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A B S T R A C T

A collection of N-substituted quinolin-2(1H)-ones were screened against a panel of clinically relevant protozoa
(Leishmania, Trypanosoma and Acanthamoeba). Three quinolin-2(1H)-one compounds were identified as selective
anti-Acanthamoeba agents. Further assessment revealed that these compounds were active against both tro-
phozoite and cyst forms of A. castellanii Neff, and caused protozoa death via apoptosis. The data presented herein
identify N-acyl quinolin-2(1H)-ones as a promising new class of selective anti-Acanthamoeba agents.

1. Introduction

Acanthamoeba genus belongs to the free-living amoebae protozoa
group. They are found throughout the world and are widely distributed
in the environment, as they are able to colonize different habitats such
as water, soil and dust [1–3]. Pathogenic strains of Acanthamoeba can
cause several human diseases such as granulomatous amoebic en-
cephalitis (GAE), primary amoebic meningoencephalitis (PAM), Acan-
thamoeba keratitis (AK), and are associated with disseminated infec-
tions in the skin (cutaneous lesions), lungs, sinuses and kidneys [1,4].
GAE is a rare sub-acute necrotizing infection which usually occurs in
chronically ill or debilitated patients, particularly those who are im-
munosuppressed or immune-deficient. The diagnosis of GAE is

problematic because of non-specific symptoms (headache, low-grade
fever, mood swings, lethargy and confusion) and the lack of a good
reliable test, a brain biopsy being the most reliable method. Untreated
GAE is often fatal. If caught early, brain surgery to remove the infected
areas, is currently the most effective treatment. A small number of
antibiotics/anti-fungal/anti-protozoal drugs have however demon-
strated in vitro activity against Acanthamoeba (e.g. rifampicin, ketoco-
nazole, miconazole, pentamidine, sulfadiazine, flucytosine, azi-
thromycin, miltefosine, and caspofungin), and in limited cases there
have been some positive results in patients [4,5].

Acanthamoeba keratitis (AK), is a sight-threatening ailment caused
by a severe infection of the cornea by Acanthamoeba. Like GAE, the lack
of awareness of AK, often results in a high level of misdiagnosis. The
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number of reported cases of AK worldwide is steadily increasing; of
particular concern is the dramatic rise within those persons using
contact lenses [6].
The Acanthamoeba life cycle consists of two distinct phases, tro-

phozoites and cysts [7]. To date, evolutionary studies have led to the
identification of 22 different genotypes (T1–T22) of Acanthamoeba,
based on 18S rRNA gene sequencing [8–11]. Only some genotypes
cause human infections [12], with the T4 genotype being the most
pathogenic and the most common in the environment [11].
So far, there is no single agent sufficiently effective against AK,

regardless of the genotype that caused it. This is due in part to the
presence of Acanthamoeba cysts, which are often resistant to treatment,
leading to recurrent amoebic infections [13]. The most commonly used
anti-AK agents are functionalized biguanides such as: poly-
hexamethylene biguanide (PHMB) or combinations of chlorhexidine
with aromatic diamidines [2a,7,14–18]. PHMB is effective at relatively
low concentrations (0.02%), but only against trophozoites, while
chlorhexidine, which is effective against both forms, requires a lengthy
treatment regimen that can cause unwanted side effects [19–21]. Even
so, about 5% of patients with AK present persistent inflammation due to
viable Acanthamoeba in the cornea, even after prolonged treatment with
these agents [21].
There is therefore a need to identify new anti-acanthamoebic drugs

that are: (a) effective against both life phases of Acanthamoeba, (b)
active against a variety of strains of Acanthamoeba, (c) less toxic than
the current treatments.
As two anti-leishmainal drugs (pentamidine and miltefosine) have

demonstrated in vitro activities against Acanthamoeba, we postulated
that other compounds possessing anti-leishmainal activities may also be
active against Acanthamoeba. Previous works from Messauodi [22a]
and Khan [22b] had reported that small, functionalized quinolin-2(1H)-
one derivatives (Fig. 1, compounds 1 and 2) and 4-Arylamino-6-ni-
troquinazolines such as compound (3) (Fig. 1), possessed activities
against Leishmainal protozoa. Furthermore, Khan and colleagues have
recently shown that a series of 3-aryl quinanzolin-4(3H)-ones (Fig. 1,
compound 4, for example) possessed anti-AK activities, albeit at rela-
tively high concentrations [23a], and were capable of decreasing the
viability of Acanthamoeba strains that cause GAE and PAM [23b].
We therefore decided to synthesize and screen a collection of N-

substituted quinolin-2(1H)-ones in order to assess their anti-protozoal
activities (Fig. 2).
Herein we report the synthesis of a collection of N-substituted qui-

nolin-2(1H)-ones, their anti-protozoal activities, and studies to eluci-
date the mode by which they cause protozoal death.

2. Results and discussion

2.1. Chemistry

The desired parent quinolin-2(1H)-one (7) was generated from
aniline (5) via acylation with (2E)-3-phenylacryloyl chloride followed
by an AlCl3 promoted cyclization and dearylation sequence (Scheme 1)

[24a,b].
Deprotonation of (7) using sodium hydride in DMF, followed by the

addition of alkyl electrophiles, generated the corresponding N-alkylated
products (8a-e) in moderate to high yields. The electrophiles were
chosen in order to produce products with calculated physiochemical
properties that would favor good absorption/distribution properties,
while varying their chemical nature (Table 1). Similarly, the addition of
activated acyl groups (as either anhydrides or acid chlorides) to de-
protonated (7) afforded the analogous N-acylquinolin-2(1H)-one deri-
vatives (9a-d), while the reaction between 7 and cyanogen bromide
afforded 9f in good yield. Interestingly, when acetyl chloride was used
as the electrophile instead of acetic anhydride, a small amount of the
vinyl acetate 9e (presumably via O-acylation of the intermediate 9c)
was generated.

2.2. In vitro antiprotozoal activity

All of the quinolin-2(1H)-one-based compounds (7, 8a-e and 9a-f)
were screened against clinically relevant forms of Trypanosoma (T.
cruzi), Leishmania (L. donovani and L. amazonensis) and Acanthamoeba
(A. castellanii Neff, a T4 genotype). Somewhat surprisingly, none of the
compounds were active against T. cruzi or two strains of Leishmania
(inhibitions values< 20% of control), even at concentrations as high as
50 μg/ml. Similarly, none of the N-alkyl quinolin-2(1H)-ones (8a-e)
were active against A. castellanii Neff. Interestingly, the N-acylquinolin-
2(1H)-ones derivatives (9c and 9d), and the N-cyano compound (9f),
did demonstrate activities against A. castellanii Neff (Table 2) with
potencies similar to that observed for the anti-AK drug chlorhexidine.
Given their interesting anti-protozoan profile, we wished to in-

vestigate further their abilities to inhibit other clinically relevant strains
of Acanthamoeba (Table 3). The compounds were therefore tested
against a second clinically isolated T4 genotype (A. polyphaga), and two
strains isolated from contact lenses [CLC-16 (T3) and CLC-51.l (T1)]
[16]. Compound 9c possessed similar IC50 values across the four strains
tested (4.81–7.79 μg/mL), while 9f was more potent against the two T4
clinical isolates, compared to the T3 and T1 strains isolated from con-
tact lenses. Interestingly, while compound 9d was the least active
against the T4 isolates it was the most active against the CLC16 strain
(T3), with an IC50 value similar to that produced by chlorhexidine.

2.3. Anti-excystment assays

As already mentioned, the cystic phase can be more resistant to anti-

Fig. 1. Anti-protozoan quinolin-2(1H)-one derivatives 1 and 2.

Fig. 2. Structural simplifications of the anti-leishmanial compounds 1 (R = Ts,
Y = O) and 2 (R = H, Y = H): proposed N-alkyl and N-acylquinolin-2(1H)-one
analogues.
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Acanthamoeba therapy. Therefore, an assay was performed, using A.
castellanii Neff cysts (as their potencies were relatively similar against
this strain), to investigate whether these compounds could inhibit the
emergence of the Acanthamoeba from this phase. Encouragingly, all
three compounds (9c, 9d and 9f) inhibited the conversion of cysts into
trophozoites, with IC50 values indistinguishable to that of chlorhexidine
(Table 4).

2.4. Selectivity

To assess the specificity of these compounds, their cytotoxicity
against murine macrophage cells (J774A.1), were measured [26]. The
selectivity index (SI) was calculated as the ratio of the CC50 value for
J774A.1 and the IC50 value for A. castellanii trophozoite stage
(SI = CC50/IC50). Compound 9f possessed an SI value (Table 5) mar-
ginally less than that found for the anti-AK drug chlorhexidine, while

compounds 9c and 9d were found to have slightly higher SI values than
chlorhexidine.

2.5. Mechanisms of action studies

2.5.1. Plasma membrane permeability
A plasma membrane permeability study was undertaken in order to

assess whether compounds 9c, 9d and 9f, caused cell membrane in-
stability. Treatment of trophozoites (A. castellanii Neff) with IC90 con-
centrations of the individual compounds, in the presence of SYTOX®
Green (normally a non-penetrating fluorescent nuclear stain), identified
that compound 9f caused a time-dependent increase in membrane
permeability (Fig. 3) [27,28]. In contrast, compounds 9c and 9d did not
cause any internalization of the dye. This ability to increase membrane
permeability may contribute to why the SI for 9f is lower compared to
those for 9c and 9d.

Scheme 1. Synthesis of N-alkyl and N-acylquinolin-2(1H)-one derivativesa.

Table 1
Calculated and predicted physiochemical properties for compounds 7, 8(a-e) and 9(a-f). Average (range).

MW LogP tPSA # of Lipinski volationsa Oral Bioavailabilitya

224.6 (145–279) 2.01 (0.84–3.15) 39.4 (20.3–49.9) 0 (all) Good (all)

a Predicted using FAF-Drug4 web service [25].

Table 2
Anti-amoebic activity of compounds 9c, 9d and 9f against a panel of different protozoa.

Compound T. cruzi (Epimastigotes) L. donovani (Promastigotes) L. amazonensis (Promastigotes) A. castellanii (Neff)

IC50 ± SD (μg/mL)

9c >50 >50 >50 4.81 ± 0.21
9d >50 >50 >50 7.74 ± 1.09
9f >50 >50 >50 5.12 ± 0.42

Chlorhexidine nd nd nd 1.53 ± 0.45
Benznidazole 0.83 nd nd nd
Miltefosine nd 1.34 ± 0.12 2.65 ± 0.08 nd

A. castellanii (Neff, genotype T4); IC50 = Half maximal inhibitory concentration; each value indicates the mean of three independent experiments; nd = not de-
termined. Chlorohexidine, Benznidazole and Miltefosine are the respective positive control drugs for Acanthamoeba, Typanosoma and Leishmania activities.
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2.5.2. Effect on ATP levels
Treatment of trophozoites (A. castellanii Neff) with IC90 concentra-

tions of 9c, 9d or 9f, for 24 h caused substantial reductions in ATP
levels (Fig. 4), suggesting a possible mitochondrial mode of action.

2.6. Mechanisms of protozoal death

Of particular concern for anti-AK treatment, is the mechanism by
which protozoal death is attained. Compounds that produce necrosis
(or non-programmed mechanisms) generally lead to unwanted in-
creases in inflammatory processes in the infected organs [21].

2.6.1. Assay for apoptosis/necrosis determination
The level of apoptosis caused by the treatment of A. castellanii Neff

protozoa with IC90 concentrations of either 9c or 9d for 24 h, was as-
sessed by staining with Hoechst 33342 dye. In the same experiment, the
level of necrosis was assessed by staining with propidium iodide (PI)
[25,26]. Fluorescence microscopy, revealed that 9c and 9d caused a
large increase in the number of cells containing condensed chromatin,
while staining with propidium iodide was almost imperceptible (Fig. 5).
Taken together these data indicated that 9c and 9d promote apoptosis
rather than necrosis in these protozoa.

3. Conclusions

Screening of a collection of N-substituted quinolin-2(1H)-ones
against a panel of clinically relevant forms of Trypanosoma, Leishmania
and Acanthamoeba protozoa identified compounds 9c, 9d and 9f as
being selectively toxic towards Acanthameoba. Further studies revealed
these compounds were active against other clinically important strains
of Acanthameoba, including two strains isolated from contact lenses.
Importantly, these compounds were active against both trophozoite and
cyst forms of A. castellanii Neff. Mechanism of action studies indicated
that 9c and 9d significantly lowered ATP levels, without increasing cell
membrane permeability, and produced protozoa death via apoptosis.
Diseases produced by Acanthameoba are often difficult to diagnose,

Table 3
Anti-amoebic activity of compounds 9c, 9d and 9f against the four strains (trophozoite stage) and compared to reference drug chlorhexidine.

Compound A. castellanii (Neff) (T4) A. polyphaga (T4) CLC-16 (T3) CLC-51.l (T1)

IC50 ± SD (μg/mL) IC90 ± SD (μg/mL) IC50 ± SD (μg/mL)

9c 4.81 ± 0.21 12.86 ± 3.53 6.86 ± 0.66 7.79 ± 1.09 6.01 ± 0.66
9d 7.74 ± 1.09 19.5 ± 3.2 7.59 ± 0.25 4.17 ± 0.58 10.19 ± 0.76
9f 5.12 ± 0.42 13.6 ± 0.02 4.34 ± 0.69 16.02 ± 0.38 12.76 ± 0.80

Chlorhexidine 1.53 ± 0.45 8.15 ± 0.45 1.88 ± 0.495 3.04 ± 0.97 2.67 ± 0.38

A.castellanii (Neff, genotype T4); A. polyphaga (clinical isolate strain, genotype T4); Acanthamoeba spp. clinical isolate strains from contact lens cases: CLC-16
(genotype T3) and CLC-51.l (genotype T1); IC50 = Half maximal inhibitory concentration; CC50 = Half maximal cytotoxic concentration; each value indicates the
mean of three independent experiments.

Table 4
Anti-excystment activity of compounds 9c, 9d and 9f.

Compounds A. castellanii Neff cysts IC50 ± SD (μg/mL)

9d 2.62 ± 0.27
9c 3.09 ± 0.46
9f 2.99 ± 0.80

Chlorhexidine 2.55 ± 0.36

IC50 = Half maximal inhibitory concentration; each value indicates the mean of
three independent experiments.

Table 5
Cytotoxicity against J774A.1 (ATCC # TIB-67) and calculated SI of selected
compounds.

Comp. A. castellanii Neff
IC50 ± SD (μg/mL)

J774A.1 macrophage
CC50 ± SD (μg/mL)

SI

9d 7.74 ± 1.09 23.90 ± 2.84 3.1
9c 4.80 ± 0.21 16.80 ± 3.05 3.5
9f 5.12 ± 0.42 8.65 ± 1.40 1.7

Chlorhexidine 1.53 ± 0.45 3.74 ± 0.20 2.2

IC50 = Half maximal inhibitory concentration; CC50 = Half maximal cytotoxic
concentration; SI = Selectivity index representing the ratio of CC50 (macro-
phage)/IC50; Each value indicates the mean of three independent experiments.

Fig. 3. Alteration of the plasma membrane permeability in A. castellani Neff
produced by 9c, 9d and 9f comparing vehicle (negative control, C−) and Triton
X-100 (positive control C+). Error bars represent the standard deviation (SD).
Each data point indicates the mean (N = 3) of duplicate independent experi-
ments.

Fig. 4. Changes in A. castellani Neff ATP levels produce by the evaluated mo-
lecules. Error bars represent the standard deviation (SD). Each data point in-
dicates the mean (N = 3) of duplicate experiments. (***: p < 0.001).
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which leads to delayed treatment and high mortality rates. Current
treatments are not fully effective and new alternative treatments may
help reduce these mortality rates. The data presented herein suggest
that N-acyl substituted quinolin-2(1H)-ones such as 9c and 9d may
serve as a new structural class in order to identify better anti-
Acanthamoeba agents. Studies are in progress elucidate further the
structure-activity relationship of these new active compounds, the re-
sults of which will be reported in due course.

4. Experimental section

4.1. General methods

All reagents and solvents were obtained from Aldrich Chemical Co.
and used without further purification. Reactions with sensitive reagents
were performed under inert atmosphere (argon or nitrogen) and or-
ganic solvents were dried by standard methods. Unless otherwise
stated, solvents were removed under reduced pressure using a rotary
evaporator at 40–60 °C. All reactions were monitored by analytical thin
layer chromatography (TLC) on POLIGRAM® SIL G/UV254 silica gel
coated plates (0.20 mm) from MACHEREY-NAGEL. Column chroma-
tography was performed on silica gel 60 (0.063–0.20 mm) from
MERCK. Preparative thin layer chromatography was carried out with
GF silica gel plates (1 mm) with fluorescent indicator 254 nm (UNIP-
LATE). Compounds were visualized by ultraviolet light (254 nm). The
purity of the final compounds was determined to be ≥95% by high
pressure liquid chromatography (HPLC) using a Jasco PU-2080 in-
telligent HPLC pump (Jasco MD 2020 Plus multi-wavelength detector).
1H and 13C NMR spectra were recorded at room temperature (rt) on a
Bruker Avance 400 or 500 MHz NMR spectrometer in the solvent in-
dicated. Data for 1H NMR are reported as follows: chemical shift (δ
ppm), integration, multiplicity and coupling constant (Hz), whereas 13C
NMR analyses are reported in terms of chemical shift. Melting points

were determined using a Stuart Scientific SMP11 instrument. Low re-
solution (EIMS) and high-resolution mass spectrometry (HRMS) were
performed on a Micromass AutoSpec magnetic tri-sector (EBE geometry)
mass spectromter. Lyophilization was performed using a CHRIST
ALPHA 2–4 lyophilizer.

4.2. Synthesis

4.2.1. (2E)-N,3-diphenylacrylamide (6)
To a solution of aniline 5 (6.0 mmol, 0.55 mL) and pyridine

(6.0 mmol, 0.48 mL) in anhydrous toluene (5 mL) was added dropwise
a solution of (2E)-3-phenylacryloyl chloride (1.0 g, 6.0 mmol) in an-
hydrous toluene. The reaction mixture was stirred for 2 h at room
temperature. The precipitate formed was collected by filtration, washed
with water and dried under reduced pressure at 50 °C. Product 6
(1.15 g, 86%) was obtained as a white solid. 1H NMR (400 MHz, CDCl3)
δ: 8.16 (1H, s, NH), 7.74 (1H, d, J= 15.6 Hz, H-2), 7.67–7.66 (2H, m),
7.44–7.42 (2H, m), 7.33–7.30 (5H, m, Ar), 7.11 (1H, t, J = 7.2 Hz),
6.65 (1H, dd, J = 2.0, 15.6 Hz, H-3); 13C NMR (100 MHz, CDCl3) δ:
164.6 (s, C-1), 142.4 (d), 138.2 (s), 134.7 (d), 130.0 (d), 129.2 (d,
2 × C), 128.9 (d, 2 × C), 128.1 (d, 2 × C), 124.6 (d, 2 × C), 121.1 (s),
120.3 (d); EIMS: m/z 224 [M+1]+ (13), 223 [M]+ (60), 130 (100),
103 (50), 93 (44), 77 (34); HRMS: calcd. for C15H13NO 223.0997, found
223.1101.

4.2.2. Quinolin-2(1H)-one (7)
To a solution of 6 (1.0 g, 4.5 mmol) in anhydrous chlorobenzene

(9 mL) was added AlCl3 (3.0 g, 22.4 mmol) portion wise at room
temperature. The reaction mixture was stirred at 90 °C for 3 h and then
at 110 °C for 1 h. After cooling to room temperature, the precipitated
product was collected by filtration, washed with water and dried under
reduced pressure at 50 °C. Product 7 (600 mg, 92%) was obtained as a
white solid. 1H NMR (400 MHz, (CD3)2CO) δ: 11.05 (1H, br s, NH), 7.89

Visible Fluorescence

Control

9d

9c

Fig. 5. Image based Live Cell Imaging Microscope EVOS FL Cell Imaging System. The effect of the quinolin-2(1H)-one derivatives (9c and 9d) on chromatin
condensation (apoptosis) and cell permeability (necrosis) using a Hoechst 33342/propidium iodide double stain.
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(1H, d, J = 9.6 Hz, H-4), 7.66 (1H, d, J = 7.8 Hz, H-8), 7.52 (1H, dd,
J= 7.4, 8.0 Hz), 7.41 (1H, d, J= 8.2 Hz, H-5), 7.20 (1H, dd, J= 7.4,
7.6 Hz), 6.53 (1H, d, J= 9.6 Hz, H-3); 13C NMR (100 MHz, (CD3)2CO)
δ: 163.1 (s, C-2), 141.1 (d), 141.0 (s), 131.3 (d), 128.8 (d), 122.9 (d),
122.8 (d), 120.5 (s), 116.0 (d); EIMS: m/z 146 [M++1] (14), 145 [M]+

(100), 89 (20); HRMS: calcd. for C9H7NO 145.0528, found 145.0525.

4.2.3. N-alkyl- and N-benzoylquinolin-2(1H)-one derivatives. General
procedure
To a vigorously stirring solution of 5 in anhydrous DMF at 0 °C was

added NaH (40%) portion wise. After 30–60 min the acylating or al-
kylating agent was added, and the reaction mixture was stirred for 1 h-
5 days at room temperature and under argon, after which H2O was
added and the mixture was lyophilized·H2O (10–15 mL) was added and
the mixture was extracted with EtOAc (3 × 10 mL). The combined
organics phases were washed with brine (10–15 mL), dried (Na2SO4),
filtered and concentrated. Purification using column or preparative thin
layer chromatography (hexane/EtOAc) afforded the desired products.

4.2.3.1. 1-Benzylquinolin-2(1H)-one (8a). From 5 (61.1 mg,
0.41 mmol), anhydrous DMF (1 mL), NaH 40% (22 mg, 0.92 mmol)
and (bromomethyl)benzene (0.83 mmol, 98 µL); stirring for 2 h;
column chromatography (hexane/EtOAc; 4:1 to 7:3); product 8a
(77 mg, 78%) was obtained as a colorless oil. 1H NMR (400 MHz,
(CD3)2CO) δ: 7.90 (1H, d, J = 9.5 Hz, H-4), 7.68 (1H, d, J = 7.6 Hz),
7.46 (1H, dd, J= 7.4, 8.2 Hz), 7.38 (1H, d, J= 8.5 Hz), 7.31–7.26 (4H,
m), 7.23–7.17 (2H, m), 6.70 (1H, d, J= 9.5 Hz, H-3), 5.58 (2H, s, H-1′);
13C NMR (100 MHz, (CD3)2CO) δ: 162.5 (s, C-2), 140.5 (s, C-8a), 140.4
(d), 138.1 (s), 131.4 (d), 129.8 (d), 129.5 (d, 2 × C), 127.8 (d), 127.5
(d, 2 × C), 122.8 (d), 122.2 (d), 121.7 (s), 115.9 (d), 45.8 (t, C-1′);
EIMS: m/z 236 [M+1]+ (22), 235 [M]+, 100), 234 (43), 129 (44), 91
(57); HRMS: calcd. for C16H13NO 235.0997, found 235.0996.

4.2.3.2. 1-(4-Methoxybenzyl)quinolin-2(1H)-one (8b). From 5
(61.1 mg, 0.41 mmol), anhydrous DMF (1 mL), NaH 40% (24 mg,
1 mmol) and 1-(chloromethyl)-4-methoxybenzene (0.83 mmol,
112 µL); stirring for 4 h; column chromatography (hexane/EtOAc,
4:1); product 8b (79 mg, 72%) was obtained as a white solid. 1H NMR
(400 MHz, CDCl3) δ: 7.72 (1H, d, J = 9.4 Hz, H-4), 7.55 (1H, d,
J = 7.7 Hz), 7.43 (1H, dd, J = 7.4, 8.0 Hz), 7.30 (1H, d, J = 8.6 Hz),
7.19–7.16 (3H, m), 6.82 (2H, d, J = 8.6 Hz), 6.79 (1H, d, J = 9.6 Hz,
H-3), 5.49 (2H, s, H-1′), 3.75 (3H, OCH3); EIMS: m/z 266 [M+1]+ (8),
265 [M]+ (50), 130 (11), 121 (100), 69 (18). HRMS: calcd. for
C17H15NO2 265.1103, found 265.1132.

4.2.3.3. (2-Oxoquinolin-1(2H)-yl)acetonitrile (8c). From 5 (0.36 mmol,
51.0 mg), anhydrous DMF (1.7 mL), NaH 40% (1.41 mmol, 33.8 mg)
and bromoacetonitrile (1.584 mmol, 117.0 µL); stirring for 5 days;
column chromatography (hexane/EtOAc, 9:1, 4:1); product 8c (42 mg,
64%) was obtained as a white solid. 1H NMR (400 MHz, CDCl3) δ: 7.75
(1H, d, J= 9.6 Hz, H-4), 7.68–7.62 (2H, m), 7.37 (1H, d, J= 8.8 Hz),
7.34 (1H, t, J = 7.4 Hz), 6.72(1H, d, J = 9.5 Hz, H-3), 5.27 (2H, s, H-
2′); EIMS: m/z 89 (12), 116 (10), 129 (26), 155 (20), 184 [M]+ (100),
185 [M+1]+ (13); HRMS: calcd. for C11H8N2O 184.0637, found
184.0643.

4.2.3.4. Ethyl 2-(2-oxoquinolin-1(2H)-yl)acetate (8d). From 5 (51.0 mg,
0.35 mmol), anhydrous DMF (1.7 mL), NaH 40% (34.0 mg, 1.40 mmol)
and ethyl bromoacetate (0.70 mmol, 78.0 µL); stirring for 1 h 30 min;
column chromatography (hexane/EtOAc, 9:1, 4:1); product 8d
(67.4 mg, 83%) was obtained as a white solid. 1H NMR (400 MHz,
CDCl3) δ: 7.71 (1H, d, J= 9.5 Hz, H-4), 7.57 (1H, d, J= 7.8 Hz), 7.53
(1H, dd, J = 7.7, 8.1 Hz), 7.23 (1H, t, J = 7.5 Hz), 7.10 (1H, d,
J= 8.5 Hz), 6.72 (1H, d, J= 9.5 Hz, H-3), 5.09 (2H, s, H-2′) 4.23 (2H,
c, J = 7,1 Hz, H-1″), 1.25 (3H, t, J = 7,1 Hz, CH3); EIMS: m/z 232
[M]+ (14), 231 (M+, 78), 185 (73), 158 (100), 130 (27), 129 (20), 128

(73), 77 (13); HRMS: calcd. for C13H13NO3 231.0895, found 231.0898.

4.2.3.5. 4-[(2-Oxoquinolin-1(2H)-yl)methyl]benzonitrile (8e). From 5
(70.0 mg, 0.48 mmol), anhydrous DMF (2.4 mL), NaH 40% (58.0 mg,
2.41 mmol) and 4-(bromometyl)benzonitrile (0.97 mmol, 189 mg);
stirring for 1 h; column chromatography (hexane/EtOAc, 4:1, 1:1);
product 8e (88.0 mg, 70%) was obtained as a white solid. 1H NMR
(500 MHz, CDCl3) δ: 7.63 (1H, d, J= 9.5 Hz, H-4), 7.58–7.55 (3H, m),
7.42 (1H, td, J = 1.5, 7.2 Hz), 7.29 (2H, d, J = 8.5 Hz), 7.20 (1H, td,
J= 0.8, 8.0 Hz), 7.10 (1H, d, J= 8.5 Hz), 6.77 (1H, d, J= 9.4 Hz, H-
3), 5.57 (2H, s, H-1′).

4.2.3.6. 1-Benzoylquinolin-2(1H)-one (9a). From 7 (51.0 mg,
0.35 mmol), anhydrous DMF (2.8 mL), 40% NaH (42.0 mg,
1.58 mmol) and benzoic anhydride (159 mg, 0.70 mmol); stirring for
40 min; preparative thin layer chromatography (hexane/EtOAc, 4:1);
product 9a (66.0 mg, 76%) was obtained as a white solid. 1H NMR
(400 MHz, CDCl3) δ: 8.26 (3H, m), 8.04 (1H, d, J= 8.4 Hz), 7.83 (1H,
d, J= 8.1 Hz), 7.71 (1H, t, J= 7.4 Hz), 7.63 (1H, t, J= 7.3 Hz), 7.52
(3H, m), 7.30 (1H, d, J = 8.7 Hz, H-3); EIMS: m/z 250 [M+1]+ (2),
249 [M]+ (12), 221 (48), 145 (14), 105 (100), 77 (32); HRMS: calcd.
for C16H11NO2 249.0790, found 249.07691.

4.2.3.7. 1-(4-Methoxybenzoyl)quinolin-2(1H)-one (9b). From 7
(50.0 mg, 0.34 mmol), anhydrous DMF (1.7 mL), 40% NaH (41.0 mg,
1.72 mmol) and 4-methoxybenzoyl chloride (118 mg, 0.70 mmol);
stirring for 1 h 30 min; preparative thin layer chromatography (hexane/
EtOAc, 7:3); product 9b (69.9 mg, 73%) was obtained as a white solid.
1H NMR (400 MHz, CDCl3) δ: 8.22 (3H, m), 8.03 (1H, d, J = 8.4 Hz),
7.82 (1H, d, J = 8.1 Hz), 7.70 (1H, t, J = 7.5 Hz), 7.52 (1H, t,
J = 7.4 Hz), 7.29 (1H, d, J = 8.7 Hz), 6.97 (2H, d, J = 8.6 Hz), 3.85
(3H, s); 13C NMR (100 MHz, CDCl3) δ: 164.7 (s), 164.3 (s), 156.9 (s),
146.7 (s), 139.8 (d), 132.7 (d, 2 × C), 130.2 (d), 128.6 (d), 127.6 (d),
127.2 (s), 126.5 (d), 121.3 (s), 113.9 (d, 2 × C), 55.5 (c, CH3); EIMS:
m/z 280 [M+1]+ (2), 279 [M]+ (8), 152 (18), 145 (13), 135 (100);
HRMS: calcd. for C17H13NO3 279.0895, found 279.0907; UV–Vis
(EtOH) λmax: 313, 265, 230, 203, 201 nm; IR (CHCl3) νmax: 3062,
2360, 1725, 1603, 1259, 1165, 846 cm−1; mp: 82–84 °C.

4.2.3.8. 1-Acetylquinolin-2(1H)-one (9c). From 7 (55.0 mg,
0.38 mmol), anhydrous DMF (2 mL), 40% NaH (45.0 mg, 1.9 mmol)
and acetic anhydride (0.76 mmol, 72.0 µL); stirring for 5 h 30 min;
column chromatography (hexane/EtOAc, 9:1, 4:1); product 9c (35 mg,
49%) was obtained as a white solid. 1H NMR (400 MHz, CDCl3) δ: 8.25
(1H, d, J = 8.7 Hz, H-4), 8.01 (1H, d, J = 8.4 Hz), 7.85 (1H, d,
J = 8.1 Hz), 7.71 (1H, t, J = 7.6 Hz), 7.56 (1H, t, J = 7.4 Hz), 7.21
(1H, d, J= 8.7 Hz, H-3), 2.40 (3H, s, CH3); EIMS: m/z 89 (7), 117 (24),
145 (100), 146 (10), 187 [M]+ (8). HRMS: calcd. for C11H9NO2
187.0633, found 187.0631

4.2.3.9. 1-(Morfolin-4-ylcarbonyl)quinolin-2(1H)-one (9d). From 7
(50 mg, 0.35 mmol), anhydrous DMF (2 mL), 40% NaH (24.8 mg,
1.03 mmol) and morpholine-4-carbonyl chloride (1.04 mmol,
121.0 µL); stirring for 2 h; column chromatography (hexane/EtOAc,
4:1); product 9d (25 mg, 28%) was obtained as a white solid. 1H NMR
(400 MHz, CDCl3) δ: 8.23 (1H, d, J = 8.7 Hz, H-4), 8.01 (1H, d,
J = 8.4 Hz), 7.84 (1H, d, J = 8.1 Hz), 7.72 (1H, t, J = 7.6 Hz), 7.54
(1H, t, J= 7.6 Hz), 7.25 (1H, d, J= 7.5 Hz), 3.78 (6H, br s), 3.62 (2H,
br s). 13C NMR (100 MHz, CDCl3) δ: 156.8 (s, C-2), 152.9 (s, C-1′),
146.6 (s), 139.9 (d), 130.3 (d), 128.6 (d), 127.6 (d), 127.1 (s), 126.5
(d), 115.8 (d), 66.7 (t), 66.6 (t), 45.2 (t), 44.2 (t); EIMS: m/z 258 [M]+

(21), 146 (18), 145 (100), 114 (34), 70 (36); HRMS: calcd. for
C14H14N2O3 258.1004, found 258.1004; UV–Vis (EtOH) λmax: 204,
230, 300, 313 nm; IR (CHCl3) νmax: 3587, 3064, 1719, 1196, cm−1; mp:
104–106 °C.
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4.2.3.10. 1-(2-Oxoquinolin-1(2H)-il)vinyl acetate (9e). From 7
(55.0 mg, 0.38 mmol), anhydrous DMF (2 mL), 40% NaH (27.0 mg,
1.14 mmol) and acetyl chloride (1.14 mmol, 81.0 µL); stirring for
3 days; preparative thin layer chromatography (hexane/EtOAc, 1:1);
product 9e (1.6 mg, 2%) was obtained as a white solid. 1H NMR
(400 MHz, CDCl3) δ: 7.71 (1H, d, J = 9.6 Hz, H-4), 7.60 (1H, d,
J= 8.5 Hz), 7.52 (2H, m), 7.24 (1H, m), 6.67 (1H, d, J= 9.6 Hz, H-3),
5.71 (1H, d, J= 2.4 Hz, H-2), 5.28 (1H, d, J= 2.4 Hz, H-2′), 2.17 (3H,
s, CH3); EIMS: m/z 229 [M]+ (1), 187 (14), 186 (38), 159 (18), 146
(15), 145 (100), 128 (11), 117 (24); HRMS: calcd. for C13H11NO3
229.0739, found 229.0728.

4.2.3.11. (2-Oxoquinolin-1-(2H)-yl)carbonitrile (9f). From 7 (48.0 mg,
0.33 mmol), anhydrous DMF (1.6 mL), 40% NaH (32 mg, 1.32 mmol)
and cyanogen bromide (70 mg, 0.66 mmol); stirring for 3 h 30 min;
column chromatography (CH2Cl2); product 9f (46 mg, 55%) was
obtained as a white solid. 1H NMR (400 MHz, CDCl3) δ: 7.76 (1H, d,
J= 9.8 Hz, H-4), 7.66 (3H, m), 7.40 (1H, m), 6.62 (1H, d, J= 9.8 Hz,
H-3); EIMS: m/z 171 [M]+ (11), 170 [M]+ (100), 142 (10), 141 (55),
115 (24); HRMS: calcd. for C10H6N2O 170.0480, found 170.0481.

5. Biology

5.1. General

In this study the following positive controls were used.
Chlorhexidine: for acanthamoeba assays. Benznidazole: for trypano-
some assay. Miltefosine: for leishmania assays. Triton X: as a pore-in-
ducing agent in the plasma membrane permeability assay. Negative
controls used vehicle, plus the same percentage of DMSO as added with
the serially diluted compounds.

5.2. Acanthamoeba cultures

In this study four Acanthamoeba strains were used: (1) A. castellanii
Neff genotype T4 (ATCC® 30010™) and three clinical isolates: (2) A.
polyphaga (ATCC® 30461™) genotype T4 and two strains isolated from
contact lens cases: (3) CLC16, Acanthamoeba spp. genotype T3 and (4)
CLC51, Acanthamoeba spp. genotype T1 [16]. All of them were ax-
enically grown in PYG medium (0.75% (w/v) proteose peptone, 0.75%
(w/v) yeast extract and 1.5% (w/v) glucose) containing 20 μg/ml of
gentamicin (Biochrom AG, Cultek, Granollers, Barcelona, Spain).

5.3. Macrophage culture

The murine macrophages J774A.1 (ATCC# TIB-67) cell line was
cultured in RPMI 1640 medium supplemented with 10% foetal bovine
serum at 37 °C and 5% CO2 atmosphere.

5.4. Anti-Acanthamoeba assay

The biological activity of the molecules against Acanthamoeba was
evaluated using the alamarBlue® method as previously described [16]
in the four strains we have described above. The first step was to seed
the Acanthamoeba culture in triplicate on a 96-well microtiter plates
(50 μL from a stock solution of 104 cells/ml). After the trophozoites
were adhered to the bottom of the well, 50 μL of serial dilutions of the
molecules were added to the 96 plate wells. Finally, the alamarBlue®
Reagent (Life Technologies, Madrid, Spain) was placed into each well at
an amount equal to 10% of the final volume. Then, plates containing
alamarBlue® were incubated during 96 h at 28 °C with a soft agitation.
After this incubation, the plates were analysed using an EnSpire®
Multimode Plate Reader (Perkin Elmer, Madrid, Spain) using a test
wavelength of 570 nm and a reference wavelength of 630 nm. Per-
centage of inhibition of the molecules, 50% and 90% inhibitory con-
centrations (IC50, IC90), were calculated by no linear regression analysis

with 95% confidence limits using Sigma Plot 12.0 statistical analysis
software (Systat Software). All the experiments were carried out three
times each in triplicate, calculating the mean values.

5.5. Anti-excystment activity

The A. castellanii Neff cysts were prepared as it has been described
before [16,25] and following the defined assay protocol [28]. Mature
cysts were harvested and washed using PYG medium and seeded in
triplicate on a 96-well microtiter plates: 50 μL from a cyst solution of
104 cysts/ml and 50 μL from serial dilutions of the most active mole-
cules studied. As a negative control we have used A. castellanii cysts
incubated with PYG medium. At last, the alamarBlue Reagent® (Life
Technologies, Madrid, Spain) was placed into each well at 10% and the
plates were incubated for 168 h at 26 °C. The plates were analysed
using an EnSpire® Multimode Plate Reader (Perkin Elmer, Madrid,
Spain) just as in the trophozoite activity assay. All the experiments were
carried out three times each in triplicate, calculating the mean values.

5.6. Cytotoxicity assay

To evaluate the cytotoxicity for the most active molecules we have
used the alamarBlue® method as previously described [16]. Firstly, the
macrophages J774.A1 (ATCC # TIB-67) were seeded in triplicate on a
96-well microtiter plates with 50 μL from a stock solution of 105 cells/
ml. Once the macrophages were adhered to the bottom of the well,
50 μL of serial dilutions of the molecules were added to the wells. At
last, the AlamarBlue Reagent® (Life Technologies, Madrid, Spain) was
placed into each well at 10% and the plates were incubated for 24 h at
37 °C in presence of CO2 at 5%. The plates were analysed using an
EnSpire® Multimode Plate Reader (Perkin Elmer, Madrid, Spain) just as
in the activity assay. The 50% cytotoxic concentration (CC50) was cal-
culated with the Sigma Plot 12.0 statistical analysis software (Systat
Software) as was explained above. All the experiments were carried out
three times each in triplicate, calculating the mean values.

5.7. Cell death mechanisms

5.7.1. Analysis of ATP levels
In order to evaluate the amount of ATP the cells were incubated

with the molecules IC90 during 24 h. The ATP level was measured using
a Cell Titer-Glo® Luminescent Cell Viability Assay (Promega), which
generates a proportional signal to the ATP amount. Then, the incuba-
tion aliquots from the different treatments were taken and mixed with
the kit reagent into white-wall 96-well microtiter plate (Nunc; Thermo
Fisher Scientific Inc., Massachusetts, USA) following the manufacturer's
instructions for posterior measurement of the luminescence on a
PerkinElmer spectrophotometer. As a negative control we have used an
A. castellanii culture incubated with PYG medium. A One Way Anova
Analysis of variance was carried out in order to compare the negative
control (cells incubated in presence of PYG medium) with the amoeba
treated with the different molecules. The experiments were carried out
twice, each in triplicate, calculating the mean values.

5.7.2. Plasma membrane permeability
SYTOX® Green nucleic acid stain (Invitrogen, Life Technologies SA,

Madrid, Spain) is a high-affinity nucleic acid stain (maximum of ab-
sorption and emission at 504 and 523 nm, respectively) that makes cells
with compromised plasma membranes bright green fluorescent [27].
The experiment was carried out by following the manufacturer’s re-
commendations. Firstly, 105 cells/ml were seeded in a black-wall 96-
well microtiter plate (Nunc; Thermo Fisher Scientific Inc., Massachu-
setts, USA) with the previously calculated IC90s of each evaluated mo-
lecule. As negative and positive control, PYG medium and 2.5% of
Triton X-100 [Sigma] respectively were added in order to analyse
healthy and fully permeabilized cells accordingly. Measurement was
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performed by using an EnSpire microplate reader (PerkinElmer) every
5 min for 3 h, after which samples of amoebae were removed for
fluorescence microscopy analysis. A One Way Anova Analysis of var-
iance was carried out in order to compare the negative control (cells
incubated in presence of PYG medium) with the amoeba treated with
the different molecules. The experiments were carried out three times
each in duplicate, calculating the mean values.

5.7.3. Double stain assay for apoptosis/necrosis determination
A double stain apoptosis detection kit (Hoechst 33342/propidium

iodide, Invitrogen by Thermo Fisher Scientific) and a Live Cell Imaging
Microscope EVOS FL Cell Imaging System (Invitrogen) were used. The
kit stains the condensed chromatin of apoptotic cells more brightly than
the chromatin of normal cells, and the red-fluorescent PI dye is per-
meant only to dead cells. The experiment was carried out following the
manufacturer. 105 cells were incubated in a 24-well plate for 24 h with
the previously calculated IC90. The double staining pattern allows the
identification of three groups in a cellular population: live cells show
only a low level of blue Hoechst 33342 fluorescence, apoptotic cells
show a higher level of blue fluorescence, and dead cells show low-blue
and high-red PI fluorescence, as this dye only penetrates dead cells.
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