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Abstract
Antimalarial drugs with the 4-aminoquinoline scaffold such as 
the important drugs, chloroquine (CQ) and amodiaquine (AQ), 
have been used to prevent and treat malaria for many years. The 
importance of these drugs is related to their simple usage, high 
efficacy, affordability, and cost-effectiveness of their synthesis. 
In recent years, with the spread of parasite resistance to CQ 
and cross-resistance to its other analogues have decreased their 
consumption in many geographical areas. On the other hand, AQ 
is an effective antimalarial drug which its usage has been restricted 
due to hepatic and hematological toxicities. The significance of the 
quinoline ring at quinoline-based antimalarial drugs has prompted 
research centers and pharmaceutical companies to focus on the 
design and synthesis of new analogues of these drugs, especially 
CQ and AQ analogues. Accordingly, various derivatives have 
been synthesized and evaluated in vitro and in vivo against the 
resistant strains of the malaria parasite to solve the problem of 
drug resistance. Also, the pharmacokinetic properties of these 
compounds have been evaluated to augment their efficacy and 
diminish their toxicity. Some of these analogues are currently in 
clinical and preclinical development. Consequently, the recent 
researches showed yet 4-aminoquinoline scaffold is active moiety 
in new compounds with antiplasmodial activity. Hence, the aim of 
this review article is to introduce of the novel synthetic analogues 
of CQ and AQ, which may constitute the next generation of 
antimalarial drugs with the 4-aminoquinoline scaffold.
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Introduction

Malaria is one of the most widespread parasitic diseases in the 
tropical and subtropical regions of the world and is transmitted by 
female Anopheles mosquitoes. Fives species of malaria parasites 
infect humans: Plasmodium falciparum (P. falciparum), P. vivax, 
P. malariae, P. ovale, and P. knowlesi. The most deadly form of 
malaria is P. falciparum, which has a shorter period of infection 
and more severe parasitemia. According to the latest report of the 
World Health Organization (WHO) in 2015, a total of 95 countries 
and territories had ongoing malaria transmission with an estimated 
3.2 billion people at risk of malaria. Also, there were an estimated 
214 million new cases of malaria and 438000 deaths annually.1 

Review Article

What’s Known

• Malaria  is  one  of  the  most  
prevalent  and  deadly  infectious  
diseases in the world. Advances in 
malaria research are often reviewed.

What’s New

• The present review article 
introduces a new analogue of 
chloroquine to medicinal chemists and 
pharmacologists with a view to solving 
resistance and toxicity problems.
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About 90% of all malaria deaths happen in the 
African region due to P. falciparum, especially 
among children younger than 5 years of age. 
During their life cycle, Plasmodium parasites are 
dependent on 2 hosts: The sexual cycle in the 
Anopheles mosquito as the main host and the 
asexual cycle in the human as the intermediate 
host.1 During a blood meal by the infected 
female Anopheles mosquito, sporozoites enter 
the human host and infect the liver cells. Then, 
sporozoites mature into tissue schizonts, which 
rupture and release merozoites (liver stage). 
In this stage, some species of Plasmodium can 
form hypnozoites, which can remain hidden in 
the liver for many weeks or years. Thereafter, 
merozoites move into blood, where they infect the 
red blood cells and form trophozoites. The ring 
stage trophozoites mature into blood schizonts 
(blood stage). These red blood cells rupture and 
infect the healthy red blood cells. In this stage, 
some trophozoites convert into gametocytes. If 
an Anopheles mosquito bites an infected person, 
the sexual cycle of the parasite in the mosquito 
begins (figure 1).2 The malaria symptoms typically 
develop within 10 days to 4 weeks after the 
infection.3 The common symptoms of malaria 
include high fevers, chills, sweats, headaches, 
nausea and vomiting, diarrhea, body pain, and 
bloody stool. Also, malaria may cause severe 
anemia because of the loss of red blood cells. If 
not quickly treated, malaria can become severe 
and may cause coma and death.4 Based on the 
different stages of the life cycle of the parasite, 
there are a variety of drugs that affect these stages 
and exert their therapeutic effects. For instance, 
quinine [1], chloroquine [CQ, 2], amodiaquine 
[AQ, 3] and mefloquine [MQ, 4] are fast-acting and 
highly effective blood schizonticidal drugs with a 
quinoline scaffold against malaria parasites-mainly 
P. falciparum. In general, CQ and AQ are called 
4-aminoquinolones which are the most important 
and widely used class of antimalarial drugs. 
Nonetheless, the development of drug resistance 
has restricted their use for malaria prophylaxis and 
treatment. Recently, researchers have synthesized 
new compounds based on the 4-aminoquinoline 
scaffold and evaluated their antimalarial activities. 
The aim of this review article is introduction of 
new 4-aminoquinoline candidates (CQ and AQ 
analogues) with antiplasmodial activity against 
the CQ-sensitive and CQ-resistant strains of 
Plasmodium, especially P. falciparum.

Introduction of Antimalarial Drugs with the 
Quinoline Scaffold

For many years, the bark of the Cinchona tree 
was used to treat fever. Later years, its active 

ingredient, quinine [1], was isolated and identified 
as the oldest effective drug for malaria treatment. 
Quinine, as an alkaloid, is a fast-acting and 
highly effective blood schizonticidal drug against 
the species of human malaria, especially severe 
malaria. Quinine also has weak gametocide 
activity against P. vivax and P. malariae. 
However, there were concerns about the toxicity 
of quinine. Accordingly, quinine analogues were 
synthesized such as CQ [2], AQ [3], and MQ [4]. 
These analogues were inspired from the structure 
of the quinoline ring in quinine which is still used 
in the treatment of malaria (figure 2).3 CQ has 
been widely used since the1940s as the drug 
of choice for the treatment all types of malaria 
and has provided effective, affordable, and safe 
treatment for patients around the world.5 CQ is 
more effective and safer than quinine as a blood 
schizonticidal drug, but it is not active against the 
liver stage and mature gametocytes.

Today, the use of this drug has been restricted after 
widespread parasitic resistance to CQ in different 
regions, which was led to a major health concern 
in malaria-endemic areas. Therefore, researchers 
focused on the discovery of alternative antimalarial 
drugs that could be effective against CQ-resistant 
strains. As a result, other 4-aminoquinolines were 
developed as CQ analogous. AQ [3], a Mannich 
base 4-aminoquinoline, is a CQ analogue with 
a mechanism of action similar to CQ and is 
effective against CQ-resistant P. falciparum 
strains.3 Nevertheless, there is a cross-resistance 
between AQ and CQ.6 This is noticeable that AQ is 
associated with agranulocytosis and hepatotoxicity 
as side effects after its long-term administration; 
therefore, the clinical use of AQ has been severely 
limited.

MQ, which has a similar structure to quinine, 
is recommended for malaria prophylaxis and 
acute therapy in most malarious areas with 
CQ-resistant strains. The use of MQ was 
confirmed by the Center for Disease Control 
and Prevention (CDC). MQ is a potent blood 
schizonticidal drug with a long half-life, although 
the toxicity of this drug has limited its usage. 
Today, combination therapy MQ with artesunate 
is used strongly in the resistant regions.

The success of CQ in this group was due 
to its excellent clinical efficacy, low toxicity, 
easy usage, and cost-effective synthesis.7 
Unfortunately, in today’s world, one of the most 
serious problems in the treatment, control, and 
elimination of malaria is drug resistance against 
affordable, safe, and readily available drugs such 
as CQ and pyrimethamine/sulfadoxine.8 Due to 
this serious health problem, researchers have 
focused on discovering new antimalarial agents. 
Further research on new synthetic analogues 
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Figure 1: Life cycle of the malaria parasite: Humans and female Anopheles mosquitoes are two hosts of malaria parasites. In 
humans, the parasites grow and multiply in the liver cells (liver stage) and then in the red blood cells (blood stage). In mosquitoes, 
gametocytes are picked up during a blood meal and started sexual cycle.

Figure 2: Chemical structure of antimalarial drugs containing the quinoline ring.
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containing the quinoline ring has revealed that 
these compounds can be suitable alternative 
agents for old antimalarial drugs. Considering 
the importance of review articles,9 in this paper, 
we introduce a number of new CQ and AQ 
analogues containing the 4-aminoquinolone ring.

Mechanism of the Action of the Quinolone-
Based Antimalarial Drugs

Different mechanisms of action have been 
reported for CQ and its analogues.10 CQ is a 
blood schizonticidal drug without activity against 
the liver stage.11 Accordingly, the parasite enters 
the host’s red blood cell and digests hemoglobin 
(Hb) in its acidic food vacuole (FV) as the 
dominant source of nutrition. Hb is a multi-subunit 
protein with an iron-containing heme group found 
in erythrocytes. After Hb digestion in the FV 
of the parasite, Hb is degraded to amino acids 
and heme (ferriprotoporphyrin ΙΧ) as a toxic 
by-product. The parasite needs these amino 
acids for its growth, and several malarial protease 
enzymes are involved in this degradation process. 
Plasmodium parasites do not have any enzymes 
to metabolize toxic heme, which is responsible 
for the parasite’s death. Nonetheless, the malaria 
parasite has developed a special process for 
the detoxification of heme. For this purpose, the 
malaria parasite converts heme to hemozoin as 
an insoluble crystalline form (malaria pigment) 
by heme polymerization. Hemozoin is not toxic 
for the parasite, and its formation is an essential 
mechanism for the detoxification and survival 
of the parasite (figure 3).12 Generally, small 
molecules with a 4-aminoquinoline moiety such 
as CQ and its analogues present antimalarial 
activity through the prevention of hemozoin 
formation which is resulted to the parasite’s 
death. The FV has a lysosomal structure with 
an approximate pH of 5–5.2, whereas CQ is a 
weak base with pKa of 8.1 and pKa’ of 10.2 which 
penetrates through the parasite’s membrane 
in its unprotonated form. In this situation, CQ is 
protonated and accumulated in the acidic FV of 
Plasmodium species, especially P. falciparum 
and is trapped in its acidic form (protonated form). 
CQ and its analogues can inhibit the formation of 
hemozoin and increase the intracellular heme 
(figure 3). In other words, it is inferred that CQ 
and its analogues somehow intervene with the 
parasite-feeding process.

The Mechanism of Chloroquine Resistance 
in Plasmodium Falciparum

In 1957, the first parasite resistance to CQ 
was reported. Different factors were led to 

early resistance to the cheapest and safest 
antimalarial drug. These factors included 
frequent travels to malarious areas, uncontrolled 
treatment regimens with CQ, and finally the 
feeding of mosquitoes from different hosts.13 
The weak accumulation of CQ into the FV of the 
parasite is the most important mechanism of 
resistance, accord with mutations in transporter 
proteins such as the P. falciparum CQ resistance 
transporter (PfCRT) and multi-drug resistant 
protein-1 (PfMDR1) which have located in the 
parasite’s FV membrane. Consequently, the 
decrease in drug accumulation is responsible 
for the loss of antiplasmodial activity. It has 
been reported that PfCRT mutation at amino 
acid 76 reduces the CQ uptake into the FV 
(figure 4).14,15 In other words, this mutation is 
resulted to CQ efflux out of the acidic FV,16,17 
or the transporter (PfCRT) acts as a channel 
and allows the exit of CQ from the FV of the 
parasite.18,19 Furthermore, PfMDR1 transfer CQ 
into the vacuole.20 The mutation in PfMDR1 
also reduces the transport capacity of the drug 
(figure 4).21

Chloroquine and Amodiaquine Metabolites

CQ is swiftly metabolized into metabolites, 
N-desethyl chloroquine (DCQ) and N-bis-
desethyl chloroquine (BDCQ), after oral or 
intravenous administration by the liver and kidney. 
BDCQ is obtained from the biotransformation of 
DCQ. The major active metabolite of CQ is DCQ 
with activity against CQ-sensitive strains, but 
its activity has decreased against CQ-resistant 
strains (figure 5). DCQ is rapidly found in blood 
or plasma with high concentrations.

After oral administration, AQ is quickly 
absorbed from the gastrointestinal tract. AQ 
is extensively metabolized in the liver, and 
its major metabolite is desethyl amodiaquine 
(DEAQ). The metabolite is obtained from the 
N-deethylation of AQ by CYP2C8 (figure 5). 
While the formation of this metabolite is 
fast, its elimination is very slow with a half-
life of 100 hours. AQ is more potent than its 
metabolite, whereas the concentration of 
DEAQ in blood is higher than AQ. In fact, 
DEAQ is responsible for antiplasmodial 
activity. Amodiaquine quinone-imine (AQQI) 
is another metabolite of AQ that is obtained 
in the presence of cytochrome P450 as a 
toxic metabolite. This metabolite is detoxified 
by glutathione and produces AQQI-GS. It is 
noteworthy that the high dose or long-term use 
of AQ is led to the depletion of glutathione levels 
and eventually, liver toxicity. The metabolite 
(AQQI) is also susceptible to nucleophilic 
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attack by enzymes in addition to glutathione 
in the liver.6,22,23 Indeed, AQQI reacts with key 
human enzymes that have thiol groups and 
forms adducts with these enzymes. These 
adducts are also fatal for liver cells.

Importance of Chloroquine and 
Modifications in Its Structure

The spread of CQ resistance is a serious problem 
in malaria prevention and treatment that was first 

Figure 3: CQ is transferred to the food vacuole (FV) of the parasite and trapped in its acidic form. Then, Plasmodium parasite is 
killed by inhibiting haemozoin formation.

Figure 4: Mutations in transporter proteins (PfCRT and PfMDR1) decrease CQ accumulation in the parasite’s Food Vacuole.
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reported during the 1950s. This effective drug 
was the treatment of choice in many geographical 
areas, although with the development of CQ 
resistance, the combination of pyrimethamine/
sulfadoxine was used for 20 years instead of 
CQ.24 Studies in this field demonstrated that, 
after a few years, sensitivity to CQ was recovered 
with limitation of mutation25-27 such as the 
deletion of PfCRT T76 mutation in Malawi after 
8 years of its discontinuation.26 CQ [2] contains 
a quinoline ring and the pentamidine chain.2 In 
this drug, the presence of the flat heteroaromatic 
ring for connection to heme and the diethyl 
amino group for accumulation in the FV are the 
necessary factors in order to antimalarial activity 
(figure 6). Nowadays, due to the importance of 
CQ, researchers have focused on the design of 
new quinoline-based antimalarial compounds. 
In these derivatives, the quinoline ring has been 
often preserved and the pentamine chain has 
been replaced by other substituents.

Accordingly, different derivatives have been 
designed and synthesized (figure 7). AQ-13 [5] 
is one of these analogues with a diamino-alkyl 
side chain shorter than the alkyl chain of CQ. 
AQ-13 present antimalarial activity against 
CQ-resistant strains (PfCRT). The compound 
has pharmacokinetic and mechanism of action, 
similar to those of CQ.28 In vivo studies showed 

that the N-deethylation of AQ-13 is led to specific 
changes in lipophilicity and increase the cross-
resistance of this compound even more that of 
CQ.29

Due to the influence of metal complexes 
in many pharmaceutical compounds, CQ 
complexes were also synthesized and evaluated 
on the blood stage of P. falciparum. Many of 
these compounds were more effective than CQ 
in both in vitro and in vivo tests.30,31 Currently, 
ferroquine [FQ, 6] has been introduced as 
a metal complex of CQ and a candidate for 
clinical studies (figure 7).32,33 In this compound, 
the ferrocene group alone does not have 
particular antimalarial activity; however, due 
to the tendency of the parasite to iron, the 
confrontation of the parasite with the compound 
increases.33,34 This compound is active against 
the CQ-resistant strains of P. falciparum and 
P. vivax. FQ in combination with artesunate is 
under investigation in phase II clinical trials.34-36

Piperaquine [7] is a dimer analogue of CQ 
that was widely used in the 1970s–1980s for the 
treatment of CQ-resistant P. falciparum strains 
in china (figure 7).37 The compound has two of 
the 4-aminoquinoline groups that have been join 
to each other by a dipiperazine-propyl linker. 
The appropriate activity of piperaquine against 
the resistant parasites is attributed to its bulky 

Figure 5: CQ is metabolized to active metabolite DCQ.  AQ is metabolized to DEAQ as its major active metabolite and toxic 
metabolite (AQQI).
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structure, which prevents its connection to the 
PfCRT site. Also, the compound is trapped 
powerfully into the FV of the parasite with its 
positive charges and prevented the heme 
detoxification system in the malaria parasite. The 
investigation of the pharmacokinetic properties 
of piperaquine demonstrated high lipid-solubility, 
long elimination half-life, good bioavailability, and 
fast clearance. These advantages, in addition 
to low cost and good tolerability, was resulted 

to the selection of the drug for children. Today, 
the prevalence of P. falciparum resistance 
to piperaquine has reduced monotherapy.38 
Nevertheless, therapy with piperaquine and 
dihydroartemisinin (DHA) has exhibited high 
effectiveness, safety, and tolerability. The 
combination drug is called Duo-Cotecxin. The 
only problem with this combination therapy is 
the long half-life of piperaquine (16.5 d) and 
the short half-life of DHA (1/2 h).39,40 Recently, 
a combination of piperaquine with arterolane 
has been entered into phase ΙΙΙ clinical trials. 
This combination drug acts through 2 different 
mechanisms to overcome drug resistance.41

Considering the importance of combination 
therapy, research groups have focused on 
synthetic hybrid molecules containing 2 
pharmacophores with a covalent linkage. For 
example, trioxaquine analogues exhibited strong 
activity against CQ and pyrimethamine-resistant 
strains in a single dose.42 In these hybrid 
molecules, drug-drug adverse interactions 
are minimized. Among the analogues of 
trioxaquine, compounds SAR116242 [8] and 
DU1302 [9] were selected as antimalarial 
candidates (figure 7). The excellent antimalarial 
activity of the hybrid [SAR116242, 8] against 
the CQ-sensitive and CQ-resistant strains of 

Figure 6: Important parts of CQ containing the quinoline 
ring, the pentamidine chain and amino alkyl head.

Figure 7: The synthetic analogues of CQ containing modified side chain with antimalarial activity.
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P. falciparum is attributed to the dual mechanism 
of action including hemozoin inhibition and heme 
alkylation. This compound is a racemic mixture, 
and investigations have demonstrated that both 
diastereoisomers have similar activity in vitro 
against Plasmodium. Also, the compound with 
the cyclohexyl linker has acceptable metabolic 
stability.42,43

AQ [3] is one of CQ analogues with a 
phenyl substituent. This is a Mannich base 
4-aminoquinoline with a similar mechanism 
to that of CQ which was first introduced as a 
CQ alternative. Hence, AQ was used against 
CQ-resistant strains in P. falciparum parasites 
for prophylaxis and treatment. But its application 
was limited due to serious adverse effects such as 
agranulocytosis and hepatotoxicity with its long-
term use.44 In addition, AQ has cross-resistance 
with CQ.6 Resistance to AQ is also attributed 
to mutation in the transporter PfCRT.6 In 1990, 
WHO recommended combination therapy of AQ 
especially with artemisinin derivatives for the 
treatment of uncomplicated malaria. Artemisinins 
are short-acting antimalarial drugs and their 
combination therapy with long-acting drugs is 
led to a delay in development of P. falciparum 
drug resistance.

Other CQ analogues [10] and [11] is named 
reversed CQ (RCQ). These compounds have 
a CQ-like moiety and a resistance reversal-like 
moiety.45 RCQs interact with different types of 
transporters (PfCRTs) and solve the problem 
of CQ-resistance in P. falciparum with inhibition 
hemozoin formation.45 In these compounds, 
the length of the linker between quinoline and 
nitrogen is an important factor to overcome 
CQ-resistance.

Also, the hybridization of CQ with primaquine 
(PQ) through different linkers displayed 
good activity against the different stages of 
P. falciparum.46 Indeed, these hybrid molecules 
can inhibit the transmission of the malaria 
parasite. The hybrid molecule [12] is active 
against the liver stage and the blood stage of 
the different strains of P. falciparum as well 
as the maturation of gametocytes. On the 
other hand, this hybrid compound present 
synergistic effect between PQ and CQ moieties 
which is responsible for increased activity. 
Accordingly, the compound [12] is active against 
CQ-resistance strains.

CQ analogues [13-14] with bulky side 
chains showed excellent activity against the 
CQ-resistant strain W2.47,48 These compounds 
do not have base moiety but inhibit hemozoin 
formation, similar to CQ. Previously, it was 
assumed that base side chain is a necessary part 
for antiplasmodial activity. The compound [13] 

exhibited superior in vitro activity in comparison 
with CQ and notable in vivo suppression assay. 
The compound [14] is more potent than CQ 
with a dual mechanism of action, inhibition of 
hemozoin formation, and inhibition of falcipain-2.

N-cinnamoylated CQ analogue [15], as 
a dual-stage antimalarial lead compound, 
displayed potent activity against the blood stage 
(CQ-resistant W2 and CQ-sensitive 3D7 strains) 
and the liver stage P. falciparum.49 The 4-amino-
7-chloroquinoline moiety plays a serious role in 
these activities. On the other hand, the compound 
also had in vivo activity against the blood-stage 
rodent malaria parasites. A new analogue of 
CQ [16], containing a side chain with a bulky 
base head, showed excellent activity against the 
CQ-resistant (W2) strain of P. falciparum.50 In this 
compound, the spacer length between the bulky 
head and the quinolone ring plays an important 
role in antimalarial activity. The compound [16] 
exhibited low cytotoxicity on 2 human cell lines.

Synthesis of Amodiaquine Analogues to 
Reduce Its Toxicity

AQ [3] is a potent antimalarial drug but side 
effects of hepatotoxicity and agranulocytosis 
have limited its use. Due to the suitable activity 
of AQ in malaria treatment, researchers focused 
on the design and synthesis of new analogues of 
AQ to solve its toxicity problem (figure 8). In this 
regard, fluoro-amodiaquine [FAQ, 17] obtained 
to change the hydroxy group of the phenyl ring 
with a fluorine atom at the 4’-position of AQ.51 
Fluorine is an important agent in medicinal 
chemistry, and researchers usually use fluorine 
in the drug design to block the metabolic sites. 
Therefore, FAQ is not metabolized to the toxic 
quinone-imine metabolite and keeps significant 
antimalarial activity against CQ-resistant 
strains. Tebuquine [TQ, 18] is another analogue 
of AQ which prepared by the substitution of 
4-chloro phenyl moiety at the 5’-position of the 
hydroxyaniline side chain of AQ.52 This compound 
was more active than CQ and AQ in both in vitro 
and in vivo studies. TQ showed weak cross-
resistance with CQ.53 The toxic metabolite of 
AQQI is formed after a long-term administration 
of TQ, similar to AQ. Subsequently, a synthetic 
compound [19] with 3’,5’- di(methylpyrrolidine) 
substituents, was designed with steric hindrance 
around the hydroxyl group at the 4’-position. As 
a result, the formation of the toxic metabolite of 
quinone-imine is restricted. Unfortunately, the 
compounds [18,19] have long half-lives, which is 
led to increased toxicity and spread of resistance.

Other non-toxic analogue of AQ [20-21] 
obtained to interchange the hydroxyl group 
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at the 4’-position of AQ with dialkyl amino 
methylene at the 3’-position.54 With this change, 
the toxic quinone-imine metabolite is not formed. 
In addition, the compounds exhibited potent 
antimalarial activity against CQ- sensitive and 
CQ-resistant strains. Isoquine [ISQ, 20] is an 
isomer of AQ with a diethyl amino methylene 
substituent at the 4’-position which showed the 
strongest in vitro activity against P. falciparum 
and good in vivo activity after oral administration 
against P. Yoelii in comparison with AQ.55 
The metabolic studies in rats confirmed the 
absence of glutathione metabolites in the bile, 
but they also presented severe hepatic first-
pass metabolism, leading to the production of 
deethylated metabolites. This metabolic pathway 
reduces efficacy against CQ-resistant strains. 
In fact, ISO has less toxicity than AQ because 
of excretion glucuronide metabolites instead of 
glutathione conjugates.

GSK369796 [21] was synthesized as an 
N-tert-butyl analogue of ISQ to modify its low 
efficacy problem. Dealkylation of this compound 
is difficult because of steric hindrance around 
the N-dialkyl group. As a result, its effectiveness 
is preserved against the resistant strains. 
Pre-clinical evaluation of this compound [21] 
confirmed better pharmacodynamic and 

pharmacokinetic profile than that of ISQ.56 The 
advantages of GSK369796 include similar 
potency to AQ, low toxicity, and easy metabolism 
in comparison with AQ. With all of the listed 
advantages, the compound is not acceptable 
because of the lack of a suitable dose in 
compared with CQ. Other analogues of TQ were 
synthesized to avoid the quinone-imine formation. 
Mono-Mannich base [isotebuquine, 22] showed 
(IC50 = 0.3 ng/mL against D6, 0.4 ng/mL against 
W2, and 1.78 ng/mL against TM91C235) the 
best activity against P. falciparum.57 Isotebuquine 
has a hydroxyl group at the meta position of 
the aniline ring. A toxicity study in a murine 
monocyte-like macrophage presented low 
toxicity in comparison with TQ. The Thompson 
test in infected mice with P. berghei by oral 
administration did not show any significant 
activity, which may be the result of poor oral 
bioavailability.

In regard to the importance of halogen 
atoms in the drug design, 4’-fluoro-N-tert-butyl 
amodiaquine [FAQ-4, 23] was prepared with the 
displacement of the fluorine atom with 4’- hydroxy 
and 3’-N- tert-butyl with 3’-N-diethyl in AQ to 
block the metabolism site (N-dealkylating), 
which is resulted to the formation of the toxic 
metabolite of AQQI. This compound, with a 

Figure 8: The synthetic analogues of AQ containing modified side chain with antimalarial activity.
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suitable oral bioavailability and a good safety 
profile, is undergoing pre-clinical studies.51

The benzoxazole analogue of AQ [24] showed 
excellent activity against two CQ-resistant strains 
(K1 and W2) of P. falciparum with IC50 values of 
8 and 2.2 nM, respectively.58 The low cytotoxicity 
of this compound against L6 (rat myoblast) cells 
and its high selectivity indices present a suitable 
alternative for AQ. The high potency to this 
analogue is related to the presence of an amine 
group. Additionally, the benzoxazole substituent 
attached to the 4-amino-7-chloroquinoline ring 
block the toxic metabolite formation, without loss 
of antiplasmodial activity.

The modification of ISQ as a non-toxic 
AQ analogue was led to the synthesis of a 
compound [25] with a diisopropylamine side 
chain.59 This compound presented good 
antimalarial activity with a MIC value of 
10 µg/mL. However, the compound [25] do 
not have activity better than CQ. An in vitro 
evaluation of the compound [26] against the 
K1 strain of P. falciparum showed comparable 
activity with ISQ [20] and better activity than AQ 
with an IC50 value of 1.4 nM.60 Nonetheless, the 
toxicity of this compound is higher than AQ, with 
a narrow therapeutic window.

NO-AQ derivatives [27 and 28] were 
synthesized and displayed excellent in vitro 
activity against CQ-sensitive and CQ-resistant 
strains of P. falciparum.61 These compounds 
have either furoxan or nitrooxy moiety as a 
nitric oxide (NO)-donor group and are able to 
dilate a rat aorta strip with an NO-dependent 
mechanism. These hybrid molecules [27 and 28] 
displayed in vivo antiplasmodial activity similar 
to AQ. A new AQ analogue [PM6577, 29] 
with a morpholino group at 4’-position and 
a pyrrolidino group at 3’-position aniline ring 
showed antiplasmodial activity comparable to 
AQ when tested on the F32 and K1 strains of 
P. falciparum.62 Moreover, the cytotoxicity of this 
compound was evaluated on two human cell lines 
(a diploid embryonic lung and a neuroblastoma 
cell line) and showed low toxicity. PM6577 [29] 
presented in vivo efficiency comparable to AQ. 
The physiochemical (ADME) properties and 
permeability profile of the compound [29] is also 
evaluated in the pre-clinical phase.

Conclusion

The spread of resistance to current antimalarial 
drugs have prompted investigators and 
pharmaceutical companies to focus on 
the development of new antimalarial drug. 
Meanwhile, different organizations such as the 
Bill and Melinda Gates Foundation (BMGF) and 

Medicines for Malaria Venture (MMV) support 
malaria elimination programs around the world. 
Many new compounds have been synthesized by 
research groups and evaluated for antimalarial 
activity. Due to the appropriate efficacy of 
antimalarial drugs with a 4-aminoquinolone 
scaffold such as CQ and AQ, new analogues 
have been synthesized based on this scaffold 
and evaluated in both in vitro and in vivo tests 
against various CQ-sensitive and CQ-resistance 
strains of the malaria parasite, especially 
P. falciparum. This review article introduces 
new series of CQ analogues to overcome 
resistance and AQ analogues to reduce toxicity. 
All compounds have the active nucleus of 
the 7-chloro-4-aminoquinoline and present 
antimalarial activity against CQ-resistant strains. 
Some of these compounds have entered into pre-
clinical and clinical developments. Therefore, 
further research on these analogues should be 
continued to achieve a new, efficient, cheap, and 
safe antimalarial drug with a 4-aminoquinoline 
structure as the next- generation of CQ/AQ 
analogues in clinical development.
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