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Abstract: A parasite of the Plasmodium species initiates malaria. The parasite is transmitted to communities through
the bite of an infected mosquito. Malarial resistance towards the commonly used antimalarial agents is a genuine
human health problem. Benzimidazole derivatives exhibit a wide range of antimalarial activities against Plasmodium
falciparum (P. falciparum) strain. The present review has summarized the antimalarial activity of benzimidazole hybrid
derivatives and described its structural activity relationship (SAR) and quantitative structural-activity relationship
(QSAR) model. A total of 14 papers were systematically reviewed. The literature survey has revealed that novel
benzimidazole hybrid derivatives diminished the P. falciparum activity in the liver and gametocyte stages and inhibited
heme synthesis and B-hematin formation. The QSAR models explain imminent antimalarial agent’s growth through
multiple linear regression (MLR) and artificial neural networks (ANN).
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1. Introduction

Parasites triggered malaria among people by bites of female Anopheles mosquitoes. There are five parasites
reported, namely Plasmodium falciparum (P. falciparum), Plasmodium vivax (P. vivax), Plasmodium malariae (P.
malariae), Plasmodium ovale (P. ovale), and Plasmodium knowlesi (P. knowlesi). The cycle of malaria consists of
human and mosquito (Anopheles) hosts.' Especially accounts of more severe mortality and morbidity in more than
100 countries have been widespread and most probably affected tropical areas of Asia, Latin America, and Africa.” In
2015, 214 million clinical cases and 438,000 people died of malaria.* In 2016, the World Health Organization (WHO)
reported 216 million clinical issues and 445,000 deaths due to malaria.” In 2017, WHO stated about 219 million
malaria cases in 87 countries and estimated death of 435,000 peoples.® According to WHO, there is no substantial
improvement in clinical instances and decease caused by malaria from the World malaria report 2018.” To control
malaria, WHO inaugurated the Global Malaria Eradication Programme using dichlorodiphenyltrichloroethane (DDT)
along with the chloroquine treatment.® In the early 1820s, antimalarial drugs have been discovered and marketed
(Figure 1).” Malaria vectors are resistant to insecticides, and chemotherapy/chemoprophylaxis has remained as combat
against malaria. Resistant developed by the malaria vectors is seriously impeded to the first-line antimalarial drug’s
chloroquine (CQ) and sulfadoxine-pyrimethamine (SP) as well as second-line antimalarial drugs. Artemisinin-based
combination chemotherapy (Figure 2) reduced the death rate, but later on, artemisinin resistance was also reported.'*"
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The increase of resistance by mosquito vectors against antimalarial drugs lures serious attention to develop a new
chemical entity that attenuates malaria problems. These will be the preliminary development to overcome malaria vector
resistance. Benzimidazole (Figure 3), chemically 1-H-benzo[d] imidazole, is regarded as a critical pharmacologically
active compound that possesses a wide range of biological activities. Benzimidazole exhibits an essential class for
synthesizing various substitutes through structural modification by nucleophilic and cyclo-condensation reactions to
fabricate suitable drugs/drug candidates.'*"™ Substituted benzimidazole derivatives possess potent and pertinent activity
by inhibiting intracrythrocytic asexual blood stages and the transmissible gametocyte stages of P. falciparum as well as
potent plasmodium plasmepsin enzyme inhibitors.'”*” The quantitative structure-activity relationship (QSAR) model
calculates binding affinity and interaction using multiple linear regression analysis (MLRA), topological and geometric
descriptors, total energy, and the highest occupied molecular orbital associated with pharmacological deeds or assets
of benzimidazole scaffolds.”"> The novelty of the present work is the summarization of a recent study to elaborate
the antimalarial activity of benzimidazole hybrid derivatives against antimalarial drug-resistant developed by the P,
falciparum strain along with their structural-activity relationships.

(0) O
Bl B o
HO
H
H
HN \l/N\\r NH, Cl g H N
|
H N N HN ==
—\_\ \r B
cl Cl N
Co-Artemether Malarone ) hl .
(artemether and lumefantrine) (Atovaquone-proguanil chioroquine
hydrochloride mixt)
NH /I\/\/ NH,
N
| ~
= -~
O
Mefloquine Doxycycline hyclate Primaquine
Cl < OH
O N~
/N
Cl-H H
HO HN 0 HN
HO o - Cl
‘ HO - {HO ¥/ 7
o H N
G o - S\. Cl N
Atovaquone Clindamycin hydrochloride Hydroxychloroquine

Figure 1. Marketed antimalarial drugs
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Figure 2. Artemisinin-based combination chemotherapy drugs

2. Benzimidazole derivatives against antimalarial drugs resistant

Singh et al. synthesized a novel pyrido[1,2-a]benzimidazole derivatives. Compounds 3a, and 3a, (Figure 3)
exhibited the most active activity against chloroquine-sensitive (CQS PfNF54) strain in vivo in the mouse Plasmodium
berghei (P. berghei) model with 1Cy,, PfNF54 = 0.02 uM; PfK1 = 0.02 uM) (3a,) and IC;,, PNF54 = 0.03 uM; Pf
K1 =0.04 uM (3a,). The synthesized compounds were then further studied for cytotoxicity activity in the rodent P,
berghei against mammalian Chinese hamster ovary (CHO) cell lines for the chloroquine multidrug-resistant PfK1
strain in vivo. Compounds 3a, and 3a, diminished the activity of the parasite in the liver and gametocyte stages; were
stable metabolically and well absorbed orally in the tested model. SAR studies also aided a positive point in finding
the physicochemical evaluation and microsomal stability studies with substitution on the benzimidazole phenyl in vitro
activity against P, falciparum.”*

Sharma et al. synthesized benzimidazole acrylonitrile hybrids derivatives by condensing the 2-cyanomethyl
benzimidazole with corresponding substituted aldehydes. The synthesized compounds were tested against chloroquine-
sensitive (3D7) and resistant (RKL9) strains in vitro. Among the synthesized compounds 3b, (IC,, 3D7= 0.69 uM,
RKL9 = 01.60 uM), 3b, (ICs, 3D7=1.69 uM, RKL9 = 14.36 uM) and 3b; (IC;, 3D7 = 1.61 uM, RKL9 = 5.46 uM)
(Figure 3) showed most potent antimalarial activity. These compounds showed tolerable cytotoxicity limits and
active inhibitory activity against falcipain-2 and hemozoin formation. A docking study was done on PDB ID: 3BPF.
The result showed that the binding and molecular dynamic (MD) simulation exhibited the protein-ligand complex of
synthesized compounds through silico studies. There are three subsites of enzymes, namely S1, S2, and S3. Synthesized
benzimidazole acrylonitrile compounds entirely interacted with the amino acids constituting subsite S2, viz. Trp43,
Leu84, I1e85, Ser149, Alal75, and Gly83 showed identical configuration at subsite S2 as E64 (cocrystallized ligand of
PDB ID: 3BPF). At subsite S1, the ligand also interacts with Cys42 and His174. But the synthesized compound unbinds
with the amino acids Asn71 and Tyr78 of subsite S3. The heme-binding studies identify that compound 3b, binds at
basic pH 7.4 and acidic pH 5.6. Compound 3b; also binds to heme [Fe(III) PPIX] and inhibits aggregation to $-hematin.
3b, inhibited hemozoin formation by falcipain-2 (FP-2) enzyme binding. SAR study revealed that the substitution of
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a methoxy group at 2, 3, 4, and 5 positions was favorable for the antimalarial activity but not more than two methoxy
group’s substitution. They reported that substituting a methoxy group at 3-position is the best for antimalarial activity,
followed by 3,5-dimethoxy, 3,4-dimethoxy, and 2,4-dimethoxy. Decrease/loss of activity was observed with replacement
of 3-OCH, group with other electron-donating groups with high electronegative atoms like -OH group.”

Romero et al. synthesized benzimidazole-5-carboxamide derivatives (3c¢,.;) (Figure 3) and were evaluated against
antimalarial activity in mice P. berghei, which was infected with ANKA chloroquine-sensitive strain. Among the
synthesized compounds 3¢, (%IpHF(+ SD)" = 76.45 + 0.03), 3¢, (%IPHF(+ SD)" = 86.49 + 0.044), 3¢, (%IBHF(+ SD)*
= 85.62 + 0.066), 3¢c; (%IPHF(+ SD)" = 77.15 £ 0.053), 3¢, (%IBHF(+ SD)* = 82.51 £ 0.001) and 3¢, (%IBHF(+ SD)"
= 74.19 + 0.116) showed potent B-hematin formation blockers (Table 1). And the compounds 3¢, and 3¢; showed
potent antimalarial activity compared with standard drug chloroquine. Compounds 3¢, showed most potent cytotoxicity
activity against two human cancer cell lines, namely Jurkat E6.1 (ICs, (+ SD) 24 h = 7.05 + 0.60*), and HL60 (ICs, (£
SD) 24 h =2.95 + 0.28%) (*p < 0.01 compared to doxorubicin) and in fresh human lymphocytes among the synthesized
compounds. This cytotoxic activity could be due to the inhibition of heme synthesis, or the inhibition of lysosome
induces autophagy. SAR study reveals that the presence of significant antiplasmodial activity of benzimidazole-5-
carboxamide derivatives may be due to n-n stacking interaction with the porphyrin ring system, in the benzimidazole
ring, the presence of 5-nitrofuran-2-yl or a 5-nitrothyophen-2-yl on the 2-position, and a replacement pattern of 2, 4 or 3,
4 with lipophilic groups in a phenylcarboxamide in position 5.*°

Table 1. Percentage of inhibition of p-hematin formation (%IpHF)™

Comp. No. R %IBHF( + SD)* %P°(+ SD)* Sd°( = SD)* Survival’
3¢, X=0,R=H 76.45 +0.03 4.02+0.45 17.00 + 1.26 0/6
3c, X =0,R=2,34-CH, 10.38 +0.16 - - 0/6
3¢, X=0,R=2,4-CH, 86.49 +0.044 3.05+0.09 20.20 +1.95 0/6
3¢, X=0,R=34-CH, 85.62 +0.066 19.66 = 1.76 8.80 +1.53 0/6
3¢5 X=0,R=2-CH, 88.74 +0.008 47.00 +1.32 10.61 +1.14 0/6
3¢, X =S8,R=3,4-CH, 82.515+0.001 52.00 +0.36 8.80+0.14 0/6
3¢, X =8,R=2-CH; 95.58 +0.081 44.66 +0.69 10.20 +1.98 0/6
CQ - 98.52+0.01 0.80 £ 0.037 29.20 £+ 0.80 5/6

P. berghei infected mice infection (10 mg/kg™")

CQ chloroquine, CISS control infected and treated with saline solution

*p > 0.05 compared to chloroquine.

**p <0.001 compared to saline solution and chloroquine. n =6

SD: Standard deviation

*%P: Percentage of parasitemias

‘Sd: Survival days

*Number of mice that survived till day 30 post-infection/total mice in the group

Yadav et al. synthesized chalcone substituted derivatives by condensing chalcone and benzimidazole via the
Claisen-Schmidt condensation method. Among the synthesized compounds, 3d, (IC,, = 2.86 = 0.06 uM) (Figure 3)
showed the most potent antimalarial activity against chloroquine-sensitive malaria parasite P. falciparum 3D7 strain and
a chloroquine-resistant P. falciparum RKL 303 strain in vitro. They also reported that among the synthesized chalcone
substituted derivatives consisting pyrrolidine (3d,) (IC,, = 6.16 = 0.22 puM), morpholine (3d;) (IC5, = 8.34 + 0.21 pM)
and 1, 2, 4-triazole (3d,) (IC;, = 10.07 = 0.22 uM) in the place of benzimidazole have shown the insightful effect on
parasites but lesser than compound 3d,. SAR study unveils that IC;, values of the compounds that the presence of
dimethoxy groups at the 2 and 4 positions in benzaldehyde represented the most suitable positioning on binding to the
enzyme active site. After this, they hypothesized that the formation of irreversible Michael addition with the interaction
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of His 67 of the enzyme with benzimidazole nitrogen resulted in a potential antimalarial activity.”’

Ramachandran et al. synthesized the N-aryl-amino benzimidazole scaffold. Among the synthesized compounds,
3e (ICsy, NF54 = 0.036 uM; K1 = 0.059 uM) (Figure 3) showed significant activity against a fully sensitive (NF54)
and multidrug-resistant (K1) strain of P. falciparum using an SYBR-Green based readout. In rat blood, this compound
showed a half-life of 19 h and prolonged survival for 30 days more in a dose of 50 mg/kg in the P. berghei malaria-
infected. They reported that the synthesized aryl aminobenzimidazoles were evaluated in combination to find the
resistance and demonstrate that the newer compounds can inhibit the P. falciparum at the sexual as well as liver stages.
The 5-(trifluoromethyl) pyridin-2-amine is attached to the 2" position of benzimidazole, and methyl piperidine is
substituted at the 5-position of benzimidazole.*®

Saify et al. synthesized 2-pyridine-2-yl-1H-benzimidazole derivatives (3f,;) (Figure 3) and studied for P.
falciparum plasmepsin II and human cathepsin D inhibitions through virtual screening. Synthesized benzimidazole
derivatives with substitutions at the acetophenone ring showed potent enzyme inhibition at low micromolar ranges (2~48
uM) and inhibited intraerythrocytic in culture P. falciparum. Among the synthesized compounds, 3f; (IC5, = 0.16 + 0.4
uM) (Figure 3) showed potent antiplasmodial activity. They also reported that among the synthesized compounds, 3f,
(ICs, = 0.7 uM) and 3f; (IC,, = 2.1 uM) (Figure 3) showed antiplasmodial activity, respectively. Using FlexX ligand
docking software (version 2.0), virtual screening studies revealed that the pyridine ring of benzimidazole compounds
binds with S1 subsite and acetophenone moiety bind at S1-S3 active center of plasmepsin II comprehensive substrate,
according to the plausible mode of binding. At the para position of acetophenone ring of compound 3f;, the presence of
phenyl group showed potent antimalarial activity, whereas in compound 3f, presence of a chlorine atom and appearance
of a nitro group at compound 3f,.”’

Ndakala et al. synthesized pyrido[1,2-a] benzimidazole derivatives and evaluated them for antiplasmodial activity
and cytotoxicity. The pyrido[1,2-a] benzimidazole derivatives were synthesized by nucleophilic substitution with
appropriate amine. Among the synthesized compounds, 3g (Figure 3) showed vigorous activities against the chloroquine
drug-resistant k1 strain of P. falciparum in vitro. In P. berghei infected mice, 3g were administered sequentially
intraperitoneal (ip) and oral (po). Compound 3g exhibit parasitemia with >90% inhibition (IC;, = 0.047 uM) and ~3.5
times more potent than chloroquine along with the extension of the mean survival time and with negligible cytotoxicity
against a mammalian (L-6) cell line. But in vivo study revealed that the synthesized compounds did not possess
potential activity because of their metabolic stability due to the alkylamino side chain. There will be no significant effect
in the alkyl chain length on in vitro antiplasmodial activity, but it varied only by one methylene unit. At the R1 position,
substituting phenyl or monosubstituted in place of a CF; group exhibit superior potency of up to 10-fold. Then, the
activity was further enhanced with the R1 aryl substituted with CF,, Cl or F group at 4-position.”

Toro et al. synthesized cyrhetrenyl and ferrocenyl benzimidazole derivatives through condensation-cyclization
reaction. The synthesized compounds were evaluated against chloroquine susceptible strain (3D7) and chloroquine
strain (W2) of P. falciparum. Among the synthesized compounds, Cyrhetrenyl (3h,) (Figure 3) (1-Re-(H, NO,), IC,, =
10.4-26.5 uM) showed better antimalarial activity than ferrocenyl compounds (3h,) (Figure 3) (IC,, = 23.9 - 48.0 uM).
The occurrence of this potent activity can be associated with the electron-withdrawing and well lipophilicity properties.
The presence of a nitro group at the 5" position of an organometallic benzimidazole compound showed an increase in
antimalarial activity.”

Table 2. In vivo efficacy of synthesized derivatives (3i)

Genz-667348 Genz-668857 Genz-669178
ED, EDj, EDj,
P. berghei N 16.7 13.0 21.0
P. berghei ANKA 6.1 ND* ND
P. falciparum 3D70087/N9 53 ND ND

ND’, not determined.
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Booker et al. synthesized N-alkyl-5-(1H-benzimidazol-1-yl) thiophene-2-carboxamide derivatives (3i) (Figure
3) and studied for dihydroorotate dehydrogenase (DHODH) antimalarial activity against P. falciparum, P. vivax, and
P. berghei. The evaluation was done through in vitro high throughput screening, followed by medicinal chemistry
programming. 3i showed potent antimalarial activity against 3D7 and Dd2 strains of P. falciparum, good tolerability, and
oral exposure among the synthesized compounds. The efficacy was studied in vivo by orally administering compound 3i
at a dose of 13-21 mg/kg/day twice a day, and after 4-days EDs, was observed, as shown in Table 2.*

Camacho et al. synthesized N’-substituted-2-(5-nitrofuran or 5-nitrothiophen-2-yl)-3H-benzo[d]imidazole-5-
carbohydrazide derivatives (3j,,) (Figure 3). Among the synthesized compounds, 3j, (IC, = 8.43 uM), 3j, (IC,, = 8.63
uM), 3j, (IC5, = 13.13 uM) and 3j5 (IC,, = 9.56 pM) possess inhibition of f-hematin formation. Compounds 3j, and 3j,
(ICs, = 11.10 uM) showed the most potent antimalarial activities through inhibition of B-hematin formation in vitro and
in vivo murine. Compound 3j; (IC;, = 10.92 uM) showed significant antitubercular activity against multidrug-resistant
MDR-MTB strains compared to standard drugs rifampin. Among the synthesized compounds, 3j,, 3j; and 3j, showed a
good safety margin.’

Kamil Arfa et al. synthesized benzimidazole substituted phenacyl halide derivatives 3k, ; (Figure 3) and evaluated
them against P. falciparum. Among the synthesized compounds, 3k, (IC;, = 0.019 uM), 3k, (IC,, = 0.034 uM), and 3k,
(ICs, = 0.025 uM) showed moderate inhibition against 3D7 P. falciparum strain after an incubation period of 72 hours.
Those active compounds after their structural characterization revealed that the presence of monomethoxy, phenyl and
dimethoxy groups might be liable for antimalarial activity.”

Keurulainen et al. synthesized 2-aminobenzimidazoles derivatives. Among the synthesized compound, 31 (Figure
3) showed potent antimalarial activity against P. falciparum with an 1Cs, value of 0.094 uM. The compounds were
given orally in a single dose per day for four sequential days. It showed that parasitemia could dissipate the growth
rate of parasites equivalent to antimalarial drugs such as dihydroartemisinin and piperaquine within two doses of the
compounds. They reported that the compounds showed diminution ineffectiveness.™

Divatia et al. synthesized a series of (E)-2-[5-chloro-1-(1H-benzo[d]imidazol-2-yl)ethylidene] N-(substituted)
hydrazine carbothioamide (3m,,,) and (E)-2-[1-(1H-benzo[d]imidazol-2-yl)ethylidene] N-(substituted) hydrazine
carbothioamide (3m,,_,) via the condensation of corresponding ketones with different thiosemicarbazides. Synthesized
compounds were evaluated for antimalarial properties. Among the synthesized compounds 3m,5 (IC;, = 0.062 uM), 3m,,
(ICs, = 0.004 uM), 3m,; (ICs, = 0.025 uM), 3m,4 (IC, = 0.070 uM), 3m,, (IC5, = 0.012 pM), 3m,, (IC5, = 0.182 uM)
and 3m;, (IC5, = 0.216 uM) exhibited good antimalarial activity in vitro. A SAR study revealed that thiosemicarbazides
derivatives with electron-withdrawing groups such as chloro, fluoro, and iodo groups possess excellent potency. In
contrast, moderate electron releasing groups such as methoxy group substitution exhibited good antimalarial activity.
The presence of cyclohexyl and isopropyl groups is important for the antimalarial activity.”

3. The advance of QSAR (quantitative structure-activity relationship) models in
the development of antimalarial agents

Quantitative structure-activity relationships (QSARs) practice chemical description with statistical models to
describe the relationship between biological activity and molecular structure and prediction of activities by structural
modification for leads generation.

Divatia et al. investigated the Quantitative Structure-Activity Relationship (QSAR) of synthesized
thiosemicarbazone derivatives containing benzimidazole (3m,_,). A Genetic Function Approximation (GFA) technique
such as Quantum mechanical, topological, and geometric descriptors are the most dynamic molecular descriptors for the
QSAR study. The correlation coefficient, LOF, r’,, and r’,, values, showed a good result. The aftermaths of GFA revealed
that the length of the molecule in Y-dimension, dipole moment, electrotopological count, and relative positive charge
surface area for CH, showed significant progress in P, falciparum. *°

Worachartcheewan et al. synthesized 2’-aryl-substituted-1/, 1’H-[2, 5°] bisbenzimidazolyl-5-carboxamidines
derivatives (3n) (Figure 3) and studied for antimalarial activity against P. falciparum. The synthesized compounds
were analyzed QSAR by quantum chemical and molecular descriptors using B3LYP/6-31¢g (d) calculations and Dragon
software. Other variables, such as total energy, the highest occupied molecular orbital, Moron autocorrelation-lag3/
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weighted by atomic masses (MATS3m), Geary autocorrelation-lag8/weighted by atomic masses (GATS8m) and
3D-MoRSEsignal 11/weighted by atomic Sanderson electronegative (Morl1e) were used for the development of QSAR
models. Besides the QSAR models, statistical parameters also explain imminent antimalarial agent growth through
multiple linear regression (MLR) and artificial neural networks (ANN). Predicted models for MLR and ANN using
leave-one-out cross-validation showed good result 0.9760 and 0.9821 of correlation coefficients of leave-one-out cross-
validation (RLOO-CV), 0.1301 and 0.1102 of root mean squared error of leave-one-out cross validation (RMSELOO-
CV), 0.9526 and 0.9645 of productivity of leave-one-out cross-validation (Q2 LOO-CV), in anti-malarial activity
against P, falciparum respectively.’’

4. Comparison of benzimidazole hybrid derivatives relating structures, SAR,
and QSAR model with their related antimalarial activity

Most studies evaluated laboratory strains of P. falciparum, chloroquine multidrug-resistant PfK1, chloroquine-
sensitive (3D7) and resistant (RKL9), ANKA chloroquine-sensitive strain, P. falciparum RKL 303, (NF54) and
multidrug-resistant (K1) strain, P. falciparum plasmepsin II and human cathepsin D inhibitions, chloroquine drug-
resistant k1 strain, chloroquine susceptible strain (3D7) and chloroquine strain (W2), and inhibition of B-hematin
formation. P. berghei was used on the animal-based model for malarial susceptibility, and synthesized benzimidazole
was administered orally and intravenously.”***’

Compounds 3a,, and 3g have structural similarities, and both are pyrido[1,2-a] benzimidazole derivatives.
Compound 3a,, has a substitution at C-5, C-6, and C-7 position at benzimidazole ring while there was no substitution at
C-5, C-6, and C-7 place at benzimidazole ring for 3g derivatives. Both the compounds have carbonitrile substitution.

Compounds 3b,; and 31 have common substitution at C-2 position at benzimidazole ring. 3b has a substitution
of 2-cinnamonitrile at benzimidazole ring at C-2 position while 31 has a 2-N-(3-aminopropyl) substitution
3,5-dichlorobenzamide at benzimidazole ring at C-2. Compounds 3¢,, and 3j,, have common substitution at C-2
and C-5 of benzimidazole ring. Substitution of 2-nitrofuran (3¢, 5 and 3j,,) and 2-nitrothiophene (3¢, and 3j<,) are
both at the C-2 position benzimidazole ring. At C-5 position substitution of N-phenylformamide on 3¢,; and phenyl
ring, the substitution of 3,4,5-trimethoxy, 2,4-dimethoxy, 3,4-dimethoxy, 2-methoxy were observed while in 3j,,
nitrofuran substitution was observed at the C-2 position of benzimidazole ring. At the C-5 position, carboxylic acid
substitution was seen at the benzimidazole ring for 3j,. While 3j,,, the substitution of 2-nitrofuran was observed
along with the substitution of phenyl and 3,4-methoxyphenyl at the C-5 position. 3js,, C-2 position, 2-nitrofuran was
replaced with 2-nitrothiophene. At the C-5 position, 3,4-methoxyphenyl and 2-hydroxyl-2-naphthyl groups were
substituted. Compound 3d,, has a substitution of (E)-3-(2,4-dimethoxy phenyl)-1-phenyl prop-2-en-1-one at 1-position
of benzimidazole ring. In compound 3h,, no substitution was observed at 1-position, while in 3h,, the substitution
of ferrocenyl at 1-position was observed. At the C-7 position, the substitution of nitrogen dioxide was observed.
Compounds 3e, 3m;s_ 9,73, and 3n have common substitution at C-2 and C-5 positions of benzimidazole ring. 3e
has 5-(trifluoromethyl) pyridine-2-amine substitution at the C-2 position, while at C-5, it has 1-methyl piperidine
substitution. While 3m,5 ,, has chloro substitution at C-5 and ethylidene N-(substituted) hydrazine carbothioamide at the
C-2 position, and 3m,;, 3, has no substitution at the C-5 position, but at the C-2 position, it has ethylidene N-(substituted)
hydrazine carbothioamide of benzimidazole. In compound 3n, the substitution of another benzimidazole molecule
at the C-2 position of the benzimidazole ring and formamidine substitution at the C-5 position of the benzimidazole
ring. Compounds 3f, ;, 3k, ; and 3i have a substitution at C-2 and 1-position, while 3i have additional substitution at
C-4 and C-5. 3f,; has a 2-pyridine substitution at C-2 position and substitution of acetophenone ring at 1-position of
benzimidazole ring. Substitution of chloro, phenyl, and nitro group in the acetophenone ring. Compound 3k, ; has a
benzyl substitution at the C-2 position, while it also has an acetophenone substitution at 1-position. At acetophenone,
it has 1-methoxy, 3-methoxy, 4-methoxy substitutions. Compound 3i has N-cyclopropylthiophene-2-carboxamide
substitution at 1-position. At the C-2 position, it has methyl substitution, while at C-4, it has 4-trifluoromethoxy group
and cyano group substitution. At the C-5 position, it has a trifluoromethoxy group substituted at the benzimidazole ring.

Volume 2 Issue 2[2021] 51 Fine Chemical Engineering



~—.  CH,
HN  HN—

R,
R, —_—
N
ﬁf, /
R, N CN
3a,R,=R,=CLR,=H
3a,,R;=Cl, Rg=H, R, =Cl

H
@EN 4
% N R
CF, NH_@

3b,, R = 3-OCH,4
3b,, R = 3-OCH,, 5-OCH,
3b,, R = 3-OCH,, 4-OCH,

H
N
£

H
N
1
N X NO,

3¢, X=0,R=H
3c, X =0, R =3,4,5-0CH,
3¢, X =0, R =2,4-0CH,
3c, X =0, R =3,4-0CH,
3c, X =0, R =2-0OCH,
3ce, X =S, R = 3,4-OCH,
3¢, X =S, R =2-OCH,

(¢}

oo Y
H N
N g
- N o OCH;,
HN N
S H
3n
Y 0
R OCH,
{ H
X N CH, N
i xe QLm0
N NN
X R NHR N N
3m,,, Cl, COCH, | 3d,R= —N O 3d,R=—N f?\l
\_/ \=
3m,, Cl, 4-FCH, 7 H
3m,,, Cl, 4-IC,H, 6 N
3myg, CI,  4-MeC,H, - D2 —- CF
5 N HC-N N N7 ’
3m,,, Cl, 2.3-CIC,H, ) ) |
3my;, H, CHy, 4 )\N S
3my, H, 4-MeOCGH, Cl 1 H-benzo[d]imidazole 3 H H
0 / R
H NH 0
NH 1» -
N’>_ N 3£, R=Cl
R, N= 3f, R=NO,
R,
N
R, N
R, i
R
0
H =N
L~ -
7\ CF
X N Y/, N Y, 3
3k, R,=H,R,=H,R,=H,R,=H N N
3k, R, =H,R,=H, R, = OCH,, R, = H ¥
3g, R = N(Et),

3k, R, = OCH,, R, = H, R, = H, R, = OCH,

H
0w & HO,C N g - i I.{
Y ; | Y s N
HN N 0™ ™No, R, !
NH j N

H 3,
0 N Y] 9~ CH,
y | N 3h,, R, = H, NO,
N RS
NO, R,
3i

3j,,X=0,R=H
3j;, X=0,R=Ph R, R, hERG
3js, X =0, R = 3,4-MeOPh H OCF, <28
3j5, X =S, R =3,4-MeOPh OCHF, H 28.8
3js X =S, R = 3-OH-2-naphtyl CN H 52.9

Figure 3. Novel benzimidazole hybrid derivatives

Fine Chemical Engineering

oc”do

3h,, R, =H, NO,;

R,
I
N
R, 1,
Fe-CO N F:e

R,=H,

52 | Kuntal Manna, ef al.



5. Future perspective

Benzimidazole moiety has a diverse molecular target, and in medicinal chemistry, it has privileged and remarkable
activities. In the current review, 14 publications were considered and more studies were needed in malaria-endemic
countries. The survey of benzimidazole moiety in the future could give a unique identification in medicinal chemistry. It
is expected that this information would rise to develop better moiety with boosted antimalarial properties, more stable as
a potential drug/drugs candidates for preclinical and clinical studies with a novel mechanism of action to overcome the
antimalarial drug resistance.

6. Conclusion

This comprehensive review summarizes the novel benzimidazole hybrid derivatives relating structures, SAR,
and QSAR model with their related antimalarial activity. The benzimidazole ring plays a significant role in biological
and pharmacological activities. Based on the evidence from in vitro, in vivo, and in silico studies, novel benzimidazole
hybrid derivatives diminished the parasite’s action in the liver and gametocyte stages, inhibiting heme synthesis and
B-hematin formation. The novel benzimidazole hybrids derivatives bind at subsite enzymes, namely S1 (Cys42 and
His174) and S2 (viz. Trp43, Leu84, 11e85, Ser149, Alal75, and Gly83), with His 67 of the enzyme and the center
plasmepsin II active substrate. Future investigations of these derivatives could lead to a promising benzimidazole-based
antimalarial activity in medicinal chemistry.
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