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The growing resistance against current anti-malarial drugs represents a major health challenge, thus necessitating the
development of new chemotypesgeting the malaria parasite atfdient stages of developme¥ite have synthesized

different phenylurenyl benzamide analogues, by the reaction of anthranilamide with different phenyl isocyanate/
isothiocyanates in a single step. These compounds in the initial in vitro assay show significant inhibitory activity over the

growth of Plasmodiumfalciparum Two of the derivatives, K41 and 43 were more potent inhibitors compared to others.
The potent compounds were testedtro on a chloroquine-resistant strairFofal ciparum, which also showed significant

growth inhibition. These compounds are found to be non-toxic to the mammalian cells. These results suggest that phenylurenyl

bezamide analogues are a promising class of potent anti-malarial chemotypes.
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Introduction to the genus plasmodia. Its effect has been
. ) i .. observed more in the third world countries, with
Malaria, one of the major re-emerging parasitic 5 ranarteqd estimate of upto 214 million cases

diseases, is caused by protozoal parasites belonging, 4 438,000 deaths globally in 2015 (WHO
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Report, 2015)Plasmodium falciparum is the most ~ malarial regimens. Drugfétacy, pharmacology and
dreaded of the five known malaria causative toxicity are important parameters in the selection of
Plasmodium spp. Many effective drugs such as compounds for the development of new anti-malarial
chloroquine and sulfadoxine-pyrimethamine had beenchemotypes.

in use to treat malaria, but widespread resistance . .

towards these drugs has limited their use in recent A_few years ago, e>_<ten5|ve high throughput
years. This has led to the active search for other anti-f"m‘"“ys,'S c_>f several chemical compounds led to the
malarial drugs. The naturally occurring artemisinin was |dgnt|f|cat|on of more than_ a thou_s_and lead molecules
identified as a potent inhibitory agent and after with pote.ntlal anti-malarial activity (Gamet al.,
development as a drug it has reduced malarial mortality201o)_' Since then, lead compounds from novel
rates to a great extent. Unfortunatedytemisinin chemical scaffolds have been discovered.

resistance has been confirmed to be widespread in5  Many existing anti-malarials target metabolic

countries, including; Cambodia, the Lao Peaple’ processes in Plasmodium, other novel targets have
Democratic Republic, Myanmaihailand and  emerged, these include the pathways that control
Vietnam, and is predicted to spread (WHO Report, parasite invasion into host cells (Thatal., 2015),
2015).ACTs (Artemisinin CombinatiofTherapies)  hostimmune modulators (Jortzial., 2015), Na (+)
includes the combination éfrtemisinin derivativesS  homeostasis in the parasitea(tlya et al., 2014),
(dihydroartemisinin, artesunate and artemether) with mitochondrial physiology (Chalaparedetyl ., 2014),
drugs from other classes, such as;lumefantrine,4pACs (Trenholmeet al., 2014), lipid kinases PI(4)K
mefloquine, amodiaquine, sulfadoxine/pyrimethamine, (McNamaraet al., 2013).To eradicate malaria, it is
piperaquine and chlorproguanil/dapsch€Ts are the  essential to find drugs against different stages of the
first line of treatment for Malaria, currentlwith  parasitic life cycle , several drug molecules are being
Artemisinin mono-treatment being phased out to stydied against the sexual stage of the parasite, which
prevent further resistance (WHO Report, 2015). js responsible for malarial transmission (Maebal.,
Recent studies have focused on identifying the 2015: | e Manactat al., 2015:Almelaet al., 2015:
mechanism of this drug resistance. In one lead,Trenholmeet al., 2014; Eastmamt al., 2013), of
mutation in the Kelch 13 (K13) propeller domain was nterest also are dual inhibitors that can target the

identified as a biomarker to monitor the spread of jiver stage as well as the blood stag@lasmodium
Artemisinin resistance (Ariest al., 2014). Reduced  (Raphemott al., 2015).

clinical responses to the artemisinin combination drugs _
has once again led to an acceleration in the effort ~ Some important compounds that have entered
towards identifying potent inhibitors of the parasite Phase Il clinical trials are 1) KAE609 (Cipargamin);

growth (Andriantsoanirinat al., 2009; Carrar&t & spiroindolone derivative, which tgts PfAP4,
al., 2009; Dondoryet al., 2009) found through phenotypic screening, (Rottmetrat.,

2010; Yeung et al., 2010) 2) KAF156; a

The need to discover and develop new anti- jmjdazolopiperazine chemopreventative agent that is
malarial therapeutics is overwhelming. The searchan inhibitor of the cyclic amine resistance locus
for novel anti-malarial drugs against specific parasitic (Kkuhen et al., 2014) and 3) DSM265, a
targets is thus a very important prioritfhe  triazolopyrimidine-based compound is an inhibitor of
increasing burden caused by drug-resistant parasitegihydroorotate dehydrogenase which was discovered
has inspired investigators to hunt for novel anti-malarial by high throughput screening (Coteriral ., 2011).
inhibitors and drug targets, and to define the geneticThe other class of compounds that are in clinical trials
basis of resistance to existing drugs, as a means t@re the derivatives or synthetic versions of known
facilitate detection and deveIOp novel StrategieS to malarial Chemotherapy Scaffolds_ 0Zz277 (arterolane)
overcome resistancénti-malarial drug development (Valechaet al., 2010) and 0Z439 (artefenomel) (Phyo
is based on several strategies, ranging from minoret 5. 2016) are synthetic endoperoxides (related to
modifications of existing agents to the design of novel Artemisisnin derivatives) which are in Phase I clinical
agents that act against newgets. Increasingly  trials, 4-aminoquinoline derivatives such as Ferroquine
available agents are being combined to improve anti'(Suparet al., 2012) anchQ13 (Mzayeket al., 2007)
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are also in Phase Il clinical trials. Thus, increasing nuclear magnetic resonance (NMR) spectra were
the diversity of anti-malarial therapeutics is of utmost recorded at 400 MHz on a Bruke&¥C 400
importance to overcome the high rate of resistancespectrometer; chemical shifts are reported in (ppm)
development in malaria causirgjasmodium units relative to the internal reference
falciparum. Incidentally the WHO has issued a tetramethylsilane (Mg5i). All compounds were
second Global Malariaction Plan, named “Action  routinely checked by thin-layer chromatography
and investment to defeat malaria 2016-2030 (AIM) - (TLC) and 'H NMR. High-resolution mass
for a malaria-free worldto contain malaria by 2030. spectrometry was obtained on a Bruker Daltonics
Itis thus evident that novel scaffolds for anti-malarial APEX 1l (for electrospray ionization). TLC was
treatments will be extremely timely performed on aluminum-backed silica gel plates
(Merck DCAlufolien Kieselgel 60 F254) with spots
visualized by UMight. All solvents were reagent grade
and when necessarwere purified and dried by
standard methods. Concentration of solutions after
reactions and extractions involved the use of a rotary

chaffold _Of urea (D(;)m;nguei al 2005; (jamcet evaporator operating at a reduced pressure. Organic
- 2010; Guiguemaetal., 2010,Trager and Jensen, solutions were dried over anhydrous sodium sulfate.

1976) has_ been hyp .O thesized, the combination of thes‘JaAnaIytical results are within +0.50% of the theoretical
two functional entities have not yet been attempted., . o< Al chemicals were purchased from Sigma-
In the present studg novel chemotype-phenylurenyl - »jqrich and were of the highest purifihe crystal

benzamide containing urea scaffold with amide linkage structure of RK 36 was solved by Bruker X8PEX
has been synthesized, derivitized and tested for itﬁnstrument

anti-malarial activity Fourteen derivatives of
phenylurenyl benzamide were synthesized, out of parasite Culture

which two derivatives, show poteirt vitro anti-

plasmodial activity against chloroquine sensitive and Plasmodiumfalciparum chloroquine sensitive strain
chloroquine resistanP. falciparum strains.  3D7 _and chIorpquine resistant strain W2 were cultured
Parasitemia and stage-specific development wergcontinuously in human O+ red blood cell in RPMI
assessed in different time points of the intra- 1640 (Invitrogen) medium supplemented with 0.5%
erythrocytic life cycle and compared with drug free Albumax (Invitrogen), 0.2% NaHCQ27.2 mg/lt
control. The normal development of parasites till Hypoxanthine and Gentamycin sulphate (10ug/ml).
schizont stage during the course of the drug treatmenFC_’r the synch_ronization of parasites, cells were treated
indicates a possible role of these derivatives in theWith 5% sorbitol, every 48 hrs. The protocol used for
invasion process of new host cells. Howeiredepth paras@te culture is a modified form of standard protocol
studies of these drugs may also provide clues of thejrdescribed elsewhererdger and Jensen, 1976).
mechanism of action that may further offer scope for
improvement of their anti-malarial activity

There are several chemotypes identified with
potential anti-malarial activity based on experimental
designing as well as chemical genetic screen
approachesAlthough, the amide linkage and the

In vitro assay for inhibition of. falciparum
erythrocytic growth and development in the presence

Materials and Methods of RTK drugs.

The compounds were dissolved in DMSO to
get a 10 mM stock solution. Synchronized
falciparum parasites at ring stage (between 14-18hrs)

The mixture of anthranilamide and corresponding Were challenged with different concentration of test
phenyl isocyanate/isothiocyante was dissolved in drycompounds in triplicate. Subsequengigrasites were
diethyl ether (1:1 equivalence) (Beaeegl., 1957) incubated in 12-well tissue culture plate &G 7Thin

(50 ml). The reaction mixture was stirred at room blood smear slides were made at different time points
temperature in presence of nitrogen as per theof intra-erythrocytic life cycle. The Giemsa stained
indicated time of reaction. The resulting solid was slides were examined for counting the number of
filtered and purified by column chromatography parasites in random adjacent microscopic fields.

General Procedure for the Synthesis of
Phenylurenyl benzamide Analogues
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Percentage of infection (parasitemia) was calculatedMax microplate reademolecular Devices)The
from 500 RBCs from each slide. Finaltile average  values were normalized with the untreated control
percentages of the triplicate culture with standard and plotted. Error bars in figures indicate the standard
deviation were plotted against different drug deviation.

concentration. Giemsa stained slides were also used

to study parasite morphology Results

This work was initiated towards the development of
newer scaffolds which could have anti-malarial
HelLa cells were maintained at 37°C in Dulbesco’ activity. In accordance with this, several phenylurenyl
modified Eagle medium (DMEM) supplemented with benzamide analogues were synthesized. The reaction
10% fetal bovine serum (Hyclone) and appropriate of phenyl isocyanate/isothiocyanates with amine,

Mammalian Cell Culture

antibiotics in 5% CQincubator forming a urea or thiourea, is very fast and does not
o require any catalyst. The anthranilamide on reaction
MTT Cytotoxicity Assay with phenyl isocyanate/isothiocyanates in diethyl ether

Mammalian cells (5000 cells) were seeded in 96 well & F00M temperature, gives a stable urea compound

plate. The cells were treatedtivthe inhibitor for 24 In @lmost analytically pure forms which is highly
and 48 hrs. 5 hours prior to completion of the stable. The most interesting feature of this synthesis

incubation, 2Qu MTT (5mg/ml stock) was added to is that, we achieved these target molecules in a single
the culture media and incubated a¢G7or 5 hrs.  SteP with a greater yield. The 2-{[(4-chlorophenyl)

The media was aspirated with the help of a needlecarbamoyllamino}benzamide derivativeTR36
and 200ul of DMSO was added to kbilize the which was crystallized (Figs. 1A and B) and confirmed

crystals.After mixing by pipetting, the cells were for its purity was tested oR falciparumfor assaying
incubated at 37°C for 5 mins and the absorbance walS Inhibitory potential.

recorded at 540 nm in an ELISA reader (VERSA
NH NH
O/S

Fig. 1: (A) The reaction of anthralamide with different phenyl isocyanate/isothiocyanate in 1:1 equivalence resulted in
corresponding phenylurenyl benzamides in a single step. (B) The crystal structure of RTK 36 solved by Bruker 180
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The anti-malarial activity of RK36 was exhibited potent inhibitory potential on the parasite
guantified on chloroquine (CQ)-susceptilie growth at 10uM concentration (Fig. 2A, lane n
falciparumstrain 3D7. Highly synchronous parasites characterize the cellular effect of the drug, we
14-18 hrs post invasion were challenged withKB6 observed the giemsa stained smears of the drug
over a high concentration range of 50 uM to 100 uM treated culture from different intra-erythrocyte stages
and parasite growth was assayed at 58 and 92 href life cycle. Under RK36 treatment, progression
postinvasion. Ciprofloxacin, a known, gyrase inhibitor through the first life cycle was indistinguishable from
that kills the parasites at the second life cycle that seen in untreated cells (Fig. 2B and C, DMSO
(Goodmanet al., 2007) was taken as the positive versus treated lanes). In the second life cycle, the
control. Of the six dierent concentrations oflR36 growth of the parasites treated with 60pM and above
tested, RK36 at 60 uM and above was found to be of RTK 36 was found to be slower in comparison to
highly effective in both the life cycles (Fig. 2A, lanes untreated parasites. The decrease in parasitemia
2 versus 3-8). DMSO control had no significant effect without affecting the growth in the first life cycle
on parasite growth (Figs. 2A, lane 2). Ciprofloxacin suggests the incapability of parasites to invade the

new host cells in the presence af36.
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Fig. 2: (A) Effect of RTK 36 on in vitro growth of P. falciparum at different concentrations. Parasitemia estimated by microscopic
observation of Giemsa stained smears at 0, 58 and 92 hours following treatment with different concentration of RTK 36
(lane 3, 50uM; lane 4, 60uM; lane 5, 70uM; lane 6, 80uM; lane 7, 90uM; lane 8, 100uM). Parasite culture treated with
(lane 2) and without DM SO (lane 1) served as controls. Parasite cultured with 10 uM ciprofloxacin (lane 9) was used as
positive control. (B) Parasite morphology at 12, 24 and 44 hrs at indicated concentration of RTK 36 in the first life cycle.
In the first life cycle the compound does not have any significant effect on the parasite morphology. (C) Parasite
mor phology at different time points at indicated concentration of RTK 36 in the second life cycle. In the second life
cycle, the effect of RTK 36 is seen clearly in a dose dependent manner
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Table 1: Sructures of Phenylurenyl benzamide analogues with different functional groups or hetero atoms at the phenyl
ring

Comp. name Structure of the molecule Reaction time Yield |Comp. name Structure of the molecule Reaction time Yield

0L NH>

RTK36 é/‘“" NH@\ S0min. | 95% RTK44 éf*“ NH@ 1 hr 95 %

Cl SCHy

0 NH2

RTK37 E NH _NH : 23 hrs 90 % RTK45 &NH NH@\ 4 hrs 94 %
O NH

RTK38 éNH NH©/ 2 hrs 90 % RTK46 &/NH NHC[ Fa Smin. | 86%

0. _NH,

~3

RTK39 EE(NH NHO/ 3 hrs 86 % RTK47 NH NH 3hrs 91 %
O NH

RTK41

1S

.

NH;
NH _NH 6 hrs 88 % RTK4S NH n,NH 3 hrs 89 %
S
O
H
RTK42 &N Tr " @ 4 hrs 88 % RTK49 E;j/

0O, NH

RTK43 é/”” - ©\ 4Omin. | 93% | RTKS0 é/mﬁ NH@ Llis 04 %
cl

There was a 60% decline in parasitemia during Chloroquine resistance has become a major
first life cycle when the parasites were treated with challenge in the field of malarial chemotherapy world-
RTK36 (70uM). Subsequentlythe antimalarial  wide (Wellems, 2002). Hence, the anti-plasmodial
activities of diferent derivatives of RK36, activity of the most effective derivatives was tested
represented ifiable 1 were tested at a concentration on the chloroquine resistatfalciparumstrain W2.
of 70uM. RTK41 and R'K43 were found to be the The eficacy of RTK41 and R'K43 were tested on
most effective among all the substitutes (Figs. 3A, the W2 strain at concentrations that showed inhibitory
lanes 2 versus lane 7 and lane 9). Furthereffecton the chloroquine sensitilefalciparum3D7
characterization of the inhibitory potential of these Strain growth. Significantiyboth the derivatives were

two drugs was done at lower concentrations rangingoUnd to inhibit the growth of thé/2 strain. RK43

- ffective at lower concentration than
from 15 pM to 70puMThe thiol analogue of RK36, was more € .
RTK41 showed an Ig value similar to the parent RTKA1 (=30 uM), (Fig. 4/and 4B, lane 2 versus 3-

N : . 5). These datasets indicate promising prospects for
compound ( 6.5 uM) (Fig. 38B). Interestlnglyl'K4$ the phenylurenyl benzamide analogud¥R1 and
(bromo-substituent) showed a better inhibitory

. . . RTK43 as antimalarial chemotypes, which possess
potential orP. falciparum growth with an 1, value potent anti-plasmodial activity even on the chloroquine

close to ~30 pM (Fig. 3C). resistant straim\lthough the untreated parasite culture

NH NH@\ 16 hrs 81%




Phenylurenyl benzamide Analogues as a New Anti-malarial Chemotype

123

Parasitemia

Parasitemia

Parasitemia

14

10.5

35

30

225

15

7.5

30

225

15

7.5

W Ohr
[ 50hr

RTK43
W Ohr
O 50hr
o
1 2 3 4 5
RTK41
W ohr
O sohr
1 2 3 4 5 6 7

Fig. 3: (A) Effect of different RTK analogues (lane 3, RTK36;

lane 4, RTK37; lane 5, RTK38; lane 6, RTK39; lane 7,
RTK41; lane 8, RTK42; lane 9, RTK43; lane 10, RTK 44;
lane 11, RTK45; lane 12, RTK46) on in vitro growth of
P. falciparum at 70uM concentration. Of the ten
different analogs tested, RTK 41 and RTK 43 emerged
as potent anti-malarials. Lane 1 is the untreated
control whereas lane 2 represents the DM SO control.
(B) In vitro anti-Plasmodial activity RTK 43 at different
concentrations (lane 3, 15uM; lane 4, 30uM; lane 5,
45uM). Lane 1 and Lane 2 represent the untreated
and DM SO treated controls. RTK 43 is effective at
30uM concentration. (C) In vitro anti-Plasmodial
assay of RTK 41 at different concentrations (lane 3,
15uM; lane 4, 30uM; lane 5, 45uM; Lane 6, 60uM;
Lane 7, 70uM). Lane 1 and Lane 2 represent the
untreated and DM SO treated controls. At 70puM
concentration, RTK 41 kills the parasites more
effectively.
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Fig. 4: Effect of RTK 43 (A) and RTK41 (B) on in vitro growth
of Chloroquine resistant W2 strain of P. falciparum.
Lane 1 and 2 represent the untreated and DM SO
treated controls. Lane 3-5 (30puM, 45uM, 60puM resp.)
Parasitemia in the control culture increased to 25%
from initial 5% (lane 1), while parasitemia in the
drug treated culture (lane 3-5) decreased in a dose
dependent manner

showed a five-fold increase in the parasitemia, the
compound treated culture exhibited an arrest as no
increase in parasitemia was observed (Figs. 4A and
4B, lane 1 versus lane 5).

Since, the compounds tested produced
encouraging results with the chloroquine resistant
strain, the effect of the derivatives were also tested
on mammalian cells to check for any apparent
cytotoxicity on other cell types. Interestinghpne of
the compounds tested at the concentration that kills
parasites, exhibited any toxic effects on the
mammalian cells, HelLa for 24 hrs (Fig. 5A) and 48
hours (Fig. 5B). Howevethe derivatives RK41 and
RTK43 showed mild cytotoxic &cts @ 100uM
concentation at 24 hrs which also showed a time-
dependence as tested by MTT assay (Fig. 5A and
5B, compare lane 2 versus 3-8). By 48 hrs, the bromo
analogue also led to a 50% reduction in the mammalian
cell viability (Fig. 5Aand 5B, lane 8). Howeveat
the similar concentrations, a known apoptosis inducing
compound, Plumbagin was used as a control which
showed a dose dependent cytotoxicity (Fig. 5A and
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Fig. 5: (A and B) MTT-based cytotoxicity assay, where blue bars represent control (plumbagin) treated cells, red bars represent
RTK36-treated cells, yellow bars represent RTK41-treated cells and light blue bars represent RTK43-treated cells for 24
hrs (lane 3, 2uM; lane 4, 5uM; lane 5, 10pM; lane 6, 25uM; lane 7, 50pM; lane 8, 100uM), treated for 24 hrs (A), 48 hrs
(B). (C and D) The top left panel represents the confocal image of HeL a cells with and without treatment of DM SO.
Remaining panels represent the confocal image of Hel a cells on treatment with RTK 36, 41 and 43 at the concentration
of 25 and 100puM for 24 hrs (C) and 48 hrs (D)

/RTK36 RTK36

RTK43

5B, compare lane 2 versus lane 3-8, blue bar).targeting different stages of the malarial life cycle.
Additionally, the cellular morphology was also tested Most well established drug chloroquine prevents
by examining the compound treated cells by hemozoin formation (Loriat al., 1999) and several
performing a Hoechst staining followed by antimalarial drugs (d¥illiers and Egan, 2009) have
microscopic visualization of the cell nuclei (Fig. 5C been developed targeted towards this process.
and 5D).Taken togetheall these observations, suggest Recentlya dual functioning molecule was synthesized
that the phenylurenyl benzamide analogud@¥ 35, wherein reactive nitrogen was included to enhance
41 and 43 are novel anti-malarial chemotypes whichthe accumulation of the compound in digestive vacuole
inhibit the growth of the malaria parasiti, by acid trapping (Kellyet al., 2009). Due to the
falciparum. The RTK36 and 41 compounds which development of chemoresistance, especially because
exhibit no apparent cytotoxicity to mammalian cells of the evolution of thePlasmodium falciparum

also show similar anti-malarial activitindicating their ~ chloroquine resistance transpoytefCRT (Johnson
mechanism of action to be specific to the parasite.et al., 2004), other molecules were developed which
Although, the bromo analogue was found to be thecould act on other essential pathways. One such

most effective, it had mild cytotoxic effects. example is atovaquone, that targets cytochrome b and
_ ) it is a complex Il inhibitor (Hudson, 1993). Proguanil,
Discussion which targets dihydrofolate reductase is another drug

The existing anti-malarial drugs have been developed!S€d in combination with the former two drugs
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(Rastelliet al., 2000). The most successful candidate potent than RK43. RTK 36, which has a urea linkage
so far has been artemisinin, a component of Chinesend chloro moiety at para position, is less potent than
herbal medicine, which inhibits the parasite growth RTK 41 and RK 43. By considering the common
very efectively (Klayman, 1985). Howevgts exact  scaffold of all three compounds, and evaluating the
mechanism of action has been controversial with structure-activity relationship of these different
reports suggesting its action on haem as well as orstructural analogues of phenylurenyl benzamide, it
the digestive vacuole. Due to its short half-life, the seems that the urea bridge is much more effective
administration of the drug has to be done more than thiourea linkage between amide and phenyl rings.
frequently Hence, combination strategies using The position of electro negative elements at the phenyl
artemisinin were attempted. Some highly effective ring is very important for the activitynterestingly
combinations are artemether-lumefantrine and thiourea derivatives (RK 48, 49, 50) which have
artesunate-mefloquine (Muelleat al., 2006; electronegative elements (bromo, fluoro and chloro)
Soukhathammavongt al., 2011). One such at para position do not show any significance activity
combination that proved highly effective was the for example, RK 42, which has a fluoro moiety at
artemisinin and curcumin, which exhibited high ortho position and RK 37 (which does not have any
potency against the malaria infection in mice model electronegative element at the phenyl ring). On the
(Nandakumaret al., 2006). Since, curcumin is a other hand, the urea bridge containing compounds
known histone acetyltransferase inhibitor RTK 39 (m-methoxy), RK 44 (p-sulphomethyl), R
(Balasubramanyarst al., 2004) this combination 45 (p-fluoro), RK 46 (disubstituted, m-trifluro, p-
might have had better efficacy due to targeting chloro), RIK 47 (p-trifluoro), did not exhibit any
respiratory as well as epigenetic processes. Recentlyinhibitory activity againsP. falciparum. One more
several reports worldwide have indicated reducedinteresting observation is that in spite of high structural
clinical responses in patients treated with artemisinin similarity between RK 36 and RK 38 except for
(Aurrecoecheat al., 2009); hence, there has been a the position of chloro group, K 36 showed
spurt in the search for other chemotypes targetingsignificant efect, whereas RK38 did not. On

the malaria parasite. Furthermore, the sequencing otomparing HK 43 and RK 36, both of them possess
the parasite genome, and several biochemicalurea bridge between amide and phenyl rings, but the
evidences now strongly support the stage specificpara position is occupied by bromo and chloro groups
expression of several proteins, such as kinases andespectivelyHowever RTK 43 is more potent than
transporters which play an important role in the RTK 36, which means that the less electro negative
parasite pathogenesis (Rustal., 2010). Hence, element (bromo) at para position may increase its
new chemotherapeutic agents should be designeghotencywhich plays an important role in the inhibition
based on these temporally expressed proteins. of parasites. Thus, the different chemical entities could
help greatly in fine-tuning the inhibitory potential
against the malarial parasites. It should be noted that
, . _ ) this study is a preliminary attempt at characterising
malarial activity The synthesis of title compounds this novel scaffold, only halo-group (bromo, fluoro and

Weore achieved in a single step_ with a yie_ld_ of > 80- chloro) modifications have been attempted here.
90%. The remarkable part of this synthesis is that theBased on the current literature, retaining the urea

compounds thus obtained after the reactions Werﬁinkage with further amide modifications can be

?'L‘?g_jt anal;i_tlt_:tally pgretforrlr;s. \é\)/hfer 'we tested attempted on this scaffold. Thus, a wide range of novel
inhibitory activity against culturee. faiciparum modifications are possible on this scaffold and could

parasites, out of fourteen c_orr_lpounds,_ c_mly th,reeyield a lead molecule with efficacy in the nano molar
compounds showed excellent inhibitory activity against range

the parasitesi striking anti-parasitic activity was
exhibited by the compoundlR 43 containing urea The effect of the phenylurenyl benzamide

linkage and bromo group at the para position in thederivatives tested in this study on the parasite growth
phenyl ring. HoweverRTK 41, which has thiourea indicates its effect on the invasion process, i.e., entry
bridge and chloro group at its ortho position, was lessinto the second life cycle. Several kinases including

In this studya series of phenylurenyl benzamide
analogues are synthesized and testeihfatro anti-
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plasmepsins have been recently identified to beact on the same target. Hence, these chemotypes
expressed during the process of schizogony andcould be used for designing potent anti-malarial drugs,
invasion of new RBCs (Russet al., 2010). since their mode of action is at distinct stage of the
Incidentally, the parent compoundTR36 was parasite life cycle without any apparent cytotoxicity
identified in a screen for aurora kinase inhibitors and on the mammalian cells.

showed excellent docking to the enzyme, away from

the active site 0ATP binding site (data not shown). h henvl b ide. Th dv h
However the interacting residues identified in this chemotype, phenylurenyl benzamide. The study has

molecular modeling were found to be conserved in explored the possibility of different chemical functional

other kinases such as CAMK and MAPK of humans. 9"0UPS io_Ier_1tify the most efficient anti-plasmodial
It has been observed that, thediparum kinases agent. Preliminary results suggest the role of these

have several homologs to the members of the abOV(gOmpounds on specific stagesfal ciparum during

kinases (Vdrdet al., 2004) An initial in vitro assay Its intra-er_ythrocytic development. Moreoyerith )
using the parasite lysate on histone H1 substrate intechnologles available today such as nano-targeting,

the presence of TK41 and 43, indicates a mild it could be possible to improve the bioavailability of

hyperphosphorylation of histone H1 (Fig. S1). Since phenylurenyl benzamide derivatives, probably

the parasite lysate is a rich source of several kinas g"ncreasing its dicacy. Thus, this scabld could be

itis apparently difficult to detect any specific targets. exploited for identifying newer targets and efficient
However the efect on thein vitro kinase assay compounds to combat malaria.

suggests, a possible kinase target for the phenylurenytsupporting information at the end of
benzamide analogues. Furthermore, the treatment ofy paper)

these drugs delays the parasite life cycle (Fig. 2), with

an arrest in the late trophozoite/early schizont stageAcknowledgment
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SUPPORTING INFORMATION benzamide; RTK-39: Yield: 86 %;H NMR
(DMSO- d,): 10.57 (br s, 1H, NH), 9.70 (br s, 1H,
o _ NH), 8.25 (d, 1H), 7.73 (d, 1H,38.23 Hz), 7.64 (br
Determination of purity and structural s, 2H, NH), 7.45 (t, 1H), 7.24 (s, 1H), 7.06 (d, 1H),
determinations: 7.02-7.1 (m, 2H), 6.55 (d, 1H), 3.74 (s, 3H). m/z =

BrukerAC 400 spectrometer was used to recétd 285.9
nuclear magnetic resonanéel NMR) and'3C NMR 2-{[(2-Chlorophenyl)carbamothioyl]

spectra. Chemical shifts are reported in (ppm) unitsgmino}benzamide; RTK-41: Yield: 88 %:H NMR
relative to the internal reference tetramethylsilane (pvso- dy): 11.20 (br s, 1H, NH), 10.25 (br s, 1H,
(Me4Si). All the exchangeable protons were NH), 8.48 (d, 1H), 7.98 (d, 1H,97.32 Hz), 7.81 (t,

confirmed by addition of [D. Mass spectral data 1H), 7.69 (br s, 2H, NK), 7.65 (d, 1H), 7. 53 (d, 1H),
were recorded iIAPCI-2000All the compounds were  7.32.7.51 (m, 2H), 7.15 (t, 1H). m/z = 305.9

routinely checked by thin-layer chromatography
(TLC) and*H NMR. Aluminum-backed silica gel 2-{[(2-Fluorophenyl)carbamothioyllamino}
plates (Merck DC-Alufolien Kieselgel 60 F254) was benzamide; RTK-42: Yield: 88 %;'H NMR
used for performing the TLC and the spots were (DMSO- dy): 11.28 (br s, 1H, NH), 10.21 (br s, 1H,
visualized by UMight. All solvents were reagent grade NH), 8.46 (d, 1H), 7.97 (d, 1H,98.71 Hz), 7.82 (t,
and when necessarwere purified and dried by 1H), 7.71 (brs, 2H, Nk, 7.65 (d, 1H), 7.51 (d, 1H),
standard methods. Concentration of solutions after?.43-7.49 (m, 2H), 7.14 (t, 1H). m/z = 289.9
reactions and extractions involved the use of a rotary
evaporator operating at a reduced pressure. Organi%en

Zo'ul“‘t’.”slwereltd”ed o afgé‘g(f/’usffsd't‘;m Suyat?'(DMSO- d): 10.62 (br s, 1H, NH), 9.83 (br s, 1H,
nalyticairesutts are within .57 of Ine INEOretical Ny, 8.25 (d, 1H), 7.70 (d, 1K= 8.03 Hz), 7.64 (br

X?(;u_eEAII chemicals were purchased from Sigma- s, 2H, NH), 7.48 (dd, 2H), 7.45 (dd, 2H), 7.42 (.
ren. 1H), 7.01 (t, 1H). m/z = 335.9

2-{[(4-Bromophenyl)carbamoyl]lamino}
zamide; RTK-43: Yield: 93 %:1H NMR

Synthesis 2-{[(4-Chlorophenyl)carbamoyl]
amino} benzamide; RTK-36: Yield: 95 %;!H NMR
(DMSO-d,): 10.6 (brs, 1H, NH), 9.8 (br s, 1H, NH),
8.23(d, 1H), 7.71 (d, 1H,=8.27 Hz), 7.63 (br s, 2H,
NHz.)l’ 7.53 (dd, 2H), 7.42 .(t, 1H), 7.3 (dd, 2H), 7.1 (t, s, 2H, NH), 7.48 (dd, 2H), 7.43 (t, 1H), 7.20 (dd,
1H); 13C NMR (DMSO-d,): 171.96, 153.46, 140.13, 2H), 7.01 (t, 1H), 2.43 (s, 3H). m/z = 301.9
138.95,132.97,129.53,129.13,127.10,122.73,121.61, "' ' T ' ' '
121.41. m/z=289.9 2-{[(4-Fluorophenyl)carbamoyl]amino}

2-[(Phenylcarbamothioyl)amino] E)S'\r/llzszmide;loFgoK(-SS: I:_?I?\I:HS)M;/O?}OH(bNMRlH

. ; - d): 10. rs, 1H, , 9. rs, 1H,
benzamide; RTK-37: Yield: 90 %;'H NMR NH),8.23d?)d,1H),7.69 (d, 1H,98.23 Hz), 7.63 (br

(DMSO- d): 13.1 (br s, 1H, NH), 9.53 (br s, 1H, s, 2H, NH), 7.5 (dd, 2H), 7.43 (t, 1H), 7.10 (dd, 2H)
NH), 8.17 (d, 1H), 7.71 (t, 1H), 7.47-7.57 (m, 3H), 7.0 (t, 1H). m/z = 273.9

7.47 (brs, 2H, NB), 7.35 (t, 1H), 7.28 (dd, 2H), 7.1
(d, 1H); m/z =271.31 2-({[4-Chloro-3-(trifluoromethyl)phenyl]
. carbamoyl} amino) benzamide; R'K-46: Yield:
2-{[(3-Chlorophenyl) carbamoyllamino}  ggo/- 14 NVR (DMSO- d): 10.85 (br s, 1H, NH),
benzamide; RTK-38: Yield: 90 %;H NMR
i 10.18 (br s, 1H, NH), 8.26 (d, 1H), 8.(s, 1H), 7.74
(DMSO- d): 10.38 (br s, 1H, NH), 9.25 (br s, 1H, I
(dd, 2H), 7.68 (br s, 2H, Njj, 7.60 (d, 1H,) = 8.56
NH), 8.17 (d, 1H), 7.77 (d, 1H,37.86 Hz), 7.67 (d, Hz), 7.44 (t, 1H), 7.04 (t, TH). m/z = 357.9
1H), 7.59 (br s, 2H, Nk}, 7.4-7.48 (m, 2H), 7.31 (t, T ' T ' ' '
1H), 7.13 (d, 1H), 7.03 (s, 1H). m/z = 289.9 2-({[4-(Trifluor omethyl)phenyl]carbamoyl}
amino)benzamide; RTK-47: Yield: 91%;'H NMR

2-({[4-(Methylthio)phenyl]lcarbamoyl}
amino) benzamide; RTK-44: Yield: 95 %;'H NMR
(DMSO- d,): 10.58 (br s, 1H, NH), 9.69 (br s, 1H,
NH), 8.25 (d, 1H), 7.70 (d, 1H,37.13 Hz), 7.62 (br

2-{[(3-Methoxyphenyl) carbamoyllamino}



(DMSO- d): 13.14 (br s, 1H, NH), 10.18 (br s, 1H,
NH), 7.95 (d, 1H), 7.81 (d, 1H,58.78 Hz), 7.77 (br
s, 2H, NH), 7.71 (t, 1H), 7.63 (dd, 2H), 7.45 (dd,
2H), 7.36 (t, 1H). m/z = 322.9

2-{[(4-Bromophenyl)carbamothioyl]amino}
benzamide; RTK-48: Yield: 89%;'H NMR
(DMSO- d,): 13.06 (br s, 1H, NH), 9.71 (br s, 1H,
NH), 7.95 (d, 1H), 7.78 (t, 1H), 7.67 (br s, 2H, §H
7.5 (d, 1HJ=7.99 Hz), 7.45 (dd, 2H), 7.34 (t, 1H),
7.27 (dd, 2H). m/z = 350.23

2-{[(4-Fluorophenyl)carbamothioyl]amino}
benzamide; RTK-49: Yield: 81%;'H NMR
(DMSO- d,): 13.01 (br s, 1H, NH), 9.68 (br s, 1H,
NH), 7.94 (d, 1H), 7.68 (br s, 2H, NH 7.51 (dd,
2H), 7.39 (t, 1H), 7.33 (d, 1H,3J8.91 Hz), 6.66 (dd,
2H), 6.46 (t, 1H). m/z = 289.32

2-{[(4-Chlorophenyl)carbamothioyl]amino}
benzamide; RTK-50: Yield: 92%;'H NMR
(DMSO- d,): 13.02 (br s, 1H, NH), 9.67 (br s, 1H,
NH), 7.94 (d, 1H), 7.77 (t, 1H), 7.64 (br s, 2H, §H
7.53 (dd, 2H), 7.46 (d, 1H, J=7.91 Hz), 7.44 (t, 1H),
7.33 (dd, 2H). m/z = 305
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RTK43 - - - +
Histone - + + +
Pf Ext. + - + +
Histone-P > a. Autorad

Supplementary Figure 1. Effect of RTK43 onin vitro kinase
assay ofP. falciparum extract. In vitro kinase assay was
performed by adding P. falciparum extract to a reaction
mixtur e containing radioactive y-3?P]JATP and 3ug
histone H1 as substrate. The presence or absence of
the Drug, P. falciparum extract and histone in each
lane is indicated on the top. The reaction mixtures
were resolved in SDS-RGE followed by
autoradiography. The top panel shows the
phosphorylated histone (Histone-P) and the bottom
panel shows the coomassie stained gel.

Materials and methods

Kinase assay Fresh or frozen parasite pellets were
lysed in 10 volume of ice cold buffeontaining 50mM
B-glycerol phosphate (pH-7.3), I¥#iton X-100 and

1 mM DTT in the presence of complete protease and
phosphatase inhibitor cocktail (Sigma) and incubated
on rotating wheel overnight at°@. Parasite lysate
was cleared by centrifugation at 15000xg for 15
minutes at 4C. The kinase reactions were performed
as per the protocol described elsewhere (Leykauf
al., 2010) with appropriate modificationBypically,
kinase reaction was performed with 15ug of Pf extract
in standard kinase bief containing 20mMrris-Cl
(pH-7.5), 20 mM MgCJ 2 mM MnCL, S0uMATR,
10uCi [y-3?P]JATP and 3ug of Histone HAfter 30
minutes of incubation at 3@, the reaction was
stopped by addition of 2XSDS loading faufFinally;

the reaction products were resolved in 12% SDS-
polyacrylamide gel. The gel was further dried and
exposed for auto radiography following commassie
blue staining.



