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Abstract

In this study, quantitative structure—activity relationship (QSAR) analysis was conducted on 20 homologous compounds
of benzimidazole derivatives. The structures of the benzimidazole derivatives were optimized using the semiempirical
Parameterized Model 3 method of HyperChem for Windows 8.0 to obtain 14 descriptors. Then, multiple linear regression
(MLR) analysis was performed using the backward method. The results of the MLR analysis obtained four new QSAR
equation models. Based on statistical criteria, model 1 was determined as the best QSAR equation model in predicting
the theoretical 1Cso values of the new benzimidazole derivatives. As many as 20 new compounds of benzimidazole de-
rivatives were modeled, of which 13 new compounds (23, 24, 25, 26, 27, 28, 29, 30, 31, 37, 38, 39, and 40 compounds)
were recommended for synthesis in the laboratory because these compounds of benzimidazole derivatives havethey the-
oretically had higher antimalarial activity than chloroquine.

Keywords: antimalarial, benzimidazole, HyperChem, modeling, QSAR

Introduction

Malaria is a major health problem in the world, and this
can be seen in various new problems associated with it,
including the resistance of Plasmodium falciparum to an-
timalarial drugs. In addition to resistance to the antima-
larial drug chloroquine, there has also been resistance to
artemisinine, thus causing a global threat in efforts to
reduce morbidity and mortality and eradicate malaria [1].
Malaria is a life-threatening disease caused by a parasite
transmitted to humans through the bite of an infected fe-
male Anopheles mosquito. In 2021, there were an esti-
mated 247 million cases of malaria worldwide. The esti-
mated number of deaths from malaria reached 619,000 in
2021. The World Health Organization Africa Region
bears a very high global burden of malaria. In 2021, the
region was home to 95% of malaria cases and 96% of
malaria deaths. Children aged under 5 years account for
about 80% of all malaria deaths in the region [2—4]. Ma-
laria persists as a major problem in various countries in
the world, such as in the Ebonyi State in Nigeria, which
is still fighting a series of epidemics that have not sub-
sided [2]. Moreover, four countries in Africa account for
more than half of all deaths from malaria worldwide: Ni-
geria (31.3%), The Democratic Republic of the Congo
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(12.6%), The United Republic of Tanzania (4.1%), and
Nigeria (3.9%) [4].

On the basis of the foregoing, the discovery and
development of new, more potent antimalarial drugs is
crucial for overcoming malaria parasite resistance to
previously known antimalarial drugs. Researchers around
the world are developing new antimalarial drugs, such as
benzimidazole derivatives [5-7], imidazopyridazine
compounds [8], artemisinin derivatives [9], pyrido[1,2-a]
benzimidazole compounds [10], and natural product
compounds [11], and pyrimido-[1]-2-a]benzimidazole
derivatives [12]. In 2020, Mueller et al. [5] and his team
synthesized several benzimidazole compounds by
substituting various groups to obtain several benzimidazole
derivatives with high potential activity as antimalarial
drugs, but these did not exceed or equal the activity of
the antimalarial drugs chloroquine and halofantrine or
other drugs [5]. Accordingly, to obtain antimalarial
drugs that are more potent or more active, new research
on modeling benzimidazole derivatives must be con-
ducted to obtain the most potential theoretical ICso
through the study of the quantitative relationship be-
tween the structures of benzimidazole derivatives and
the ICso obtained experimentally in pharmacology and
parasitology laboratories.
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Recently, other efforts in the development of new anti-
malarial drugs have often begun with the analysis of the
quantitative structure—activity relationship (QSAR) of
benzimidazole derivatives [13, 14], which are then syn-
thesized in the laboratory, followed by the testing of an-
timalarial activity. However, further studies on the
QSAR of benzimidazole derivatives [5] must be con-
ducted using computational methods and QSAR analysis,
which aims to obtain a QSAR equation model for
designing new benzimidazole derivatives with higher an-
timalarial activity or equivalent to those of antimalarial
drugs that have been on the market. Herein, QSAR anal-
ysis was used to look for a quantitative relationship be-
tween the empirical aspects of a compound and its theo-
retical biological activity. A mathematical relationship be-
tween activity descriptors was obtained, which could be

used to predict new compounds with higher activity than
those of previous compounds. To obtain the best QSAR
equation model, the multiple linear regression (MLR)
statistical method was used.

Experimental

Material and methods. The research materials for 20
benzimidazole derivative compounds, which are the re-
sults of the research of Mueller et al. [5], are presented
in Table 1. The 20 benzimidazole derivatives in Table 1
were grouped into two: 15 training data compounds
(compounds 2, 3, 4, 6, 7, 9, 11, 12, 13, 14, 15, 16, 18,
19, and 20) and five testing data compounds (com-
pounds 1, 5, 8, 10, and 17).

Table 1. Chemical Structure and Activity Data of the Antimalarial Compounds of Benzimidazole Derivatives Obtained from

Mueller et al. (2020) [5]

No. R? R? R3 R* 1Cs0 (UM) Exp.
1 H “H N NH _CH,Ph 0.810
2 —Cl “H % N NHHCI _CH,Ph 0.062
3 _cl H % N NH _CHzPh 0.216
4 —Cl “H N NH _CH,Ph 0.038
5 —Cl “H N N—\ _CH,Ph 0.306
CN
6  -Cl H % N N—NH, HCI _CHzPh 0.022
7 “H é'\”" HN— ~CHPh 0.086
HCI Ph
Makara J. Sci. September 2024 | Vol. 28 | No. 3
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Table 1. Continued

No. R! R? R3 R4 1Cs0 (UM) Exp.
@]
/
3
8 —cl “H N—H _CH,Ph-4-CHs 0.600

9 cl “H %N/_\— NH;

N —~CHzPh 0.348
CHj HCI
10 -Cl H % N, NH; HCI ~CHzPh 0.245
H
1 -Cl H % N NH; HCI ~CHoPh 0.233
CHj
12 -CHs -H % N NHHCI —CHgPh 0.098
13 -Br H % N NH HCI —CHzPh 0.042
14  -CFs -H % N NHHCI —CHgPh 0.310
15 -Br H N NH ~CHzPh 0.028
16 -CR H N NH ~CHzPh 0.138
17 Br H % N<_\— NH, ~CHzPh 0.382
CHj HCI
18 -l H N NH —Ph 2.083"
19 -l —cl % N NH HCI ~CHzPh 0.055
_/
20 -l —Br N NH ~CH,Ph 0.071
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Table 2. Structures of Benzimidazole Derivatives from Modeling Results Based on Model 1 of the Best QSAR Equation

I1Cs0 (UM)

1 2 3 4

No. R R R R Calculated
21 —CHs H N NH _CH.Ph 3.6 x 1070

__/

22 “H “H —NH@N(CHz)ZPh-4-OMe —~CHjPh-4-F 1.6 x 107!
23 H H — NH@NH ~CHoPh-4-F 2.3 % 1078
24 —cl “H —cl ~CHoPh 2.3% 10716
25 —Cl -H —cl —CHZO 1.4x 10716
26 —cl H —cl ~(CH2)zPh 2.6 10716
27 —cl —cl —cl —Ph 6.0 x 107
28 —cl —cl —cl ~CHoPh 7.0x 10716
29 —cl ~Br ~Br ~CHoPh 1.0 x 102
30 cl H %@NH _CH,Ph 9.0 x 10
31 ~Br H %@NH ~CHoPh 9.6 x 100
32 —CFs H %@NH ~CH,Ph 8.4 x 10703
33  -CO,Me  -H %@NH ~CH,Ph 47 x 10%
34 -sOMe  -H %CNH ~CHPh 1.6 x 10%
35 ¢l _Ph <N NHHcl _CH,Ph 6.8 x 10%
36 “Ph H <N NHHCI _CH,Ph 9.7 x 1072
37  Ph4CFs -H £N  NHHCI _CH,Ph 5.7x 1077
38 -Br -Br -Br —CHzPh 1.1x107"
39 -Br —Cl -Br —CHzPh 3.9x107"
40 —Cl —Cl %@NH —CH,Ph 9.6 x 10°%
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Instrumentation. QSAR analysis was done using com-
puter hardware (Dekstop-310S4MP; operating system,
Windows Home Single Language 64-bit; system manu-
facturing, AsusTeK Computer Inc; processor, Intel(R)
Core(TM) i7-7500 CPU@ 2.70GHz (4CPUs), ~2,9 GHz;
memory, 8192 MB RAM; 500 GB HDD) and the Hyper-
Chem 8.0 software for Windows. HyperChem 8.0 for
Windows was used to describe three-dimensional (3D)
structures and optimize the geometry of the training data
compounds (2, 3,4, 6,7,9, 11, 12, 13, 14, 15, 16, 18, 19,
and 20), testing data compounds (1, 5, 8, 10, and 17), and
the structural modeling of benzimidazole derivative com-
pounds (21-40), as presented in Table 2. MLR analysis
was done using the SPSS 26.0 software for Windows to
obtain the QSAR equation model.

General Procedure

Calculation of descriptors. The structures of the ben-
zimidazole derivatives in Table 1 and the retrosynthesis
design compounds in Table 2 were drawn in two dimen-
sions (2D) and then converted into 3D using the Hyper-
Chem 8.0 software for Windows. The 3D structures of
the benzimidazole derivatives were optimized using the
“compute-geometry optimization” menu to obtain a more
stable conformational (minimum energy) structure of the
benzimidazole derivatives. These structures were
optimized using the semiempirical Parameterized Model
3 (PM3) method and the Polak—Ribiere algorithm or the
peer gradient method, with a root mean square value of
0.001 kcal/(A-mol) in the ground state. The results of the
optimization were recorded to obtain descriptor data us-
ing the “start log” menu. The variables were in the form
of the total atomic charge (gN1, qC2, gN3, qC4, qC5,
qCe6, qC7, qC8, and qC9), dipole moment (u), polariza-
bility («), and logP. Meanwhile, the ELumo and Enomo
variables were obtained from the “compute,” “vibration,”
and “orbital” menus. The data of all independent varia-
bles (qN1, qC2, qN3, qC4, qC5, qC7, qC8, qC9, u, a,
logP, ELumo, and Enomo) and dependent variables (log
1/1Cso experiments) are shown in Table 2, whereas the
constants and coefficients of the independent variables
from four QSAR equation models are presented in Table
4. One of the reasons and considerations in choosing the
type of variable was adjusted to the research of Rajkhowa
et al. [15], who conducted a QSAR analysis of artemis-
inin compounds as antimalarial drugs.

QSAR analysis using the MLR method. The log
1/1Cs values of the experimental results (Table 3) were
used as dependent variables, whereas the net atomic
charge (qN1, gC2, gN3, qC4, qC5, qC6, qC7, qC8, and
qC9), u, ELumo, Enomo, «, and logP were used as
independent variables. The dependent and independent
variables (Table 3) were analyzed using the MLR
method to determine which descriptors affected the I1Cso
values of the benzimidazole derivatives. The results of
the MLR analysis yielded four QSAR equation models.

Makara J. Sci.

The statistical parameter values for these models (r, r?,
SE, Fcount/Ftanle, and PRESS) are presented in Table 5.
In the MLR analysis, the constant and coefficient values
of each independent variable in the four QSAR equation
models were used to determine the theoretical biologi-
cal activity (ICso) value of the benzimidazole deriva-
tives and the best QSAR equation model.

Modeling new compounds of benzimidazole
derivatives as antimalarials. The design or modeling
phase of benzimidazole derivatives through QSAR anal-
ysis aims to find new compounds from benzimidazole de-
rivatives as antimalarial drugs, where these compounds
must have higher theoretical activity (low ICso value)
than the experimental ICso values of the benzimidazoles
derivatives presented in Table 1. The modeling method
or design of new benzimidazole compounds was con-
ducted by changing the atomic position and type of func-
tional group in the main framework structure of the ben-
zimidazole compound. The focus on changing the type
and location of atoms or functional groups was conducted
on the active central region based on disconnection and
retrosynthesis studies while considering the feasibility of
the synthesis pathway in an organic chemistry laboratory.
It was expected that the placement of atoms or functional
groups on the main framework of the benzimidazole
derivatives would affect the antimalarial activity values
of the new benzimidazole derivatives.

Results and Discussion

QSAR analysis. QSAR analysis is a computational
method used to improve the efficiency of new drug de-
velopment. Rational drug design, also known as in silico
drug design, is conducted using computational methods
such as QSAR analysis and information systems. One ex-
ample of recent QSAR analysis research is the study of
the relationship between the structure of benzamide de-
rivatives and antituberculosis activity [16]. QSAR analy-
sis is a valuable tool for researchers designing or devel-
oping drugs sustainably.

Many benzimidazole derivatives have been synthesized
and tested for antimalarial activity (ICso) by previous re-
searchers, such as Mueller et al. [5]. To obtain a new ben-
zimidazole derivative with high theoretical antimalarial
activity, QSAR analysis is necessary. This research aims
to develop a QSAR mathematical equation model to pre-
dict the antimalarial activity of benzimidazole deriva-
tives. To design or model new benzimidazole derivative
compounds using QSAR analysis, the following steps
were taken: (1) examining the entire chemical structure
of a series of benzimidazole derivative compounds with
known antimalarial activity (ICso) values [5] to determine
the homologous basic framework; (2) optimizing the
structure geometry; (3) determining the descriptor (inde-
pendent variable); (4) descriptor calculation; (5) conduct-
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ing bivariate analysis; (6) determining the QSAR equa-
tion models through MLR analysis; (7) selecting the best
QSAR equation model; and (8) disconnection and retro-
synthesis studies for modeling new compounds of ben-
zimidazole derivatives.

One requirement for benzimidazole derivatives to be
used as materials in this study is that the benzimidazole
derivative series must have a basic structure that is ho-
mologous and must have an ICsq value from laboratory
experiments. This is also a requirement to be met by fit-
ting compounds, testing compounds, and modeling com-
pounds through disconnection studies and retrosynthetic
studies. The structures of the derivatives of the benzim-
idazole compounds as fitting compounds, testing com-
pounds, and modeling compounds were optimized using
the same method (PM3) to obtain the most stable struc-
tural form with the minimum or lowest energy. When the
structural form of a benzimidazole compound was in the
most stable state, variables (descriptors) were obtained
for use in the QSAR analysis process using the multilin-
ear regression method.

Before conducting a QSAR analysis, a bivariate analysis
was first performed to determine the level of significant
correlation between variables. Based on the results of the
bivariate correlation analysis conducted using the SPSS
26.0 for Windows software, significant correlations were
obtained between descriptors, which could be proven by
the Pearson correlation reun: between descriptors: gN1-—
qC2 (-0.604), qN1-a (0.560), gN1-logl/ICs (0.573),
qC2—qN3 (—0.672), qC2—a (—0.888), qC4—qC5 (—0.840),
qC4—qC7 (-0.840), qC4—qC7 (-0.761), qC4—qC8
(0.854), qC4—qC9 (—0.757), qC4—p (—0.530), qC4—
Enomo (0.645), qC4—log P (—0.572), qC5-qC6 (=0.753),
qC5-qC7 (0.820), gC5—qC8 (—0.798), gC5—qC9 (0.963),

qCSfu (0.625), qc5fE|_UMo (—0.541), qC57EHo|\/|o
(=0.795), qC5-log P (0.596), qC6—qC7 (-0.609), qC6—
qC8 (0.536), qC6—qC9 (—0.882), qC6— (-0.585), qC6—
ELumo (0.688), qC6—Enomo (0.564), qC7—qC8 (—0.780),
qC7-qC9 (0.757), qC7— (0.666), qC7—Enomo (—0.729),
qC7-log P (0.609), qC8—qC9 (-0.763), qC8—1 (—0.566),
qC8-Enomo (0.696), C8-logP (—0.616), qC9— (0.635),
qC9-ELumo (—0.640), qC9—Enomo (—0.715), qC9-logP
(0.553), and Exomo—logP (—0.638). The bivariate corre-
lation value is an absolute value, where a value of one
indicates a very strong and positive correlation, whereas
a value of —1 indicates a negative and very strong corre-
lation. According to the results of the bivariate correla-
tion analysis above, several independent variables and
dependent variables have significant relationships, thus
fulfilling the requirements for MLR analysis of the rela-
tionship between the serial structure of the benzimidazole
compounds and biological activity (log 1/ICso).

Based on the MLR analysis of the independent variables
or descriptors (gN1, qC2, gN3, qC4, qC5, qC6, qC7,
qC8, and qC9, «, ELumo, EHomo, @, and logP) and the de-
pendent variable (log 1/1Csp), four QSAR equation mod-
els were obtained, whose independent variable coeffi-
cients are presented in Table 4, whereas the statistical pa-
rameter criteria and PRESS validation test results are pre-
sented in Table 5. Based on the statistical parameter cri-
teria and PRESS validation test results, model 1 of the
QSAR equations was chosen as the best QSAR equation
model as follows:

Log 1/ICso = 26.892 + 49.892(qN1) — 55.394(qC2) —
128.558(qN3) — 20.978(qC4) + 10.162(qC6) —
6.361(qC7) — 55.991(qC8) — 207.272(qC9) + 0.076(x) —
14.914(ELumo) + 2.866(Eromo) — 0.460(c) + 1.269(log P).

Table 4. Constants and Coefficients of Selected Independent Variables for Four QSAR Models

Coefficient of independent variables

QSAR models
N1 c2 N3 C4 C6 c7 C8
1 49.892 —55.394 —128.558 —20.978 10.162 —6.361 —55.991
2 49.343 —52.306 —124.637 12.350 —7.322 —58.882
3 50.775 —60.516 —146.789 16.583 —56.998
4 49.072 -57.328 -127.127 13.119 —49.738
Coefficient of independent variables Constanta
QSAR Models
C9 Il ELumo Enomo ’ log P
1 -207.272 0.076 -14.914 2.866 —-0.460 1.269 26.892
2 —-181.020 0.080 —13.563 2.360 —-0.439 1.145 28.006
3 —195.083 0.091 —15.964 3.812 —-0.439 1.145 42.720
4 -167.770 —13.531 3.152 —0.426 0.982 38.177
Table 5. Four Selected Models and Their Statistical Parameters
Makara J. Sci. September 2024 | Vol. 28 | No. 3
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ELumo, Enomo, a, and log P
4 ON1,dC2,aN3,qC6,qC8, qC9 Evumo. 981 0963  0.871 0185 2834 0.1243
Ewomo, a, and log P
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Figure 1. Relationship of the Calculated 1Cso with the 1Cso Experiments of Fitting Compounds
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Figure 2. Relationship of the Calculated 1Cso with the 1Cso Experiments of Testing Compounds

Table 6. Log 1/ICso Experiments and Log 1/1Cso Theoretical Values for Benzimidazole Derivatives as Testing Compounds
from QSAR Model 1
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Comp. Log 1/ICso Experiment Log 1/1Csp Calculated
1. 0.0915 0.0309
5. 0.5143 0.5195
8. 0.2218 0.1152
10. 0.6108 0.8383
17. 0.4179 0.6642

Figure 3. Active Site of the Benzimidazole Homologous Framework as an Antimalarial

Model 1 of the QSAR was chosen as the best QSAR
equation because it had better statistical parameters and
validation test results than the other models: n = 15, r =
0.997, r?> = 0.993, adjusted r> = 0.906, SE = 0.157,
Feount/Frable = 2.206, and PRESS = 0.0045. Other evidence
regarding the validation of model 1 as the best equation
could be seen in the graph of the linearity of the relation-
ship between the predictive 1Cso value and the experi-
mental 1Cso value (15 training data compounds), which
had an r? value of 0.999 (Figure 1), and the graph of the
linearity of the relationship between the predictive ICso
value and the experimental ICso (five testing data com-
pounds), which had an r? value of 0.933 (Figure 2). Based
on the linearity graphs of the relationships between the
predictive I1Cso value and the experimental 1Cso value for
the internal test compound and the external test com-
pound, model 1 was the best QSAR equation model be-
cause it had a very high level of significance.

The statistical parameter r? is an indicator of validity in
selecting the best QSAR equation model, where an r?
value close to 1 or —1 indicates that the independent var-
iable strongly influences the dependent variable [17-18].
In addition to the r? parameter, small SE and PRESS val-
ues indicate a high level of confidence in the QSAR equa-
tion model, whereas a high Feount/Frabie indicates the high
validity of the QSAR equation model [19-23]. Based on
these validation indicators, model 1 of the QSAR equa-
tions was the best model. Other evidence of the confi-
dence level of model 1 as the best QSAR equation model
is presented in Table 5.

In addition to statistical parameters, the validity of model
1, was tested again using the graph of the predicted I1Cso
relationship with the 1Cso experiment (Figure 2) for the
testing compounds (compounds 1, 5, 8, 10, and 17),
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which were not involved in the MLR analysis process.
Model 1 was tested using the testing compounds to vali-
date its ability to predict the theoretical I1Cso of benzim-
idazole derivatives (Table 6). The validity of model 1 was
presented as an r? value of 0.933 from the graph of the
relationship between log 1/I1Cs predictions and log 1/1Cs
of the testing compound experiment (Figure 2), which
showed that model 1 was the best QSAR equation model.
The graph of the relationship between the log 1/ICs pre-
dictions and log 1/1Cso experiments of the testing com-
pound had an r? value of 0.933, which was close to one.
This supported the validity of model 1 as the best QSAR
equation in predicting the antimalarial activity of ben-
zimidazole derivatives, both for the testing compounds
(Table 6) and in the design of new benzimidazole deriv-
ative compounds through disconnection theory, retrosyn-
thesis, and modeling (Table 6). Based on these statistical
parameters, model 1 of the QSAR equation can predict
well the theoretical 1Cso value of the benzimidazole de-
rivatives because the relationship between the theoretical
log 1/ICso and the experimental log 1/ICso of the testing
compound had a close and very significant relationship.

Design of new benzimidazole derivatives as antima-
larial agents. The steps considered for designing and
modeling benzimidazole derivatives are as follows: (1)
conducting active site studies on the benzimidazole scaf-
fold; (2) studying atoms or functional groups attached to
the benzimidazole scaffold; (3) determining if the target
compound (a new benzimidazole derivative) has func-
tional groups that are common in antimalarials; (4) deter-
mining if raw materials, reaction reagents, and the syn-
thesis pathway are available to ensure that the new ben-
zimidazole derivative compounds can be synthesized in
the laboratory; and (5) designing synthesis reactions
based on the starting materials and reagents identified
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through disconnection and retrosynthesis studies. We
found that differences in atoms or functional groups at-
tached to the basic framework of the target compound
can cause differences in the net atomic charge, x, ELumo,
Enowmo, a, and logP, as shown in Table 2. This also causes
variations in antimalarial activity. This is consistent with
the findings of Fitriani et al. [20] in their QSAR. The va-
lidity of this theory is supported by the research results in
Tables 1, 3, and 6, which show that compounds with dif-
ferent structures have different biological activities (ICso
values), as reported previously [24-26]. Different ben-
zimidazole derivatives have different structures even
though they have the same parental structural framework
(homologous). This is because of the differences in elec-
tronic properties, net atomic charge, x, ELumo, Enomo, @,
and logP, which result in different antimalarial activities.

The active sites for benzimidazole derivatives based on
the best QSAR equation model (model 1 of the QSAR
equation) are in the atoms N1, C2, N3, C4, C6, C7, C8,
and C9, as shown in Figure 3. Based on the results of the
active center analysis using model 1 of the QSAR equa-
tion on a set of benzimidazole derivatives, the independ-
ent variables that affected the theoretical 1Cso value of the
benzimidazole compounds were gN1, qC2, gN3, qC4,
qCe6, qC7, qC8, qC9, i, ELumo, Exomo, a, and logP. The
homologous benzimidazole scaffold contained atoms
gN1, gC2, gN3, qC4, qC6, and qC7, so the design of new
benzimidazole derivatives involved substituting atoms or
functional groups on these atoms. This is why the theo-
retical 1Csp values of the new benzimidazole derivative
compounds differed, as shown in Table 2. The theoretical
antimalarial activity (theoretical I1Cso value) of each ben-
zimidazole derivative was determined using model 1 of
the best QSAR equation, which incorporated atomic
charge and other descriptors. The aim was to identify the
benzimidazole derivative with the smallest I1Cs value,
which could then be proposed as a new antimalarial com-
pound to be synthesized in the laboratory.

A new benzimidazole derivative compound was designed
through modeling, which had a smaller 1Cs value (i.e.,
was more potent) than that of the antimalarial chloro-
quine (0.002 uM). This compound was recommended for
synthesis in the laboratory [27]. The modeling of benzim-
idazole derivative compounds was conducted using dis-
connection, FGI, and retrosynthesis methods and ob-
tained 13 compounds: 23 (ICso = 2.3 x 107% uM), 24
(ICso = 2.3 x 1076 uM), 25 (ICso = 1.4 x 107'¢ uM), 26
(ICs0 = 2.6 x 10716 uM), 27 (ICsp = 6.0 x 1078 uM), 28
(ICs0 = 7.0 x 1076 uM), 29 (ICso = 1.0 x 1072° uM), 30
(ICs0 = 9.0 x 107% puM), 31 (ICso = 9.6 x 107% uM), 37
(ICso = 5.7 x 1077 uM), 38 (ICso = 1.1 x 107'° uM), 39
(ICs0=3.9 x 107" upM), and 40 (ICsp = 9.6 x 107% puM).
Meanwhile, seven other benzimidazole derivative com-
pounds had higher theoretical 1Cso values (smaller poten-
tial) than chloroquine (0.002 uM) [28] and thus were not
recommended for synthesis in the laboratory (Table 6):
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compounds 21 (ICsp = 3.6 x 107°2 uM), 22 (ICso = 1.6 x
1079 puM), 32 (ICso = 8.4 x 107 uM), 33 (ICsp = 4.7 %
1% uM), 34 (ICso = 1.6 x 10% pM), 35 (ICso = 6.8 x 10
uM), and 36 (ICsp = 19.7 x 1072 uM). Benzimidazole
derivatives were synthesized in the laboratory, prioritiz-
ing compounds with simple synthesis pathways as deter-
mined using disconnection, FGI, and retrosynthesis
methods.

Conclusion

The QSAR analysis of 15 benzimidazole derivatives
yielded the best QSAR equation model, which described
the relationship between antimalarial activity and
independent variables. The best QSAR equation model
was model 1, presented as follows:

log 1/1Cso = 26.892 + 49.892(qN1) — 55.394(qC2) —
128.558(qN3) — 20.978(qC4) + 10.162(qC6) —6.36
(qC7) — 55.991(qC8) — 207.272(qC9) + 0.076(x) —
14-914(ELUMO) + 2.866(EHomo) - 0.460((1) + 1.269(Iog
P); n =15, r =0.997, r?=0.993, adjusted R? = 0.906, SE
= 0.157, Feount/Frable = 2.206, and PRESS = 0.0045. The
active sites on the benzimidazole structure based on
model 1 of the QSAR equation were best found in atoms
N1, C2, N3, C4, C6, C7, C8, and C9. Therefore, N1, C2,
N3, C4, C6, C7, C8, and C9, ELumo, Eromo, a, and log P
were variables that affected the antimalarial activity
(theoretical 1Csp value) of the benzimidazole derivatives.
A total of 20 new benzimidazole derivative compounds
were modeled, including 13 benzimidazole derivative
compounds with high (potential) antimalarial activity.
These compounds were 23, 24, 25, 26, 27, 28, 29, 30, 31,
37, 38, 39, and 40. These compounds were recommended
for synthesis in the laboratory.
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