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Abstract: 1H-3-{4-[(3-Dimethylaminopropyl)aminomethyl]phenyl}-2-phenylindole was synthesized
via a multi-step pathway starting from 2-iodoaniline. Structure characterization of this new indole
compound was achieved by 1H-NMR, 13C-NMR and ESI-MS spectral analysis. The title compound
was screened in vitro against three protozoan parasites (Plasmodium falciparum, Leishmania donovani
and Trypanosoma brucei brucei). Biological results showed antiparasitic activity with IC50 values in the
µM range.

Keywords: indole derivative; antimalarial activity; antileishmanial activity; antitrypanosomal activity

1. Introduction

Numerous indole-containing synthetic derivatives and natural products demonstrate
pharmacological activities of importance to human disease. Thus, indoles constitute the basis
of an important class of compounds with interesting and promising biological activities [1–5].
This nitrogen heterocyclic scaffold has gained much interest due to its wide range of biological
activity upon modifications, including antiviral, antibacterial, anticancer, anti-Alzheimer’s disease and
antiparasitic properties [6–11]. In this last field, the indole compounds are considered as attractive
candidates for antiprotozoal therapy [11–14]. In the course of our work devoted to discovering new
original heterocyclic candidates for use in antiparasitic chemotherapy [15–17], and as an extension
of our work on the development of new antimalarial indole heterocyclic drugs, we have identified
1H-3-{4-[(3-dimethylaminopropyl)aminomethyl]phenyl}-2-phenylindole and found that it is endowed
with interesting activity against three protozoan parasites. Thus, we report herein on the synthesis and
structural identification of this new indole scaffold, which was then screened in vitro against three
protozoan parasites (Plasmodium falciparum, Leishmania donovani and Trypanosoma brucei brucei).
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2. Results and Discussion

2.1. 1H-3-{4-[(3-Ddimethylaminopropyl)aminomethyl]phenyl}-2-phenylindole

The synthesis of this new substituted indole compound 4 was achieved starting from the
commercially available 2-iodoaniline (1) (Scheme 1). The key intermediate 2-phenyl-3-(4-formylphenyl)
indole (2) was prepared from 2-iodoaniline (1) via a Sonogashira cross-coupling reaction, followed
by a protection step and then by a palladium-catalyzed reaction, as previously described [18–20].
The 3D structural determination of disubstituted indole 2 was established by X-ray crystallography
(Figure 1) [21] and confirmed the structure in the solid state as anticipated on the basis of NMR
data [19,20]. Condensation of 3-dimethylaminopropylamine with the aldehyde 2 led to the unstable
imine 3, which was immediately reduced into the 1H-3-{4-[(3-dimethylaminopropyl)aminomethyl]
phenyl}-2-phenylindole (4) using sodium borohydride as a reductive agent in refluxing methanol as
previously described by our team [16,17]. The structure of this new synthesized derivative 4 was then
confirmed by FTIR, 1H/13C-NMR and ESI-MS analyses (see Supplementary Materials).
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Scheme 1. Synthesis of 1H-3-{4-[(3-dimethylaminopropyl)aminomethyl]phenyl}-2-phenylindole (4).

2.2. Antiprotozoal Activity

This new substituted indole 4 was evaluated for its antimalarial activity in vitro by incubation
with P. falciparum chloroquine (CQ)-resistant strain W2 (IC50 CQ = 0.40 µM, IC50 MQ = 0.016 µM) and
the strain 3D7, which is CQ sensitive and which has decreased sensitivity to mefloquine (MQ) decrease
(IC50 CQ = 0.11 µM, MQ = 0.06 µM). As shown in Table 1, this derivative 4 was active on the W2 strain
with an IC50 of 1.80 µM. Moreover, indole 4 also showed significant activity against the CQ-sensitive
3D7 strain (IC50 = 1.10 µM).
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Table 1. In vitro sensitivity of Plasmodium falciparum, Leishmania donovani and Trypanosoma brucei brucei
strains to compound 4 and cytotoxicity of these compounds in HepG2 cells.

Compound P. falciparum strains
IC50 Values (µM) a

L. donovani
IC50 Values

(µM) b

Trypanosoma brucei
brucei

Strain Antat 1.9
IC50 Values (µM) c

Cytotoxicity to
HepG2 Cells
CC50 Values

(µM) d

W2 3D7
Chloroquine e 0.40 ± 0.04 0.11 ± 0.01 n.d. h n.d. h 30
Mefloquine e 0.016 ± 0.002 0.06 ± 0.003 n.d. h n.d. h n.d. h

Pentamidine f n.d. h n.d. h 5.5 ± 0.8 0.0002 ± 0.00006 2.3 ± 0.5
Amphotericin B f n.d. h n.d. h 0.25 ± 0.01 n.d. h 8.8 ± 0.6

Suramine g n.d. h n.d. h n.d. h 0.03 ± 0.003 n.d. h

Fexinidazole g n.d. h n.d. h n.d. h 0.59 ± 0.039 n.d. h

Eflornithine g n.d. h n.d. h n.d. h 15.19 ± 0.64 n.d. h

Doxorubicin n.d. h n.d. h n.d. h n.d. h 0.17 ± 0.03
4 1.80 ± 0.10 1.10 ± 0.12 3.03 ± 0.20 0.22 ± 0.03 1.14 ± 0.10

a Values were measured against the chloroquine-resistant and mefloquine-sensitive strain W2 and the
chloroquine-sensitive and mefloquine-resistant strain 3D7. b IC50 values were measured against the promastigotes
of the Leishmania donovani strain. The IC50 (µM) values correspond to the means +/− standard deviations from three
independent experiments. c IC50 values were measured against the slender bloodstream trypomastigotes of the
Trypanosoma brucei brucei AnTat 1.9 strain. The IC50 (µM) values correspond to the means +/− standard deviations
from three independent experiments with each concentration tested in duplicate in all experiments. d CC50 values
were measured against HepG2 cells. The CC50 (µM) values correspond to the means +/− standard deviations
from three independent experiments. e Chloroquine and mefloquine were used as antiplasmodial compounds of
reference. f Pentamidine and amphotericin B were used as antileishmanial compounds of reference. g Suramine,
pentamidine, fexinidazole and eflornithine were used as antitrypanosomal compounds of reference. h n.d.: not done.

As P. falciparum belongs to the coccidian protozoan parasite family, in vitro activity against the
flagellate protozoan parasite L. donovani was also evaluated (Table 1). The reference drugs amphotericin
B and pentamidine had IC50 values of 0.25µM and 5.50µM, respectively, against L. donovani. Compound
4 was found to be active against the promastigote forms of L. donovani with an IC50 of 3.03 µM, slightly
more potent than pentamidine, one of the reference compounds (IC50 = 5.5 µM).

This newly synthesized indole heterocyclic derivative 4 was then evaluated against T. brucei
brucei. In this test, pentamidine, suramine, fexinidazole, and eflornithine were used as reference
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compounds. The screening data are presented in Table 1. The 1H-3-{4-[(3-dimethylaminopropyl)
aminomethyl]phenyl}-2-phenylindole (4) was found to be active against T. brucei brucei with an IC50 of
0.22 µM.

To assess selectivity of action, the cytotoxicity of this new antiparasitic heterocyclic indole 4 was
evaluated in vitro against the human cell line HepG2, which is a commonly used human-derived
hepatocarcinoma cell line. Indole 4 showed a significant level of cytotoxicity against the HepG2 cell
line (IC50 = 1.14 µM). The aim of this assay using HepG2 cells was to evaluate the impact of metabolic
activation of the tested compound on cell viability. The cytotoxic concentration of 50% (CC50) was
determined, and selectivity indexes (SI), defined as the ratios of cytotoxic to antiparasitic activities
(SI = CC50/IC50) were calculated. Thus, this substituted indole 4 produced an interesting finding with
SI = 5.18 on the T. brucei brucei strain.

3. Materials and Methods

Commercially available reagents were used as received without additional purification. Melting
points were determined with an SM-LUX-POL Leitz hot-stage microscope (Leitz GMBH, Midland, ON,
USA) and are uncorrected. The IR spectrum was recorded on a NICOLET 380FT-IR spectrophotometer
(Thermo Electron Scientific Instruments LLC, Madison, WI, USA). The UV-vis spectrum was recorded
on a GENESYS 10S UV-Vis spectrophotometer (Fisher Scientific, Illkirch, France). NMR spectra were
recorded with tetramethylsilane as an internal standard using a BRUKER AVANCE 300 spectrometer
(Bruker BioSpin, Wissembourg, France). Splitting patterns were reported as follows: s = singlet;
bs = broad singlet; d = doublet; t = triplet; dd = double doublet; ddd = double double doublet;
qt = quintuplet; m = multiplet. Analytical TLC was carried out on 0.25 pre-coated silica gel plates
(POLYGRAM SIL G/UV254) and visualization of compounds after UV light irradiation. Silica gel 60
(70–230 mesh) was used for column chromatography. An ESI Orbitrap LTQ Velos from Thermo Fisher
Scientific (Waltham, MA, USA) was used for MS analysis. Elemental analyses were found to be within
±0.4% of the theoretical values.

3.1. 1H-3-{4-[(3-Dimethylaminopropyl)iminomethyl]phenyl}-2-phenylindole (3)

To a solution of 3-dimethylaminopropylamine (36 mg, 0.337 mmol) in ethanol (5 mL) was added
2-phenyl-3-(4-formylphenyl)indole 2 (100 mg, 0.353 mmol). The reaction mixture was then heated
under reflux for 5 h and then evaporated to dryness under reduced pressure. After cooling, the residue
was extracted with dichloromethane (20 mL). The organic layer was dried over sodium sulfate and
evaporated to dryness. The obtained product 3 was then used without further purification. Colorless
powder (125 mg, 98%), m.p. 134–136 ◦C (EtOH); 1H-NMR (δ, ppm, CDCl3, 300 MHz): 8.74 (bs, 1H,
NH), 8.34 (s, 1H, CH=N), 7.75 (d, 2H, J = 8.40 Hz, H-2” and H-6”), 7.72 (d, 1H, J = 7.60 Hz, H-4 indole),
7.51 (d, 2H, J = 8.40 Hz, H-3” and H-5”), 7.47–7.43 (m, 3H, H-7 indole and H phenyl), 7.36–7.29 (m, 3H,
H phenyl), 7.27 (ddd, 1H, J = 8.10, 6.90 and 1.20 Hz, H-5 indole), 7.18 (ddd, 1H, J = 8.10, 6.90 and 1.20
Hz, H-6 indole), 3.68 (t, 2H, J = 7.20 Hz, NCH2), 2.40 (t, 2H, J = 7.20 Hz, NCH2), 2.27 (s, 6H, N(CH3)2),
1.91 (qt, 2H, J = 7.20 Hz, CH2).

3.2. 1H-3-{4-[(3-Dimethylaminopropyl)aminomethyl]phenyl}-2-phenylindole (4)

To a solution of compound 3 (120 mg, 0.315 mmol) in methanol (8 mL) was added portion-wise at
0 ◦C sodium borohydride (50 mg, 1.26 mmol; 4 equivalent.). The reaction mixture was stirred for 1 h at
room temperature, heated under reflux for 1 h and then evaporated to dryness under reduced pressure.
After cooling, the residue was triturated in water and extracted with dichloromethane (15 mL). The
organic layer was separated, dried over sodium sulfate, and evaporated to dryness. The residue was
then purified by column chromatography on silica gel using dichloromethane/methanol (90/10, v/v) as
an eluent to give the pure product 4: pale-yellow oil (102 mg, 85%). IR (KBr) 3401 and 3149 (NH), 2938,
2858 2820 and 2770 (CH and CH2), 1604 (C=C), 1552, 1516, 1453, 1263, 1097, 1016, 804, 734, 697. UV
λmax (EtOH)/nm 220 (log ε 4.43), 305 (log ε 4.93). 1H-NMR (δ, ppm, CDCl3, 300 MHz): 8.80 (bs, 1H,
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NH), 7.71 (d, 1H, J = 7.80 Hz, H-4 indole), 7.47-7.42 (m, 3H, H-7 indole and H phenyl), 7.43 (d, 2H,
J = 7.80 Hz, H-2” and H-6”), 7.35 (d, 2H, J = 7.80 Hz, H-3” and H-5”), 7.34-7.29 (m, 3H, H phenyl),
7.26 (ddd, 1H, J = 8.10, 6.90 and 1.20 Hz, H-5 indole), 7.17 (ddd, 1H, J = 8.10, 6.90 and 1.20 Hz, H-6
indole), 3.84 (s, 2H, NCH2), 2.75 (t, 2H, J = 7.20 Hz, NCH2), 2.37 (t, 2H, J = 7.20 Hz, NCH2), 2.25 (s, 6H,
N(CH3)2), 1.82 (bs, 1H, NH), 1.73 (qt, 2H, J = 7.20 Hz, CH2). 13C-NMR (CDCl3) δ: 139.5 (C-4” and
C-7a), 137.4 (C-2), 135.64 (C-1”), 135.1 (C-3), 134.25 (C-1’), 131.5 (C-3’ and C-5’), 130.0 (C-3” and C-5”),
129.7 (C-2”, C-6’, C-2” and C-6”), 129.0 (C-4’), 123.97 (C-5), 121.7 (C-6), 121.06 (C-4), 116.1 (C-3a), 112.4
(C-7), 59.5 (NCH2), 55.4 (NCH2), 49.5 (NCH2), 46.9 (N(CH3)2), 29.4 (CH2). ESI-MS m/z [M + H]+ Calcd
for C26H30N3: 384.244, Found: 384.243. Anal. Calcd. for C26H29N3: C, 81.42; H, 7.62; N, 10.96. Found:
C, 81.57; H, 7.74; N, 11.08.

3.3. X-ray Data

The structure of compound 2 was established by X-ray crystallography (Figure 1). A colorless
single crystal of 2 was obtained by slow evaporation from a methanol/chloroform solution (v/v: 20/80):
triclinic, space group P-1, a = 9.9997(13) Å, b = 10.0457(11) Å, c = 10.1872(11) Å, α = 62.019(7)◦,
β = 69.259(8)◦, γ = 62.451(8)◦, V = 788.86(18)Å3, Z = 2, δ(calcd) = 1.252 Mg·m−3, FW = 297.34
for C21H15NO, F(000) = 312. Full crystallographic results have been deposited at the Cambridge
Crystallographic Data Centre (CCDC-1903043), UK, as Supplementary Materials [21]. The data were
corrected for Lorentz and polarization effects and for empirical absorption [22]. The structure was
solved by direct methods Shelx 2013 [23] and refined using the Shelx 2013 [23] suite of programs.

3.4. In Vitro Antiplasmodial Activity

The in vitro antiplasmodial activities were tested over concentrations ranging from 39 nM to 40
µM against culture-adapted Plasmodium falciparum reference strains 3D7 and W2. The former strain is
susceptible to chloroquine (CQ) but displays a decreased susceptibility to mefloquine (MQ) while the
latter is considered resistant to CQ. The parasites were cultivated in RPMI medium (Sigma-Aldrich,
Lyon, France) supplemented with 0.5% Albumax I (Life Technologies Corporation, Paisley, UK),
hypoxanthine (Sigma-Aldrich), and gentamicin (Sigma-Aldrich) with human erythrocytes and were
incubated at 37 ◦C in a candle jar, as described previously [24]. The P. falciparum drug susceptibility test
was carried out in 96-well flat bottom sterile plates in a final volume of 250 µL. After a 48 h incubation
with the drugs, quantities of DNA in treated and control cultures of parasites in human erythrocytes
were quantified using the SYBR Green I (Sigma-Aldrich) fluorescence-based method [25,26]. Briefly,
after incubation, plates were frozen at −20 ◦C until use. Plates were then thawed for 2 h at room
temperature, and 100 µL of each homogenized culture was transferred to a well of a 96-well flat bottom
sterile black plate (Thermo Fisher Scientific Inc., Illkirch, France) that contained 100 µL of the SYBR
Green I lysis buffer (2xSYBR Green, 20 mM Tris base pH 7.5, 5 mM EDTA, 0.008% w/v saponin, 0.08%
w/v Triton X-100). A negative control, controls treated with solvent (typically DMSO or H2O), and
positive controls (CQ and MQ) were added to each set of experiments. Plates were incubated for 1 h at
room temperature and then read on a fluorescence plate reader (Tecan, Austria) using excitation and
emission wavelengths of 485 and 535 nm, respectively. Concentrations inhibiting 50% of the parasite’s
growth (half maximal inhibitory concentration or IC50 values) were then calculated from the obtained
experimental results using a previously described regression program [27].

3.5. In Vitro Antileishmanial Activity

The L. donovani (MHOM/IN/00/DEVI) used in this study was provided by the CNR Leishmania
(Montpellier, France). The effects of the tested compound on the growth of L. donovani (MHOM/IN/

00/DEVI) promastigotes were assessed by MTT assay [28]. Briefly, promastigotes in log-phase in
Schneider’s medium supplemented with 20% fetal calf serum (FCS), 2 mM l-glutamine and antibiotics
(100 U/mL penicillin and 100 µg/mL streptomycin), were incubated at an average density of 106

parasites/mL in sterile 96-well plates with various concentrations of compounds dissolved in DMSO



Molbank 2019, 2019, M1060 6 of 9

(final concentration less than 0.5% v/v), in duplicate. Appropriate controls treated with DMSO and
pentamidine or amphotericin B (reference drugs purchased from Sigma-Aldrich) were added to
each set of experiments. After a 72 h incubation period at 27 ◦C, parasite metabolic activity was
determined. Each well was microscopically examined for precipitate formation. To each well was
added 20 µL of a 5 mg/mL MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)]
solution followed by incubation for another 4 h. The enzyme reaction was stopped by addition of
100 µL of 50% isopropanol/10% sodium dodecyl sulfate [29]. Plates were shaken vigorously (300 rpm)
for 10 min, and the absorbance measured in a plate reader at 570 nm in a BIO-TEK ELx808 Absorbance
Microplate Reader. The IC50 was defined as the concentration of drug required to inhibit by 50% the
metabolic activity of L. donovani promastigotes compared to the control. IC50 values were calculated
by non-linear regression analysis of data from dose-response curves, using TableCurve 2D V5.0
software (Systat Software, San Jose, CA, USA). IC50 values are reported as means calculated from three
independent experiments.

3.6. In Vitro Antitrypanosomal Activity

The effect of the tested compound on the growth of T. brucei brucei was assessed using an Alamar
Blue® assay as described by Räz et al. [30]. T. brucei brucei AnTat 1.9 (IMTA, Antwerpen, Belgium) was
cultured in MEM with Earle’s salts, supplemented according to the protocol of Baltz et al. [31], with the
following modifications, 0.5 mM mercaptoethanol (Sigma Aldrich), 1.5 mM l-cysteine (Sigma Aldrich),
0.05 mM bathocuproine sulfate (Sigma Aldrich), and 20% heat-inactivated horse serum (Gibco, France)
at 37 ◦C and 5% CO2. Samples were incubated at an average density of 2000 parasites/well in sterile
96-well plates (Fisher, Illkirch, France) with various concentrations of compounds dissolved in 0.9%
NaCl. All doses were tested in duplicate. Appropriate controls treated with solvents 0.9% NaCl or
DMSO or with suramin, pentamidine, eflornithine, and fexinidazole (reference drugs purchased from
Sigma Aldrich and Fluorochem, UK) were added to each set of experiments. After a 69-h incubation at
37 ◦C, 10 µL of the viability marker Alamar Blue (Fisher) was added to each well, and the plates were
incubated for 5 h. The plates were read in a PerkinElmer ENSPIRE (Waltham, MA, USA) microplate
reader using an excitation wavelength of 530 nm and an emission wavelength of 590 nm. The IC50 was
defined as the concentration of drug necessary to inhibit by 50% the activity of T. brucei brucei compared
to the control. IC50 values were calculated using a nonlinear regression analysis of dose-response
curves performed using GraphPad Prism software (GraphPad Software, CA, USA). The IC50 value
was calculated from three independent experiments.

3.7. Cytotoxicity Evaluation

A cytotoxicity evaluation was performed using the method reported by Mosmann [28], with
slight modifications, to determine the cytotoxic concentrations 50% (CC50) and using doxorubicin as a
cytotoxic reference compound. These assays were performed in human HepG2 cells. HepG2 were
purchased from ATCC (ref HB-8065). These cells are a commonly used human hepatocarcinoma-derived
cell line that has characteristics similar to those of primary hepatocytes. These cells express many
hepatocyte-specific metabolic enzymes, thus enabling the cytotoxicity of tested product metabolites
to be evaluated. Briefly, cells in 100 µL of complete RPMI medium, (RPMI supplemented with 10%
FCS, 1% l-glutamine (200 mM), penicillin (100 U/mL), and streptomycin (100 µg/mL)) were inoculated
into each well of 96-well plates and incubated at 37 ◦C in a humidified chamber in 6% CO2. After
24 h, 100 µL of medium with test compounds at various concentrations dissolved in DMSO (final
concentration less than 0.5% v/v) were added, and the plates were incubated for 72 h at 37 ◦C. Duplicate
assays were performed for each sample. Each well was microscopically examined for precipitate
formation before the medium was aspirated from the wells. After aspiration, 100 µL of MTT solution
(0.5 mg/mL in medium without FCS) was then added to each well. Cells were incubated for 2 h at
37 ◦C. The MTT solution was removed, and DMSO (100 µL) was added to dissolve the resulting
blue formazan crystals. The plates were shaken vigorously (300 rpm) for 5 min. The absorbance
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was measured at 570 nm with 630 nm as the reference wavelength in a BIO-TEK ELx808 Absorbance
Microplate Reader. DMSO was used as the blank and doxorubicin (Sigma Aldrich) as the positive
control. Cell viability was calculated as the percentage of control (cells incubated without compound).
The CC50 was determined from the dose-response curve using the TableCurve 2D V5.0 software
(Systat Software).

4. Conclusions

In summary, by taking into account our experiences using the indole template, we designed
and synthesized the new 1H-3-{4-[(3-dimethylaminopropyl)aminomethyl]phenyl}-2-phenylindole 4
and then evaluated its antiprotozoal activities in vitro against three protozoan parasites (Plasmodium
falciparum, Leishmania donovani and Trypanosoma brucei brucei). These new biological data demonstrate
that indole 4 could be a promising scaffold for the design and synthesis of new bioactive antiparasitic
derivatives. This indole compound showing interesting antiprotozoal properties may constitute a
suitable candidate for further pharmacomodulations and pharmacological studies in the fight against
parasitic diseases.

Supplementary Materials: 1H-NMR spectrum of imine 3; and 1H-NMR, 13C-NMR, JMOD-NMR, and HRMS
spectra of title compound 4 are available online. Figure S1: 1H-NMR spectrum of compound 3. Figure S2:
1H-NMR spectrum of compound 4. Figure S3: JMOD-NMR spectrum of compound 4. Figure S4: MALDI-TOF MS
data for compound 4. Figure S5: FT-IR spectrum of compound 4. Figure S6: UV-vis spectrum of compound 4.
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