM 

(UIDB/00686/2021), CF-UM-UP (UIDB/04650/2021) and REQUIMTE (UIDB/50006/2021). The NMR 

spectrometer Bruker Avance III 400 (part of the National NMR Network) was financed by FCT and 

FEDER. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. FAO. How to Feed the World in 2050. 2009, 2050, 1–35. 

2. Bailey-Serres, J.; Parker, J.E.; Ainsworth, E.A.; Oldroyd, G.E.D.; Schroeder J.I. Genetic strategies for improving crop yields. Na-

ture 2019, 575, 109–118. 

3. Sparks, T.C.; Lorsbach, B.A. Perspectives on the agrochemical industry and agrochemical discovery. Pest Manag. Sci. 2017, 73, 

672–677. 

4. Kim, K.H.; Kabir, E.; Jahan, S.A. Exposure to pesticides and the associated human health effects. Sci. Total Environ. 2017, 575, 

525–535. 

5. Sparks, T.C.; Storer, N.; Porter, A., Slater, R.; Nauen, R. Insecticide resistance management and industry: The origins and evo-

lution of the Insecticide Resistance Action Committee (IRAC) and the mode of action classification scheme. Pest Manag. Sci. 

2021, 77, 2609–2619. 

6. Prasher, P.; Sharma, M. Medicinal chemistry of anthranilic acid derivatives: A mini review. Drug Dev. Res. 2021, 82, 945–958. 

7. Zoromba, M.S.; Ismail, M.I.M.; Bassyouni, M.I.; Abdel-Aziz, M.H.; Salah, N.; Alshahrie A., Memic, A. Fabrication and charac-

terization of poly (aniline-co-o-anthranilic acid)/magnetite nanocomposites and their application in wastewater treatment. Col-

loids Surf. A Physicochem Eng Asp. 2017, 520, 121–130. 

8. Shirazi, Z.; Golikand, A.N.; Keshavarz, M.H. A new nanocomposite based on poly (o-anthranilic acid), graphene oxide and 

functionalized carbon nanotube as an efficient corrosion inhibitor for stainless steel in severe environmental corrosion. Compos. 

Commun. 2020, 22, 100467. 

9. Benelli, G.; Pavoni, L.; Zeni, V., Ricciardi, R.; Cosci, F.; Cacopardo, G.; Gendusa, S.; Spinossi, E.; Petrelli, R.; Cappellacci, l.; 

Maggui, F.; Pavela, R.; Bonacucina, G.; Lucchi, A. Developing a highly stable carlina acaulis essential oil nanoemulsion for 

managing Lobesia Botrana. Nanomaterials 2020, 10, 1867. 

10. Lee, J.C.; Oh, Y.S.; Cho, S.H.; Lee, J.D. Efficient in situ esterification of carboxylic acids using cesium carbonate. Org. Prep. Proced. 

Int. 1996, 28, 480–483. 



Chem. Proc. 2022, 4, x FOR PEER REVIEW 7 of 4 
 

 

11. Fernandes, M.J.G.; Pereira, R.B.; Rodrigues, A.R.O.; Vieira, T.F.; Fortes, A.G.; Pereira, D.M.; Sousa, S.F.; Gonçalves, M.S.T.; Cas-

tanheira, E.M.S. Liposomal formulations loaded with a eugenol derivative for application as insecticides: Encapsulation studies 

and in silico identification of protein targets. Nanomaterials 2022, 12, 3583. 

12. Jaafar-Maalej, C.; Diab, R.; Andrieu, V.; Elaissari, A.; Fessi, H. Ethanol injection method for hydrophilic and lipophilic drug-

loaded liposome preparation. J. Liposome Res. 2010, 20, 228–243. 

13. Papadopoulou, V.; Kosmidis, K.; Vlachou, M.; Macheras, P. On the use of the Weibull function for the discernment of drug 

release mechanisms. Int. J. Pharm. 2006, 309, 44–50. 

14. Noyes, A.A.; Whitney, W.R. The rate of solution of solid substances in their own solutions. J. Am. Chem. Soc. 1987, 19, 930–934. 


