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Abstract

Quantitative Structure-Activity Relationship (QSAR) analysis of organophosphate derivatives, and their insecticide
activities, was performed using electronic and molecular parameters. The series of organophosphate derivatives and
their activities were obtained from literature. The semi-empirical AM1 method was used to model the structure of or-
ganophosphate derivatives and calculate the parameters of QSAR. Multiple linear regression (MLR) analysis was per-
formed on the electronic and molecular parameters as well as the activities of the organophosphate insecticides to derive
the QSAR model. The best QSAR equation model was used to design, in silico, new insecticide molecules of organo-
phosphate derivatives with higher insecticidal activity. A new insecticide molecule, 4-(diethoxy phosphoryloxy) ben-
zene sulfonic acid, -Log LD50 = 7.344, had the highest insecticidal activity. Lastly, we recommend synthesizing and
testing the new insecticide molecule further in the laboratory.

Abstrak

Analisis Hubungan Kuantitatif Struktur dan Aktivitas pada Insektisida Organofosfat Menggunakan Parameter
Elektronik dan Molekular. Analisis Hubungan Kuantitatif Struktur dan Aktivitas (HKSA) dari senyawa turunan
organofosfat dan aktivitasnya sebagai insektisida telah dilakukan menggunakan parameter elektronik dan molekular.
Seri senyawa turunan organofosfat dan aktivitasnya diperoleh dari literatur. Metode semi empirik AM1 digunakan
untuk memodelkan struktur dari turunan organofosfat dan untuk menghitung parameter HKSA. Analisis regresi multi
linier digunakan pada parameter elektronik dan molekular serta aktivitas insektisida organofosfat dalam menyusun
model persamaan HKSA. Model persamaan HKSA terbaik digunakan untuk merancang senyawa turunan insektisida
organofosfat baru yang mempunyai aktivitas insektisida yang lebih tinggi. Molekul insektisida baru, yaitu asam 4-
(dietoksi fosforiloksi) benzena solfonat, -Log LD50 = 7.344, mempunyai aktivitas insektisida yang paling tinggi. Pada
akhirnya kami menyarankan molekul insektisida baru tersebut disintesis dan diuji lebih lanjut di laboratorium.

Keywords: semi-empirical AM1, electronic parameters, molecular parameters, organophosphate insecticide, QSAR

Introduction

The housefly (Musca nebulo), while the most familiar
fly, is also the most responsible for the transmission of
diseases. It is readily found on domestic organic waste.
Organophosphate is one of the most effective insecti-
cides, even for flies. The organophosphate compound is
more easily dissolved, eco-friendly, as well as cheaper than
other insecticides. Additionally, it is also more toxic [1].

Organophosphate insecticides may be designed through
computational chemistry. Computational chemistry, along

with a statistical approach, predicts the activity of a
compound by analyzing the quantitative structure-
activity relationship (QSAR) of the compound. QSAR
modeling pertains to the construction of predictive
models of biological activities as a function of structural
and molecular information from a compound library [2].
By using the QSAR model, researchers can develop
new compounds, while minimizing trial-and-error ex-
perimentation in the laboratory. A QSAR equation is a
mathematical equation that correlates biological activity
to a wide variety of physical or chemical parameters.
QSAR models have successfully screened many com-
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pounds for biological activity [3-7], including organo-
phosphates and carbamates [8], by using only free-
energy-related physiochemical substituent parameters
such as π, σ, among others. Furthermore, Naik, et al. [9]
conducted a QSAR study of organophosphates.

One of the QSAR approaches is the Hansch method.
This method assumes that biological activity is a func-
tion of the hydrophobic, electronic, and steric parame-
ters of the molecule [10]. Hydrophobic and steric pa-
rameters are also known as molecular parameters. These
parameters are used to analyze the quantitative relation-
ships between the structures of organophosphate deriva-
tive insecticides and their activities.

When organophosphate touches the fly, it is absorbed
by the fly’s body and flows through its circulatory sys-
tem to the neuron system [11]. The organophosphate
compounds affects the neuron system by obstructing the
function of acetylcholine esterase enzymes. In the in-
sect’s neuron system, acetylcholine esterase enzymes
contain a natural substrate, called a acetylcholine (ACh)
[12]. The dipole interaction shows that C=O of the ACh
will interact with the Serine-OH, while on the –N(CH3)3

will interact with the anionic part of the enzyme, the
Glutamine-COO. Organophosphate competes with the
ACh by interacting with the acetylcholine esterase en-
zyme [11], thus, involving dipole interaction. This fact
is the background of this research, using the atomic net-
charge and the dipole moment as parameters.

The middle structure of the acetylcholine esterase en-
zyme can adapt; in which interacting with the acetylcho-
line and when releasing choline [11]. The transfor-
mation in this middle structure of the enzyme is possible
when the acetylcholine esterase enzyme interacts with
the organophosphate derivative compound. Therefore,
this research also considers SA (surface area) as a mo-
lecular parameter.

The the Log P (partition coefficient) parameter was also
involved in this study, since it enables the organophos-
phate to absorb into the fly and flow through its circula-
tory system.

Through computational chemistry, a new compound can
be designed based on molecular modeling and simula-
tion calculations. These calculations are based on the
quantum mechanical calculation method. The semi-
empirical AM1 (Austin Model 1) is a commonly applied
method for molecular modeling. This method was se-
lected for its efficient and accurate calculation results.
AM1 is an accepted method for calculating organic six-
heterocyclic compounds, such as benzene [13]. The
organophosphate derivatives in this study are also six-
heterocyclic compounds, therefore the AM1 method has

been selected for calculating QSAR parameters.

Experimental

Molecular Modeling of Organophosphate Deriva-
tives. The organophosphate and its derivative structure
models were built using the Hyperchem 7.0 package.
The detailed structures of the organophosphate deriva-
tives in this study are listed in Table 1.

Geometrical Optimization. The geometrical optimiza-
tion calculation was performed on the series of organo-
phosphate derivatives in the Hyperchem 7.0 program by

Figure 1. Main Structure of Organophosphate Derivatives [9]

Table 1. Chemical Structure and Insecticide Activity of
Organophosphate Derivative Compounds Against
Musca Nebulo Fly [9].

Compound R X -Log LD50

1 CH3 H 2.75
2 CH3 3-CH3 2.00
3 CH3 4-CH3 1.99
4 CH3 4-OCH3 2.00
5 CH3 3-Cl 2.10
6 CH3 4-Cl 2.60
7 CH3 3-Br 4.00
8 CH3 4-Br 3.53
9 CH3 3-CN 4.99
10 CH3 4-CN 4.84
11 CH3 3-NO2 4.90
12 CH3 4-NO2 5.10
13 C2H5 H 3.20
14 C2H5 4-CH3 3.00
15 C2H5 3-Cl 3.80
16 C2H5 4-Cl 3.72
17 C2H5 3-Br 4.11
18 C2H5 4-Br 4.06
19 C2H5 3-CN 5.00
20 C2H5 4-CN 5.10
21 C2H5 3-NO2 5.10
22 C2H5 4-NO2 5.20
23 C2H5 2,4-Cl 4.30
24 C2H5 2,5-Cl 4.10
25 C4H9 H 2.50
26 C4H9 3-CH3 2.00
27 C4H9 4-CH3 2.10
28 C4H9 4-OCH3 2.10
29 C4H9 3-Cl 2.80
30 C4H9 4-Cl 2.50
31 C4H9 4-Br 2.95
32 C4H9 3-CN 4.00
33 C4H9 4-CN 4.01
34 C4H9 3-NO2 4.21
35 C4H9 4-NO2 4.38

1

2 3

4

56

78

9

10

11
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using the semi-empirical AM1 method with a conver-
gence limit of 0.001 kcal/Å. The Polak Ribiere algo-
rithm method was used with convergence limit of 0.001
kcal/Å.mol. After the compound reached convergence,
single point calculations of the electronic and molecular
parameters were performed. Electronic parameters used
in this research were the atomic net-charge (q) and di-
pole moment (μ). The atomic net-charge parameters
consisted of C1, C2, C3, C4, C5, C6, O7, P8, O9, O10,
and O11 organophosphate main structures, while the
molecular parameters were Log P and SA.

QSAR Analysis. In this research, backward multiple
linear regression (MLR) analysis was used to obtain the
QSAR equation model. Of 35 organophosphate deriva-
tives, 5 compounds were chosen as the testing com-
pounds and the rest were selected as the fitting com-
pounds. The testing compounds validated the obtained
QSAR equation model. The independent variables in the
MLR analysis were the electronic and molecular param-
eters, while the dependent variable was -Log LD50,
which describes the insecticide activity of the organo-
phosphate derivatives.

The selection of the best QSAR model was based on
statistical parameters obtained through MLR analysis
such as r, adjusted r2, Fcount/Ftable, as well as from the
Predicted Residual Sum of Square (PRESS) calculation
of each model. To validate the best QSAR model, the
insecticide activities of a series of testing-compounds
were calculated and the results were compared to those
obtained from a laboratory experiment through a rela-
tion plot between the experimental -Log LD50 and the
predicted -Log LD50.

Design of New Insecticides. Previous QSAR models
were used as a guide in designing new insecticide mole-
cules of organophosphate derivatives for higher insecti-
cidal activity. To design new insecticide molecules, we
used CH3, C2H5, C4H9 (the same as the existing R sub-
stituents on molecules of existing organophosphate de-
rivatives), and C3H7. The X substituents were varied so
that the molecules had the properties to either removing
or donating electrons. To examine the influence of the X
substituents on the insecticidal activity, we kept the R
substituent constant (R = C2H5), while the X substituent
varied. To examine the effect of the R substituent on the
insecticidal activity, we used the X substituent with the
highest insecticidal activity, while the R substituent
varied with CH3, C2H5, C3H7 and C4H9.

Results and Discussion

Method Validation. In previous research, we used two
semi-empirical methods, AM1 and PM3, for the calcu-
lation of the chemical shift (δ, ppm) of dimethyl phenyl
phosphate using HyperNMR, in the Hyperchem 7.0
program, with the torsion angle of C1-O7-P8-O9 kept at

180°. The result of the calculation was compared to ex-
perimental measurements (1H-NMR, 400 MHz) [14-15].
The comparison revealed that the AM1 method de-
scribed the chemical conformation of organophosphate
derivatives more accurately than the PM3 method.
Therefore, the AM1 method was the calculation method
for further insecticide compound modeling in this study.
The C1-O7-P8-O9 torsion angle was kept constant at 180°

since this angle gave the lowest potential energy [15].

Generation and Selection of QSAR Equation Model.
The organophosphate derivative compound interacted
with acetylcholine esterase enzyme, which involved the
atomic net-charge (q), dipole moment (μ), SA, and par-
tition coefficient (Log P). The previous research ar-
ranged the QSAR equation using the atomic net-charge
(q) and dipole moment (μ) as the electronic parameters
[15], while this research used the atomic net-charge (q)
and dipole moment (μ) as the electronic parameters, and
with the SA and the partition coefficient (Log P) as the
molecular parameters to arrange QSAR equation.

The 35 active compounds, with their acute toxicity to
houseflies, were randomly divided into a set of 30 fit-
ting compounds, and a set of 5 test compounds. The
tested compounds are used to validate the QSAR equa-
tion model. The parameters of the fitting compounds,
chosen at the beginning of the process, were used in
MLR analysis to determine the best QSAR equation
model. A backward MLR analysis method was used in
the derivatization. Both electronic and molecular pa-
rameters were used as independent variables. The elec-
tronic parameters included the dipole moment (μ) and
the atomic net-charge (q) consisted of the atoms C1, C2,
C3, C4, C5, C6, O7, P8, O9, O10 and O11. The molecu-
lar parameters involved in the derivatization of the
model were Log P and SA, while the dependent variable
was the insecticide activity (-Log LD50) of the organo-
phosphate derivatives. Table 2 shows some of the
QSAR equation models obtained from MLR analysis.

To select the best QSAR equation, we considered statis-
tical parameters, such as value r (correlation coefficient),
adjusted r2, Standard Deviation (SD), Fcount/Ftable, and
PRESS. The best QSAR equation model was determined
from the fewest number of variables, low SD value, high
value of Fcount/Ftable, and low PRESS value. The PRESS
value was the residual of predicted biological activity
and experimental biological activity. So far, we had
model 6 with the lowest PRESS, model 8 with the lowest
SD value, and model 10 and 11 for the fewest number of
parameters.

Therefore, these four model candidates were further
vetted by using them to calculate the activity of the test-
ing compounds. The calculation results (predicted -Log
LD50) were then be plotted against experimental -Log
LD50. The resulting linear equations are listed below.
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Table 2. QSAR Equation Models Resulted from MLR Analysis Using Electronic and Molecular Parameters

Model Variable R Adj. r2 SD Fcount/Ftable PRESS
1 qC1, qC2, qC3, qC4, qC5, qC6, qO7, qP8, qO9, qO10, qO11, μ, SA, Log P 0.948 0.803 0.496 3.887 4.814
2 qC1, qC2, qC3, qC4, qC6, qO7, qP8, qO9, qO10, qO11, μ, SA, Log P 0.948 0.815 0.481 4.514 4.431
3 qC1, qC2, qC4, qC6, qO7, qP8, qO9, qO10, qO11, μ, SA, Log P 0.947 0.825 0.467 5.205 4.918
4 qC1, qC2, qC4, qC6, qO7, qP8, qO10, qO11, μ, SA, Log P 0.947 0.833 0.457 5.952 5.527
5 qC1, qC2, qC4, qC6, qO7, qP8, qO10, qO11, SA, Log P 0.946 0.841 0.445 6.867 3.905
6 qC1, qC2, qC4, qC6, qO7, qP8, qO11, SA, Log P 0.946 0.847 0.437 7.861 3.845
7 qC1, qC2, qC4, qC6, qO7, qP8, SA, Log P 0.945 0.853 0.428 9.133 4.766
8 qC1, qC2, qC4, qC6, qO7, SA, Log P 0.945 0.858 0.421 10.585 4.247
9 qC1, qC4, qC6, qO7, SA, Log P 0.936 0.845 0.440 10.816 5.774
10 qC1, qC6, qO7, SA, Log P 0.912 0.797 0.503 9.061 6.158
11 qC1, qC6, SA, Log P 0.886 0.751 0.557 8.297 7.782

Table 3. Four Candidates of the Best QSAR Equation Models

Model Linear Equation
Model 6 y = 0.804x – 0.611 R² = 0.904
Model 8 y = 0.810x – 0.585 R² = 0.906
Model 10 y = 0.921x – 0.154 R² = 0.920
Model 11 y = 0.772x – 0.800 R2 = 0.907

If the predicted -Log LD50 aligned with the experiment -
Log LD50, the slope value of the plot will be closer to
unity. Among those four plots, the slope of model 10
was the closest to unity, and was, therefore, considered
the best QSAR equation model regarding the electronic
and molecular parameters. The complete mathematical
equation of QSAR equation model 10 is as follows:

-Log LD50 = – 44.526 + 72.732 qC1 + 71.814 qC6 –
76.437 qO7 – 0.004 SA + 0.150 Log P
(n = 35; r = 0.912; SD = 0.503; Fcount/Ftable = 9.061;
PRESS = 6.158) (1)

Design of New Insecticides. Model 10, the best QSAR
equation model, was used for predicting the activity of
new insecticide molecules of organophosphate deriva-
tives. The R substituents of the new insecticides were
CH3, C2H5, C3H7 and C4H9. The X substituents were
varied so that the molecules had properties to withdraw
or donate electrons. Based on the Linear Free Energy
Relationship (LFER) principle in designing new insecti-
cide molecules, X substituents were attached to the phe-
nyl ring in the para and meta position to enhance the
resonance effect. On the other hand, the X substituent in
the ortho position had an experimental limitation due to
steric effects; so we did not design new insecticide mol-
ecules with the X substituent at this position. The design
of new insecticide molecules of organophosphate deriv-
atives, with their predicted insecticidal activity, is
shown in Table 4.

For insecticide molecules of organophosphate deriva-
tives that already exist, the organophosphate derivative
compound with R = C2H5 and X = 4-NO2 had the high-
est insecticidal activity (-Log LD50 = 5.2), and X = 4-
NO2 was an electron withdrawing group. In Table 3, the

Table 4. New Designed Insecticide Molecules of Organo-
phosphate Derivatives and their Predicted-Log
LD50, Calculated Using the Best QSAR Model

Compound R X -Log LD50

36 C2H5 4-CH2CH3 1.971
37 C2H5 4-OCH3 2.437
38 C2H5 4-OCH2CH3 2.239
39 C2H5 4-NH2 0.846
40 C2H5 4-NHCH3 0.600
41 C2H5 4-N(CH3)2 1.341
42 C2H5 4-SCH3 3.235
43 C2H5 4-SCH2CH3 3.069
44 C2H5 3-CHO 4.197
45 C2H5 4-CHO 4.686
46 C2H5 3-SO3H 4.582
47 C2H5 4-SO3H 7.344
48 CH3 4-SO3H 6.713
49 C3H7 4-SO3H 6.898
50 C4H9 4-SO3H 6.657

new insecticide molecules of organophosphate deriva-
tives are predicted to have high insecticidal activity, and
a X = 4-SO3H substituent, also an electron-withdrawing
group. Therefore, the insecticide molecules of organo-
phosphate derivatives with an electron-withdrawing
group on the benzene ring had the greatest insecticidal
activity. However, the insecticide molecules of organo-
phosphate derivatives with the X substituent at the para
position (X = 4-SO3H, predicted -Log LD50 = 7.344) had
better predicted insecticidal activity from those with the
X substituent at the meta position (X = 3-SO3H, predict-
ed -Log LD50 = 4.582). This showed that the position of
-SO3H substituent caused resonance effects on benzene
groups, resulting in pulling electrons from O7 towards -
SO3H substituent groups by passing the benzene. This
flow of electrons from O7 towards -SO3H substituent
easily broke the bonds between O7 and P8 atoms, mak-
ing it easier for phosphate groups bind to the O-Serine,
increasing the insecticidal activity of these molecules.
The new insecticide molecule of organophosphate de-
rivative, with R = C2H5 and X = 4-SO3H, is called 4-
(diethoxy phosphoryloxy) benzene sulfonic acid (Figure
2).
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SO3HOPC2H5O

OC2H5

O

Figure 2. Chemical Structure of 4-(diethoxy phosphoryloxy)
Benzene Sulfonic Acid

Conclusion

The semi-empirical AM1 mechanical quantum method
calculated both the electronic and molecular parameters
of QSAR equation models of the series of organophos-
phate insecticides. MLR analysis was performed on the
electronic and molecular parameters, as well as the ac-
tivities of the organophosphate insecticides, to derive
the QSAR equation model. The best QSAR equation (2)
model was:

-Log LD50 = – 44.526 + 72.732 qC1 + 71.814 qC6 –
76.437 qO7 – 0.004 SA + 0.150 Log P
(n = 35; r = 0.912; SD = 0.503; Fcount/Ftable = 9.061;
PRESS = 6.158) (2)

The best QSAR equation model was used to predict the
activity of new insecticide molecules of organophosphate
derivatives. From the design of a new insecticide
compounds, the 4-(diethoxy phosphoryloxy) benzene
sulfonic acid (R = C2H5, X = 4-SO3H) was predicted to
have the highest insecticidal activity (-Log LD50 =
7.344). It has a better insecticidal activity than those
already in existence. We recommend 4-(diethoxy
phosphoryloxy) benzene sulfonic acid be synthesized
and tested further in the laboratory.

References

[1] Sastroutomo, S.S. 1992. Basics Pesticides and Us-
age Impact. Gramedia Pustaka Utama. Jakarta. (in
Indonesian)

[2] Nantasenamat, C., Isarankura-Na-Ayudhya, C.,
Naenna, T., Prachayasittikul, V. 2009. A practical
overview of quantitative structure-activity relation-
ship. Excli J. 8: 74-88, doi: 10.17877/DE290R-690.

[3] Worachartcheewan, A., Nantasenamat, C.,
Owasirikul, W., Monnor, T., Naruepantawart, O.,
Janyapaisarn, S., Prachayasittikul, S.,
Prachayasittikul, V. 2014. Insights into antioxidant
activity of 1-adamantylthiopyridine analogs using
multiple linear regression. Eur. J. Med. Chem. 73:
258-264, doi: 10.1016/j.ejmech.2013.11.038.

[4] Shi, L.M., Fan, Y., Myers, T.G., O’Connor, P.M.,
Paull, K.D., Friend, S.H., Weinstein, J.N. 1998.
Mining the NCI anticancer drug discovery
databases: genetic function approximation for the
qsar study of anticancer ellipticine analogues. J.

Chem. Inf. Comput. Sci. 38(2): 189-199, doi:
10.1021/ci970085w.

[5] Oloff, S., Mailman, R.B., Trospha, A. 2005. Applica-
tion of validated QSAR models of D1 dopaminergic
antagonists for database mining. J. Med. Chem.
48(23): 7322-7332, doi: 10.1021/ jm049116m.

[6] Meneses-Marcel, Y., Marrero-Ponce, Y., Machado-
Tugores, A., Monterro-Torres, D.M., Pereira, J.A.,
Escario, J.J., Nogel-Ruiz, C., Ochao, V.J., Aran, A.R.,
Martinez-Fernadez, R.N., Garcia, S. 2005. A linear
discrimination analysis based virtual screening of
trichomonacidal lead-like compounds: outcomes of
in silico studies supported by experimental results.
Bioorg. Med. Chem. Lett. 15(17): 3838-3843, doi:
10.1016/ j.bmcl.2005.05.124.

[7] Santana, L., Uriarte, H., González-Díaz, H., Zagotto,
R., Soto-Otero, E. Méndez-Alvarez, J. 2006. A QSAR
model for in silico screening of MAO-A inhibitors.
prediction, synthesis, and biological assay of novel
coumarins. J. Med. Chem. 49(3): 1149-1156, doi:
10.1021/jm0509849.

[8] Kamoshita, K., Ohno, I., Fujita, T., Nishioka, K.,
Nakajima, M. 1979. Quantitative structure-activity
relationships of phenyl n-methylcarbamates
against house fly and its acetylcholinesterase.
Pestic. Biochem. Physiol. 11(1-3): 83-103, doi:
10.1016/0048-3575(79)90050-6.

[9] Naik, P.K., Sindhura, Singh, T., Singh, H. 2009.
Quantitative Structure-Activity Relationship
(QSAR) for insecticides: development of predic-
tive in vivo insecticide activity models. SAR
QSAR Environ. Res. 20(5-6): 551-566, doi:
10.1080/10629360903 278735.

[10] Kubinyi, H. 1993. QSAR: Hansch Analysis and
Related Approaches, Wiley. United States.

[11] Hassall, K.A. 1990. The Biochemistry and Uses of
Pesticide. Macmillan Press Ltd. Hongkong.

[12] Carlile, W.R. 2006. Pesticide Selectivity, Health
and the Environment. Cambridge University Press.
New York.

[13] Bultink, P., Winter, H.D., Langenaeker, W.,
Tollenaere, J.P. 2003. Computational Medicinal
Chemistry for Drug Discovery. Marcel Dekker,
Inc. New York.

[14] Law, K.S., Acey, R.A., Smith, C.R., Benton, D.A.,
Soroushian, S., Eckenrod, B., Stedman, R.,
Kantardjieff K.A., Nakayama, K. 2007. Dialkyl
phenyl phosphates as novel selective inhibitors of
butyrylcholinesterase. Biochem. Biophys. Res.
Commun. 355(2): 371-378, doi:
10.1016/j.bbrc.2007. 01.186.

[15] Mudasir, Wibowo, Y.M., Pranowo, H.D. 2013.
Design of new potent insecticides of organophos-
phate derivatives based on QSAR analysis. Indo. J.
Chem. 13(1): 86-93, doi: 10.22146/ijc.727.


	Quantitative Structure-Activity Relationship Analysis of Organophosphate Insecticides Using Electronic and Molecular Parameters
	Recommended Citation

	/var/tmp/StampPDF/U3Ah0OQsR8/tmp.1577415605.pdf.7vQ7P

