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Abstract

[(7-Chloroquinolin-4-yl)amino]chalcone derivatives derived from the corre-
sponding 3- or 4-[(7-chloroquinolin-4-yl)Jamino]acetophenone were synthesized
and evaluated for in vitro antimalarial and anticancer activity. The most active
compounds 12, 13, 15, 17 and 19 from the 3-substituted series displayed
inhibitory values against heme cristallization in the range of 93.14 + 1.74 —
94.93 £ 1.50 % as an antimalarial mechanism and cytotoxic effect with 1Csg
values of 7.93 £ 2.05, 7.11 + 2.06 and 6.95 + 1.62 ug/mL for 13, 17 and 19
respectively against humane prostate LNCaP tumor cells.
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Introduction

Malaria is believed to affect between 300 to 500 million people worldwide, and to cause
one to three million deaths each year [1]. In the past, quinoline-derived compounds were
extensively studied for the development of new therapeutic agents that led to the
development of some molecules, namely, pamaquine [2] and mepacrine [3]. One of the
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first drugs to be prepared was the potent and inexpensive chloroquine (CQ), which is a 7-
chloroquinoline with an amino substituent in position 4. Cloroquine’s antimalarial activity
appears to be linked to the parasite’s heme metabolism [4]. Development of drug
resistance to chloroquine in malaria has become a major health concern in endemic areas,
which has prompted a search for alternative antimalarials against the CQ-resistant strains
[5]. As a result, several new class of antimalarial drugs has been developed; none of them
has reached the same status of recognition as the drug of choice in malaria therapy as
CQ. Amodiaquine (AQ), a Mannich base 4-aminoquinoline, is effective against CQ-
resistant strains of P. falciparum [6]; however, the clinical use of this drug has been
severely restricted because of the hepatotoxicity and agranalulocytosis side effects
associated with its long term use; lysosomal accumulation and bioactivation of reactive
quinoneimine metabolite are implicated to be cause of the observed AQ in vivo toxicity [7].
Isoquine (IQ) is an analogue of AQ, in which the 4'-hydroxy group on the aniline ring of AQ
is interchanged with a 3'-Mannich base side chain. |Q was demonstrated to possess
higher antimalarial activity against P. yoelii than AQ. In contrast to AQ, 1Q was excreted
primarily as a glucuronide, instead of a glutathione conjugate [8]. Another promising
compound from the class of the 4-aminoquinolines is tebuquine (TQ), which is a biaryl
analogue of AQ. TQ is significantly more active than AQ and CQ in both in vitro and in vivo
tests [9, 10]. Similar to AQ, TQ forms an active quinoneimine metabolite and consequently
develops the same toxic side effects as AQ in prolonged use. On the other hand,
substituted quinolines possess medicinal properties for effective control of malaria and
cancer. Unfortunately the design and subsequent synthesis of new antimalarials are
hindered by the fact that the mechanism of resistance is not fully understood [11].

Hemoglobin degradation in intraerythrocytic malaria parasites is a biochemical event which
takes place in an acidic digestive vacuole by different proteases to provide free amino
acids necessary to protein synthesis. In this process, the oxidant heme group is separated
from the globin chains and parasite protects itself by crystallizing the heme moieties into a
non-soluble and non-toxic pigment called hemozoin or B-hematin [12]. In this context,
compounds which are able to inhibit hemoglobin proteolysis and/or B-hematin synthesis
could be considered as potential antimalarials.

On the other hand, different evidence has demonstrated the ability of quinolines as
potential antitumor agents. Recently the antitumour potential of quinolines against MCF-7
human breast cancer cells, with chloroquine being the most apoptosis-inducing agent, has
been reported [13]. All differentiation-inducing quinolines caused growth suppression in
MCF-7 and MCF10A cells. The mechanism of action of the differentiation-inducing
quinolines has been proposed to involve strong suppression of E2F1 that inhibits growth
by preventing cell cycle progression and fosters differentiation by creating a permissive
environment for cell differentiation. A series of new thioquinolines were tested for
antiproliferative activity in vitro against human [SW707 (colorectal adenocarcinoma),
CCRF/CEM (leukemia)] and murine [P388 (leukemia), B16 (melanoma)] cancer lines. All
the compounds exhibited antiproliferative activity comparable to cisplatin [14]. Indeed
Lukevic et al., showed that another thioquinoline analog was active on human
fiborosarcoma HT-1080 cell line [15]. A novel intercalating compound of a
pyrimido[4',5":4,5]selenopheno[2,3-b]quinoline series also showed cytotoxic effect in a
concentration and time-dependent manner. Cell cycle analysis and tritiated thymidine
assays revealed that this compound affects the cell cycle progression by arresting at S
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phase. DNA fragmentation, nuclear condensation and changes in the expression levels of
BCL2/BAD confirmed the activation of apoptosis [16]. Other evidence has demonstrated
that these kinds of structures, like the well known quinoline analog MT477, suppress cell
signaling through Ras molecular pathway, inhibiting PKC activity. The effect of this
compound is dose-dependent on H226, MCF-7, U87, LNCaP, A431 and A549 cancer cell
lines [17]. Two murine xenograft models of human A431 and H226 lung carcinoma were
used also to evaluate tumor response to intraperitoneal administration of MT477. Tumor
growth was inhibited significantly in H226 xenografts following this treatment, compared to
vehicle controls. As we could notice, the effects of the quinoline structures are not specific
to one type of cells, for example, a dose dependent decrease in cell viability was observed
also in tumor bladder cancer cells treated with another quinoline derivate, an
imidazoquinoline. This type of structure induced apoptosis and cytokine production
significantly. In in vivo experiments most mice treated with this therapy showed only an
intense inflammatory response with no evidence of tumor, while control mice showed
tumor growth [18]. There is also evidence of the potential antitumor activity of quinoline
derivates in prostate cancer (PCa). Linomide, a quinoline-3-carboxamide derivate, has a
dose-response ability to inhibit the growth of a series of four additional human and rodent
prostate cancer models in mice and this efficacy is correlated with inhibition of
angiogenesis [19]. Our ongoing efforts in the direction of identifying new classes of 4-
aminoquinolines with antimalarial and anticancer properties prompted us to undertake the
synthesis of a variety of 7-chloroquinolinyl-4-aminophenylchalcones.

Results and Discussion

Cl 3/4-Amino- N O
acetophenone
X > X
_ EtOH, A _
Cl N Cl N
1 3,4

X4
| XNY A | R
T
H.
N O
Benzaldehydes S 4
> X
KOH, MeOH, r.t. _
Cl 5 l;l 5-8: 4'-subst.
9-19: 3'-subst.
R: H, OMe, CI, F

Sch. 1.  Synthesis of (E)-1-[3 or 4-(7-chloroquinolin-4-ylamino)phenyl]-3-
(phenylsubstituted)prop-2-en-1-ones 5-19
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The target compounds 5-19 were prepared as outlined in Scheme 1. The key inter-
mediates 3, 4 were obtained by aromatic nucleophilic substitution of 4,7-dichloroquinoline
with the appropriate aniline derivatives in ethanol and refluxing. Attachment of the lateral
a,B-unsaturated side chain of compounds 5-19 was accomplished in one step: reaction of
compounds 3, 4 with substituted benzaldehydes in methanol, and one pellet of KOH
(catalytic) at room temperature (Claisen—Schmidt condensation). After completion of the
reaction (usually 96 h), the desired products were obtained in excellent yields and purity.
Compounds were characterized by spectroscopic means and their purity established by
elemental analysis. Theoretically, E and Z geometric isomers can be equally formed during
the reaction. However, Z configuration is highly unfavorable. By '"H NMR we assigned the
configuration (E) for the C—C double bond based on the vicinal proton-proton coupling J:
15 Hz. The selectivity in configuration may derive from the repulsion between the
substituted phenyl groups, which are two bulky moieties bonding on C—C double bond.

Indeed, a previous study has shown that quinolines and chalcones exihibited potent
antimalarial activities, inhibiting heme crystallization, globin proteolysis and showing also in
vivo effects in a malaria murine model [20], representing new alternatives which needs to
be taken on consideration in further studies.

A B 5 5 7 8 2 10 11

12 13 14 15 16 17 18 19

Fig. 1. Effects on globin proteolysis of 3'- or 4'-[(7-chloroquinolin-4-yl)amino]-3- or 4-
substituted-chalcones. The samples were solubilized in SDS-sample buffer
containing B-mercaptoethanol and boiled before electrophoresis in 15 % SDS-
PAGE gels. The gels were stained with Coomassie blue. Undegraded globin
bands appear at 14.4 kDa; A: control hemoglobin; B: control hemoglobin in
presence of parasite extract; 5—19: hemoglobin in presence of parasite extracts
and compounds.

In this work we tested compounds 5-19 for their effects as inhibitors of B-hematin
formation and inhibitors of hemoglobin proteolysis in vitro. To evaluate the potential
antimalarial activity of 519, we tested the ability of these compounds to inhibit heme
crystallization, considering that heme can crystallize spontaneously under acid and low
oxygen conditions found in the vacuole of the parasite [21]. Results that showed more than
90% of inhibition of heme crystallization were considered significant (compounds 12, 13,
15, 17, 19, Table 1). The substitution of ketone a,B-unsaturated group on position 3 and
the presence of a hydrogen, halogen or N-dimethyl groups as substituent in the aromatic
ring appeared to be favorable for the potential antimalarial activity, since most of the
compounds possessing these groups showed measurable levels of inhibition of 3-hematin
formation. Results reveal that the compounds were as active as chloroquine (93.61 +
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0.26 %) inducing the inhibition of heme crystallization. Consequently all compounds were
tested for their capacity of inhibiting hemoglobin proteolysis, in an in vitro assay which
uses trophozoyte-rich extract to digest the native hemoglobin of mice. The electrophoretic
analysis indicated that only compound 10 was partially effective inhibiting the proteolysis of
hemoglobin 44.62 + 1.23 % (Figure 1 and Table 1).

Tab.1. Biological activity of 3'- or 4'-[(7-chloroquinolin-4-yl)amino]-3- or 4-substituted-
chalcone derivatives. The results are expressed by the mean + standard error
of the mean. *p>0.05 compared to chloroquine. IBHS: inhibition of B-hematin

synthesis; IGP: inhibition of globin proteolysis. +Cytotoxic effect of compounds

on LNCaP tumor cells. n=3.

v 4
N AP
H\N N O
5 4
loe
cl N7
8 1

Cpd.* R %IBHS %IGP ICs0 (Mg/mL) T
5 4-OCHjs 0 <10
6 4-N(CH3) 23.71+£267 <10
7 4-Cl 2354 +£511 <10
8 4-F 38.77£2.28 <10
9 4-OCHjs 71.75+£433 <10
10 3-OCH3 42.54 +2.52 44.62 £1.23
11 2-OCHjs; <10 <10
12 4-N(CH3) 9455 £ 0.25* <10 23.66 £ 1.24
13 4-Cl 94.34 £0.99* 1222+0.76 7.93%2.05
14 3-Cl 36.76 £ 3.70 <10
15 2-Cl 9442 £+ 1.89* <10 10.09 £ 2.29
16 4-F 39.50+6.10 <10
17 3-F 94.93 £ 1.50* <10 7.11+£2.06
18 2-F 78.93+234 <10 47.83 £ 0.71
19 H 93.14 £1.74* <10 6.95+ 1.62
(LEP) Leupeptin 89.06 + 0.69
(PEP) Pepstatin 92.94 + 0.67

CQ Chloroquine  96.61 + 0.26
* 5-8: 4'-substituted; 9-19: 3'-substituted.

On the other hand, prostate cancer (PCa) represents the most common solid tumor and
the second leading cause of cancer death among men [22]. The antiandrogen hormone
therapy is the standard treatment for advanced prostate cancer, but it is only effective for a
limited period of time and after that, the hormone refractory phase, which involves the
majority of cases of the PCa, will grow in a more aggressive and progressive fashion. In
this stage of the disease, PCa increases in a primary tumor which leads to metastases and
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the options of medication are restricted. Therefore the development of new compounds
targeting human hormone refractory PCa represents a key in order to have more
alternatives to fight against this disease.

In this context, recent evidences have shown the effect of different quinolines and
chalcones in PCa. The quinoline analog, clioquinol can inhibit the proteasomal
chymotrypsin-like activity, repress androgen receptor (AR) protein expression, and induce
apoptotic cell death in human prostate cancer LNCaP and C4-2B cells and animal studies
showed that clioquinol treatment significantly inhibited the growth of human prostate tumor
C4-2B xenografts (by 66%), associated with in vivo proteasome inhibition, angiogenesis
suppression, and apoptosis induction [23]. Also, ionone-based chalcones have
demonstrated substantial in vitro anti-proliferative activities in LNCaP and PC-3 prostate
cancer cell lines as antagonists of androgen receptor [24].
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Fig. 2. Dose-response curves of selected compounds on LNCaP tumor cells treated

with compounds. Compounds: ¢ 13, m 17, A19. Results are expressed as the

mean * SEM of three different experiments. Each experiment was performed in

five different wells. ***p<0.001 compared to the same treatment at 15 and 25
Mg/mL n=3.

In this study, we also evaluated the effect of the most active inhibitors of B-hematin
formation compounds on an androgen-sensitive human prostate tumor cell line (LNCaP)
according on the reactivity of a tretazolium salt (sodium 3,3'-[1-(phenylamino)carbonyl]-
3,4-tetrazolium-bis(4-methoxy-6-nitro)benzenesulfonic acid hydrate, XTT), as described by
Denizot and Lang [25]. The ICsy value in the XTT assay was defined as the concentration
of the tested compound leading to a 50% of inhibition of cell viability compared to
untreated cells. The results demonstrated the potential antitumor activity of each
compound tested (Table 1). Special attention should be paid to compounds 12, 17, and 19

Sci Pharm. 2009; 77; 725-741.



Synthesis of [(7-Chloroquinolin-4-yl)-amino]chalcones: Potential Antimalarial and Anticancer ... 731

which showed the stronger cytotoxic results (ICsp <10 upg/mL). The effect of these
compounds is dose-dependent, showing a lower viable cell number as the drug
concentration increase (Figure 2) and also, this effect is time-dependent, which is evident
from 24 hours to 96 hours after drug exposure (Figure 3).
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Fig. 3. Time-dependent inhibition of selected compounds on cell growth (ICG) at ICsg
concentrations. Results are expressed as the mean + SEM. *p<0.05; **p<0.01;
***p<0.001. n=3.

The observed activities of these 4-aminoquinolines against the B-hematin synthesis may
be speculated from the result of several factors. The 4-amino-7-chloroquinoline subunit is
an antimalarial pharmacophore that inhibits heme dimerization into the non-toxic hemozoin
[26]. The presence of the substitution of a a,B-unsaturated ketone group on position 3' and
the presence of a hydrogen, halogen or N,N-dimethylamino groups as substituent in the
aromatic ring may be resulting in a secondary interaction. These results clearly indicate
that an increase of the lipophilic property, with appropriate groups on the phenyl
substituent, produces good inhibitory activity of the heme dimerization into non-toxic
hemozoin. The fact that the activity is markedly affected by altering the substituents on
4-aminophenyl ring, suggests that this aromatic ring make a specific contribution to the
binding via an aromatic ring orientation. On the other hand, these compounds were also
active as antitumor agents in human prostate cancer cells, confirming a diverse biological
response of these 4-aminoquinolines. It is important to note that the presence of a
hydrogen or a halogen on position 3 or 4 as substituent groups in the aromatic ring
improved the anticancer activity of these structures.

Sci Pharm. 2009; 77; 725-741.



732 R. Ferrer et al.:

Conclusions

The present study describes the synthesis and biological activity of a series of
4-aminoquinoline derivatives with a non-basic side chain nitrogen. In summary, some of
them showed good selectivity index between the parasite and tumor cells. Compounds 12,
13, 15, 17, 19 exhibited potential effects as inhibitors of B-hematin formation and inhibitors
of human prostate cancer cell proliferation. The studies confirm that the antimalarial
mechanism of action could be similar to that of chloroquine, as most of the compounds
form an association complex with hematin and thereby inhibit hemozoin formation. The
results provide basic information to establish that the basicity of the side chain nitrogen is
not very essential for an inhibitory activity of heme dimerization of 4-aminoquinolines and
opens new vistas for the design of new antimalarial agents. Rationally, such a combination
of antimalarial pharmacophores and other functionalities offers many attractive features for
accelerating antimalarial drug discovery. On the other hand, the same structures were also
active as inhibitors of human prostate tumor cell proliferation. In this context, further
studies are needed to elucidate the antitumor mechanism of action.

Experimental

Melting points were determined on a Thomas micro hot stage apparatus and are
uncorrected. Infrared spectra were determined as KBr pellets on a Shimadzu model 470
spectrophotometer. The '"H NMR and *C NMR spectra were recorded using a Jeol Eclipse
270 (270 MHz/67.9 MHz), spectrometers using CDCl; or DMSO-dg, and are reported in
ppm downfield from the residual CHCI3 or DMSO respectively. Elemental analyses were
performed on a Perkin Elmer 2400 CHN analyser, results were within + 0.4% of the
predicted values for all compounds. Chemical reagents were obtained from Aldrich
Chemical Co, USA. All solvents were distilled and dried in the usual manner.

Chemistry

General procedure for the synthesis of [(7-chloroquinolin-4-yl)Jamino]-
acetophenones 3,4

A mixture of 4,7-dichloroquinoline 0.5g (2.5 mmol) and 3- or 4-aminoacetophenone 0.37g
(2.75 mmol) in ethanol (10 mL) was refluxed (80-85 °C) over night. The solid formed was
filtered washed with water, diethyl ether and recrystallized from ethanol.

1-{4-[(7-Chloroquinolin-4-yl)amino]phenyl}ethanone
(4-[(7-chloroquinolin-4-yl)amino]acetophenone, 3)

Yield: 93%; mp: 209-210 °C; IR: 3440, 1676, 1622, 1587 cm™: 'H NMR (DMSO-ds): &
2.63 (s, 3H, CHs), 7.08 (d, 1H, Ha, J: 6.9Hz), 7.65 (d, 2H, Hy 5, J:8.4Hz), 7.92 (dd, 1H, He,
J:9.4, 1.7Hz), 8.12 (d, 2H, Hag, J:8.4Hz), 8.16 (d, 1H, Hs, J:1.7Hz), 8.62 (d, 1H, Hy,
J:6.9Hz), 8.86 (d, 1H, Hs, J:9.4Hz), 11.22 (brs, 1H, NH). *C NMR: 27.3, 101.8, 117.1,
119.9, 124.9, 126.9, 128.1, 130.5, 135.5, 139.1, 139.8, 142.2, 144.4, 154.7, 197.4. Anal.
Calcd for Ci7H13sNoOCI: C 68.81%, H 4.41%, N 9.44%. Found C 68.85%, H 4.43%, N
9.52%.
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1-{3-[(7-Chloroquinolin-4-yl)amino]phenyl}ethanone
(3-[(7-chloroquinolin-4-yl)amino]acetophenone, 4)

Yield: 96%; mp: 223-225 °C, (Lit [27]: 250 °C); IR: 3440, 1683, 1625, 1609 cm™; "H NMR
(DMSO-dg): & 2.63 (s, 3H, CHs), 6.88 (d, 1H, Ha, J: 6.9Hz), 7.77 (m, 2H, Hss), 7.89 (dd,
1H, He, J:9.2, 1.9Hz), 8.00 (t, 1H, Hg, J:7.4Hz), 8.04 (m, 1H, Hz, J:1.6Hz), 8.18 (d, 1H, Hs,
J:1.9Hz), 8.56 (d, 1H, Hy, J:6.9Hz), 8.88 (d, 1H, Hs, J:9.2H7), 11.27 (brs, 1H, NH). "*C
NMR: 27.4, 100.9, 116.7, 119.8, 125.3, 126.9, 127.7, 128.0, 130.4, 131.0, 138.2, 138.9,
139.0, 139.7, 144.1, 155.3, 197.8 Anal. Calcd for Cq7H:3N,OCI: C 68.81%, H 4.41%, N
9.44%. Found C 68.93%, H 4.50%, N 9.63%.

General procedure for the synthesis of [(7-chloroquinolin-4-yl)Jamino]Jchalcones
5-19

A mixture of [(7-chloroquinolin-4-yl)amino]acetophenone 3 or 4 100 mg (0.36 mmol), the
respective benzaldehydes (0.40 mmol), and potassium hydroxide (one pellet) in methanol
(8 mL) was stirred at room temperature by 96 h. Water was added, the resulting precipitate
was collected by filtration, washed with water, diethyl ether and recrystallized from ethanol-
water (1:0.5).

(2E)-1-{4-[(7-Chloroquinolin-4-yl)amino]phenyl}-3-(4-methoxyphenyl)prop-2-en-1-one
(4'-[(7-chloroquinolin-4-yl)amino]-4-methoxychalcone, 5)

Yield: 85%; mp: 201-203 °C; IR: 3336, 1676, 1622, 1587 cm™; '"H NMR (DMSO-ds): &
3.83 (s, 3H, OCH3), 7.03 (d, 2H, Ha 5+, J:8.9Hz), 7.32 (d, 1H, Ha, J: 5.2Hz), 7.50 (d, 2H,
Hy g, J:8.7Hz), 7.63 (dd, 1H, He, J:9.2, 2.2Hz), 7.71 (d, 1H, HC=, J:15.6Hz), 7.84 (d, 1H,
HC=, J:15.6Hz), 7.89 (d, 2H, Hyg", J:8.9Hz), 7.98 (d, 2H, Hp &, J:8.7Hz), 8.41 (d, 1H, Hs,
J:9.2Hz), 8.63 (d, 1H, Hs, J:5.2Hz), 9.48 (brs, 1H, NH). *C NMR: 55.9, 105.6, 115.0,
119.8, 119.9, 120.0, 125.3, 126.1, 128.0, 128.4, 130.9, 131.2, 132.5, 134.8, 143.8, 146.2,
146.6, 150.3, 152.7, 161.8, 187.7. Anal. Calcd for CosH1gN,0.Cl: C 72.38%, H 4.62%, N
6.75%. Found C 72.23%, H 4.84%, N 6.87%.

(2E)-1-{4-[(7-Chloroquinolin-4-yl)amino]phenyl}-3-[4-(dimethylamino)phenyl]prop-2-en-1-
one (4'-[(7-chloroquinolin-4-yl)amino]-4-(dimethylamino)chalcone, 6)

Yield: 93%; mp: 204206 °C; IR: 3404, 1657, 1603, 1564 cm™; '"H NMR (DMSO-ds): &
3.01 (s, 6H, N(CHs)z), 6.76 (d, 2H, Hz-5, J:6.9Hz), 7.01 (d, 1H, Hs, J: 3.7Hz), 7.57—7.75
(m, 7H), 7.93 (d, 2H, Hz g, J:8.7Hz), 8.43 (d, 1H, Hs, J:9.2Hz), 8.51 (d, 1H, Ha, J:3.7Hz),
9.31(brs, 1H, NH). *C NMR: 39.8, 105.3, 112.3, 116.6, 119.6, 119.8, 119.9, 122.6, 125.2,
126.0, 126.1, 128.3, 130.6, 131.2, 133.0, 134.7, 144.8, 150.1, 152.4, 152.6, 187.4. Anal.
Caled for CagH2aNsOCI: C 72.98%, H 5.18%, N 9.82%. Found C 73.09%, H 5.36%, N
9.77%.

(2E)-3-(4-Chlorophenyl)-1-{4-[(7-chloroquinolin-4-yl)amino]phenyl}prop-2-en-1-one
(4-chloro-4'-[(7-chloroquinolin-4-yl)amino]chalcone, 7)

Yield: 83%; mp: 185-187 °C; IR: 3390, 1651, 1609, 1564 cm™; "H NMR (CDCls): & 6.81 (s,
1H, NH), 7.29 (d, 1H, J:5.2Hz), 7.36 (d, 2H, Hs5, J:8.7Hz), 7.43 (d, 2H, Hy 5, J:8.5Hz),
7.53 (dd, 1H, He, J:9.2, 2.1Hz), 7.56 (d, 1H, HC=, J:15.7Hz), 7.60 (d, 2H, Hz"g, J:8.7Hz),
7.82 (d, 1H, HC=, J:15.7Hz), 7.92 (d, 1H, Hs, J:9.2Hz), 8.10 (d, 1H, Hg, J:2.1Hz), 8.12 (d,
2H, Hz g, J:8.5Hz), 8.72 (d, 1H, Hs, J:5.2Hz). °C NMR: 105.7, 119.6, 120.0, 123.3, 125.3,
126.0, 128.2, 129.5, 131.0, 131.1, 131.8, 134.4, 134.7, 135.4, 142.2, 146.7, 146.9, 150.2,
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152.5, 187.5. Anal. Calcd for Cy4H1sN2OCly: C 68.75%, H 3.85%, N 6.68%. Found C
68.61%, H 3.93%, N 6.95%.

(2E)-1-{4-[(7-Chloroquinolin-4-yl)amino]phenyl}-3-(4-fluorophenyl)prop-2-en-1-one
(4'-[(7-chloroquinolin-4-yl)amino]-4-fluorochalcone, 8)

Yield: 75%; mp: 217-219 °C; IR: 3401, 1654, 1603, 1561 cm™; "H NMR (CDCl3): & 6.77 (s,
1H, NH), 7.29 (d, 1H, Hs, J:5.1Hz), 7.36 (d, 2H, Hss, J:8.5Hz), 7.51 (d, 1H, HC=,
J:15.7Hz), 7.54 (dd, 1H, He, J:8.9, 2.3Hz), 7.67 (d, 2H, Hy ¢, J:8.5Hz), 7.86 (d, 1H, HC=,
J:15.7Hz), 7.92 (d, 1H, Hs, J:8.9Hz), 8.10 (d, 1H, Hs, J:2.1Hz), 8.12 (d, 2H, Hy ¢, J:8.5Hz),
8.74 (d, 1H, Hs, J:5.1Hz). °C NMR: 105.7, 116.4 (J:22 Hz), 119.6, 119.7, 119.8, 122.4,
125.2, 126.1, 128.3, 130.9, 131.2, 131.6 (J:9.0 Hz), 132.0, 134.7, 142.5, 146.4 (J:6.0 Hz),
150.2, 152.6, 163.7 (J: 252 Hz), 187.6. Anal. Calcd for CpsH:gN,OFCIl: C 71.56%, H
4.00%, N 6.95%. Found C 71.37%, H 3.96%, N 7.17%.

(2E)-1-{3-[(7-Chloroquinolin-4-yl)amino]phenyl}-3-(4-methoxyphenyl)prop-2-en-1-one
(3'-[(7-chloroquinolin-4-yl)amino]-4-methoxychalcone, 9)

Yield: 95%; mp: 211-212 °C; IR: 3312, 1651, 1600, 1564 cm™; '"H NMR (DMSO-dg): &
3.82 (s, 3H, OCHs), 7.01 (d, 2H, Has, J:8.9Hz), 7.59 (m, 4H), 7.77 (d, 1H, Hz, J:2.2Hz),
7.86 (d, 2H, Hz e, J:8.9Hz), 7.91 (d, 1H, HC=, J:15.8Hz), 8.01 (d, 1H, HC=, J:15.7Hz),
8.05 (s, 2H, Hs), 8.44 (d, 1H, Hs, J:9.2Hz), 8.51 (d, 1H, Ha, J:5.4H), 9.30 (s, 1H, NH). *C
NMR: 55.9, 102.7, 114.9, 119.1, 120.1, 122.4, 124.4, 125.1, 125.6, 126.9, 127.8, 128.2,
130.4, 131.4, 134.5, 139.7, 141.6, 144.8, 148.2, 150.1, 152.5, 161.9, 189.3. C25H1oN,0-Cl:
C 72.38%, H 4.62%, N 6.75%. Found C 72.41%, H 4.65%, N 6.91%.

(2E)-1-{3-[(7-Chloroquinolin-4-yl)amino]phenyl}-3-(3-methoxyphenyl)prop-2-en-1-one
(3'-[(7-chloroquinolin-4-yl)amino]-3-methoxychalcone, 10)

Yield: 71%; mp: 135-137 °C; IR: 3329, 1661, 1602, 1565 cm™*; "H NMR (CDCls): & 3.89 (s,
3H, OCHj), 6.81(brs, 1H, NH), 6.92 (t, 1H, Hs, J:7.8Hz), 7.06 (d, 1H, Hs, J:5.1Hz), 7.45 (t,
1H, Hs, J:7.0Hz), 7.56 (m, 2H, He, 4), 7.57 (d, 1H, HC=, J:15.5Hz), 7.59 (d, 1H, Ha,
J:7.7Hz), 7.68 (d, 1H, He, J:7.6Hz), 7.91 (m, 2H, Hz.¢), 8.03 (d, 1H, Hg, J:1.9Hz), 8.12 (d,
1H, HC=, J:15.6Hz), 8.59 (d, 1H, Ha, J:5.0Hz). 1°C NMR: 56.3, 102.7, 112.4, 119.1, 121.2,
122.2, 122.4, 123.4, 124.3, 125.0, 125.6, 126.9, 128.2, 129.1, 130.4, 132.9, 134.5, 139.4,
139.5, 141.7, 148.1, 150.2, 152.5, 158.8, 189.6. CasH1sN20,Cl: C 72.38%, H 4.62%, N
6.75%. Found C 72.05%, H 4.64%, N 6.55%.

(2E)-1-{3-[(7-Chloroquinolin-4-yl)amino]phenyl}-3-(2-methoxyphenyl)prop-2-en-1-one
(3'-[(7-chloroquinolin-4-yl)amino]-2-methoxychalcone, 11)

Yield: 83%; mp: 181-183 °C; IR: 3376, 1651, 1603, 1568 cm™; "H NMR (CDCls): & 3.94 (s,
3H, OCHs), 6.73 (brs, 1H, NH), 6.98 (t, 1H, Hs», J:8.5Hz), 7.06 (d, 1H, Hs, J:5.3Hz), 7.41 (t,
1H, Hs, J:7.2Hz), 7.56 (m, 2H, Hs 4), 7.60 (d, 1H, HC=, J:15.8Hz), 7.65 (d, 1H, Ha-,
J:7.2Hz), 7.84 (d, 1H, He', J:7.2Hz), 7.91 (m, 2H, Hy¢), 8.08 (d, 1H, Hg, J:2.2Hz), 8.17 (d,
1H, HC=, J:15.7Hz), 8.62 (d, 1H, Hy, J:5.3Hz). *C NMR: 55.8, 102.5, 113.0, 119.1, 121.2,
122.2, 122.4, 124.0, 124.9, 125.3, 125.9, 127.3, 128.2, 130.1, 131.2, 132.9, 134.5, 139.4,
139.5, 142.7, 148.9, 149.8, 152.7, 161.8, 189.4. CusH19N,O,Cl: C 72.38%, H 4.62%, N
6.75%. Found C 72.17%, H 4.83%, N 7.03%.
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(2E)-1-{3-[(7-Chloroquinolin-4-yl)amino]phenyl}-3-[4-(dimethylamino)phenyl]prop-2-en-
1-one (3'-[(7-chloroquinolin-4-yl)amino]-4-(dimethylamino)chalcone, 12)

Yield: 91%; mp: 169-171 °C; IR: 3328, 1670, 1609, 1566 cm™; '"H NMR (DMSO-dg): &
3.01 (s, 6H, N(CHa)y), 6.75 (d, 2H, Hy 5, J:5.9Hz), 7.27 (m, 2H, Hy 4), 7.45 (m, 2H, HC=,
He), 7.67 (M, 3H, HC=, Hg 2), 7.98 (m, 2H, Hg 2), 8.15 (d, 2H, Hy &, J:5.9Hz), 8.39 (t, 1H,
Hs, J:5.9Hz), 8.62 (d, 1H, Ha, J: 3.6Hz), 9.41 (brs, 1H, NH). °C NMR: 39.7, 102.6, 110.6,
112.3, 116.5, 118.9, 122.3, 122.6, 124.1, 125.1, 125.6, 126.5, 128.2, 130.2, 131.3, 134.4,
140.2, 141.3, 145.7, 148.1, 150.1, 152.6, 188.8. Anal. Calcd for Ca6H22NsOCI: C 72.98%,
H 5.18%, N 9.82%. Found C 72.95%, H 4.89%, N 9.93%.

(2E)-3-(4-Chlorophenyl)-1-{3-[(7-chloroquinolin-4-yl)amino]phenyl}prop-2-en-1-one
(4-chloro-3'-[(7-chloroquinolin-4-yl)amino]chalcone, 13)

Yield: 72%; mp: 204-205 °C; IR: 3312, 1654, 1606, 1564 cm™; 'H NMR (CDCls): & 6.71
(brs, 1H, NH), 7.05 (d, 1H, Hs, J:5.2Hz), 7.42 (d, 2H, Hz-s, J:8.3Hz), 7.50 (d, 1H, HC=,
J:15.7Hz), 7.52 (dd, 1H, He, J:9.1, 2.2Hz), 7.58 (m, 3H, Hs2¢), 7.80 (d, 1H, HC=,
J:15.7Hz), 7.84 (d, 1H, Hg, J:7.1Hz), 7.91 (d, 1H, Hs, J:9.1Hz), 8.09 (d, 1H, Hs, J:2.2Hz),
8.63 (d, 1H, Hy, J:5.3Hz). ®°C NMR: 102.7, 119.0, 122.4, 123.3, 124.6, 124.9, 125.7,
127.2, 128.3, 129.5, 130.4, 131.1, 134.1, 134.5, 135.7, 139.2, 141.5, 143.3, 148.1, 150.0,
152.6, 189.3. Anal. Calcd for CasH1gN2OCl: C 68.75%, H 3.85%, N 6.68%. Found C
69.03%, H 3.86%, N 6.85%.

(2E)-3-(3-Chlorophenyl)-1-{3-[(7-chloroquinolin-4-yl)amino]phenyl}prop-2-en-1-one
(3-chloro-3'-[(7-chloroquinolin-4-yl)amino]chalcone, 14)

Yield: 62%; mp: 166-168 °C; IR: 3346, 1660, 1606, 1564 cm™; "H NMR (CDCls): & 6.77
(brs, 1H, NH), 7.05 (d, 1H, Hs, J:5.2Hz), 7.41 (d, 2H, Hss'), 7.44-7.65 (m, 6H), 7.65 (d,
1H, HC=, J:15.7Hz), 7.83 (d, 1H, Hg, J:7.1Hz), 7.92 (d, 1H, Hs, J:8.9Hz), 8.09 (d, 1H, Hs,
J:2.0Hz), 8.63 (d, 1H, Hy, J:5.2Hz). *C NMR: 102.8, 119.1, 122.6, 124.1, 124.7, 125.0,
125.7, 127.4, 128.3, 128.5, 128.6, 130.5, 130.8, 131.3, 133.4, 134.6, 137.5, 139.2, 141.6,
143.1, 148.1, 150.2, 152.6, 189.3. Anal. Calcd for Co4H16N,OCly: C 68.75%, H 3.85%, N
6.68%. Found C 68.79%, H 4.07%, N 7.10%.

(2E)-3-(2-Chlorophenyl)-1-{3-[(7-chloroquinolin-4-yl)amino]phenyl}prop-2-en-1-one
(2-chloro-3'-[(7-chloroquinolin-4-yl)amino]chalcone, 15)

Yield: 73%; mp: 180-181 °C; IR: 3.312, 1638, 1609, 1568 cm™; 'H NMR (CDCls): & 6.70
(brs, 1H, NH), 7.05 (d, 1H, Hs, J:5.3Hz), 7.36 (m, 2H), 7.45-7.60 (m, 6H), 7.76 (d, 1H, Ha,
J:6.5Hz), 7.84 (d, 1H, He, J:6.8Hz), 7.91 (d, 1H, Hs, J:8.7Hz), 8.09 (d, 1H, Hs, J:2.0Hz),
8.23 (d, 1H, HC=, J:15.8Hz), 8.63 (d, 1H, Hp, J:5.2Hz). *C NMR: 102.7, 119.2, 122.5,
124.6, 125.1, 125.3, 125.6, 127.5, 128.2, 128.3, 129.2, 130.5, 130.6, 132.7, 132.8, 134.6,
134.9, 139.1, 139.3, 141.9, 148.3, 150.2, 152.5, 189.3. Anal. Calcd for Cp4H16N20Cly: C
68.75%, H 3.85%, N 6.68%. Found C 68.78%, H 3.91%, N 6.82%.

(2E)-1-{3-[(7-Chloroquinolin-4-yl)amino]phenyl}-3-(4-fluorophenyl)prop-2-en-1-one
(3'-[(7-chloroquinolin-4-yl)amino]-4-fluorochalcone, 16)

Yield: 79%; mp: 184-185 °C; IR: 3.323, 1657, 1603, 1564 cm™"; "H NMR (CDCl3): & 6.71
(brs, 1H, NH), 7.14 (t, 1H, Hs, J:8.5Hz), 7.45 (d, 1H, HC=, J:15.7Hz), 7.51 (dd, 1H, H8,
J:9.1, 2.1Hz), 7.57 (d, 1H, Hg, J:7.2Hz), 7.65 (d, 2H, Ha- s, J:8.6Hz), 7.67 (d, 1H, Hzg",
J:8.6Hz), 7.81 (d, 1H, HC=, J:15.7Hz), 7.83 (d, 1H, Hg, J:7.0Hz), 7.92 (d, 1H, Hs, J:9.1Hz),
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8.09 (d, 1H, Hg, J:2.0Hz), 8.63 (d, 1H, Hy, J:5.3Hz). °C NMR: 102.7, 116.5 (J:22 Hz),
119.0, 122.4, 124.5, 124.9, 125.6, 127.2, 128.2, 130.4, 131.0, 131.8 (J:9.0 Hz), 134.5,
139.3, 141.5, 143.5, 148.1, 150.1, 152.5, 163.9 (J: 251 Hz), 189.3. Anal. Calcd for
C24H16N,OFCI: C 71.56%, H 4.00%, N 6.95%. Found C 71.60%, H 4.23%, N 7.24%.

(2E)-1-{3-[(7-Chloroquinolin-4-yl)amino]phenyl}-3-(3-fluorophenyl)prop-2-en-1-one
(3'-[(7-chloroquinolin-4-yl)amino]-3-fluorochalcone, 17)

Yield: 53%; mp: 163-164 °C; IR: 3.328, 1657, 1606, 1564 cm™; '"H NMR (CDCls): & 6.74
(brs, 1H, NH), 7.05 (d, 1H, Hs, J:5.3Hz), 7.15 (m, 2H, Hss"), 7.35-7.42 (m, 2H), 7.49-7.62
(m, 4H), 7.80 (d, 1H, HC=, J:15.5Hz), 7.84 (d, 1H, Hg, J:6.7Hz), 7.92 (d, 1H, Hs, J:8.9Hz),
8.08 (d, 1H, Hs, J:1.9Hz), 8.65 (d, 1H, Ha, J:5.1Hz). °C NMR: 102.8, 115.3 (J:22 Hz),
117.6 (J:22 Hz), 119.1, 122.5, 124.0, 124.8, 125.0, 125.7, 126.2, 127.4, 128.3, 130.5,
131.4, (J:8.0 Hz), 134.6, 137.8 (J:8.0 Hz), 139.2, 141.6, 143.4, 148.1, 150.2, 152.6, 163.1
(J: 243 Hz), 189.4. Anal. Calcd for CosH1gN2OFCI: C 71.56%, H 4.00%, N 6.95%. Found C
71.74%, H 4.12%, N 7.19%.

(2E)-1-{3-[(7-Chloroquinolin-4-yl)amino]phenyl}-3-(2-fluorophenyl)prop-2-en-1-one
(3'-[(7-chloroquinolin-4-yl)amino]-2-fluorochalcone, 18)

Yield: 62%; mp: 119-120 °C; IR: 3.360, 1657, 1606, 1564 cm™; "H NMR (CDCls): & 6.72
(brs, 1H, NH), 7.06 (d, 1H, Hs, J:5.5Hz), 7.20 (m, 2H), 7.41-7.66 (m, 6H), 7.82 (d, 1H, He,
J:7.1Hz), 7.91 (d, 1H, Hs, J:8.5Hz), 8.09 (d, 1H, Hs, J:2.4Hz), 8.19 (d, 1H, HC=, J:15.6Hz),
8.63 (d, 1H, Hp, J:5.4Hz). °C NMR: 102.7, 115.2 (J:24 Hz), 117.8 (J:19 Hz), 118.9, 122.5,
123.9, 124.7, 124.9, 125.7, 126.1, 127.4, 128.2, 130.4, 131.3, (J:6.0 Hz), 134.5, 137.7
(J:10.0 Hz), 139.1, 141.5, 143.3, 148.1, 150.1, 152.6, 163.1 (J: 250 Hz), 189.3. Anal.
Calcd for Ca4H1gN2OFCI: C 71.56%, H 4.00%, N 6.95%. Found C 71.60%, H 4.09%, N
7.13%.

(2E)-1-{3-[(7-Chloroquinolin-4-yl)amino]phenyl}-3-phenylprop-2-en-1-one
(3'-[(7-chloroquinolin-4-yl)amino]chalcone, 19)

Yield: 93%; mp: 190-192 °C; IR: 3.348, 1654, 1596, 1570 cm™; "H NMR (CDCls): & 6.74
(brs, 1H, NH), 7.05 (d, 1H, Ha, J:5.3Hz), 7.44—7.56 (m, 7H), 7.65-7.68 (m, 3H), 7.83 (d, 1H,
He, J:6.9Hz), 7.87 (d, 1H, HC=, J:15.8Hz), 7.91 (d, 1H, Hs, J:9.1Hz), 8.08 (d, 1H, Hs,
J:1.9Hz), 8.64 (d, 1H, Ha, J:5.3Hz). °C NMR: 102.8, 119.1, 122.4, 122.6, 124.6, 125.0,
125.7, 127.2, 128.3, 129.5, 130.5, 131.3, 134.6, 135.2, 139.4, 141.5, 144.9, 148.1, 150.2,
152.6, 189.5. Anal. Calcd for Ca4H:7N,OCI: C 74.90%, H 4.45%, N 7.28%. Found C
75.01%, H 4.52%, N 7.55%.

Biological assays
Inhibition of heme crystallization

The heme crystallization assay was performed according to [21], briefly, a solution of
hemin chloride (50 yL, 4mM), dissolved in DMSO (5.2 mg/mL), was distributed in 96-well
micro plates. The compounds dissolved in DMSO (100 uM) were added in triplicate in test
wells (50 yL). Controls contained either water, DMSO or chloroquine (50 uL). B-hematin
formation was initiated by the addition of acetate buffer (100 uL 0.2 M, pH 4.4). The plates
were incubated at 37 °C for 48 hours to allow for completion of the reaction and
centrifuged (4000 RPM x 15 minutes, IEC-CENTRA, MP4R). After discarding the
supernatant, the pellet was washed twice with DMSO (200 uL) and finally, dissolved in
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NaOH (200 pL, 0.2 N). The dissolved aggregates were further diluted 1:2 with NaOH
(0.1N) and absorbances recorded at 405 nm (Microplate Reader, BIORAD-550). The
results were expressed as a percentage of inhibition of B-hematin synthesis.

Parasite, experimental host and strain maintenance.

Male Balb-C mice, weighing 18-22 g were maintained on a commercial pellet diet and
housed under international standard conditions approved by the Ethics Committee, School
of Pharmacy, Central University of Venezuela. Plasmodium berghei (ANKA strain), a
murine malaria parasite, was used for infection. Mice were infected intraperitoneally with 1
x 10° infected erythrocytes diluted in phosphate buffered saline solution (PBS, 10 mM, pH
7.4, 0.1 mL). Parasitemia was monitored by microscopic examination of Giemsa stained
smears.

Parasite extracts

Blood of infected animals, at a high level of parasitemia (30-50%), was collected by
cardiac puncture with an heparinized syringe and the blood pool was centrifuged (500g x
10 minutes, 4 °C). Plasma and buffy coat were removed and the red blood cells (RBCs)
pellet was washed twice with chilled PBS-Glucose (5.4 %). The washed RBC pellet was
centrifuged on a discontinuous percoll gradient (80-70% percoll in PBS-Glucose, 20000g
x 30 min x 4 °C) [28]. The upper band (RBCs with mature forms of parasites) was removed
by aspiration, collected and washed twice with chilled PBS-Glucose and the infected
erythrocytes were lysed with the non-ionic detergent saponin (0,1% in PBS x 10 min).
1 mL of cold PBS was added and the samples were centrifuged (13000g x 5 minutes, 4°C)
to remove erythrocyte cytoplasm content (including erythrocyte haemoglobin). The free
parasites were suspended in PBS-Glucose (5.4 %), and subjected to three freeze-thaw
cycles (-70°C / +37°C). The final homogenate was used in the inhibition of hemoglobin
proteolysis assay [28].

Mice native hemoglobin

Native hemoglobin from non-infected mice was obtained by mixing one volume of pellet
erythrocytes with two volumes of water. The resulting solution was used as the substrate
in the inhibition of the hemoglobin proteolysis assay.

Inhibition of hemoglobin proteolysis

The proteolytic effect of the parasite extract on the native mice hemoglobin was assayed
according to [29], using 96-wells tissue culture plate. The assay mixture contained: mice
native hemoglobin (10 uL), parasite extract (60 yL), GSH (10 pL, 10 yM), compounds
dissolved in DMSO (10uL, 10uM) and acetate buffer (0.2 M, pH 5.4) to a final volume of
200uL. The incubations were carried out at 37 °C for 18 hours and the reaction were
stopped by the addition of reduced sample buffer. The degree of hemoglobin digestion
was evaluated electrophoretically by SDS-PAGE 15% and the globin bands were analysed
by densitometry. A DMSO control was electrophoresed at the same time.

In vitro cytotoxicity

A 96-well microtiter plate (tissue culture grade) containing 0.1 ml of growth medium/per
well (RPMI) was seeded with 1.2x10* human prostate LNCaP tumor cells. After 24h of
culture, cells were exposed to the compounds for 72 h at concentrations ranging from 5 to
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100 pg/ml, and then evaluated for cytotoxicity. In all cases, although the compounds were
dissolved in dimethylsulfoxide (DMSO), the final concentration of this solvent in the culture
medium was lower than 0.2%, a concentration that has neither cytotoxic effect nor causes
any interference with the colorimetric detection method. Cytotoxicity assays were carried
out by colorimetry following the reduction of a tretazolium salt (sodium 3,3'-[1-(phenyl-
amino)carbonyl]-3,4-tetrazolium-bis(4-methoxy-6-nitro)benzenesulfonic acid hydrate, XTT)
(Roche Applied Science, Mannheim, Germany) [25]. After 72h of compound incubations,
cells grown in microtiter plates were incubated with XTT at 37°C for 4h and the colorimetric
detection of the orange product formazan was registered at 492nm (SpectraFluor-Tecan).
The 1Csq value in the XTT assay was defined as the concentration of the tested compound
leading to a 50% of inhibition of cell viability compared to untreated cells. All experiments
were done in triplicates.

Effect of compounds on human prostate tumor cell growth

LNCaP cells (2.4x105) were plated in 10-cm? tissue culture dishes at 37°C in RPMI
containing 10% FBS and the compounds at their ICsy values. Cells were collected from
culture dishes after trypsin-EDTA treatment for 7 min at 37°C. The number of viable cells
per dish was counted with a hemocytometer at 24-h intervals for a period of 96 h. All
experiments were done in triplicates.
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