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In search of new 4-aminoquinolines which are not recognized by CQR mechanism, thiourea, thiazolidin-
edione and thioparabanic acid derivatives of 4-aminoquinoline were synthesized and screened for their
antimalarial activities. Thiourea derivative 3 found to be the most active against CQ sensitive strain 3D7
of Plasmodium falciparum in an in vitro model with an IC50 of 6.07 ng/mL and also showed an in vivo sup-
pression of 99.27% on day 4 against CQ resistant strain N-67 of Plasmodium yoelii.

� 2009 Elsevier Ltd. All rights reserved.
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Figure 1. Structure of chloroquine (CQ) and synthesised compounds.
Malaria is a devastating disease caused by four species of genus
plasmodium which afflicts more than 40% of the world population,
causing an estimated mortality of 1.5–2.7 million people annually.1

The current epidemic is fueled about the parasite Plasmodium falci-
parum, responsible for the most deadly cases of malaria and its
resistance to the antimalarial drugs. Chloroquine (CQ) has histori-
cally been mainstay of malaria treatment, particularly with P. falci-
parum in pregnant women and children under the age of five.2 It
acts by binding to heme molecules released from the hemoglobin
that is digested by malaria parasites as they grow within their host
red blood cells. This binding interferes with the process by which
heme is normally incorporated into inert crystals (b-hematin)
and detoxified, thereby accumulation of toxic levels of heme leads
to the death of parasite.

Chloroquine resistance (CQR) in P. falciparum is primarily con-
ferred by complex point mutations in P. falciparum resistant trans-
porter (PfCRT), a putative transporter involved in drug flux and
proton equilibrium across the digestive vacuole membrane, which
is preventing the parasite by non-accumulating lethal concentra-
tion of the chloroquine.3,4 Thus, developing resistant strains of
chloroquine and other drugs are forcing and alarming the research-
ers for the development of new effective antimalarial agents (see
Fig. 1).
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Among old and new drug targets of malaria, host heme mole-
cule remains one of the most attractive target and 7-chloroquino-
line compounds are very selective towards heme binding.5–7 So,
rather than identifying the new molecules for efficacy, 7-chloro-
quinolines having many advantages and efficiency are now in pri-
ority for antimalarial chemotherapy. Based on this observation,
modifications of 1,4-diaminoalkyl chain of chloroquine has been
done and promising results against chloroquine sensitive and
resistant strains of plasmodium were obtained, due to non-recog-
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nization of these molecules by chloroquine resistant (CQR) mecha-
nism.8–12 In addition to 4-aminoquinolines, urea derivatives have
also been identified as inhibitors of b-hematin formation,13 while
imidazolidinediones with prophylactic antimalarial activity.14

Since our research is devoted to the synthesis of novel heterocycles
as anti-infectious agents, thus considering the above points, we
hypothesized and synthesized new prototypes by incorporating
new entities like thiourea, thiazolidinedione and thioparabanic
acid (2-thioxoimidazolidine-4,5-dione) on 4-aminoalkyl chain of
7-chloroquinoline. In this Letter, we would like to report the anti-
malarial activity of these new prototypes against both sensitive,
resistant strains of chloroquine and also the inhibition of b-hema-
tin formation.

Our synthesis approach toward the targeted compounds (2–25),
involved less reaction time and good yielding steps with commer-
cially available 4,7-dichloroquinoline as outlined in Scheme 1.
Amination of 4,7-dichloroquinoline with a,c-diaminoalkanes gave
N-(7-chloro-4-quinolyl)-diaminoalkanes 1 in 80–87% yield.8 Fol-
lowed by reacting 1 with different isothiocyanate (Table 1) in ace-
tonitrile for 30–60 min furnished respective thioureas (2–9) in 76–
80% yield. Finally, to obtain the structural isomeric derivatives
thiazolidinedione (10–17) and thioparabanic acid (18–25), thio-
urea derivatives (2–9) were cyclized with oxalyl chloride and chlo-
rooxoethylacetate, respectively,15 at 0 �C in DCM for 30 min
yielded in the range of 72–78%. These new compounds were fully
characterized by spectroscopic means and their purities were
established by elemental analysis.16

The compounds were evaluated for their in vitro antimalarial
activity against CQ sensitive 3D7 strain of P. falciparum BY SYBER
Green I–based fluorescence (MSF) assay17 and the compounds
inhibitory activity of b-hematin formation was measured accord-
ing to the described protocol.18 Comparing the antimalarial activ-
ity, based on entities incorporated on 4-aminoalkyl chain of 7-
chloroquinoline, thiourea derivatives showed good antimalarial
profile of IC50 ranging from 6.07 to 42.02 ng/mL and thiazolidined-
ione showed moderate activity with IC50 in the range of 11.03–
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Scheme 1. Reagents and conditions: (a) a,c-diaminoalkanes, reflux, 4 h; (b)
isothiocyanates, CH3CN, rt, 30–60 min; (c) (COCl)2, DCM, 0 �C, 30 min; (d)
ClCOCO2Et, DCM, 0 �C, 30 min.
111.61 ng/mL, while thioparabanic acid derivatives showed below
moderate activity of 33.08–199.31 ng/mL in comparison with chlo-
roquine (Table 1). Among the eight thiourea derivatives (2–9),
compound 3 consisting of ethyl chain and n-butyl group as R
showed maximum in vitro antimalarial activity of IC50 6.07 ng/
mL with potent inhibitory activity of IC50 7.11 lg/mL against b-
hematin formation. On replacing ethyl with propyl chain (7) activ-
ity decreases to 11.82 ng/mL, though its b-hematin inhibitory
activity is increased to 6.17 lg/mL. Whereas, compounds (2, 6)
having phenyl as R but with ethyl and propyl chains showed equal
potency with IC50 of 9.22, 10.01 ng/mL, respectively, although
there is an increase of inhibitory activity against b-hematin forma-
tion by replacing ethyl (IC50 = 9.86 lg/mL) with propyl chain
(IC50 = 5.67 lg/mL). While compound 9 consisting of o-chloro-
phenyl group as R has shown increase in antimalarial activity of
IC50 10.16 ng/mL by replacing ethyl (5) with propyl chain, even
though b-hematin inhibitory activity is decreased to 6.46 lg/mL
from 5.56 lg/mL. Compounds with ethyl (4), propyl (8) chains
and having allyl group as R have shown lower activity of IC50

26.11, 42.02 ng/mL, respectively, as compared to the other substit-
uents of R.

Cyclization of thiourea derivatives lead to drop off in antimalar-
ial profile of thiazolidinedione and thioparabanic acid compounds,
due to decreased inhibitory activity of b-hematin formation. Com-
pound 11 consisting of ethyl chain and n-butyl group as R shown
moderate activity of IC50 17.44 ng/mL, while by replacing ethyl
with propyl chain (15) showed increase in activity of IC50

11.03 ng/mL due to increase in inhibitory activity of b-hematin for-
mation to 8.28 lg/mL from 9.54 lg/mL. Similarly, compound 14
having phenyl as R showed IC50 of 11.05 ng/mL while its ethyl
chain analogue (10) showed IC50 of 29.49 ng/mL due to decrease
in b-hematin formation inhibition of 9.76 lg/mL from 8.42 lg/
mL. Whereas compound 13 consisting of ethyl chain and o-chloro-
phenyl group as R showed IC50 of 12.11 ng/mL, while its propyl
chain derivative (17) showed decrease in activity with IC50

17.48 ng/mL due to reduced b-hematin formation inhibitory activ-
ity. Compounds 12, 16 consisting allyl group as R have shown poor
antimalarial activity of 32.44 and 111.61 ng/mL as compared to the
other substituents of R. Among eight thioparabanic acid deriva-
tives (19–25), only one compound (19) having butyl as R showed
moderate in vitro activity of IC50 33.08 ng/mL with b-hematin for-
mation inhibition of IC50 9.33 lg/mL, and these derivatives showed
less antimalarial activity in comparison with thiourea and thiazo-
lidinedione derivatives (Table 1).

These compounds were also tested for their cytotoxicity against
VERO cells using MTT assay.19 Among three prototypes, thiourea
and thiazolidinedione derivatives have good selectivity index in
comparison with thioparabanic acid derivatives (Table 1). Com-
pound (9) having an IC50 10.16 ng/mL showed highest selectivity
index of 1113.27, while most potent compound (3) having an
IC50 6.07 ng/mL showed selectivity index of 749.61, thus illustrat-
ing the good activity profile. Based on this selectivity index, com-
pounds (3, 9 and 13) were also screened in an in vivo model
against chloroquine resistant N-67 strain of Plasmodium yoelii in
swiss mice20 at 50 mg/Kg/day for 4 days by intraperitoneal route
(i.p) (Table 1). Out of three evaluated compounds, thiourea deriva-
tive (3) found to be the most active against chloroquine resistant
strain with 99.27% suppression on day 4 and 50.50% suppression
on day 10, comparable to that of standard drug chloroquine. Thus
confirming that the thiourea entity on 4-aminoalkyl chain of 7-
chloroquinoline is useful for generating new effective antimalarials
for both chloroquine sensitive and resistant strains.

It has now become necessary to identify the new chemothera-
peutic agents to overcome the parasite resistance as well as to
eradicate global malaria problem. Among all synthesized mole-
cules, thiourea derivative of 4-aminoquinoline (3) showed promis-



Table 1
Biological activity of the synthesized compounds

Compound n R In vitro antimalarial activity SIb Inhibition of b-hematin formation In vivo % suppression

IC50 (ng/mL)a IC50 (lg/mL)c On day 4 On day 10d

2 0 Phenyl 9.22 996.75 9.86
3 0 Butyl 6.07 749.61 7.11 99.27 50.50
4 0 Allyl 26.11 668.32 7.31
5 0 o-Chlorophenyl 20.51 332.06 5.56
6 1 Phenyl 10.01 968.11 5.67
7 1 Butyl 11.82 599.81 6.17
8 1 Allyl 42.02 581.63 9.23
9 1 o-Chlorophenyl 10.16 1113.27 6.46 16.82
10 0 Phenyl 29.49 605.14 9.76
11 0 Butyl 17.44 480.27 9.54
12 0 Allyl 32.44 602.71 8.38
13 0 o-Chlorophenyl 12.11 542.58 8.79 5.45
14 1 Phenyl 11.05 637.13 8.42
15 1 Butyl 11.03 255.76 8.28
16 1 Allyl 111.61 475.22 6.45
17 1 o-Chlorophenyl 17.48 433.64 9.72
18 0 Phenyl 119.10 118.22 10.71
19 0 Butyl 33.08 405.98 9.33
20 0 Allyl 104.09 140.64 9.41
21 0 o-Chlorophenyl 199.31 3.36 13.01
22 1 Phenyl 150.55 65.49 7.78
23 1 Butyl 69.70 27.25 8.65
24 1 Allyl 54.85 80.41 12.16
25 1 o-Chlorophenyl 39.71 122.38 9.02
CQe 5.2 8983 4.87 99.05 73.92

a IC50: concentration corresponding to 50% growth inhibition of chloroquine sensitive strain 3D7 of P. falciparum.
b SI = IC50 values of toxicity against VERO cell line/IC50 values of antimalarial activity.
c The 50% inhibitory concentration (IC50) was determined using non-linear regression analysis dose–response curves.
d In vivo antimalarial activity against chloroquine resistant strain N-67 of P. yoelii in swiss mice at dose 50 mg/Kg/day by intraperitoneal route.
e Chloroquine at a dose of 10 mg/Kg, oral for 4 days.
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ing activity against both chloroquine sensitive and resistant
strains. Thus, optimization of this new prototype may be useful
for the generation of effective antimalarial agents.
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