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Abstract

A series of quinoline-chalcone (E)-1-[3 or 4-(7-chloroquinolin-4-ylamino) phenyl]-3-(phenyl substituted) prop-2-ene-1-one
(4, 5), and quinoline-pyrazoline hybrids 7-Chloro-N-[3 or 4-(4,5-dihydro-5-(phenyl-substituted)-1H-pyrazol-3-yl] phenyl)
quinoline-4—amine (6, 7) were synthesized with the aim of achieving an antimalarial and anticancer dual action. Most of the
compounds showed significant inhibition (%>80) of p-hematin formation. The existing structures were tested in vivo as
potential antimalarials in mice infected with P. berghei ANKA, chloroquine susceptible strain. Some of the compounds
exhibited antimalarial activity comparable to that of chloroquine. Moreover, the compounds induce cell death on two human
cancer cell lines (Jurkat E6.1 and HL60) without affecting the primary culture of human lymphocytes. Flow cytometry
analysis confirmed the increase in apoptotic cell death after 24 h. Based on the structural analysis, these quinoline hybrids
represent new compounds potentially useful for malaria end leukemia treatments.

Keywords Anticancer - Antimalarial - Apoptosis * Chalcone * Pyrazoline * Quinoline

Introduction

Malaria is a multifaceted tropical disease that has been
transmitted by the bite of female Anopheles mosquitoes
(Plewes et al. 2019). Five species are responsible for the
infection Plasmodium falciparum, vivax, ovale, malariae,
and lastly Knowlesi (Plewes et al. 2019). According to the
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World Malaria Report (World Health Organization 2018),
there is an increase in malaria cases, more than 2 million
from 2016 (217 million cases) to 2017 (219 million cases),
the estimated number of malaria deaths stood at 435,000 in
2017. The increase is due to the lack of proper controls in
several countries (Grillet et al. 2019). It is concluded that
new approaches for treatment are urgently needed. Malaria
incidence can be decreased through vector control; how-
ever, resistance to insecticides and chemotherapeutics have
difficulted the task (WHO 2018; Grillet et al. 2019).
Cancer has been defined as a severe disease caused by the
uncontrolled growth of cells, tissue destruction, and death. It
is the second principal cause of death worldwide after
ischemic heart disease and stroke, 17 million new cases and
9.6 million deaths in 2018. Moreover, 33% of the cancers
are linked to tobacco exposure (Cancer Research UK 2018).
Several studies have suggested a possible interaction among
parasites and cancer (Faure 2016; Phillips et al. 2017; Maji
2018). Several antimalaria agents, like chloroquine (CQ) and
its derivatives, have been used in cancer chemotherapy (Faure
2016; Phillips et al. 2017; Maji 2018). One of the mechanisms
postulated is Bcl-2 inhibition (Strasser and Vaux 2018), as
well as its effect in autophagy (Nordstrgm et al. 2015; Bhat
et al. 2018; Levy et al. 2017). Several other compounds
synthesized by our group have shown antimalarial and
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cytotoxic effects on cancer cells (Rodrigues et al. 2012;
Romero et al. 2018, 2019). Hemozoin formation was
shown to be inhibited by CQ in the parasite food vacuole
(Egan and Ncokazi 2005; Joshi and Viswanathan 2006).
Artemisinin (AT) also targets the parasite vacuole by
binding to the heme and impede the parasites detoxification
of P-hematin generating the insoluble toxic hemozoin
(Weissbuch and Leiserowitz 2008; Fong and Wright 2013).
Likewise, AT and semisynthetic derivatives activate
apoptotic pathways in several tumor cell lines. The path-
ways involve loss of mitochondrial membrane potential,
mitochondrial release of cytochrome c, decrease in Bcl-2
and Bcl-XL, increase in Bak/Bax, and activation of cas-
pases 9 and 3 (Handrick et al. 2010; Xu et al. 2011; Zhou
et al. 2012). Heme, apparently activated AT, and involve
mitochondrial induced cytotoxicity (Meshnick et al. 1991;
O’Neill et al. 2010). It follows then that these compounds
offer an important therapeutic option for both diseases.
Since the target affected, differ resistance mechanism may
vary. One of the options is the combination of quinoline
nucleus of with chalcones. The aim is to increase the bio-
logical activity of the merged compounds as compared to
the single structure (Rodrigues et al. 2012; Zhang et al.
2013; Mahajan et al. 2007; Ferrer et al. 2009; Kumar et al.
2010; Lombard et al. 2011; Pretorius et al. 2013; Insuasty
et al. 2013; Smit and N’Da 2014; Ratchanok et al. 2014;
Ramirez-Prada et al. 2017; Alegaon et al. 2017).

In an effort to develop improved compounds with dual
action antimalarial and anticancer, we report the synthesis
and evaluation of the antimalarial, cytotoxic and pro-
apoptotic activity of quinoline-chalcone and quinoline-
pyrazoline hybrids and proposed some structural features
required for a critical biological dual action.

Materials and methods
Chemical

NMR spectra were recorded on a JEOL Eclipse™ 270 MHz
for 'H-NMR and at 67.9 MHz for *C-NMR using CDCl; or
DMSO,4, and are reported in ppm downfield from the residual
CHCl; or DMSO. Elemental analyses were obtained using a
Perkin Elmer 2400 CHN elemental analyses. The results were
within +0.4% of the predicted values. A Nicolet™ IS5 FT-IR
(ID3 Zn-Se) spectrophotometer was used to determine the IR
spectra. A Thomas micro hot stage device was used to
determine the melting points (mp). All organic products or
solvents (from Sigma-Aldrich Group, USA) were used directly
or distilled and dried in the usual manner, respectively. Thin-
layer chromatography was carried out on Merck silica F254
0.255-mm plates, and spots were visualized by UV fluores-
cence at 254 nm. Compounds 2 and 3 have previously been

synthesized (Ferrer et al. 2009; Insuasty et al. 2013; Romero
et al. 2015).

General procedure for the synthesis of (E)-1-[3 or 4-
(7-chloroquinolin-4-ylamino) phenyl]-3-(phenyl-
substituted) prop-2-en-1-one (4, 5)

In a glass bottle with a screw cap with magnetic stirring,
150 mg (0.51 mmol, 1 equiv.) of 7-Chloro-4-(3 or
4—acetylphenyl) amino quinoline (2 or 3) were placed, the
respective aldehyde (0.56 mmol, 1.1 equiv.), a pellet of
potassium hydroxide and 8 mL of methanol, the combina-
tion was agitated at room temperature for 96-120h,
obtaining a solid which was sieved and washed with water,
diethyl ether, and recrystallized from ethanol.

(E)-1-[3-(7-chloroquinolin-4-ylamino)phenyl]-3—p-tolylprop-
2-en-1-one (4a)

Yield: 46.38%. mp: 297-298 °C. IR (KBr pellet cm™'): 3351
(NH), 1645 (C=0). 'H NMR (270 MHz, & ppm, DMSOdj):
9.26 (brs, 1H, NH), 8.48 (d, H2, J = 5.2Hz), 8.41 (d, 1H, H5,
J=9.2Hz), 8.03 (d, 1H, H8, J= 1.9 Hz), 7.55-7.93 (m, 9 H,
H6, H2', H4', H5', H6', Ha, Hb, H2”, H6"), 7.23 (d, 2H, H3",
H5", J=79Hz), 698 (d, 1H, H3, J=5.2Hz), 2.31 (s, 3H,
CHs). °C NMR (67.9MHz, & ppm): 21.7, 102.8, 119.1,
121.6, 122.4, 124.6, 125.0, 125.7, 127.1, 128.3, 129.6, 130.1,
130.5, 132.5, 134.6, 139.5, 141.4, 141.5, 144.0, 148.1, 150.2,
152.6, 189.42. Anal. calcd. for CpsH9CIN,O: (%) C, 75.28;
H, 4.80; N, 7.02. Found: (%) C, 75.29; H, 4.83; N, 7.23.

(E)-1-[3-(7-chloroquinolin-4-ylamino)phenyl]-3-(2,3-
dimethoxyphenyl)prop-2-en-1-one (4b)

Yield: 45.08%. mp: 129-131°C. IR (KBr pellet cm™'):
3350 (NH), 1647 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdg): 9.31 (brs, 1H, NH), 8.51 (d, 1H, H2, J = 5.2Hz),
8.44 (d, 1H, H5, J=9.2Hz), 8.04 (d, 1H, HS, /= 1.9 Hz),
7.98 (d, 1H, Ha, J=15.8 Hz), 7.84-7.97 (m, H, H2’, H4’,
H6"), 7.58-7.66 (m, 4H, H6, H5', H6’, Hb), 7.14-7.16 (m,
2H, H4”, H5"), 7.02 (d, 1H, H3, J=5.2Hz), 3.83 (s, 3H,
OCHa), 3.79 (s, 3H, OCH3). >C NMR (67.9 MHz, & ppm):
56.4,61.6, 102.8, 115.7, 119.0, 119.8, 122.3, 123.5, 124.5,
124.9, 125.0, 125.8, 127.2, 128.3, 128.7, 130.5, 134.6,
138.9, 139.40, 141.5, 148.1, 148.9, 150.2, 152.6, 153.4,
189.6. Anal. calcd. for C,gH,CIN,O3: (%) C, 70.19; H,
4.76; N, 6.30. Found: (%) C, 70.25; H, 4.80; N, 6.41.

(E)-1-[3-(7-chloroquinolin-4-ylamino)phenyl]-3-(2,4-
dimethoxyphenyl)prop-2-en-1-one (4c)

Yield: 43.08%. mp: 129-131°C. IR (KBr pellet cm™'):
3355 (NH), 1660 (C=0). 'H NMR (270 MHz, & ppm,
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DMSOdg): 9.30 (brs, 1H, NH), 8.52 (d, 1H, H2, J = 5.2Hz),
8.45 (d, 1H, H5, J= 8.9 Hz), 8.02 (s, 1H, HS), 8.00 (d, 1H,
Ha, J = 15.6 Hz), 7.91-7.94 (m, 2H, H2’, H4"), 7.76 (d, 1H,
Hb, J = 15.6 Hz), 7.59-7.65 (m, 3H, H6, H5', H6'), 7.03 (d,
1H, H3, J=5,2Hz), 6.65 (m, 2H, H3”, H5"), 3.91 (s, 3H,
OCHa), 3.85 (s, 3H, OCH3). >C NMR (67.9 MHz, & ppm):
56.1, 56.2, 99.0, 102.8, 107.0, 116.5, 119.1, 119.9, 122.2,
124.3, 125.0, 125.7, 126.7, 128.3, 130.4, 130.9, 134.6,
139.7, 139.8, 141.6, 148.1, 150.3, 152.6, 163.5, 189.5.
Anal. calcd. (%) C,6H, CIN,O5: C, 70.19; H, 4.76; N, 6.30.
Found: C, 69.99; H, 4.76; N, 6.51.

(E)-1-[3-(7-chloroquinolin-4-ylamino)phenyl]-3-(2,5-
dimethoxyphenyl)prop-2-en-1-one (4d)

Yield: 44.14%. mp: 205-206 °C. IR (KBr pellet cm™'):
3424 (NH), 1658. '"H NMR (270 MHz, & ppm, DMSOds):
9.32 (brs, 1H, NH), 8.51 (d, 1H, H2, J=5.2Hz), 8.44 (d,
1H, HS, J=9.2Hz), 8.06 ((d, 1H, Ha, J = 15.6 Hz), 8.04 (s,
1H, H8), 7.87-7.98 (m, 3H, H2’, H4’, H6"), 7.55-7.70 (m,
4H, H6, H5', H6', Hb), 7.03—7.05 (m, 3H, H3, H3”, H4"),
3.84 (s, 3H, OCH3), 3.78 (s, 3H, OCH;). '*C NMR
(67.9 MHz, d ppm): 56.3, 56.7, 102.8, 113.3, 113.6, 118.8,
119.1, 122.3, 122.6, 124.0, 124.6, 125.0, 125.7, 127.0,
128.3, 130.5, 134.6, 139.2, 139.5, 141.5, 148.1, 150.2,
152.6, 153.3, 153.8, 189.6. Anal. calcd. (%) Cr6H,;CIN,O3:
C, 70.19; H, 4.76; N, 6.30. Found: C, 69.99; H, 4.76;
N, 6.51.

(E)-1-[3-(7-chloroquinolin-4-ylamino)phenyl]-3-(3,4-
dimethoxyphenyl)prop-2-en-1-one (4e)

Yield: 41.30%. mp: 179-181°C. IR (KBr pellet cm™'):
3430 (NH), 1657 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdg): 9.30 (brs, 1H, NH), 8.51 (d, 1H, H2, J = 5.2Hz),
8.44 (d, 1H, HS, J=9.2Hz), 8.03 (s, 1H, H8), 7.77 (d, 1H,
Ha, J = 15.6 Hz), 7.75-7.84 (m, 2H, H4’, H6'), 7.72 (d, 1H,
H2', J=19Hz), 7.53-7.69 (m, 4H, H6, H5’, Hb, H5"),
7.40 (d, 1H, H6", J = 8.4 Hz), 7.02 (m, 2H, H3, H2"), 3.84
(s, 3H, OCH3), 3.81 (s, 3H, OCH3). '*C NMR (67.9 MHz, &
ppm): 56.2, 56.3, 102.7, 111.4, 112.1, 119.0, 120.2, 122.3,
124.6, 125.0, 125.8, 127.0, 128.0, 128.3, 130.4, 134.6,
139.7, 141.4, 145.5, 148.1, 149.6, 150.2, 152.0, 152.6,
189.3. Anal. caled. (%) CysH,1CIN,O;5: C, 70.19; H, 4.76;
N, 6.30. Found: C, 70.21; H, 4.78; N, 6.43.

(E)-1-[3-(7-Chloroquinolin-4-ylamino)phenyl]-3-(3,5-
dimethoxyphenyl)prop-2-en-1-one (4f)

Yield: 50.30%. mp: 200-201 °C. IR (KBr pellet cm’l):
3360 (NH), 1645 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdg): 9.26 (brs, 1H, NH), 8.46 (d, 1H, H2, J = 5.2Hz),
8.39 (d, 1H, H5, J=9.2Hz), 8.01 (s, 1H, HS), 7.86-7.96
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(m, 3H, H2’, H4', Ha), 7.65 (d, 1H, Hb, J=15.6 Hz),
7.54-7.67 (m, 3H, H6, H5', H6'), 7.03 (d, 2H, H2", H6”,
J=1,9Hz), 6.98 (d, 2H, H3, J=5.2Hz), 6,5 (d, 1H, H4",
J=19Hz), 3.75 (s, 6 H, OCH3). *C NMR (67.9 MHz, &
ppm): 56.0, 56.1, 103.5, 107.4, 119.1, 122.4, 123.4, 124.6,
125.0, 125.7, 127.1, 128.2, 130.4, 134.6, 137.2, 139.6,
141.6, 145.0, 148.2, 150.2, 152.6, 161.4, 189.7. Anal.
caled. (%) CaH,CIN,O5: C, 70.19; H, 4.76; N, 6.30.
Found: C, 70.27; H, 4.81; N, 6.47.

(E)-1-[3-(7-chloroquinolin-4-ylamino)phenyl]-3-(2,4,5-
trimethoxyphenyl)prop-2-en-1-one (4g)

Yield: 45.74%. mp: 108-110 °C. IR (KBr pellet cm™'):
3360 (NH), 1655 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdp): 9.30 (brs, 1H, NH), 8.50 (d, 1H, H2, J = 5.2Hz),
8.44 (d, 1H, H5, J=9.2Hz), 8.06 (1H, Ha, J = 15.6 Hz),
8.00 (s, 1H, H8), 7.92-7.95 (m, 2H, H2’, H4"), 7.75 (d, 1H,
Hb, J = 15.6 Hz), 7.58-7.68 (m, 3H, H6, H5', H6"), 7.50 (s,
1H, H6”), 7.02 (d, 1H, H3, J=5.2Hz), 6.74 (s, 1H, H3"),
3.89 (s, 3H, OCHj3), 3.87 (s, 3H, OCH3), 3.79 (s, 3H,
OCH3). 3C NMR (67.9 MHz, & ppm): 56.4, 57.0, 98.1,
102.8, 111.6, 114.8, 119.0, 122.2, 124.5, 125.0, 125.8,
126.8, 128.3, 130.4, 134.6, 139.5, 140.0, 141.4, 143.7,
148.1, 150.2, 152.6, 153.6, 155.0, 189.4. Anal. calcd. (%)
CoHyCIN,O,: C, 68.28; H, 4.88; N, 5.90. Found: C,
68.31; H, 4.90; N, 6.11.

(E)-1-[3-(7-chloroquinolin-4-ylamino)phenyl]-3-(3,4,5-
trimethoxyphenyl)prop-2-en-1-one (4h)

Yield: 65.32%. mp: 250-251 °C. IR (KBr pellet cm’l):
3360 (NH), 1660 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdg): 9.33 (brs, 1H, NH), 8.52 (d, 1H, H2, J = 5.2Hz),
8.44 (d, 1H, H5, J=9.2Hz), 8.04 (s, 1H, H8), 7.85-7.90
(m, 3H, H2’, H4', Ha), 7.72 (d, 1H, Hb, J=15.6 Hz),
7.63-7.70 (m, 1H, H6), 7.25 (s, 2H, H2”, H6"), 7.03 (d, 1H,
H3, J=5.2Hz), 3.85 (s, 6 H, OCHj3), 3.71 (s, 3H, OCHj;).
3C NMR (67.9 MHz, & ppm, CDCly): 55.5, 102.9, 103.1,
106.6, 118.4, 122.1, 122.3, 124.7, 126.4, 126.5, 129.2,
130.1, 135.6, 136.6, 125.0, 139.9, 140.5, 145.6, 147.2,
1521, 1612, 189.9. Anal. calcd. (%) C27H23CIN204Z C,
68.28; H, 4.88; N, 5.90. Found: C, 68.29; H, 4.93; N, 6.19.

(E)-1-[3-(7-chloroquinolin-4-ylamino)phenyl]-3-(2,4,5-
trimethylphenyl)prop-2-en-1-one (4i)

Yield: 55.03%. mp: 216-217°C. IR (KBr pellet cm™'):
3448 (NH), 1648 (C=0), 'H NMR (270 MHz, & ppm,
DMSOdg): 9.32 (brs, 1H, NH), 8.51 (d, 1H, H2, J = 5.2Hz),
8.45 (d, 1H, H5, J=9.2Hz), 8.05 (s, 1H, HS), 7.92-8.01
(m, 4 H, H2', H5', Ha, H6"), 7.60-7.81 (m, 5 H, H6, H4’,
H5’, H6', Hb), 7.06 (s, 1H, H3"), 7.02 (d, 1H, H3, J=
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5.2Hz), 2.37 (s, 3H, CHjy), 2.23 (s, 3H, CHj3), 2.21 (s, 3H,
CH;). C NMR (67.9 MHz, & ppm): 19.2, 19.4, 19.9,
102.8, 119.1, 121.8, 122.3, 124.5, 125.0, 125.7, 127.0,
128.2, 128.3, 130.4, 131.0, 132.6, 134.6, 134.8, 136.2,
139.6, 140.0, 141.5, 142.0, 148.1, 150.2, 152.6, 189.3.
Anal. calcd. (%) C;H3CIN,O: C, 75.96; H, 5.43; N, 6.56.
Found: C, 76.04; H, 5.48; N, 6.74.

(E)-1-[3-(7-chloroquinolin-4-ylamino)phenyl]-3-(benzo[d]
[1,3]1dioxol-6-yl) prop-2-en-1-one (4j)

Yield: 45.00%. mp: 181-183 °C. IR (KBr pellet cm—1):
3434 (NH), 1660 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdy): 9.30 (brs, 1H, NH), 8.52 (d, 1H, H2, J =5.2Hz),
8.43 (d, 1H, H5, J=9.2Hz), 8.05 (s, 1H, H8), 7.92 (m, 2H,
H2’, H4"), 7.80 (d, 1H, Ha, J=15.6 Hz), 7.72 (s, 1H, H6"),
7.58-7.65 (m, 4H, H6, HS’, H6, Hb), 7.32 (d, 1H, H2", J =
7.9 Hz), 6.97-7.00 (m, 2H, H3, H3"), 6.09 (s, 2H, H7”). 1*C
NMR (67.9 MHz, 6 ppm): 102.2, 102.7, 107.5, 109.1, 118.9,
120.5, 122.5, 124.6, 125.0, 125.7, 126.7, 127.2, 128.2, 129.7,
130.5, 134.6, 139.6, 141.4, 145.0, 148.3, 148.7, 150.1, 150.2,
152.6, 189.3. Anal. caled. (%) C,5H,,CIN,O5: C, 70.01; H,
4.00; N, 6.53. Found: C, 69.97; H, 4.03; N, 6.70.

(E)-1-[3-(7-chloroquinolin-4-ylamino)phenyl]-3p-
chlorophenylprop-2-en-1-one (4k)

Yield: 72.00%. mp: 204-205°C. IR (KBr pellet cm™'):
3426 (NH), 1650 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdg): 9.30 (brs, 1H, NH), 8.51 (d, 1H, H2, J = 5.2Hz),
8.51 (d, 1H, HS, J=9.2Hz), 8.43 (s, 1H, HS8), 7.58-7.97
(m, 9H, H6, H2', H4', H5’, H6’, Ha, Hb, H2", H6"), 7.50
(d, 2H, H3", H5", J=8.4 Hz), 7.01 (d, 1H, H3, J = 5.2Hz).
3C NMR (67.9 MHz, & ppm): 102.8, 119.0, 122.4, 123.3,
124.7, 125.0, 125.7, 127.2, 128.2, 129.5, 130.5, 131.2,
134.1, 134.5, 135.7, 139.3, 141.5, 143.4, 148.0, 150.3,
152.6, 189. 4. Anal. calcd. (%) C,4H;6C1,N,O: C, 68.75; H,
3.85; N, 6.68. Found: C, 68.79; H, 3.87; N, 6.91.

(E)-1-[4-(7-chloroquinolin-4-ylamino)phenyl]-3-p-tolylprop-
2-en-1-one (5a)

Yield: 48.30%. mp: 239-241 °C. IR (KBr pellet cm™'):
3440 (NH), 1664 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdg): 9.50 (brs, 1H, NH), 8.62 (d, 1H, H2, J = 5.2Hz),
8.39 (d, 1H, H5, J=9.2Hz), 8.20 (d, 2H, H3', H5, J =
8.7Hz), 7.97 (d, 1H, H8, J =2.2Hz), 7.92 (d, 1H, Ha, J =
15.6 Hz), 7.78 (d, 2H, H2", H6", J = 8.2Hz), 7.70 (d, 1H,
Hb, J = 15.6 Hz), 7.61 (dd, 1H, H6, J = 2.2Hz, J = 9.2Hz),
7.49 (d, 2H, H2', H6', J=8.7Hz), 7.31 (d, 1H, H3, J=
5.2Hz), 7.27 (d, 2H, H3”, H5", J=8.2Hz), 2.35 (s, 3H,
CH3). °C NMR (67.9 MHz, & ppm): 21.7, 105.7, 119.7,
119.9, 121.5, 125.3, 126.2, 128.4, 129.4, 130.1, 131.0,

132.2, 132.7, 134.8, 141.1, 143.9, 146.3, 146.6, 150.2,
152.7, 187.7. Anal. calcd. for Cy5HoCIN,O: (%) C, 75.28;
H, 4.80; N, 7.02. Found: (%) C, 75.33; H, 4.80; N, 7.19.

(E)-1-[4-(7-chloroquinolin-4-ylamino)phenyl]-3-(2,3-
dimethoxyphenyl)prop-2-en-1-one (5b)

Yield: 48.30%. mp: 194196 °C. IR (KBr pellet cm™'): 3426
(NH), 1660 (C=0). '"H NMR (270 MHz, & ppm, DMSOdj):
9.50 (brs, 1H, NH), 8.62 (d, 1H, H2, J = 5.2Hz), 8.39 (d, 1H,
H5, J=9.2Hz), 8.19 (d, 2H, H3’, H5' J = 8.7 Hz), 7.94-7.96
(m, 3H, HS, Ha, H6"), 7.60-7.64 (m, 2H, H6, Hb), 7.49 (d,
2H, H2', H6', J=8.7Hz), 7.31 (d, 1H, H3, J = 5.2Hz), 7.15
(m, 2H, H4", H5"), 3.83 (s, 3H, OCHj3), 3.80 (s, 3H, OCHj).
3C NMR (67.9 MHz, § ppm): 56.4, 61.6, 105.8, 115.4, 119.7,
119.8, 119.9, 123.4, 124.9, 125.3, 126.2, 128.3, 128.9, 131.0,
132.1, 134.9, 137.8, 146.4, 146.5, 148.8, 150.2, 152.7, 153.3,
187.8. Anal. calcd. for CogHy CIN,O5: (%) C, 70.19; H, 4.76;
N, 6.30. Found: (%) C, 70.22; H, 4.77; N, 6.53.

(E)-1-[4-(7-Chloroquinolin-4-ylamino)phenyl]-3-(2,4-
dimethoxyphenyl)prop-2-en-1-one (5¢)

Yield: 55.30%. mp: 215-217 °C. IR (KBr pellet cm’l): 3434
(NH), 1660 (C=0). 'H NMR (270 MHz, & ppm, DMSOdj):
9.46 (brs, 1H, NH), 8.61 (d, 1H, H2, J = 5.2Hz), 8.40 (d, 1H,
HS, J=9.2Hz), 8.15 (d, 2H, H3", H5', J = 8.7 Hz), 7.96-8.02
(m, 2H, H8, Ha), 7.91 (d, 1H, H6", J=8.4Hz), 7.78 (d, 1H,
Hb, J=15.6Hz), 7.62 (dd, 1H, H6, J=9.2Hz, J = 1.9 Hz),
748 (d, 2H, H2', H6', J=8.7Hz), 7.30 (d, 1H, H3, J=
5.2Hz), 6.61 (m, 2H, H3", H5"), 3.90 (s, 3H, OCH3), 3.84 (s,
3H, OCHj;). 13C NMR (67.9 MHz, & ppm): 56.1, 56.4, 99.0,
105.6, 107.0, 116.8, 119.8, 120.0, 125.3, 126.0, 128.4, 130.7,
132.8, 134.8, 138.7, 146.0, 146.8, 150.3, 152,6, 160.5, 163.4,
188.0. Anal. calcd. for CogHy CIN,O35: (%) C, 70.19; H, 4.76;
N, 6.30. Found: (%) C, 70.23; H, 4.75; N, 6.47.

(E)-1-[4-(7-chloroquinolin-4-ylamino)phenyl]-3-(2,5-
dimethoxyphenyl)prop-2-en-1-one (5d)

Yield: 50.30%. mp: 178-180°C. IR (KBr pellet cmfl):
3448 (NH), 1657 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdg): 9.52 (brs, 1H, NH), 8.62 (d, 1H, H2, J = 5.2Hz),
8.40 (d, 1H, H5, J=9.2Hz), 8.20 (d, 2H, H3’, HY', J=
8.7 Hz), 7.90-8.07 (m, H8, Ha, H6"), 7.64 (dd, 1H, H6, J =
9.2Hz, J=19Hz), 7.56 (d, Hb, J=15.6 Hz), 7.49 (d, 2H,
H2', H6', J=8.7Hz), 7.32 (d, 1H, H3, J=5.2Hz), 7.04 (m,
2H, H3”, H4"), 3.84 (s, 3H, OCH3), 3.80 (s, 3H, OCH3). 1*C
NMR (67.9 MHz, & ppm): 56.2, 56.7, 105.7, 113.0, 113.6,
118.5,119.7,119.9, 122.5, 124.2, 125.6, 126.1, 128.4, 131.0,
132.2,134.7, 138.1, 146.3, 146.6, 150.2, 152.6, 153.2, 153.8,
187.8. Anal. caled. (%) CycH,1CIN,O;5: C, 70.19; H, 4.76; N,
6.30. Found: C, 70.17; H, 4.76; N, 6.49.
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(E)-1-[4-(7-chloroquinolin-4-ylamino)phenyl]-3-(3,4-
dimethoxyphenyl)prop-2-en-1-one (5e)

Yield: 45.80%. mp: 204-205°C. IR (KBr pellet cm™!):
3424 (NH), 1645 (C=0). 'H NMR (270 MHz, & ppm,
DMSOd): 9.52 (brs, 1H, NH), 8.62 (d, 1H, H2, J = 5.2Hz),
8.41 (d, 1H, H5, J=9.2Hz), 821 (d, 2H, H3', H6', J =
8.7Hz), 7.96 (s, 1H, HS), 7.87 (d, 1H, Ha, J = 15.6 Hz),
7.68 (d, 1H, Hb, J = 15.6 Hz), 7.64 (dd, 1H, H6, J = 9.2Hz,
J=19Hz), 7.54 (s, IH, H2"), 7.49 (d, 2H, H2', HE', J =
8.7Hz), 7.38 (d, 1H, H6", J = 8.7 Hz), 7.31 (d, 1H, H3, J =
5.2Hz), 7.02 (d, 1H, H5", J = 8.7 Hz), 3.86 (s, 3H, OCH3),
3.81 (s, 3H, OCH;). 3C NMR (67.9 MHz, & ppm): 56.2,
56.3, 1053, 111.0, 112.2, 119.8, 121.0, 124.4, 125.3,
126.1, 128.2, 1283, 130.9, 132.5, 134.7, 144.3, 146.7,
149.6, 150.2, 151.7, 152.2, 152.4, 187.9. Anal. calcd. for
C,H,,CIN,05: (%) C, 70.19; H, 4.76; N, 6.30. Found: (%)
C, 70.27; H, 4.83; N, 6.42.

(E)-1-[4-(7-chloroquinolin-4-ylamino)phenyl]-3-(3,5-
dimethoxyphenyl)prop-2-en-1-one (5f)

Yield: 46.50%. mp: 129-131°C. IR (KBr pellet cm™!):
3424 (NH), 1649 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdy): 9.51 (brs, 1H, NH), 8.63 (d, 1H, H2, J = 5.2Hz),
8.40 (d, 1H, H5, J=9.2Hz), 8.23 (d, 2H, H3’, H5', J=
8.7Hz), 7.98 (d, 1H, H8, J= 1.9 Hz), 7.97 (d, 1H, Ha, J =
15.6Hz), 7.61-7.68 (m, 2H, H6, Hb), 7.49 (d, 2H, H2',
H6', J=8.7Hz), 7.32 (d, 1H, H3, J = 5.2Hz), 7.07 (d, 2H,
H2", H6", J=1.9Hz), 6.58 (s, 1H, H4"), 3.81 (s, 6H,
OCHj3). '*C NMR (67.9 MHz, & ppm): 56.0, 103.4, 105.9,
107.3, 119.7, 120.0, 1232, 1253, 126.1, 128.4, 131.1,
132.2, 134.9, 137.4, 143.8, 146.5, 146.6, 150.3, 152.6,
161.4, 187.8. Anal. calcd. for C,6H,,CIN,O;: (%) C, 70.19;
H, 4.76; N, 6.30. Found: (%) C, 70.19; H, 4.78; N, 6.43.

(E)-1-[4-(7-chloroquinolin-4-ylamino)phenyl]-3-(2,4,5-
trimethoxyphenyl)prop-2-en-1-one (5g)

Yield: 79.50%. mp: 120-121°C. IR (KBr pellet cm™!):
3436 (NH), 1658 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdg): 9.49 (brs, 1H, NH), 8.62 (d, 1H, H2, J = 5.2Hz),
8.41 (d, 1H, H5, J=9.2Hz), 8.20 (d, 2H, H3’, H5’, J=
8.7Hz), 8.06 (d, 1H, Ha, /= 15.6 Hz), 7.97 (d, 1H, HS, J =
1.9Hz), 7.80 (d, 1H, Hb, J=15.6 Hz), 7.63 (d, 1H, HS6,
J=9.2Hz), 7.48-7.53 (m, 3H, H2’, H6’, H6"), 7.31 (d, 1H,
H3, J=5.2Hz), 6.75 (s, 1H, H3"), 3.90 (s, 3H, OCHj), 3.87
(s, 3H, OCH,), 3.83 (s, 3H, OCH3). >*C NMR (67.9 MHz, &
ppm): 56.4, 56.9, 57.0, 98.2, 105.4, 111.3, 114.9, 119.1,
119.9, 125.3, 126.0, 128.2, 130.8, 132.7, 134.9,138.3,
143.7, 146.0, 146.7, 150.2, 152.6, 153.3, 154.8, 187.7.
Anal. calcd. (%) C,7H»3CIN,Oy: C, 68.28; H, 4.88; N, 5.90.
Found: C, 68.29; H, 4.92; N, 6.13.
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(E)-1-(4-(7-chloroquinolin-4-ylamino)phenyl)-3-(3,4,5-
trimethoxyphenyl)prop-2-en-1-one (5h)

Yield: 52.69 %. mp: 116-118 °C. IR (KBr pellet cm’l):
3424 (NH), 1668. 'H NMR (270 MHz, & ppm, DMSOd6):
9.50 (brs, 1H, NH), 8.62 (d, 1H, H2, J = 5.2Hz), 8.40 (d, 1H,
HS5, J=9.2Hz), 8.23 (d, 2H, H3’, H5’, J=8.7 Hz), 7.96 (s,
1H, H8), 3.71 (s, 3H, OCH3), 7.92 (d, 1H, Ha, J = 15.6 Hz),
7.68 (d, 1H, Hb, J=15.6 Hz), 7.62 (dd, 1H, H6, J = 9.2Hz),
7.50 (d, 2H, H2’, H6’ J=8.7Hz), 7.31 (d, 1H, H3, J=
5.2Hz), 7.23 (s, 2H, H2", H6"), 3.87 (s, 6H, OCH3), 3.72 (s,
3H, OCH3). '3C NMR (67.9 MHz, & ppm): 56.7, 60.7, 105.7,
107.0,119.7,119.9, 121.7, 125.3, 126.1, 128.3, 131.0, 131.1,
132.2,134.8, 140.2, 144.3, 146.4, 146.7 150.2, 152.5, 153.7,
187.7. Anal. calcd. (%) C,7H,3CIN,Oy: C, 68.28; H, 4.88; N,
5.90. Found: C, 68.25; H, 4.90; N, 6.07.

(E)-1-[4-(7-chloroquinolin-4-ylamino)phenyl]-3-(2,4,5-
trimethylphenyl)prop-2-en-1-one (5i)

Yield: 52.50%. mp: 228-230 °C. IR (KBr pellet cm—1):
3420 (NH), 1645 (C=0). 'H NMR (270 MHz, & ppm,
DMSOd): 9.51 (brs, 1H, NH), 8.62 (d, 1H, H2, J=
5.21Hz), 8.40 (d, 1H, H5, J =9.15 Hz), 8.20 (d, 2H, H3',
H5', J = 8.67 Hz), 7.92-7.97 (m, 2H, H8, Ha), 7.79-7.85
(m, 2H, Hb, H6"), 7.63 (d, 2H, H6, J =9.15 Hz), 7.50 (d,
2H, H2', H6', J=8.67 Hz), 2.22 (s, 3H, CH;), 7.31 (d,
1H, H3, J=5.21Hz), 7.05 (s, 1H, H3"), 2.49 (s, 3H,
CH;), 2.37 (s, 3H, CH;) 2.33 (s, 3H, CH;). '3C NMR
(67.9 MHz, 8 ppm): 19.3, 19.4, 19.9, 105.7, 119.8, 119.9,
121.8, 125.2, 126.1, 128.2, 128.3, 128.4, 131.0, 131.2,
132.2, 132.5, 134.8, 135.9, 139.7, 140.8, 146.3, 146.6,
150.1, 152.8, 187.7. Anal. calcd. (%) C,7H,;CIN,O: C,
75.96; H, 5.43; N, 6.56. Found: C, 75.93; H, 5.49; N,
6.67.

(E)-1-[4-(7-cloroquinolin-4-ylamino)phenyl]-3-(benzo[d][1,3]
dioxol-6-yl)prop-2-en-1-one (5j)

Yield: 51.60%. mp: 190-191 °C. IR (KBr pellet cm™'):
3470 (NH), 1659 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdg): 9.51 (brs, 1H, NH), 8.63 (d, 1H, H2, J=
5.2Hz), 8.40 (d, 1H, HS5, J=9.2Hz), 8.21 (d, 2H, H3’,
H5', J=8.7Hz), 7.98 (d, 1H, H8, J=1.9Hz), 7.86 (d,
1H, Ha, J=15.6 Hz), 7.63-7.70 (m, 3H, H6, Hb, H2"),
7.49 (d, 2H, H2', H6’, J=8.7Hz), 7.30-7.35 (m, 2H,
H5”, H6"), 7.00 (d, 1H, H3, J=9.2Hz), 6.12 (s, 2H,
H77). '*C NMR (67.9 MHz, & ppm): 102.2, 105.6, 107.5,
109.1, 119.8, 120.0, 121.0, 125.3, 126.1, 126.3, 128.3,
129.9, 131.0, 132.3, 134.8, 143.8, 146.4, 146.7, 148.7,
150.0, 150.2, 152.6, 187.6. Anal. calcd. (%)
C25H27C1N2032 C, 70.01; H, 400, N, 6.53. Found: C,
70.06; H, 4.12; N, 6.73.
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(E)-1-[4-(7-chloroquinolin-4-ylamino)phenyl]-3—p-
chlorophenylprop-2-en-1-one (5k)

Yield: 49.50%. mp: 120-121 °C. IR (KBr pellet cm—1):
3424 (NH), 1544 (C=0). 'H NMR (270 MHz, & ppm,
DMSOdg): 9.50 (brs, 1H, NH), 8.62 (d, 1H, H2, J = 5.2Hz),
8.39 (d, 1H, H5, J=9.2Hz), 8.20 (d, 2H, H3', H5, J =
8.7 Hz), 7.90-8.01 (m, 4 H, H8, Ha, H2", H6"), 7.70 (d, 1H,
Hb, J=15.6Hz), 7.62 (dd, 1H, H6, J=9.2, J= 1.9 Hz),
7.47-7.53 (m, 4 H, H2', H6', H3”, H5”), 7.30 (d, 1H, H3,
J=9.2Hz). *C NMR (67.9 MHz, & ppm): 105.7, 119.6,
119.9, 121.7, 125.3, 126.2, 128.3, 129.7, 131.1, 131.2,
132.0, 133.8, 134.2, 134.4, 134.8, 135.5, 142.0, 142.3,
146.5, 152.5, 187.5. Anal. calcd. (%) C,4H;¢CLLN,O: C,
68.75; H, 3.85; N, 6.68. Found. C, 68.91; H, 3.86; N, 6.83.

General procedure for the synthesis of the 7-chloro-
N-{3 or 4-[4,5-dihydro-5-(phenyl-substituted)-1H-
pyrazol-3-yllphenyl}quinoline-4-amine derivatives
(6, 7)

In a round bottomed flask with a condenser, magnetic stirring
and heating, 100mg of the respective quinoline-chalcone
hybrids derivative, hydrazine monohydrate 1mlL, glacial
acetic acid catalytic amounts, and 5 mL of dry ethanol were
placed under the conditions of reflux for 24 h, obtaining a solid
that was washed with water, ethyl ether, dried under vacuum,
and recrystallized from ethanol-water (1/1).

7-Chloro-N-{3-[4,5-dihydro-5-(3,4-dimethoxyphenyl)-1H-
pyrazol-3-yl]phenyl} quinolin-4-amine (6e)

Yield: 79.50%. mp: 180-181°C. IR (KBr pellet cm™'):
3268 (NH). '"H NMR (270 MHz, & ppm, DMSOdy): 9.15
(brs, 1H, NH), 8.47 (d, 1H, H2, J=5.2Hz), 8.42 (d, 1H,
H5, J=9.2Hz), 7.90 (d, 1H, H8, J= 1.9 Hz), 7.64 (s, 1H,
H2'), 7.57 (dd, 1H, H6, J =9. 2Hz, J = 1.9 Hz), 7.30-7.42
(m, 3H, H4', H5', H6'), 6.89-6.94 (m, 4 H, H3, H2", H5",
H6"), 479 (td, 1H, Hb, J=10.9Hz, J=2.8Hz), 3.74
(OCH3), 3.72 (OCH3), 3.32-3.45 (m, 1H, Ha), 2.85 (dd,
1H, Ha, J = 16.2HZ, J = 10.9 Hz). '3*C NMR (67.9 MHz, &
ppm): 41.0, 56.1, 56.3, 64.2, 102.6, 111.3, 112.6, 119.2,
119.6, 121.8, 122.6, 125.0, 125.5, 128.3, 129.7, 130.1,
134.5, 135.3, 135.9, 141.0, 148.5, 148.7, 148.9, 149.4,
150.2, 152.5. Anal. caled. (%) CagHa3CIN,O,: C, 68.04; H,
5.05; N, 12.21. Found: C, 67.93; H, 5.08; N, 12.50.

7-Chloro-N-{3-[4,5-dihydro-5-(3,5-dimethoxyphenyl)-1H-
pyrazol-3-yl]phenyl} quinolin-4-amine (6f)

Yield: 78.2%. mp: 119-121 °C. IR (KBr pellet cmfl): 3235
(NH). "H NMR (270 MHz, & ppm, DMSOdg): 9.16 (brs, 1H,
NH), 847 (d, 1H, H2, J=5.2Hz), 843 (d, 1H, HS5, J=

9.2Hz), 7.90 (d, 1H, H8, J= 1.9 Hz), 7.63 (s, 1H, H2), 7.57
(dd, 1H, H6, J=9.2Hz, J = 1.9 Hz), 7.30-7.45 (m, 3H, H4’,
H5', H6'), 6.96 (d, 1H, H3, J = 5.2Hz), 6.55 (d, 2H, H2", H6,
J=19Hz), 6.39 (t, 1H, H4", J = 1.9 Hz), 4.79 (td, 1H, Hb, J
=10.9Hz, J=2.8Hz), 3.72 (s, 6H, OCH;), 3.35 (m, 1H,
Ha), 2.84 (dd, 1H, Ha, J= 16.2Hz, J=10.9 Hz). *C NMR
(67.9MHz, & ppm): 41.0, 55.7, 64.3, 99.5, 102.7, 105.2,
119.0, 119.7, 121.7, 122.6, 125.0, 125.5, 128.2, 130.1, 134.5,
135.2, 141.0, 146.0, 148.5, 148.8, 150.2, 152.5, 161.1. Anal.
caled. (%) CrsH3CIN,O,: C, 68.04; H, 5.05; N, 12.21. Found:
C, 68.05; H, 5.07; N, 12.47.

7-Chloro-N-{3-[4,5-dihydro-5-(2,4,5-trimethoxyphenyl)-1H-
pyrazol-3-yl]lphenyl}quinolin-4-amine (6 g)

Yield: 71.02%. mp: 116-118 °C. IR (KBr pellet cm™'): 3216
(NH). '"H NMR (270 MHz, 8 ppm, DMSOdg): 9.14 (brs, 1H,
NH), 847 (d, 1H, H2, J=52Hz), 842 (d, 1H, H5, J=
9.2Hz), 7.89 (d, 1H, H8, J= 1.9 Hz), 7.62 (s, 1H, H2'), 7.57
(dd, 1H, H6, J = 9.2Hz, J = 1.9 Hz), 7.29-7.46 (m, 4 H, H4’,
H5', H6'), 6.99 (s, 1H, H3"), 6.96 (d, 1H, H3, J=5.2Hz),
6.69 (s, 1H, H6"), 4.99 (td, 1H, Hb, J = 10,9 Hz, J = 2.79 Hz),
3.79 (s, 3H, OCHjs), 3.77 (s, 3H, OCH3), 3.67 (s, 3H, OCHs),
3.38 (m, 1H, Ha), 2.69 (dd, 1H, Ha, J = 16.2Hz, J = 10.9 Hz).
B3C NMR (67.9 MHz, & ppm): 40.0, 56.6, 57.0, 57.2, 99.5,
102.6, 112.6, 119.0, 119.7, 121.7, 122.5, 122.7, 125.0, 125.5,
128.1, 130.0, 134.5, 135.3, 141.0, 143.3, 148.6, 149.0, 149.4,
150.1, 151.6, 152.4. Anal. caled. (%) Cy7H,sCIN4O5: C,
66.32; H, 5.15; N, 11.46. Found: C, 66.37; H, 5.16; N, 11.73.

7-Chloro-N-{3-[4,5-dihydro-5-(3,4,5-trimethoxyphenyl)-1H-
pyrazol-3-yl]phenyl}quinolin-4-amine (6 h)

Yield: 73.25%. mp: 219-221 °C. IR (KBr pellet cm™'):
3216 (NH). 'H NMR (270 MHz, & ppm, DMSOd,): 9.12
(brs, 1H, NH), 8.43 (d, 1H, H2, J=5.2Hz), 8.40 (d, 1H,
HS, J=9.1Hz), 7.89 (d, 1H, HS8, /=19 Hz), 7.61 (s, 1H,
H2"), 7.59 (s, 2H, H2", 6"), 7.55 (dd, 1H, H6, J=9.1Hz,
J=19Hz), 7.29-7.46 (m, 4 H, H4’, H5', H6"), 6.92 (d, 1H,
H3, J=5.2Hz), 4.93 (td, 1H, Hb, J=10,9Hz, J=2.8 Hz),
3.78 (s, 6H, OCH3), 3.69 (s, 3H, OCH3), 3.32 (m, 1H, Ha),
275 (dd, 1H, Ha, J=16.1Hz, J=10.9Hz). *C NMR
(67.9 MHz, 6 ppm): 40.2, 56.9, 57.3, 57.7, 57.8, 98.9, 101.0,
111.4,120.3, 120.7,121.5, 122.3, 122.7, 125.4, 125.7, 128.0,
130.2,133.4, 135.1, 140.0, 143.7, 147.9, 149.4, 149.7, 150.2,
151.0, 152.3. Anal. caled. (%) C,7H,5CIN,O3: C, 66.32; H,
5.15; N, 11.46. Found: C, 66.40: H, 5.21, N, 11.63.

7-Chloro-N-{3-[4,5-dihydro-5-(2,4,5-trimethylphenyl)-1H-
pyrazol-3-yl]phenyl} quinolin-4-amine (6i)

Yield: 67.20%. mp: 197-199 °C. IR (KBr pellet cm™'):
3245 (NH). '"H NMR (270 MHz, & ppm, DMSOd,): 9.14
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(brs, 1H, NH), 8.47 (d, 1H, H2, J=5.2Hz), 8.42 (d, 1H,
H5, J=9.2Hz), 7.89 (d, 1H, H8, J= 1.9 Hz), 7.63 (s, 1H,
H2'), 2.14 (2CH3), 2.32 (CH3), 7.57 (dd, 1H, H6, J=
9.2Hz, J = 1.9 Hz), 7.51 (d, 1H, H4', J = 2.2Hz), 7.29-7.44
(m, 2H, H5', H6'), 7.18 (s, 1H, H6"), 6.95 (d, 1H, H3, J =
5.2Hz), 6.92 (s, 1H, H3"), 4.94 (td, 1H, Hb, J = 10.9 Hz, J
=2.8 Hz), 3.47 (dd, 1H, Ha, J = 16.2Hz, J = 10.9 Hz), 2.67
(dd, 1H, Ha, J=162Hz, J=109Hz). C NMR
(67.9 MHz, & ppm): 18.9, 19.3, 19.6, 40.0, 61.0, 102.5,
118.9, 119.8, 121.8, 122.6, 125.0, 125.6, 127.5, 128.0,
130.1, 132.1, 132.6, 133.8, 134.6, 134.9, 135.4, 138.6,
140.9, 148.2, 148.7, 149.8, 152.2. Anal. caled. (%)
C,7H»5CINy: C, 73.54; H, 5.71; N, 12.71. Found: C, 73.59;
H, 5.72; N, 12.90.

7-Chloro-N-{3-[4,5-dihydro-5-(4-Chlorophenyl)-1H-pyrazol-
3-yl]phenyl}-quinolin-4—-amine (6k)

Yield: 71.80%. mp: 118-120°C. IR (KBr pellet cm™'):
3325 (NH). '"H NMR (270 MHz, & ppm, DMSOds): 9.15
(s, 1H, NH), 8.47 (d, 1H, H2, J=5.2Hz), 8.42 (d, 1H,
H5,J =9.2Hz), 7.89 (d, 1H, H8, J = 1.9 Hz), 7.69 (d, 1H,
H2',J=2.9Hz),7.63 (s, IH, NH), 7.57 (dd, 1H, H6, J =
9.2Hz, J=1.9Hz), 7.30-7.45 (m, 7H, H4', H5', HE',
H2”, H6”, H3”, H5"), 6.96 (d, 1H, H3, J=5.1Hz), 4.86
(td, 1H, Hb, J = 10.9 Hz, J = 2.8 Hz), 3.42 (dd, 1H, Ha,
J=16.2Hz, J=10.9 Hz), 2.83 (dd, 1H, Ha, J = 16.2Hz,
J=10.9 Hz). >*C NMR (67.9 MHz, & ppm): 40.4, 63.5,
102.3, 118.9, 119.8, 121.9, 122.6, 125.0, 125.6, 127.9,
128.9, 129.0, 129.8, 130.1, 134.7, 135.0, 141.0, 142.6,
148.8, 149.8, 152.1. Anal. caled. (%) C,4HsCILNy: C,
66.52; H, 4.19; N, 12.93. Found: C, 66.47; H, 4.17;
N, 13.11.

7-Chloro-N-{4-[4,5-dihydro-5-(2,4-dimethoxyphenyl)-1H-
pyrazol-3-yl]phenyl} quinoline-4-amine (7c)

Yield: 75.02%. mp: 160-162 °C. IR (KBr pellet cm™'):
3345 (NH). '"H NMR (270 MHz, & ppm, DMSOdj): 9.11
(brs, 1H, NH), 8.47 (d, 1H, H2, J=5.2Hz), 8.41 (d, 1H,
HS5, J=9.2Hz), 7.90 (s, 1H, H8), 7.55-7.68 (m, 3H, H3,
H3’, H5"), 7.23-7.36 (m, 3H, H6, H2’, H6'), 6.94 (d, 1H,
H3, J=5.2Hz), 6.57 (d, 1H, H6", J=2.2Hz), 6.50 (dd,
1H, H5”, J=8.4, J=2.2Hz), 6.32 (brs, 1H, NH), 5.00 (t,
1H, Hb, J=10.9 Hz), 3.81 (s, 3H, OCH3), 3.74 (s, 3H,
OCH3), 3.35 (m, 1H, Ha), 2.70 (dd, 1H, Ha, J = 16.2Hz,
J=10.9Hz). *C NMR (67.9 MHz, § ppm): 39.7, 55.7,
56.1, 58.1, 99.0, 102.6, 118.9, 122.5, 122.6, 125.0,
125.5, 126.3, 126.9, 127.9, 134.7, 136.2, 132.8, 139.8,
142.5, 150.1, 152.4. Anal. calcd. (%) C,6H,3CIN4O;: C,
68.04; H, 5.05; N, 12.21. Found: C, 68.22; H, 5.09;
N, 12.37.
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7-Chloro-N-{4-[4,5-dihydro-5-(2,5-dimethoxyphenyl)-1H-
pyrazol-3-yl]phenyl} quinolin-4-amine (7d)

Yield: 74.30%. mp: 192-193 °C. IR (KBr pellet cm™'): 3280
(NH). 'H NMR (270 MHz, 8 ppm, DMSOdj): 9.19 (brs, 1H,
NH), 848 (d, 1H, H2, J=5.2Hz), 8.42 (d, 1H, H5, J=
9.2Hz), 7.90 (s, 1H, H8), 7.65 (d, 2H, H3’, H5', J = 8.7 Hz),
7.57 (d, 1H, H6, J=9.2Hz), 7.35 (d, 2H, H2', HE', J=
8.7Hz), 6.91-7.02 (m, 3H, H3, H3", H6"), 6.79 (dd, 1H,
H4", J=8.4Hz, J=22Hz), 5.00 (t, 1H, Hb, J=10.9 Hz),
3.78 (s, 3H, OCHj3), 3.69 (s, 3H, OCH3), 3.37 (m, 1H, Ha),
272 (dd, 1H, Ha, J=16.2Hz, J=109Hz). 3C NMR
(67.9 MHz, & ppm): 40.0, 55.9, 56.5, 58.4, 103.0, 112.5,
112.7,113.4,119.1, 122.5, 125.1, 125.6, 127.1, 128.0, 129.5,
132.6, 134.6, 140.7, 148.3, 149.0, 149.9, 151.3, 152.3, 153.8.
Anal. caled. (%) Ca6Hp3CIN,O,: C, 68.04; H, 5.05; N, 12.21.
Found: C, 67.97; H, 5.06; N, 12.43.

7-Chloro-N-{4-[4,5-dihydro-5-(3,4-dimethoxyphenyl)-1H-
pyrazol-3-yllphenyl} quinolin-4-amine (7e)

Yield: 74.08%. mp: 106-108 °C. IR (KBr pellet cm™'): 3376
(NH). 'H NMR (270 MHz, 8 ppm, DMSOdj): 9.19 (brs, 1H,
NH), 848 (d, 1H, H2, J=52Hz), 8.42 (d, 1H, H5, J=
9.2Hz), 7.90 (d, 1H, H8, J = 1.9 Hz), 7.66 (d, 2H, H3', H5',
J=8.7Hz), 7.58 (dd, 1H, H6, J=9.2Hz, J = 1.9 Hz), 7.46
(brs, 1H, NH), 7.37 (d, 2H, H2', H6', J = 8.7 Hz), 6.90-7.00
(m, 4 H, H3, H2", H5”, H6"), 4.78 (t, 1H, Hb, J = 10.9 Hz),
3.75 (s, 3H, OCHjy), 3.73 (s, 3H, OCHj), 3.41 (m, 1H, Ha),
2.84 (dd, 1H, Ha, J=16.2Hz, J=10.9Hz). *C NMR
(679 MHz, & ppm): 41.2, 56.1, 56.2, 64.1, 103.0, 111.1,
112.4,119.1, 119.3, 122.5, 125.1, 125.6, 127.1, 128.0, 128 2,
129.6, 134.6, 136.1, 140.8, 148.2, 148.7, 149.1, 149.4, 150.1,
152.4. Anal. caled. (%) CogHo3CIN4O,: C, 68.04; H, 5.05; N,
12.21. Found: C, 68.07; H, 5.13; N, 12.39.

7-Chloro-N-{4-[4,5-dihydro-5-(2,4,5-trimethoxyphenyl)-1H-
pyrazol-3-yllphenyl} quinolin-4-amine (7 g)

Yield: 76.15%. mp: 164-165°C. IR (KBr pellet cm™'):
3380 (NH). '"H NMR (270 MHz, & ppm, DMSOdy): 9.18
(brs, 1H, NH), 8.48 (d, 1H, H2, J=5.2Hz), 8.42 (d, 1H,
H5, J=9.2Hz), 7.90 (d, 1H, HS8, J = 1.9 Hz), 7.65 (d, 2H,
H3', H5', J=8.7Hz), 7.57 (dd, 1H, H6, J=9.2Hz, J =
1.9 Hz), 7.35 (d, 2H, H2', H6', J = 8.7 Hz), 6.99-7.01 (m,
2H, H3, H6"), 6.70 (s, 1H, H3"), 4.98 (t, 1H, Hb, J=
10.9 Hz), 3.80 (s, 3H, OCHjy), 3.78 (s, 3H, OCH3), 3.67 (s,
3H, OCH,), 3.35 (m, 1H, Ha), 2.70 (dd, 1H, Ha, J=
16.2Hz, J = 10.9 Hz). '*C NMR (67.9 MHz, 8 ppm): 40.5,
56.6, 56.8, 57.2,105.3, 119.8, 120.4, 122.9, 125.2, 125.3,
125.8, 127.1, 128.1, 128.8, 129.1, 130.3, 131.4, 134.9,
134.9, 1432, 150.0, 152.2. Anal. caled. (%)
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C,7H,5CIN4O5: C, 66.32; H, 5.15; N, 11.46. Found: C,
66.29: H, 5.17, N, 11.70.

7-Chloro-N-{4-[4,5-dihydro-5-(3,4,5-trimethoxyphenyl)-1H-
pyrazol-3-yl]phenyl} quinolin-4-amine (7 h)

Yield: 53.08%. mp: 173-175°C. IR (KBr pellet cm™'):
3425 (NH), 1673. "H NMR (270 MHz, & ppm, DMSOd6):
9.51 (brs, 1H, NH), 8.61 (d, 1H, H2, J=5.2Hz), 8.40 (d,
1H, HS, J=9.2Hz), 8.37 (d, 2H, H3’, H5’, J=28.7 Hz),
7.97 (s, 1H, H8), 7.57 (dd, 1H, H6, J=9.2Hz), 7.49 (d,
2H, H2', H6', J=8.7Hz), 7.23 (d, 1H, H3, J=5.2Hz),
7.61 (s, 2H, H2", H6"), 3.81 (s, 6 H, OCHj3), 3.75 (s, 3H,
OCHs), 3.35 (m, 1H, Ha), 2.72 (dd, 1H, Ha, /= 16.2Hz, J
=10.8Hz). 3C NMR (67.9MHz, & ppm): 56.5, 59.7,
104.8, 106.9, 119.5, 119.9, 121.9, 124.3, 126.3, 128.7,
129.8, 131.3, 133.4, 134.9, 141.1, 143.9, 146.8, 147.9
151.2, 152.4, 154.7. Anal. caled. (%) C,7H,5CIN4O3: C,
66.32; H, 5.15; N, 11.46. Found: C, 66.37: H, 5.23, N,
11.81.

7-Chloro-N-{4-[4,5-dihydro-5-(3,4,5-trimethylphenyl)-1H-
pyrazol-3-yl]phenyl} quinolin-4-amine (7i)

Yield: 72.08%. mp: 197-199 °C. IR (KBr pellet cm™'):
3289 (NH). '"H NMR (270 MHz, & ppm, DMSOds): 9.18
(brs, 1H, NH), 8.48 (d, 1H, H2, J = 5.2Hz), 8.42 (d, 1H,
H5, J=9.2Hz), 7.89 (d, 1H, HS8, J = 1.9 Hz), 7.65 (d, 2H,
H3', H5', J=8.7Hz), 2.15 (s, 6H, CHs), 7.57 (dd, 1H,
H6, J=9.2Hz, J=1.9Hz), 7.36 (d, 2H, H2', H6', J =
8.7Hz), 7.19 (s, 1H, H6"), 7.00 (d, 1H, H3, J = 5.2Hz),
6.92 (s, 1H, H3"), 4.93 (t, 1H, Hb, J = 10.9 Hz), 3.45 (dd,
1H, Ha, J = 16.2Hz, J=10.9 Hz), 2.67 (dd, 1H, Ha, J =
16.2Hz, J=10.9 Hz), 2.25 (s, 3H, CH3), 2.14 (s, 6H,
CH;). '*C NMR (67.9 MHz, & ppm): 19.0, 19.3, 19.6,
40.2, 60.9, 103.0, 119.0, 120.0, 122.6, 125.1, 125.7,
127.0, 127.5, 127.9, 129.7, 132.1, 132.6, 133.8, 134.7,
134.8, 138.8, 148.5, 149.7, 152.1. Anal. calcd. (%)
Cy7Hp5CINy: C, 73.54; H, 5.71; N, 12.71. Found: C,
73.57: H, 5.77, N, 12.93.

7-Chloro-N-{4-[5-(benzo[d][1,3]dioxol-5-yl)-4,5-dihydro-1H-
pyrazol-3-yl]phenyl} quinolin-4-amine (7j)

Yield: 73.80%. mp: 149-151 °C. IR (KBr pellet cm™'):
3215 (NH). '"H NMR (270 MHz, & ppm, DMSOd): 9.18
(brs, 1H, NH), 8.48 (d, 1H, H2, J=5.2Hz), 8.42 (d, 1H,
H5, J=9.2Hz), 7.90 (d, 1H, H8, /= 1.9 Hz), 7.66 (d, 2H,
H3’, HS', J=8.7Hz), 7.58 (dd, 1H, H6, J=9.2Hz, J=
1.97 Hz), 7.36 (d, 2H, H2’, H6', J=8.7Hz), 7.01 (d, 1H,
H3, J=5.2Hz), 6.94 (s, 1H, H2"), 6.80-6.90 (m, 2H, H5",
H6"), 4.76 (t, 1H, Hb, J=10.9 Hz), 5.98 (s, 2H, H7”), 3.35
(m, 1H, Ha), 2.81 (dd, 1H, Ha, J=16.2Hz, J=10.9 Hz).

3C NMR (67.9 MHz, & ppm): 41.2, 64.0, 101.4, 103.0,
107.5, 108.5, 120.3, 122.6, 125.1, 125.3, 125.7, 127.1,
127.9, 128.2, 129.6, 134.7, 137.5, 140.7, 146.9, 147.9,
148.9, 152.2. Anal. caled. (%) C,sH9CIN,O,: C, 67.80; H,
4.32; N, 12.65. Found: C, 67.83: H, 4.35, N, 12.87.

7-Chloro-N-{4-[5-(4-Chlorophenyl)-4,5-dihydro-1H-pyrazol-
3-yllphenyl}quinolin-4-amine (7k)

Yield: 74.70%. mp: 205-206 °C. IR (KBr pellet cm™'):
3315. 'H NMR (270 MHz, & ppm, DMSOd): 9.19 (brs,
1H, NH), 8.49 (d, 1H, H2, J = 5.2Hz), 8.42 (d, 1H, H5, J =
9.2Hz), 7.90 (d, 1H, H8, J=19Hz), 7.55-7.66 (m, 5H,
H6, H3’, H5', H2", H6"), 7.35-7.45 (m, 4 H, H2', H6’, H3”,
H5"), 7.01 (d, 1H, H3, J=5.2Hz), 4.84 (t, 1H, Hb, J=
10.9 Hz), 3.45 (dd, 1H, Ha, J=16.2Hz, J=10.9 Hz), 2.82
(dd, 1H, Ha, J=162Hz, J=109Hz). C NMR
(67.9 MHz, & ppm): 26.1, 40.0, 55.8, 60.7, 99.7, 104.6,
110.6, 117.6, 120.4, 122.0, 123.0, 124.1, 125.3, 127.1,
129.6, 133.5, 135.3, 1354, 137.0, 147.1, 147.3, 152.7,
155.5. Anal. calcd. (%) Co4H gCILNy: C, 66.52; H, 4.19; N,
12.93. Found: C, 66.57; H, 4.22; N, 13.15.

Biological assays
Inhibition of B-hematin formation

The assay was performed according to protocols reported
(Romero et al. 2018, 2019; Baelmans et al. 2000). A
solution of hemin chloride (50 puL, 4 mM), dissolved in
DMSO (5.2mg/mL), was distributed in 96-well micro
plates. Different concentrations (100-5 mM) of the com-
pounds, dissolved in DMSO, were added in triplicate in test
wells (50 uL). Controls contained either water (50 uL) or
DMSO (50 pL). p-hematin formation was initiated by the
addition of acetate buffer (100 puL 0.2M, pH 4.4). The
plates were incubated at 37 °C for 48 h to allow for com-
pletion of the reaction and centrifuged (4000 RPM x
15 min). The infranatant was washed twice with DMSO
(200 L)) and finally, dissolved in NaOH (200 uL, 0.2 N).
The solubilized aggregates were diluted 1:2 with NaOH
(0.1 N) and absorbances were recorded at 405 nm (Micro-
plate Reader, BIORAD-550). The results were expressed
as % IHF.

Parasite, experimental host, and strain maintenance

Male Balb-C mice, weight 18-22 g, were maintained on a
commercial pellet diet at libitum and under conditions
approved by Ethics Committee of the Institute of Immu-
nology. A rodent malaria ANKA strain of Plasmodium
berghei, parasite, was used to infect the animals. Infected
erythrocytes, 1x 10° erythrocytes diluted in phosphate
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buffered saline solution (PBS, 10 mM, pH 7.4, 0.1 mL),
were inoculated ip. The parasitemia was scrutinized by
microscopic examination of Giemsa stained smears
(Romero et al. 2018, 2019; Dorn et al. 1998).

Four-day suppressive test

Caudal vein iv infection of Balb-C mice (18-23 g) was
performed with 10° P. berghei infected red blood cells (n =
6). Two hours after infection, the active in vitro compounds
(those that inhibited B-hematin formation) were used for
treatment. The active compounds were dissolved in DMSO
(0.1 M) and subsequently diluted with Saline-Tween
20 solution (2%) and administered ip for 4 days (10 mg
kg !). At day 4, the parasite load was assessed by exam-
ining Giemsa stained smears. CQ (10 mgkg ') was used as
a positive control. Results were expressed as percentage of
parasitemia. The survival time of mice infected with P.
berghei and treated with saline solution was used as base
control. Infected not treated mice were used for calculation
as a control (Romero et al. 2018, 2019; Peters and Robinson
1999).

Cell lines

The human cell lines, obtained from American Tissue
Culture Collection, Jurkat, Clone E6-1, HL60 and normal
lymphocytes purified after standard ficoll hypaque were
maintained in culture in RPMI 1640 media supplemented
with 10% FBS (Hyclone), 100 U/mL penicillin/0.1 mg/mL
streptomycin and 1 mM glutamine (Sigma-Aldrich). The
cells were incubated in a humidified atmosphere, at 37 °C,
containing 5% CO; in all the experiments. The experimental
assays were performed by culturing 3 x 10° cells/well with
the different compounds in 96 well microtiter plates. Five
different assays in triplicate were performed per compound
(Romero et al. 2018, 2019).

Isolation of human totals lymphocytes

Heparinised blood was collected with written consent
from healthy human volunteers as specified by the Ethical
Committee at the Institute of Immunology. Peripheral
blood mononuclear cells (PBMCs) were isolated by den-
sity gradient centrifugation using the standard Ficoll-
Paque gradient (Histopaque 1077, Sigma, Poole, UK) for
30 min at 500 x g. The obtained PBMC was washed twice
with RPMI 1640 medium, and cells obtained were
resuspended in complete media and counted. Monocytes
were depleted by cell adherence to plastic for 1 h at 37 °C.
After monocyte depletion, cells were analyzed by flow
cytometry. The resulting mononuclear cells were 85% T
lymphocytes, 8% B lymphocytes and 7% NK cells. In
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each of the assays with cell lines, normal lymphocytes
were used as a reference. Each experiment was with a
different donor. No differences were recorded among
donors (Romero et al. 2018, 2019).

The 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) viability assay

The protocol, a slight modification of Mossmann’s MTT
protocol (Mosmann 1983), described previously (Sudrez
et al. 2009), was used to asses cell viability. Briefly, dif-
ferent amount of compounds 4, 5, 6, and 7 (0, 1, 5, 10, 25,
50, 100 uM) were mixed with 5 x 10* cells/well in 96 well
microtiter plates for 24 h. Then, MTT (0.50 mg/mL in PBS)
was added to each well, and the plates were incubated for
4h. The plates were centrifuged at 1800 x g for 5 min,
washed, dried, the formazan crystals were solubilized with
DMSO, and the plates were read by a microplate reader at
540 nm. IC5y was defined as the concentration required to
decrease cell viability (formazan crystal formation) by 50%
as compared to control, nontreated cells. Cells incubated
with CQ, Dox, or As,O; were the positive controls of
the assay.

Annexin V/propidium iodide (PI) labeling

Jurkat, Clone E6-1, HL60 cells were treated as indicated,
then washed twice with PBS and resuspended in annexin
V binding buffer (0.01 M HEPES, 0.14M NaCl, and
2.5mM CaCly). Cells were incubated first with
AnnexinV-FITC. Then, with PI (Santa Cruz Biotechnol-
ogy) as recommended by the manufacturer. The cells were
analysed using an Epics XL cytometer (Beckman Coul-
ter). The negative control was untreated cells, and the
positive controls were the cells treated with Dox (1 uM),
QC (50 uM), or CQ (100 uM) (Romero et al. 2018, 2019;
Mijares et al. 2013). Double plots were used to show
significant expression of both dyes. Annexin V-FITC
(membrane apoptosis), PI (necrosis), the appearance of
the two fluorochromes (late apoptosis) and living cells do
not express any marker. Normal lymphocytes did not
reveal any fluorochrome positiveness up to 5 uM of any of
the tested compounds. To compare the effect of the
compounds on apoptosis, Dox, QC, and CQ, were used as
controls (Romero et al. 2019, 2018; Mijares et al. 2013).
The drugs concentration was never higher than 100 uM
since DMSO may interfere with the results of the assay.
The ICsy values of the 12 most active derivatives in both
cell lines were: 2.08 £0.10 to 7.29 +0.86 uM for HL60
cells, and 2.99 £0.24 to 11.99 £ 0.98 uM for Jurkat cells.
Based on these data, apoptosis was assessed at con-
centrations of 1, 2.5, and 5 uM. The results from 5 uM
treatment were shown in the figures.
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Scheme 1 Synthesis of

quinoline-chalcone and

quinoline-pyrazoline hybrids 4, Cl
5, 6, and 7. Conditions: a 3 or

4—aminoacetophenone, EtOH, AN
HCI, A, 4h. b substituted

benzaldehydes, KOH, MeOH, a N/
rt, 72-120 h. ¢ hydrazine/H,0,

EtOH, A, 18-24h. R: a 4” CH3, 1

b 2”,3” OCH3;, ¢ 2",4” OCH3;, d

2",5" OCHj3, e 3",4” OCH3, £

3”,5"0OCHs;, g 2”,4",5" OCH3, h

37,4",5" OCH3, i 2",4",6”

OCHj, j 2",4",5" CH3, k 3",4"- =
methylenedioxy, and 1 4” Cl !

Cl N

4: 3'-substituted
5: 4'-substituted

Detection of the expression of the phosphatidylserine by
confocal scanning laser microscopy (CSLM)

The HL60 cell line was treated with vehicle, 4¢ (1 uM), 4
h (2.5 uM), Dox (1 uM) and QC (50 uM) by 24 h. Then,
the cells were centrifuged and resuspended in 500 pL of
annexin binding buffer. Then, 250 ng/ml of annexin V-
FITC and 250 ng/ml of PI were added and incubated in
the dark for 15 min at room temperature. The detection of
phosphatidylserine and PI was monitored in individual
cells using a 1 x 81 Olympus inverted microscope with a
flow view confocal laser scanning configuration Confocal
laser scanning microscopy (CLSM) (Olympus America)
equipped with the FV10.ASW program version
02.01.01.04 (Olympus Corporation). The program Ima-
gen Image J (NHI, Washington, DC) was used to process
the contrast and brightness of the images.

Data analysis

One-way ANOVA and t-tests for specific group comparisons
were used for data analysis. The program used was Graph Pad
Prism 3.02 (Graph Pad Prism Software Inc. 1992-2004).
Results and discussion

Chemistry

Compounds 2, 3 were synthesized by adapting an HCI-
mediated coupling procedure involving commercial 4,7-
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7: 4'-substituted

dichloroquinoline and an appropriate aniline with a meta-
or para-located acetyl substituent (Ferrer et al. 2009;
Insuasty et al. 2013; Romero et al. 2015). The final
compounds (E)-1-[3 or 4-(7-chloroquinolin-4-ylamino)
phenyl]-3-(phenyl substituted) prop-2-ene-l-one 4, §
were obtained through aldol condensation of
Claisen—Schmidt between 2, 3 intermediates and differ-
ently substituted benzaldehydes (Scheme 1). Only (E)
isomers were acquired and were confirmed by the cou-
pling constant obtained for the proton—proton coupling in
the 'H-NMR spectrum. The 7-chloro-N-[3 or 4-(4,5-
dihydro-5-(phenyl-substituted)-1H-pyrazol-3-yl]phenyl
quinoline-4—amine 6, 7 were obtained by a cyclo-
condensation reaction with hydrazine monohydrate
(Insuasty et al. 2013; Aparicio et al. 2017). The synthe-
sised compounds, obtained in moderate to good yields,
were unambiguously characterized by the available
spectroscopic techniques.

Biological
Antimalarial activity

All those derivatives were tested in vitro for their effects as
inhibitors of f-hematin formation, and in vivo for their
efficacy in a murine model (see Table 1). The first men-
tioned in vitro assay was used to assess the abilities of the
derivatives 4, 5, 6, and 7 to inhibit f-hematin formation. In
order to evaluate the antimalarial activity, we tested the
ability to block heme crystallization, considering that heme
can crystallize spontaneously under acid and low oxygen
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Table 1 Percentage of inhibition of f-hematin formation (%IBHF), and effect of quinoline-chalcone and quinoline-pyrazoline hybrids (4, 5, 6, and
7) on P. berghei infected mice (20 mg/kg)

= LR 7 LR o] N‘iNH
HN NN : HN ~ : - \ z ‘ ;
N o N N NH HN “R /@%\‘j R
\ ~
c N cl N a & a N
4a-m 6e-1 Sa-1 Tc-1

No R %IBHE(=SD) Sd(+SD) %P(+SD)
4a 4-CH; 54.56 0.03 nd nd
4b 2,3-OCHj; 1.22+0.28 nd nd
4c 2,4-OCH; 61.97+0.03 nd nd
4d 2,5-OCH; 4476 £0.21 nd nd
4e 3,4-OCH; 89.73+0.25" 22.44 £2.30" 1.40 +0.897
af 3,5-OCH; 80.66 +0.06 nd nd
4g 2,4,5-OCH; 84.24+0.32 nd nd
4h 3,4,5-OCH; 87.75+0.01" 24.60 +2.427 1.81 +0.46"
4i 3,4,5-CH; 35.68+0.14 nd nd
4j —~OCH,0- 31.06 +0.02 nd nd
4k 4-Cl 94.29 +0.02" 15.801.53 274 +0.79
5a 4-CH; 85.84+0.16 nd nd
5b 2,3-OCH; 2.97+0.02 nd nd
5S¢ 2,4-OCH; 91.64 +0.05" 14.60 £ 1.47 2.27+0.37
5d 2,5-OCH; 75.22£0.20 nd nd
Se 3,4-OCH, 86.78 £0.03 20.31 £2.54" 2.64+0.30
5f 3,5-OCH; 14.87 +0.27 nd nd
5g 2,4,5-OCH; 90.24 +0.01" 17.43£2.18 470+0.75
5h 3,4,5-OCH; 78.48 £0.36 nd nd
5i 3,4,5-CH; 46.26 £0.03 nd nd
5§ —~OCH,0- 8.53+0.17 nd nd
5k 4-Cl 6.92+0.02 nd nd
e 3,4-OCH; 91.28 £0.08" 20.57 +4.49° 6.57 +1.14"
6f 3,5-OCH; 91.82+0.08" 15.17£2.35 5.07+0.94
6g 2,4,5-OCHj 90.69 +0.09" nd nd
6h 3,4,5-OCH3 91.65 +0.04" 12.75£2.02 7.15+0.83
6i 3,4,5-CH; 17.39+0.19 nd nd
6k 4-Cl 83.23+0.20 nd nd
7c 2,4-OCH; 40.63+0.18 nd nd
7d 2,5-OCH; 31.48+0.31 nd nd
7e 3,4-OCH; 9.97+0.51 nd nd
7g 2,4,5-OCHj; 89.14 +0.12" 20.23 +4.497 6.38+1.817
7h 3,4,5-OCH; 83.53+0.09 nd nd
7i 3,4,5-CH; 12.75+0.34 nd nd
7j —~OCH,0— 89.86 +0.04" 13.85+3.19 4.77+0.97
7k 4-Cl 89.21+0.01" nd nd
cQ - 98.52+0.01 24.99 +0.89 0.32+0.03
CiSS - - 6.80+0.70 63.20+0.75
n==6

SD standard deviation, Sd survival days, %P percentage of parasitemias, CQ chloroquine, CiSS control infected and treated with saline solution

#p>0.05 compared to chloroquine. p <0.001 compared to CiSS
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condition found in the vacuole of the parasite (Baelmans
et al. 2000). More than 80% of inhibition of heme crystal-
lization were considered significant. Compounds 4e-h, K,
5a, c, e, g, 6e-h, Kk, 7g, h, j, and k were able to inhibit heme
crystallization. The values are comparable to CQ (98.52 +
0.01%). The 3’-phenyl substituted moiety appeared to be
favorable for a potential antimalarial activity since most of
the combinations showed measurable levels of inhibition of
B-hematin formation, except compounds 5a, c, e, g, 7g, h, j.
Compound 7k 4’-phenyl substituted showed good activity.
The di or tri methoxy substituted structures in locations (2,
4;3,4;2,4,5; 3,4, 5) or chloride groups in position four of
phenyl exhibited excellent activity as inhibitors of
B-hematin formation.

The selected compounds that showed a potential anti-
malarial activity in vitro (4e, h, k, 5c¢, e, g, 6e, f, h, 7g, and j)
were tested in mice infected with P. berghei ANKA a CQ
susceptible strain of murine malaria. The antimalarial
potential of these compounds was assessed by its ability to
reduce parasitemia and increase survival at the fourth-day
post-infection as compared to the untreated control group.
Mice were treated with compounds (20 mg/kg) or CQ
(20 mg/kg) ip once daily for consecutive days (days 1-4 post
infection), and their survival times and parasitemia on day 4
were compared with those of control mice receiving only
saline (Romero et al. 2018, 2019; Peters and Robinson 1999).
The Institute of Immunology Bioethical Committee approved
the study according to universal guidelines of the National
Research Council’s Institute for Laboratory Animal Research
(ILAR) and the ethical principles for medical research by the
World Medical Association Declaration of Helsinki.

The results are shown in Table 1; the evaluated deriva-
tives can increase the over-exposure of infected mice and
reduce parasitemia. Control mice died at 6.80 +0.70 days.

Structures 4e and h, used as monotherapy, prolonged the
average survival time of infected mice to 22.44 +2.30, and
24.60 +2.42 days, respectively, but were not able to reduce
or delay the evolution of malaria (1.40+0.89 and 1.81 %
0.46%). CQ prolonged mouse survival time to 24.99 +
0.89 days and decreased the development of malaria to
0.32+0.03%.

The detailed mechanism by which -hematin inhibitors
obstruct crystal growth is still unknown. It has been pro-
posed that the mechanism of quinoline inhibition is by
generating binding to hematin (Egan et al. 1994; Dorn et al.
1998; Egan 2006). Two options are possible: (1) binding to
the quickest emergent faces of the f-hematin crystal (Buller
et al. 2002; Egan et al. 2001; Pagola et al. 2000), or 2)
through a generation of a drug-heme complex covering the
hemozoin crystal to impede further crystal growth (Sullivan
et al. 1996). Both pathways involve the binding of the
compound to Fe(II)PPIX. (de Villiers et al. 2012), have
described crystal complexes of quinidine-heme (QD-Fe(III)

PPIX) and quinine-heme (QN-Fe(Il)PPIX), revealing that
three critical interactions are implicated in binding: coor-
dination, hydrogen bonding, and n—n stacking.

In quinine-heme and quinidine-heme structures, there is a
hydrogen bond among the propionate group of Fe(II)PPIX
and the protonated quinuclidine nitrogen. In addition,
(Kelly et al. 2001), using the '"H NMR technique, docu-
mented that the 4,5-dihydroxyxantone-heme complex is
stabilized through the hydrogen bonding between the
hydroxyl groups and the propionate side chains of the heme,
as well as m—n stacking between both aromatic systems.
Even though there is no clear information about the
requirements for n—mn stacking; it was proposed that big
planar aromatic molecular surfaces may favor the binding
with either hematin of hemozoin.

Cytotoxic activity

In vitro cytotoxicity of compounds, 4-7 was measured by
MTT assay using two different human cancer cell lines:
HL60 (acute promyelocytic leukemia), and Jurkat E6.1
(acute lymphocytic leukemia), and human lymphocytes
freshly isolated from healthy donors. The Institute of
Immunology Bioethical Committee approved the study.
Written consent was obtained from each donor.

Doxorubicin, CQ, and As,O5; were taken as the reference
drugs, and the results are summarized in terms of ICs,
values (see Table 2). Compounds Sa—k and 7c—j showed a
weak effect against Jurkat E6.1 cell line while against HL60
cell line compounds 5a-k, 6h, and 7d—j showed weak or no
activity. A moderate result was observed for compounds 4a,
c, e f i j, 6e, g h, k, and 7k against the Jurkat E6.1 cell
line, while the compounds 4d, i-k, 6k, and 7c¢ showed
moderate activity against HL60 cells. Compounds 4b, d, g,
h, and k exhibit vigorous activity against Jurkat E6.1 cell
line. In addition, compounds 4a-c, e-h, k, 6e, and g
showed vigorous effects as compared with doxorubicin, CQ
and As,0O; against HL60 cell line. The specificity of the
compounds was assessed in vitro using normal human
lymphocytes. In particular, compounds 4e, f, 6e, and g were
less toxic to primary culture human lymphocytes than
doxorubicin exhibiting ICsy values of >50 and 45.92 +
3.05 uM, respectively (Table 2). Compounds 4e, f, 6e, g
presented a better selectivity index than doxorubicin, being
the compounds 4e > 14 and 25-fold, 4f> 12 and 17-fold, 6e
14.5 and 48.9-fold, 6g>9.2 and 20.9-fold more selective
against Jurkat E6.1 and HL60 cell lines, respectively. This
result is remarkable because doxorubicin is one of the most
used drugs for cancer treatment.

In order to assess cell death, the cells were cultured for
24 h with the compounds 4-7 and apoptosis was ascertained
by flow cytometry. The positiveness of annexin V-FITC and
PI was used to define apoptosis or necrosis (Choi et al. 2008),
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Table 2 Effect of quinoline-

chalcone and quinoline- No R Normal Jurkat E6.1 HL60 Selectivity Selectivity
pyrazoline hybrids (4, 5, 6, and 7) lymphocytes index index
on cell viability (MTT method IC5¢(=SD) IC50(+xSD)  Jurkat E6.1 HL60
1 = 100 uM) 24h 24h
4a 4-CHj; 1524 £1.02 8.05+0.79 1.19+0.07 19 12.8
4b 2,3-OCH;  7.56+0.36 2.27+0.16 274026 3.3 2.8
4c 2,4-OCH;  8.28+0.85 4.00+0.27 2.07+0.16 2.1 42
4d 2,5-OCH;  10.25+0.66 2.93+0.22 390+£035 3.5 4.5
de 3,4-OCH;  >50 3.44+0.39 2.88x0.34 >145 >25.4
4f 3,5-OCH;  >50 4.16+0.38 232+0.15 >12.0 >17.4
4g 2,4,5-OCH; 7.70+0.56 2.18+0.17 1.08£0.04 3.5 7.1
4h 3,4,5-OCH; 8.09+0.49 1.93+0.13 2.15+0.12 4,2 3.7
4i 3,4,5-CH; >50 6.17£0.62 9.42+0.73 >8.1 >5.3
4j -OCH,0- 15.35+0.92 3.58+0.30 403+041 43 3.8
4k 4-Cl 5.05+£043 294+0.34 059+£0.04 1.7 8.6
5a 4-CH; nd >50 >50 nd nd
5b 2,3-OCH; nd 26.35+£3.54 >50 nd nd
5c¢ 2,4-OCH; 35.40x1.86 10.36 £0.43 1346+1.27 34 2.6
5d 2,50CH; nd 28.50+2.39 >100 nd nd
Se 3,4-OCH; >50 17.69£1.78 >100 >2.8 >2.0
5f 3,5-OCH; nd >50 >50 nd nd
5g 2,4,5-OCH; nd 21.41+3.14 50.96+4.21 nd nd
5h 3,4,5-OCH; >50 38.28+£3.02 2527+1.70 nd nd
5i 34,5-CH; nd >50 >50 nd nd
5j -OCH,0- nd >50 >50 nd nd
5k 4-Cl nd >50 >50 nd nd
6e 3,4-OCH;  45.92+3.05 3.17+0.23 0.94+0.07 145 48.9
6g 2,4,5-OCH; >50 5.44+0.55 239+0.10 >9.2 >20.9
6h 3,4,5-OCH; >50 5.67+0.57 12.34+1.07 >8.8 >4.1
6k 4-Cl 41.45+3.44 6.92+0.77 623052 6.0 6.7
Tc 2,4-OCH;  >50 17.89 £ 1.56 8.74+0.83 >2.8 >5.7
7d 2,5-OCH;  >50 17.56 +£1.60 21.18+1.87 >2.9 >2.4
78 2,4,5-OCH; >50 2377+1.11 11.34+£1.07 >2.1 >4.4
7h 3,4,5-OCH; >50 30.34+£2.82 19.64+£2.24 >1.7 >2.6
7j -OCH,0- 43.82+3.53 36.35+1.84 2236212 1.2 2.0
7k 4-Cl 48.40£4.51 6.31+0.55 6.17+0.59 7.7 7.8
CQ - >100 83.64 +8.00 >100 >1.2 >1.0
Dox - 8.03+0.66 1.03+0.18 1.60£0.26 7.8 5.0
As,03 - 17.45+1.48 7.32+0.61 497+0.68 2.4 35

Data are presented as the mean + standard deviation of five independent assays. ICs, was calculated by non-
linear regression (variable slope) analysis using GraphPad Prism

SD standard deviation, Jurkat E6.1 acute lymphocytic leukemia, HL60 acute myelogenous leukemia, CQ
chloroquine. Dox doxorubicin, S/ selectivity index tumor cells vs normal lymphocytes, nd not determined

and early or late apoptosis depending on PI expression (early
no PI, late annexin V/PI coexpression). Doxorubicin, CQ, and
quercetin were taken as the reference drugs (Baran et al. 2010;
Chen et al. 2005; Maso et al. 2014; Martinez et al. 2010;
Santos et al. 2016; Wei et al. 1994). Figure la, b,
representsa typical flow cytometry assessment using both cell
lines.

@ Springer

Significant differences in the treatments were denoted by
the sole increase in annexin V-FITC (early apoptosis).
Necrosis, exclusive PI expression, was less prevalent and
late apoptosis was observed. The results of all assays are
illustrated in Tables S3 and S4 (Supplementary materials).

The expression of annexin V-FITC in the treated cell
lines differed. In the 24 h treated HL60 cell line, the
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maximum effect was reached at concentration range
1-5 uM. At 5 puM, annexin V-FITC expression was 50% or
higher in cells treated with compounds 4c¢ (1 pM), e, h
(2.5uM), and 7k (5 uM). The expression was lower than
50% when the cells were treated with the rest of the com-
pounds. On the other hand, annexin V-FITC fluorescence
augmented significantly when Jurkat cells were treated with
compounds 4e, g, h, and 6g. Compound 4h was very active;
the maximum effect was observed at 2.5 uM in both cell
lines. The maximum effect of doxorubicin was recorded at

Fig. 1 a Effect of the compounds on apoptosis and necrosis of human
Jurkat E6.1 cell line assessed by flow cytometry. Early apoptosis was
defined by annexin V-FITC brightness; necrosis expression by PI and
late apoptosis by double positiveness. The double plots illustrates the
effect of 24 h incubation with compounds 4h (2.5 uM), 4b, ¢, e, f, g, k,
6e, g, h, k, 7k (5 uM), Dox (1 uM), QC (50 uM), CQ (100 uM), and
control. Percentages of cells in each quadrant are specified: non-
apoptotic alive (lower left), necrotic dead (lower right), early apoptotic
(upper left) and late apoptotic (top right). b Effect of the compounds
on apoptosis and necrosis of human HL-60 cell line assessed by flow
cytometry. Early apoptosis is defined by annexin V-FITC expression,
necrosis by PI expression and late apoptosis by double positiveness.
The double plots illustrates the effect of 24 h incubation with com-
pounds 4c (1 uM), 4a, b, e, g, h, k (2.5 uM); 4f, 6e, g, 7k (5 uM), 6k
(10 uM), Dox (1 uM), QC (50 uM) CQ (100 uM), and control. Per-
centages of cells in each quadrant are specified: nonapoptotic alive
(lower left), necrotic dead (lower right), early apoptotic (upper left)
and late apoptotic (top right)

Control

Doxo 1 pM

Que 50 pM

4c 1 pM

4h 2,5pM

Fig. 2 Confocal scanning laser microscopy (CSLM) analysis of
apoptotic HL60 cells using the PS-binding protein annexin A-FITC
and propidium iodide. The HL60 cells were incubated during 24 h
with the vehicle (control), 4c (1 pM), 4h (2.5 uM), with quercetin (QC)
(50 uM), and doxorubicin (Dox) (1 uM), which were used as positive
controls. The images are representative of at least three independent
experiments; original magnification x40

1 uM. The effects of the compounds on PI expression are
illustrated in Tables S3 and S4. The majority of the eval-
uated compounds did not induce the necrosis in the two cell
lines, Fig. 1a, b.

Cell death was ascertained by the expression of annexin
V-FITC (green color) and PI (red color) by CSLM, Fig. 2.
4c and 4h selection was based on quantitative analysis of
percent of apoptotic effect on human Jurkat E6.1 and HL60
cell lines (see Tables S3 and S4). CSLM analysis revealed
that the compounds 4c¢ and 4h caused a condensation of the
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Fig. 3 Proposed pharmacophoric
group based on the bioactivity
pattern as antimalarial and
anticancer
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nuclei and DNA, the formation of vesicles in the membrane,
vacuolization, lacerations of the cytoskeleton and formation
of apoptotic bodies. The incubation of the HL60 cell line by
24 h with 4¢ (1 pM) induced early apoptotic process, as the
cells were stained only in green color. In the case of 4h
(2.5 uM), late apoptosis was observed similarly as in flow
cytometry experiments. In the case of quercetin (50 uM),
which was used as a positive control, there was a pre-
dominantly green marking, indicating early apoptosis.
Doxorubicin generated a marked increase in cell necrosis.

The green color in Fig. 2 shows the binding, upon
expression of phosphatidylserine, while the red color cor-
responds to the marking of nucleic acids by the PI. The
coincidence of both colors (merge) is indicative of late
apoptosis only observed with compound 4h and doxor-
ubicin. However, as previously shown doxorubicin induces
cell death in normal lymphocytes also.

Conclusion

There is a good correlation among inhibition of B-hematin
formation, parasitemia reduction, and increase the survival
of infected mice with these two most active compounds 4e,
h. Our present work demonstrated a possible mechanism of
how 4-amino-7-chloroquinoline agents inhibit the
B-hematin formation in vivo. Compounds 4e, h could be
doing its effect through n—n stacking interaction between
the porphyrin ring of the hematin structure and the quino-
line ring as it has been reported by CQ and other amino-
quinolines (Kumar et al. 2007; Olafson et al. 2015;
Goldberg 2013; Kapishnikov et al. 2012). This event would
facilitate an active accumulation of the heme/compound
complex within the erythrocyte leading to parasite death by
oxidative stress. Although these derivatives were active as
inhibitors of the B-hematin formation, they were not able to
extend the survival rate of infected mice over 25 days. This
prolonged survival may be related to pharmacokinetics and

@ Springer

the bioavailability of these structures in vivo. Further
experiments are required to assess the in vivo mechanism of
action.

Compounds 4e, f, 6e, and g showed significant cytotoxic
and proapoptotic activity in vitro. These four structures
exhibited a better selectivity profile (human leukemia cells
vs human lymphocytes). Compound 4h showed a remark-
able in vitro anticancer activity, comparable to the standard
drug doxorubicin. In particular, the action of the compound
4h does not affect the viability of normal human leukocytes
at 8 uM, exhibiting a unique activity/toxicity profile.

Our studies demonstrated that compound 4h could inhibit
malaria progression and induction of cell death. The
mechanism of action of 4h in both diseases could be related to
the inhibition of heme synthesis and inhibition of lysosome
induced autophagy, an effect that has been shown for CQ
(Nordstrgm et al. 2015; Bhat et al. 2018; Levy et al. 2017).

Our results are still preliminary and require further ana-
lysis especially to P. falciparum strains, CQ susceptible and
resistant. The following structural features are proposed for
the quinoline-chalcone and quinoline-pyrazoline hybrids to
be active as antimalarial and anticancer agents (see Fig. 3).
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