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Zika virus (ZIKV), an emerging Flavivirus, was recently associated with severe neurological complications
and congenital diseases. Therefore, development of antiviral agents capable of inhibiting ZIKV replication
is urgent. Chloroquine is a molecule with a confirmed safety history for use with pregnant women, and
has been found to exhibit anti-ZIKV activity at concentrations around 10 mM. This suggests that modi-
fications to the chloroquine structure could be promising for obtaining more effective anti-ZIKV agents.
Here, we report the ability of a series of N-(2-(arylmethylimino)ethyl)-7-chloroquinolin-4-amine de-
rivatives to inhibit ZIKV replication in vitro. We have found that the quinoline derivative, N-(2-((5-
nitrofuran-2-yl)methylimino)ethyl)-7-chloroquinolin-4-amine, 40, was the most potent compound
within this series, reducing ZIKV replication by 72% at 10 mM. Compound 40 exhibits an EC50 value of
0.8 ± 0.07 mM, compared to that of chloroquine of 12 ± 3.2 mM. Good activities were also obtained for
other compounds, including those with aryl groups ¼ phenyl, 4-fluorophenyl, 4-nitrophenyl, 2,6-
dimethoxyphenyl, 3-pyridinyl and 5-nitrothien-2-yl. Syntheses of these quinoline derivatives have
been obtained both by thermal and ultrasonic means. The ultrasonic method produced comparable
yields to the thermal (reflux) method in very much shorter times 30e180 s compared to 30e180 min
reactions times. These results indicate that this group of compounds is a good follow-up point for the
potential discovery of new drugs against the Zika disease.

© 2017 Elsevier Masson SAS. All rights reserved.
1. Introduction

Quinolinyl derivatives are found in many synthetic and natural
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served.
products possessing awide range of biological and pharmacological
activities. In particular, quinolinyl derivatives have found impor-
tance over many years in antimalarial drug research [1e3]. Many of
these quinolinyl compounds have subsequently been used as
starting points for research in other medical areas, including as
antituberculosis [4,5], anticancer [6e11] and, more recently, as
anti-Zika virus (ZIKV) agents [12].

ZIKV is a Flavivirus, which belongs to the Flaviviridae family. This
family includes other agents of clinical significance, such as dengue
(DENV), West Nile (WNV) and Japanese encephalitis (JEV) viruses.
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Besides being an arthropod-born virus, transmitted by mosquitoes
of the genus Aedes [13], ZIKV is also transmitted by sexual contact
[14e16]. Prior to 2007 only a few cases of ZIKV infection in humans
has been confirmed [13,17]. Nevertheless, by the year of 2016, 52
countries and territories of the Americas, Africa, Asia and Pacific
had reported autochthonous ZIKV transmission [18]. A dramatic
increase in neurological disorders, during fetal development and
adulthood, associated with ZIKV infection led the World Health
Organization (WHO) to declare Zika as a Public Health Emergency
of International Concern [19]. Effective antiviral drugs able to
inhibit ZIKV replication are necessary. In this regard, various mol-
ecules are under investigation, showing promising results
[12,20e23], such the anthelmintic drug niclosamide [22,23];
nucleoside/nucleotides analogs [20e22], as the anti-hepatitis C
(HCV) drug sofosbuvir, and the antimalarial substance, chloroquine
[12,22]. Among these, chloroquine is the only molecule with
confirmed safety history for use with pregnant women and fetus.
However, chloroquine's anti-ZIKV potency is around 10 mM, at least
10-times higher than observed for compounds with antiviral ac-
tivity [24,25]. While this information indicates that the chloroquine
chemical structure is promising against ZIKV, medicinal chemistry-
driven approaches could lead to derivatives with improved po-
tencies in anti-ZIKV therapies.

In this study, we have evaluated the anti-ZIKV activity of N-(2-
(arylmethylimino)ethyl)-7-chloroquinolin-4-amine derivatives e

which contain the 7-chloroquinoline unit found in both amodia-
quine and chloroquine. We have measured the ability of this family
of compounds to inhibit ZIKV replication, by reducing viral RNA
levels. Indeed, we have found that the N-(2-(arylmethylimino)
ethyl)-7-chloroquinolin-4-amine derivatives could highlight po-
tential lead molecules for the development of novel anti-ZIKV
drugs.

2. Results and discussion

2.1. Synthesis and characterization

Reaction of 4,7-dichloroquinoline with ethylenediamine on
heating formed the N-(7-chloroquinolin-4-yl)ethane-1,2-diamine
1. Subsequently, reactions of substituted benzaldehydes, 2e21,
with 1 generated the N-(2-(arylmethylimino)ethyl)-7-
chloroquinolin-4-amine derivatives, 22e41, using both thermal
and ultrasonic methods in ethanol solutions (Scheme 1). Compar-
isons of the yields and reaction times in the two processes are listed
in Table 1. The optimum results using ultrasonics were obtained
with a frequency of 20 kHz, 50% of the maximum power output,
without pulsing and with 30e180 s reaction times. Comparable
yields using the reflux method were only obtained after
30e180 min reactions times because of the effects of cavitation.

Characterization of compounds 22e41 was achieved generally
from IR and NMR spectral and HRMS (TOFF) data, and specifically
for compound, 24, as its trihydrate, by X-ray crystallography. Two
sets of signals for the N¼CH hydrogens in the 1H NMR spectra
indicated that (E): (Z) isomers had been formed: ratios of the iso-
mers are given in Table 1. Some general spectral findings are (i) the
chemical shifts of the N¼CH, CH2N¼CH and NHCH2 protons in the
1H NMR spectra are found in the ranges 8.24e8.62, 3.83e3.97 and
3.56e3.76 ppm, respectively and (ii) the NeH and N¼C stretching
vibrations in the IR spectra occur in the ranges 3019e3426 and
1526e1582 cm�1, respectively.

2.2. Anti-zika virus activity

Considering that chloroquine has shown anti-ZIKV activity, with
an EC50 of approximately 10 mM [12,22], we screened the
chloroquine analogs, 22e41, for inhibition of ZIKV replication at
this concentration. Positively, almost the entire series showed
improved antiviral activities when compared to chloroquine
(Table 1). Subsequently, we further examined the pharmacological
activity of the best hits against ZIKV, that is, those molecules
inhibiting approximately or greater than 75% of virus replication.
Derivatives, 22, 27, 28, 31, 35, 38, 39, 40 and 41, were selected
(Table 1). All the tested compounds had potencies around 10-times
greater than did chloroquine to inhibit ZIKV replication, with the
exception of 38, which was around 5-times more potent (Table 2).
Among these molecules, compound 40 was the most potent, with
an EC50 value of 0.8 ± 0.07 mM, whereas this pharmacological
parameter for chloroquinewas 12 ± 3.2 mM (Table 2). Themedicinal
chemistry approach improved the antiviral activity of the chloro-
quine analogs without affecting their cytotoxicity, because all
tested molecules had similar CC50 values to that of chloroquine
(Table 2). Of note, compound 38 was the least cytotoxic molecule
(Table 2). The selective index (SI) e which represents the ratio
between the CC50 and EC50 values, and thus the in vitro safety e for
40 was 515 (Table 2). This means that SI value for compound 40 is
15-times higher than this parameter for chloroquine (Table 2).
When compared to other compounds with antiviral activity against
ZIKV and potential clinical use, such as sofosbuvir, 40 presented a
comparable SI value [20]. Altogether, these results indicate that N-
(2-(arylmethylimino)ethyl)-7-chloroquinolin-4-amine derivatives,
especially, compound 40, are endowed with an higher anti-ZIKV
activity than chloroquine.

The structure-activity relationship (SAR) analysis indicated that
the imino group is critical for the activity since the ethylenediamine
group does not present any anti-ZIKV activity. The number, the
positions, and the types of substituents attached to the aromatic
ring are also critical factors for biological activity (Scheme 2). For
example, compound, 35, with methoxy groups at C-2 and 6 was
more active compound 34, with chloro groups at C-2 and 6. Com-
pound 35 was also more active than compounds 24, 31, 33 and 36,
indicating that the number and positions of methoxy groups are
critical for anti-ZIKV activity. The importance of the substituents
and position into the aromatic ring were demonstrated by the
compounds 27, 28 and 29 since fluorine 28 and nitro 27 at para-
positionwas more active than bromine 29 at the same position. It is
necessary to mention that compound 22 without substituent also
displayed good anti-ZIKV activity. In the case of heterocyclic rings
the position of the nitrogen of pyridine is critical for biological
activity. The most active compound 40 of this series indicated that
the furan nucleus is more active than thiophene nucleus 41.

2.3. Crystal structure determination of the trihydrate of compound
24

Attempts to grow suitable crystals of compound 24 by slow
evaporation from a moist ethanol solution at room temperature led
to the isolation of the trihydrate, [(24).3(H2O)]. Data for
[(24).3(H2O)] were collected at 120(2) K [26e28]. The trihydrate
crystallises in the triclinic space group, P-1, with Z ¼ 2. The atom
arrangement and numbering scheme of the trihydrate are illus-
trated in Fig. 1a. Features of the molecular configuration of 24 are
(a) a quasi��T'�shape, see Fig. 1b, with the dihedral angle between the
quinoline and phenyl rings of 62.18(5)�, (b) the methoxy substitu-
ent in the phenyl ring is sited away from the N2-C9-C10-N3 link
between the two aryl units and (c) the N2-C9-C10-N3 fragment has
a syn arrangement as shown by the dihedral angle of 72.72(14)�,
which is ideal for coordinating to metals.

The intermolecular interactions in [(24).3(H2O)] are set of pdp
stacking interactions and classical O-HdO, N-H—O and O-H—N
hydrogen bonds, which link the molecules of water and 24 into a



Scheme 1. Synthesis of N-(2-(arylmethylimino)ethyl)-7-chloroquinolin-4-amine derivatives.
Conditions. (a) Ethylenediamine, 80 �C / 1 h, without stirring, 135 �C / 3 h, with stirring, 94% (b) EtOH, ultrasound, 30e180 s, 52e88%, or reflux, 30e180 min; 58e81% yields (c)
R ¼ heteroaryl, EtOH, U.S. 30e120 s, 40e77%, or reflux, 30e60 min, 47e70% yields.

G. Barbosa-Lima et al. / European Journal of Medicinal Chemistry 127 (2017) 434e441436
three dimensional array.
3. Experimental

3.1. Chemistry

Chemical reagents and solvents were used as obtained from
Merck and Aldrich. A Multiwave Eco-sonics QR750 ultrasonic
generator (20 kHz, 750 W) equipped with a converter/transducer,
and titanium oscillator (horn diameter ¼ 4 mm) was used for the
ultrasonic irradiation. NMR spectra were recorded at room tem-
perature in deuterated dimethyl sulfoxide on a Bruker Avance 500
spectrometer operating at 400.00 and 500.00 MHz (1H) and 100
and 125.0 MHz (13C). Melting points were determined on a Büchi
apparatus. Infrared spectra were recorded in a Thermo Nicolet
Nexus 670 spectrometer, as potassium bromide pellets and fre-
quencies are expressed in cm�1. HRMS were performed on Bruker
Compact QTOF mass spectrometer system. TLC plates, coated with
silica gel, were run in an ethyl acetate: methanol: triethylamine
mixture (8:1:1). The spots were developed and viewed under ul-
traviolet light.
3.2. General ultrasonic irradiation protocol for the synthesis of the
imino-quinoline derivatives (22e41)

In a round bottom flask 25.0 mL equipped with magnetic stirrer



Scheme 2. Critical factors for the biological activity: number, the positions and the types of substituents.

Table 1
Comparison of classical and ultrasonic methods for the preparation of the N-(2-(arylmethylimino)ethyl)-7-chloroquinolin-4-amine derivatives, the geometric isomeric
product ratios as determined by 1H NMR spectra and the inhibition of ZIKV replication.

Entry ZIKV RNA inhibition at 10 mM (%) Ultrasound
Yied %/time (s)

Thermal
Yied %/time
(min)

Relative proportion between the isomers

1 43 ± 8.0 e e e

22 76 ± 1.8 52/120 58/60 e

23 57 ± 5.1 74/30 69/30 82:18
24 70 ± 2.7 69/180 76/60 e

25 59 ± 5.6 80/60 80/60 93:7
26 66 ± 8.1 76/60 74/30 85:15
27 82 ± 3.8 80/60 81/60 86:14
28 75 ± 3.2 64/120 59/180 79:21
29 52 ± 5.2 83/60 80/30 84:16
30 NE 88/30 65/30 82:18
31 74 ± 5.1 74/60 78/30 72:28
32 NE 74/45 71/30 e

33 51 ± 1.3 59/30 68/30 e

34 NE 77/30 73/30 69:31
35 75 ± 3.2 70/30 73/30 79:21
36 41 ± 3.1 60/30 74/30 85:15
37 70 ± 2.3 64/120 53/60 76:24
38 80 ± 6.7 40/120 47/30 86:14
39 74 ± 4.2 50/120 52/30 74:26
40 72 ± 5.3 49/30 60/30 78:22
41 78 ± 3.5 77/30 70/60 81:19
Chloroquine 47 ± 5.3 e e e

NE e Non evaluated. These substances did not have their antiviral activity evaluated because they were cytotoxic, reducing the cell viability in more than 80% at 10 mM.

Table 2
Potency, cytotoxicity and lipophilicity of the most active quinoline derivatives
against ZIKV replication.

Compound EC50 CC50 SIa cLogPb

22 1.2 ± 0.05 489 ± 16 407 4.14
27 1.5 ± 0.03 512 ± 27 341 4.10
28 1.5 ± 0.08 534 ± 42 356 4.31
31 1.6 ± 0.02 487 ± 41 304 3.38
35 1.5 ± 0.08 458 ± 36 305 4.16
38 3.4 ± 0.08 578 ± 26 170 2.91
39 1.5 ± 0.09 571 ± 52 380 2.91
40 0.8 ± 0.07 412 ± 26 515 3.48
41 1.5 ± 0.03 478 ± 34 318 4.13
Chloroquine 12 ± 3.2 412 ± 24 34 5.00

a SI, selective index is determined by the ratio between CC50 and EC50 values.
b Calculated using www.molinspiration.com.
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and reflux condenser was added 4,7-dichloroquinoline (1 g;
5 mmol) and ethylenediamine (1.17 g; 25.3 mmol). The reaction
mixture was heated at 80 �C without stirring for 1 h. After this
period, heating was increased to 135 �C and was stirred for 3 h. The
flask containing the reaction mixture was allowed to stand at room
temperature for 12 h. After this time, finely divided ice was added
to the precipitation of the product. The solid 1 formed was filtered
and washed with distilled water (20 mL) and ethyl ether (20 mL).

Solutions of N-(7-chloroquinolin-4-yl)ethane-1,2-diamine
(100 mg) in ethanol (3 mL), and the benzaldehyde (0.45 mmol) in
ethanol (2 mL) were mixed and ultrasonically irradiated
(frequency ¼ 50 KHz, amplitude ¼ 50% of the maximum power
output) without a pulse for 30e180 s. After the ultrasonic irradia-
tion, the resulting mixture was concentrated under reduced pres-
sure, the residue was washed with cold water and ether, to leave
derivatives 22e41.

http://www.molinspiration.com


Fig. 1. (a) Atom arrangements and numbering scheme for [(24).3H2O], (b) view of the conformation of molecule 24.
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3.2.1. N-(2-(Benzylideneamino)ethyl)-7-chloroquinolin-4-amine
(22)

The product was obtained as a white solid; m.p.: 170e174 �C; 1H
NMR (400 MHz, DMSO) d 8.41 (d, 1H, J ¼ 5.4 Hz, H2); 8.35 (s, 1H,
N¼CH); 8.25 (d, 1H, J ¼ 9.0 Hz, H5); 7.78 (d, 1H, J ¼ 2.0 Hz, H8);
7.73e7.71 (m,1H, H6); 7.45e7.42 (m, 5H, H2’/H3’/H4’/H5’/H60); 6.60
(d,1H, J¼ 5.4 Hz, H3); 3.88 (t, 2H, J¼ 6.0 Hz, CH2N¼CH); 3.62 (q, 2H,
J ¼ 6.0, NHCH2); 13C NMR (100 MHz, DMSO) d162.2; 151.9; 150.0;
149.1; 136.0; 133.4; 130.7; 128.6; 127.9; 127.8; 127.5; 124.1; 124.0;
117.4; 99.0; 58.8; 43.1. IR (KBr): n ¼ 3211 (NeH), 1574 (C¼N) cm�1.
HRMS m/z [MþH]þ ¼ 310.1054, calc. 310.1033.

3.2.2. N-(2-((2-Hydroxyphenyl)methylimino)ethyl)-7-
chloroquinolin-4-amine (23)

yellow solid, m.p.: 161e164 �C; 1H NMR (400MHz, DMSO) d 8.54
(s, 1H, N¼CH); 8.41 (d, 1H, J ¼ 5.4 Hz, H2); 8.24 (d, 1H, J ¼ 9.1 Hz,
H5); 7.79 (d,1H, J¼ 2.2 Hz, H8); 7.48e7.43 (m, 2H, H6 and H60); 7.39
(td, 1H, J ¼ 9.1 Hz and J ¼ 2.2 Hz, H50); 7.33e7.29 (m, 1H, H40);
6.88e6.85 (m, 1H, H30); 6.62 (d, 1H, J ¼ 5.4 Hz, H3); 3.89 (t, 2H,
J ¼ 6.0 Hz, CH2N¼CH); 3.64 (m, 2H, NHCH2); 13C NMR (100 MHz,
DMSO) d167.0; 160.6; 151.9; 149.9; 149.1; 133.4; 132.3; 131.6; 127.5;
124.2; 124.0; 118.6; 117.5; 116.4; 99.0; 58.7; 56.6; 43.0. IR (KBr):
n ¼ 3232 (NeH), 1578 (C¼N) cm�1. HRMS m/z [MþH]þ ¼ 326.1074,
calc. 326.0982.

3.2.3. N-(2-((2-methoxyphenyl)methylimino)ethyl)-7-
chloroquinolin-4-amine (24)

The product was obtained as awhite solid; m.p.: 108e110 �C; 1H
NMR (400MHz, DMSO) d 8.62 (s, 1H, N¼CH); 8.40 (d, 1H, J¼ 5.3 Hz,
H2); 8.24 (d, 1H, J ¼ 9.0 Hz, H5); 7.84e7.78 (m, 2H, H8 and H30);
7.44e7.40 (m, 2H, H40 and H60); 7.06 (d, 1H, J ¼ 9.0 Hz, H6); 6.97 (t,
1H, J ¼ 7.4 Hz, H50); 6.59 (d, 1H, J ¼ 5.3 Hz, H3); 3.88e3.85 (m, 2H,
CH2N¼CH); 3.75 (s, 3H, OCH3); 3.61e3.59 (m, 2H, NHCH2); 13C NMR
(100 MHz, DMSO) d 158.3; 157.3; 151.8; 150.1; 149.1; 133.4; 132.2;
127.5; 126.6; 124.0; 123.8; 120.4; 117.4; 111.7; 99.1; 59.2; 55.5; 43.1.
IR (KBr): n ¼ 3338 (NeH), 1581 (C¼N) cm�1. HRMS m/z
[MþH]þ ¼ 340.1112, calc. 340.1138.

3.2.4. N-(2-((3-nitrophenyl)methylimino)ethyl)-7-chloroquinolin-
4-amine (25)

The product was obtained as a yellow solid; m.p.: 170e172 �C;
1H NMR (400 MHz, DMSO) d 8.52 (s, 1H, N¼CH); 8.50 (s, 1H, H20);
8.42 (d, 1H, J ¼ 5.6 Hz, H2); 8.29 (m, 2H, H5 and H40); 8.12 (d, 1H,
J ¼ 7.6 Hz, H60); 7.78 (d, 1H, J ¼ 2.1 Hz, H8); 7.73 (t, 1H, J ¼ 7.6 Hz,
H50); 7.47 (d, 1H, J ¼ 9.0 Hz, H6); 6.67 (d, 1H, J ¼ 5.6 Hz, H3); 3.93 (t,
2H, J ¼ 6.0 Hz, CH2N¼CH); 3.69 (m, 2H, NHCH2); 13C NMR
(100 MHz, DMSO) d 160.5; 160.4; 150.9; 150.5; 148.1; 137.5; 134.2;
134,0; 130.3; 125.0; 124.5; 124.2; 121.9; 117.1; 99.1; 60.5; 58.7; 43.0.
IR (KBr): n ¼ 3213 (NeH), 1526 (C¼N) cm�1. HRMS m/z
[MþH]þ ¼ 355.0956, calc. 355.0884.

3.2.5. N-(2-((4-Methylphenyl)methylimino)ethyl)-7-
chloroquinolin-4-amine (26)

The product was obtained as awhite solid; m.p.: 180e182 �C; 1H
NMR (400 MHz, DMSO) d 8.40 (d, 1H, J ¼ 5.4 Hz, H2); 8.30 (s, 1H,
N¼CH); 8.28e8.23 (m, 1H, H5); 7.78 (d, 1H, J ¼ 2.2 Hz, H8);
7.62e7.58 (m, 2H, H20 and H60); 7.43 (dd, 1H, J ¼ 8.9 Hz and
J ¼ 2.2 Hz, H6); 7.24 (d, 2H, J ¼ 7.9 Hz, H30 and H50); 6.60 (d, 1H,
J ¼ 5.4 Hz, H5); 3.87e3.84 (m, 2H, CH2N¼CH); 3.62e3.58 (m, 2H,
NHCH2); 2.33e2.32 (m, 6H, OCH3) 13C NMR (100 MHz, DMSO)
d 161.9; 151.8; 149.9; 149.0; 140.4; 133.3; 129.1; 127.8; 127.7; 123.9;
117.3; 98.9; 60.8; 58.7; 43.1; 20.9. IR (KBr): n ¼ 3219 (NeH), 1574
(C¼N) cm�1. HRMS m/z [MþH]þ ¼ 324.1276, calc. 324.1189.

3.2.6. N-(2-((4-nitrophenyl)methylimino)ethyl)-7-chloroquinolin-
4-amine (27)

The product was obtained as a yellow solid; m.p.: 120e123 �C;
1H NMR (400 MHz, DMSO) d 8.50 (s, 1H, N¼CH); 8.41 (d, 1H,
J¼ 5.5 Hz, H2); 8.27 (m, 3H, H5, H30 and H50); 7.98 (d,1H, J¼ 8.6 Hz,
H20 and H60); 7.78 (d, 1H, J¼ 1.9 Hz, H8); 7.44 (dd,1H, J¼ 8.6 Hz and
J ¼ 1,9 Hz, H6); 6.62 (d, 1H, J ¼ 5.5 Hz, H3); 3.95 (t, 2H, J ¼ 5.8 Hz,
CH2N¼CH); 3.67 (m, 2H, NHCH2); 13C NMR (100 MHz, DMSO)
d 160.7; 151.5; 150.1; 148.6; 148.4; 141.4; 133.4; 128.9; 128.7; 127.2;
124.1; 123.9; 123.8; 117.3; 99.0; 60.6; 58.9; 42.8. IR (KBr): n ¼ 3212
(NeH), 1579 (C¼N) cm�1. HRMS m/z [MþH]þ ¼ 355.0980, calc.
355.0884.

3.2.7. N-(2-((4-fluorophenyl)methylimino)ethyl)-7-chloroquinolin-
4-amine (28)

The product was obtained as awhite solid; m.p.: 179e181 �C; 1H
NMR (400 MHz, DMSO) d 8.40 (d, 1H, J ¼ 5.4 Hz, H2); 8.34 (s, 1H,
N¼CH); 8.25e8.21 (m, 1H, H5); 7.79e7.76 (m, 3H, H8, H30 and H50);
7.44e7.41 (m, 1H, H6); 7.26 (t, 2H, J ¼ 8.8 Hz, H20 and H60); 6.59 (d,
1H, J ¼ 5.4 Hz, H3); 3.86 (t, 2H, J ¼ 6.2 Hz; CH2N¼CH); 3.60 (q, 2H,
J ¼ 6.2 Hz; NHCH2); 13C NMR (100 MHz, DMSO) d 160.9; 151.8;
150.1; 149.0; 133.4; 130.2; 130.1; 127.5; 124.1; 124.0; 117.4; 115.7;
115.5; 99.0; 58.7; 43.1. IR (KBr): n ¼ 3215 (NeH), 1578 (C¼N) cm�1.
HRMS m/z [MþH]þ ¼ 328.1026, calc. 328.0939.

3.2.8. N-(2-((4-bromophenyl)methylimino)ethyl)-7-
chloroquinolin-4-amine (29)

The product was obtained as a white solid; m.p.: 211e213 �C; 1H
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NMR (400 MHz, DMSO) d 8.40 (d, 1H, J ¼ 4.3 Hz, H2); 8.33 (s, 1H,
N¼CH); 8.24 (d, 1H, J ¼ 8.8 Hz, H5); 7.79 (dd, 1H, J ¼ 8.8 Hz and
J ¼ 1.8 Hz, H6); 7.68e7.63 (m, 3H, H8, H20 and H60); 7.47e7.43 (m,
2H, H30 and H50); 6.60 (d, 1H, J ¼ 4.5 Hz, H3); 3.87 (t, 2H, J ¼ 4.6 Hz;
CH2N¼CH); 3.63e3.60 (m, 2H, NHCH2); 13C NMR (100 MHz, DMSO)
d 161.1; 151.8; 151.0; 149.9; 149.0; 135.0; 133.3; 131.6; 129.7; 127.4;
124.0; 123.9; 117.3; 98.9; 58.7; 42.9; 40.6. IR (KBr): n¼ 3204 (NeH),
1578 (C¼N) cm�1.

3.2.9. N-(2-((2,3-dihydroxyphenyl)methylimino)ethyl)-7-
chloroquinolin-4-amine (30)

yellow solid. m.p.: 139e143 �C; 1H NMR (400 MHz, DMSO)
d 8.49 (s, 1H, N¼CH); 8.41 (d, 1H, J ¼ 5.4 Hz, H2); 8.26 (d, 1H,
J¼ 9.1 Hz, H5); 7.79 (d, 1H, J¼ 2.2 Hz, H8); 7.51 (s, 1H, OH); 7.45 (dd,
1H, J ¼ 9.1 Hz and J ¼ 2.2 Hz, H60); 6.86e6.80 (m, 2H, H40 and H6);
6.67e6.56 (m, 2H, H50 and H3); 3.90 (t, 2H, J ¼ 5.8 Hz, CH2N¼CH);
3.64 (d, 2H, J ¼ 5.8 Hz, NHCH2); 13C NMR (100 MHz, DMSO) d 167.0;
151.8; 151.6; 149.9; 148.9; 145.9; 133.3; 127.4; 124.1; 123.9; 121.7;
117.9; 117.4; 117.4; 117.3; 98.9; 55.4; 42.9. IR (KBr): n ¼ 3379 (NeH),
1575 (C¼N) cm�1. HRMS m/z [MþH]þ ¼ 342.1029, calc. 342.0931.

3.2.10. N-(2-((2-Hydroxy-3-methoxyphenyl)methylimino)ethyl)-7-
chloroquinolin-4-amine (31)

The product was obtained as a yellow solid; m.p.: 122e123 �C;
1H NMR (400 MHz, DMSO) d 8.57 (s, 1H, N¼CH); 8.52 (s, 1H, H8);
8.42 (d, 1H, J ¼ 5.6 Hz, H2); 8.28 (d, 1H, J ¼ 8.9 Hz, H5); 7.81e7.80
(m,1H, H80); 7.51e7.47 (m,1H, H40); 7.03e6.95 (m,1H, H90); 6.78 (d,
1H, J ¼ 8.9 Hz, H6); 6.65 (d, 1H, J ¼ 5.6 Hz, H3); 3.92 (s, 2H,
CH2N¼CH); 3.76 (d, 5H, J ¼ 1.8 Hz; OCH3 and NHCH2); 13C NMR
(100 MHz, DMSO) d 167.0; 151.5; 151.0; 150.4; 147.9; 133.8; 126.6;
124.3; 124.0; 123.0; 118.2; 117.6; 117.2; 114.6; 98.9; 58.2; 56.0; 55.6;
42.9. IR (KBr): n ¼ 3426 (NeH), 1575 (C¼N) cm�1. HRMS m/z
[MþH]þ ¼ 356.1184, calc. 356.1088.

3.2.11. N-(2-((2,4-dichlorophenyl)methylimino)ethyl)-7-
chloroquinolin-4-amine (32)

white solid; m.p.: 134e137 �C; 1H NMR (400MHz, DMSO) d 8.58
(s, 1H, N¼CH); 8.42e8.40 (m, 1H, H2); 8.25 (t, 1H, J ¼ 7.1 Hz, H5);
7.96e7.92 (m, 1H, H60); 7.79 (dd, 1H, J ¼ 7.9 Hz and J ¼ 2.2 Hz, H8);
7.69e7.67 (m, 1H, H30); 7.56e7.45 (m, 2H, H6 and H50); 6.61 (t, 1H,
J ¼ 6.4 Hz, H3); 3.97e3.93 (m, 2H, CH2N¼CH); 3.66e3.63 (m, 2H,
NHCH2); 13C NMR (100 MHz, DMSO) d157.5; 135.8; 134.6; 133.8;
131.5; 131.4; 129.3; 129.2; 129.2; 127.8; 124.2; 124.0; 117.3; 99.0;
98.6; 60.3; 58.8; 42.7; 40.7. IR (KBr): n ¼ 3208 (NeH), 1581 (C¼N)
cm�1. HRMS m/z [MþH]þ ¼ 378.0353, calc. 378.0253.

3.2.12. N-(2-((2,5-dimethoxyphenyl)methylimino)ethyl)-7-
chloroquinolin-4-amine (33)

The product was obtained as a yellow solid; m.p.: 103e106 �C;
1H NMR (400 MHz, DMSO) d 8.57 (s, 1H, N¼CH); 8.40 (d, 1H,
J¼ 5.3 Hz, H2); 8.24 (d, 1H, J¼ 8.9 Hz, H5); 7.77 (s, 1H, H8); 7.46 (m,
1H, H6); 7.34 (s, 1H, H60); 6.99 (s, 2H, H30 and H40); 6.61 (d, 1H,
J ¼ 5.3 Hz, H3); 3.87e3.85 (m, 2H, CH2N¼CH); 3.75e3.69 (m, 6H,
OCH3); 3.62 (m, 2H, NHCH2); 13C NMR (100 MHz, DMSO) d 157.1;
153.0; 152.7; 151.4; 150.2; 148.6; 133.4; 127.1; 124.3; 124.0; 124.0;
118.1; 117.3; 113.2; 110.2; 99.0; 59.1; 55.9; 55.3. IR (KBr): n ¼ 3377
(NeH), 1582 (C¼N) cm�1. HRMS m/z [MþH]þ ¼ 370.1229, calc.
370.1244.

3.2.13. N-(2-((2,6-dichlorophenyl)methylimino)ethyl)-7-
chloroquinolin-4-amine (34)

The product was obtained as awhite solid; m.p.: 179e185 �C; 1H
NMR (400MHz, DMSO) d 8.49 (s, 1H, N¼CH); 8.40 (d, 1H, J¼ 5.4 Hz,
H2); 8.24 (d, 1H, J ¼ 9.0 Hz, H5); 7.78 (d, 1H, J ¼ 2.1 Hz, H8);
7.52e7.37 (m, 4H, H6/H5’/H3’/H40); 6.58 (d, 1H, J¼ 5.4 Hz, H3); 3.97
(t, 2H, J ¼ 5.7 Hz, CH2N¼CH); 3.65 (q, 2H, J ¼ 5.7, NHCH2); 13C NMR
(100 MHz, DMSO) d158.2; 157.6; 151.7; 149.8; 148.9; 133.5; 133.3;
131.1; 128.9; 128.7; 127.3; 124.0; 123.9; 117.4; 98.8; 61.2; 58.9; 42.4.
IR (KBr): n ¼ 3211 (NeH), 1575 (C¼N) cm�1. HRMS m/z
[MþH]þ ¼ 378.0333, calc. 378.0253.

3.2.14. N-(2-((2,6-dimethoxyphenyl)methylimino)ethyl)-7-
chloroquinolin-4-amine (35)

The product was obtained as a yellow solid; m.p.: 71e73 �C; 1H
NMR (400MHz, DMSO) d 8.40 (s, 1H, N¼CH); 8.22 (d, 1H, J¼ 9.0 Hz,
H5); 7.78 (d, 1H, J ¼ 2.2 Hz, H8); 7.44 (dd, 1H, J ¼ 9.0 Hz and
J ¼ 2.2 Hz, H6); 7.34e7.28 (m, 2H, H2 and H40); 6.64 (d, 2H,
J ¼ 8.4 Hz, H30 and H50); 3.66e3.64 (m, 6H, OCH3); 3.83 (t, 2H,
J ¼ 5.7 Hz, CH2N¼CH); 3.56 (q, 2H, J ¼ 5.7, NHCH2); 13C NMR
(100 MHz, DMSO) d158.9; 157.2; 151.8; 150.0; 149.0; 133.4; 131.4;
127.4; 124.0; 117.5; 113.2; 104.3; 99.0; 60.1; 55.7; 42.9. IR (KBr):
n ¼ 3339 (NeH), 1574 (C¼N) cm�1.

3.2.15. N-(2-((3,4,5-trimethoxyphenyl)methylimino)ethyl)-7-
chloroquinolin-4-amine (36)

The product was obtained as a white solid; m.p.: 92e93 �C; 1H
NMR (400 MHz, DMSO) d 8.43 (d, 1H, J ¼ 5.6 Hz, H2); 8.30 (d, 1H,
J ¼ 9.0 Hz, H5); 8.24 (s, 1H, N¼CH); 7.80 (d, 1H, J ¼ 2.2 Hz, H8); 7.48
(dd, 1H, J ¼ 2.2 Hz and J ¼ 9.0 Hz, H6); 7.03e7.02 (m, 2H, H20 and
H60); 6.67 (d, 1H, J ¼ 5.6 Hz, H3); 3.87e3.84 (m, 2H, J ¼ 6.1 Hz,
CH2N¼CH); 3.79e3.76 (m, 9H, OCH3); 3.68e3.65 (m, 2H, NHCH2);
13C NMR (100 MHz, DMSO) d 191.9; 161.9; 153.3; 153.0; 139.6;
131.5; 124.6; 124.3; 117.1; 106.7; 105.0; 99.2; 60.1; 58.8; 55.8; 43.2.
IR (KBr): n ¼ 3019 (NeH), 1582 (C¼N) cm�1. HRMS m/z
[MþH]þ ¼ 400.1423, calc. 400.1350.

3.2.16. N-(2-((pyridin-2-yl)methylimino)ethyl)-7-chloroquinolin-
4-amine (37)

The product was obtained as awhite solid; m.p.: 130e133 �C; 1H
NMR (400 MHz, DMSO) d 8.61 (d, 1H, J ¼ 4.8 Hz, H30); 8.40 (d, 1H,
J ¼ 5.4 Hz, H2); 8.35 (s, 1H, N¼CH); 8.24 (d, 1H, J ¼ 9.0 Hz, H5); 7.96
(d, 1H, J ¼ 7.5 Hz, H60); 7.87 (td, 1H, J ¼ 7.5 Hz and J ¼ 1.3 Hz, H50);
7.77 (d, 1H, J ¼ 2.2 Hz, H8); 7.46e7.42 (m, 2H, H6 and H40); 7.61 (d,
1H, J¼ 5.4 Hz, H3); 3.95 (t, 2H, J¼ 6.1 Hz, CH2N¼CH); 3.67e3.62 (m,
2H, NHCH2); 13C NMR (100 MHz, DMSO) d 163.1; 153.9; 151.8;
149.9; 149.2; 149.0; 136.7; 133.3; 127.4; 125.1; 124.0; 123.9; 120.4;
117.3; 99.0; 58.5; 42.8. IR (KBr): n ¼ 3237 (NeH), 1580 (C¼N) cm�1.
HRMS m/z [MþH]þ ¼ 311.1081, calc. 311.0985.

3.2.17. N-(2-((pyridin-3-yl)methylimino)ethyl)-7-chloroquinolin-
4-amine (38)

The product was obtained as awhite solid; m.p.: 160e162 �C; 1H
NMR (500 MHz, DMSO) d 8.86 (d, 1H, J ¼ 1.5 Hz, H50); 8.63 (dd, 1H,
J ¼ 4.8 Hz and J ¼ 1.5 Hz, H40); 8.41e8.40 (m, 2H, N¼CH and H2);
8.24 (d, 1H, J ¼ 9.0 Hz, H5); 8.10 (d, 1H, J ¼ 9.0 Hz, H6); 7.78 (d, 1H,
J ¼ 2.2 Hz, H8); 7.48e7.42 (m, 3H, H20, H30 and H3); 3.90 (t, 2H,
J ¼ 6.0 Hz, CH2N¼CH); 3.64 (q, 2H, J ¼ 6.0 Hz; NHCH2); 13C NMR
(125 MHz, DMSO) d 160.1; 151.9; 151.4; 150.0; 149.5; 149.1; 134.5;
133.4; 131.4; 127.5; 124.1; 123.9; 123.9; 117.4; 99.1; 59.0; 42.9. IR
(KBr): n ¼ 3216 (NeH), 1579 (C¼N) cm�1. HRMS m/z
[MþH]þ ¼ 311.1068, calc. calc. 311.0985.

3.2.18. N-(2-((pyridin-4-yl)methylimino)ethyl)-7-chloroquinolin-
4-amine (39)

The product was obtained as awhite solid; m.p.: 186e188 �C; 1H
NMR (400 MHz, DMSO) d 8.66 (d, 2H, J ¼ 5.9 Hz, H30 and H50); 8.41
(d, 1H, J ¼ 5.4 Hz, H2); 8.38 (s, 1H, N¼CH); 8.23 (d, 1H, J ¼ 9.0 Hz,
H5); 7.78 (d,1H, J¼ 2.2 Hz, H8); 7.65 (d, 2H, J¼ 5.9 Hz, H20 and H60);
7.45e7.42 (m, 1H, H6); 6.61 (d, 1H, J ¼ 5.4 Hz, H3); 3.93 (t, 2H,
J ¼ 6.2 Hz, CH2N¼CH); 3.64 (q, 2H, J ¼ 6.2 Hz; NHCH2); 13C NMR
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(100 MHz, DMSO) d 160.5; 151.3; 149.7; 149.4; 148.5; 141.9; 132.8;
126.9; 123.5; 123.4; 121.2; 116.8; 98.5; 58.3; 42.2. IR (KBr): n¼ 3212
(NeH), 1577 (C¼N) cm�1. HRMS m/z [MþH]þ ¼ 311.0972, calc.
311.0985.

3.2.19. N-(2-((5-nitrofuran-2-yl)methylimino)ethyl)-7-
chloroquinolin-4-amine (40)

The product was obtained as a black solid; m.p.: 236e237 �C; 1H
NMR (400 MHz, DMSO) d 8.43 (d, 1H, J¼ 5.6 Hz, H2); 8.31e8.26 (m,
2H, H5 and N¼CH); 7.81 (d, 1H, J ¼ 2.2 Hz, H8); 7.75 (d, 1H,
J ¼ 3.9 Hz, H40); 7.49 (dd, 1H, J ¼ 8.9 Hz and J ¼ 2.2 Hz, H6); 7.23 (d,
1H, J ¼ 3.9 Hz, H50); 6.66 (d, 1H, J ¼ 5.6 Hz, H3); 3.94 (t, 2H, J ¼ 5.8,
CH2N¼CH); 3.70e3.65 (m, 2H, NHCH2); 13C NMR (100 MHz, DMSO)
d 152.1; 151.1; 150.6; 150.5; 147.5; 133.9; 126.3; 124.4; 124.1; 117.2;
117.1; 116.3; 113.8; 99.0; 58.8; 42.8. IR (KBr): n ¼ 3238 (NeH), 1574
(C¼N) cm�1. HRMS m/z [MþH]þ ¼ 345.0751, calc. 345.0676.

3.2.20. N-(2-((5-nitrothiophen-2-yl)methylimino)ethyl)-7-
chloroquinolin-4-amine (41)

The product was obtained as a brown solid; m.p.: 116e118 �C; 1H
NMR (400MHz, DMSO) d 8.50 (s, 1H, N¼CH); 8.40 (d, 1H, J¼ 5.4 Hz,
H2); 8.23 (d, 1H, J¼ 9.0 Hz, H5); 8.10 (d, 1H, J¼ 4.2 Hz, H40); 7.78 (d,
1H, J ¼ 2.1 Hz, H8); 7.51 (d, 1H, J ¼ 4.2 Hz, H50); 7.46e7.43 (m, 1H,
H6); 6.60 (d, 1H, J ¼ 5.4 Hz, H3); 3.91e3.88 (m, 2H, CH2N¼CH);
3.65e3.61 (m, 2H, NHCH2); 13C NMR (100 MHz, DMSO) d 155.9;
151.8; 151.7; 149.9; 148.9; 148.3; 133.3; 130.2; 130.1; 127.3; 124.1;
123.9; 117.3; 99.0; 58.4; 42.5. IR (KBr): n ¼ 3218 (NeH), 1581 (C¼N)
cm�1. HRMS m/z ([MþH]þ ¼ 361.0545, calc. 361.0448.

3.3. Biological assays

3.3.1. Cells
African green monkey kidney cells (Vero) were cultured in

DMEM (Life Technologies, Grand Island, NY). Aedes albopictus cells
(C6/36) were grown in L-15 medium supplemented with 0.3%
tryptose phosphate broth, 0.75 g/L sodium bicarbonate, 1.4 mM
glutamine, and nonessential amino acids. The culture medium of
the cell types was supplemented with 10% fetal bovine serum (FBS;
HyClone, Logan, Utah), 100 U/mL penicillin and 100 mg/mL strep-
tomycin. Mammals cells were kept at 37 �C in 5% CO2, whereas
mosquito cells were maintained at 26 �C.

3.3.2. Virus
ZIKV strain used is representative of the virus circulating in

Brazil [20]. ZIKV was grown in C6/36 cells, tittered by 50% endpoint
of ZIKV cytopathic effect in tissue cultures (TCID50) and further
passaged at the multiplicity of infection (MOI) of 0.01 [29]. After 9
days post-infection, cells were lysed by freezing and thawing and
centrifuged at 1500�g at 4 �C for 20 min to remove cellular debris.
Infectious virus titers were determined by TCID50/mL in Vero cells
and stored at �70 �C for further studies.

3.3.3. Cytotoxity assay
Monolayers of 2 � 104 Vero cells in 96-well culture plates were

incubated with the compounds at different concentrations for 72 h.
Then, 2,3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)-2H-Tetrazo-
lium-5-Carboxanilide (XTT) at 5 mg/ml was added to DMEM in the
presence of 0.01% N-methyl-dibenzopirazina methyl sulfate (PMS).
After incubation for 4 h at 37 �C, the plates were read in a spec-
trophotometer at 492 nm and 620 nm [30]. The 50% cytotoxic
concentration (CC50) was calculated by linear regression analysis of
the doseeresponse curves generated from the data.

3.3.4. Antiviral assay
Monolayers of Vero cells (2 � 104 cell/well) in 96-well plates
were infected with ZIKV at MOI of 0.1 for 1 h at 37 �C. Cells were
washed to remove residual viruses and various concentrations of
the compounds were added. After 24 h, viruses in the supernatant
were harvested, RNAwas extracted and ZIKV RNAwas quantified by
RT-PCR (see molecular biology analysis below). For comparison, the
reference compound chloroquine was used as a positive control.
Linear regression of the dose-response curve was performed to
determine the 50% inhibitory effect on viral replication (EC50) for
the tested and reference compounds.

3.3.5. Molecular biology analysis
Total RNA from the culture supernatant was extracted using

QIAamp Viral RNA Mini Kit (Qiagen®), according to manufacturer's
instructions. Quantitative RT-PCR was performed using QuantiTect
Probe RT-PCR Kit (Quiagen®) in an ABI PRISM 7300 Sequence
Detection System (Applied Biosystems). Amplifications were car-
ried out in 25 mL reaction mixtures containing 2 � reaction mix
buffer, 50 mM of each primer, 10 mM of probe and 5 mL of RNA
template. Primers, probes and cycling conditions recommended by
the Centers for Disease Control and Prevention (CDC) were used to
detect the ZIKV [17]. The standard curve method was employed for
virus quantification.

3.3.6. Statistical analyses
The dose-response curves used to calculate the EC50 and CC50

values and the % of ZIKV replication inhibition were generated by
Excel for Windows. All of the experiments were performed at least
three times, and the results are displayed as mean ± standard error
of the mean (SEM).

4. Conclusion

In this study we report the synthesis of a series of twenty N-(2-
(arylmethylimino)ethyl)-7-chloroquinolin-4-amine derivatives
obtained by thermal and ultrasonic means. The ultrasonic proced-
ures are simple, safe and with short reaction times. Furthermore,
we report the anti-ZIKV activity of these derivatives, which repre-
sent an improvement of chloroquine chemical structure towards
the development of future anti-ZIKV therapies. Compound 40 was
themost potent in inhibiting ZIKV replication, without affecting the
cytotoxicity when compared to chloroquine. This study also reveals
the importance of the number, the positions, and the types of
substituents, as: phenyl, 4-fluorophenyl, 4-nitrophenyl and 2,6-
dimethoxyphenyl, attached to the aromatic ring as being critical
factors for the biological activity. The 3-pyridinyl, indicating that
the positions of N atom attached to pyridinyl ring haven't signifi-
cant change at the activity and 5-nitro -thiophen and -furan sub-
stituents indicated that the furan nucleus are more active than
thiophene nucleus. These factors can be critical for the biological
activity and a good starting point to the discovery of new pro-
totypes against Zika.
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