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SUMMARY

Introduction: Chagas disease and Leishmaniasis are neglected diseases caused by
the Trypanosoma cruzi and kentoplastid parasites Leishmania spp. Parasitic diseases
cause great impact on social and economic, affecting millions of people in the world
and represent a major global health problem. In the search for new alternatives for the
treatment of Leishmaniasis and Chagas disease, strategies have been used to discover
new active molecules, because there is an urgent need for the development of new
drugs. In this scenario, 1,4-naphthoquinones have shown notable activity in the
context of neglected diseases. Aim: To synthesis of 1,4-naphthoquinones derivatives
and evaluated these compounds against Trypanosoma cruzi epimastigotes, Leish-
mania promastigotes (Leishmania amazonensis) and cytotoxicity to LLCMK, cells.
Results: Nine 1,4-naphthoquinones derivatives were synthesized using 2-Bromo-
1,4-naphthoquinone (1), 1,4-Naphthoquinone (5) and 2-Hydroxi-1,4-naphthoqui-
none (9) as starting material. Derivative 6a exhibited excellent trypanocidal activity,
ICs0£0.25 £ 0.02 uM, superior potency compared with the reference drug Benzni-
dazol. Besides, these compounds displayed low activity against promastigote from L.
amazonensis. Conclusion: The results indicate that compound 6a may have poten-

tial for agent against Chagas disease.
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RESUMEN

Actividades bioldgicas de derivados de 1,4-naftoquinonas contra
T cruzi'y L. amazonensis

Introduccién: la enfermedad de Chagas y la leishmaniasis son enfermedades desa-
tendidas causadas por los parasitos Trypanosoma cruzi y kentoplastid Leishmania spp.
Las enfermedades parasitarias tienen un gran impacto social y econémico, afectan a
millones de personas en el mundo y representan un importante problema de salud
mundial. En la bisqueda de nuevas alternativas para el tratamiento de la leishma-
niasis y la enfermedad de Chagas, se han utilizado estrategias para descubrir nuevas
moléculas activas, porque existe una necesidad urgente de desarrollo de nuevos
firmacos. En este escenario, las 1,4-naftoquinonas han mostrado una notable acti-
vidad en el contexto de enfermedades desatendidas. Objetivo: sintetizar derivados
de 1,4-naftoquinonas y evaluacién de estos compuestos frente a epimastigotes de
Trypanosoma cruzi, promastigotes de Leishmania (Leishmania amazonensis) y
citotoxicidad a células LLCMK,. Resultados: se sintetizaron nueve derivados de
1,4-naftoquinonas usando 2-bromo-1,4-naftoquinona (1), 1,4-naftoquinona (5) y
2-hidroxi-1,4-naftoquinona (9) como material de partida. El derivado 6a exhibié
una excelente actividad tripanocida, Cls, de 0,25 £ 0,02 uM, potencia superior en
comparacién con el fArmaco de referencia Benznidazol. Ademds, estos compuestos
mostraron una baja actividad contra el promastigote de L. amazonensis. Conclu-
sioén: los resultados indican que el compuesto 6a puede tener potencial como agente

contra la enfermedad de Chagas.

Palabras clave: Naftoquinona, Trypanosoma cruzi, Leishmania, enfermedad de Chagas.

REsuMmo

Atividades bioldgicas de derivados de 1,4-naftoquinonas contra
1 cruzie L. amazonensis

Introdugao: a doenga de Chagas ¢ a leishmaniose sio doengas negligenciadas
causadas pelos parasitas Trypanosoma cruzi e kentoplastideos Leishmania spp. As
doengas parasitdrias causam grande impacto social e econdmico, afetando milhoes
de pessoas no mundo e representam um dos maiores problemas de satde global.
Na busca por novas alternativas para o tratamento da Leishmaniose ¢ da doenca de

Chagas, estratégias tém sido utilizadas para descobrir novas moléculas ativas, porque
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h4 urgéncia no desenvolvimento de novos firmacos. Nesse cendrio, as 1,4-nafto-
quinonas tém mostrado notével atividade no contexto das doencas negligenciadas.
Objetivos: sintetizar derivados de 1,4-naftoquinonas e avaliar esses compostos contra
epimastigotas de Trypanosoma cruzi, promastigotas de Leishmania (Leishmania
amazonensis) e citotoxicidade para células LLCMK,. Resultados: nove derivados
de 1,4-naftoquinonas foram sintetizados usando 2-Bromo-1,4-naftoquinona (1),
1,4-Naftoquinona (5) e 2-Hidroxi-1,4-naftoquinona (9) como material de partida.
O derivado 6a exibiu excelente atividade tripanocida, ICs, de 0,25 + 0,02 uM,
poténcia superior em compara¢io com o medicamento de referéncia Benzonidazol.
Além disso, esses compostos apresentaram baixa atividade contra a forma promasti-
gota de L. amazonensis. Conclusao: os resultados indicam que o composto 6a pode

ter potencial para agente contra a doenga de Chagas.

Palavras-chave: Naftoquinona, Trypanosoma cruzi, Leishmania, doenga de Chagas.

INTRODUCTION

Parasitic diseases are a heterogeneous group of infections which may be caused by
protozoa, helminths or ectoparasites [1]. International travel and shifting patterns
of immigration have increased the importance of awareness of the major clinical syn-
dromes associated with infections due to parasites [2]. Protozoan parasitic infections
transmitted by insect vector pose a significant global health problem [3], such Chagas
diseases and Leishmaniasis.

Chagas discase, a vector-borne parasitosis caused by Trypanosoma cruzi [4], the great
number of people infected with 7. cruzi and the millions in risk of being infected toge-
ther with the low efficacy of the actual treatments make of this disease one of the major
health problems in Latin America [5]. Chagas discase has two successive phases: acute
and chronic. Acute 7. cruzi infection leads to focal myocarditis with accompanying
necrosis of infected myocytes and reparative interstitial fibrosis. During the chronic
disease, parasitaemia drastically decreases and parasites are barely detected [6]. Only
two drugs, the 2-nitroimidazole benznidazole and the 5-nitrofuran nifurtimox, are
licensed for the treatment of Chagas disease, although their safety and efficacy profile
are far from ideal [7].

Leishmaniasis is a disease caused by intracellular protozoan parasites of the genus
Leishmania [8]. The three main clinical manifestations of this illness are cutaneous,
mucocutaneous and visceral [9]. The control of Leishmaniasis has been based on che-
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motherapy with pentavalent antimonials for more than 70 years. Meglumine anti-
moniate is a first-line drug, but use of this therapeutic is limited by its high cost and
toxicity [10].

The impact of natural products on drug discovery is considerable, not only for can-
cer but also for parasitic infections [11]. Naphthoquinones constitute a structurally
diverse class of phenolic compounds with wide applications in the fields of pharmacy
and medicine [12] and are of key importance in organic synthesis and medicinal che-
mistry. In the last few years, various synthetic routes have been developed to prepare
bioactive compounds derived [13]. The biological activity of quinones has been related
to their redox properties and their capacity to accept one or two electrons to form
the corresponding radical-anion (Q.") and hydroquinone radical dianion (Q*). These
intermediate species interact with crucial cellular molecules such as oxygen, DNA and
proteins modifying their biological activity [14]. Beyond these important features, the
1. cruzi mitochondrion is known to be deficient in reactive oxygen and nitrogen spe-
cies detoxification, being especially sensitive to oxidative stress conditions [15].

The biological activity of 1,4-naphthoquinones derivatives have been reported to exhi-
bit a variety of pharmacological properties involving antimicrobial [16], anticancer
[17], antioxidant [18], trypanocidal [19], leishmanicidal [20], anti-inflammatory [21],
herbicidal [22], antiplasmodial [23], fungicidal [24].

Considering a variety of resistance mechanisms to antimonials in Leishmania [9], a
limited efficacy of agents therapeutics in the treatment of Chagas disease, and investiga-
tion by different research groups to discover new molecules that can be used such stra-
tegies for Chagas disease and leishmaniasis chemotherapy. Our lab has been interested
in the synthesis and pharmacological properties of 1,4-naphthoquinone derivatives.
Thus, we synthesized nine compounds to evaluate their leishmanicidal, trypanocidal
activity and cytotoxic properties.

MATERIALS AND METHODS

Chemistry

The carboxylic acids 2a-d and 7 were purchased from Sigma-Aldrich and used without
further purification. The reagents 4 and 8 were obtained from cardanol as described
in the literature [25, 35]. Purifications of compounds were made by column chroma-
tography (CC) using Merck silica gel 60 (230 ¢ 400 mesh) and a mixture of hexane
and ethyl acetate was used for elution. All the reactions were monitored by TLC using

Merck silica gel 60. "H (300 MHz) and *C NMR (75 MHz) spectra were recorded
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with a Bruker DPX-300 spectrometer using CDCP, or DMSO-d® as the solvent with
TMS as an internal standard. Chemical shifts are reported in ppm and coupling cons-
tants (J) in Hertz. Mass spectra (EI, 70 ¢V) were run on a Shimadzu CGMS QP2010
Plus gas chromatography mass spectrometer. The main fragments were described as a
relation between atomic mass units and the charge (m/z) and the relative abundance
in percentage of the base-peak intensity. Infrared spectra were recorded on Perkin-El-
mer model 783 in a KBr cell for liquid (film) or KBr pellets for solids and the absorp-
tion wave numbers expressed in cm™. HRMS was acquired using a UFLC Shimadzu
LC-20AD apparatus, with and IES-Q-QTOF-microl OF III detector (Bruker Dalto-
nics) in chemical ionization positive ion mode (72/z 120-1200). Melting points were
determined by MQAPF-301 model equipment.

General procedure

The general procedure for the synthesis of 1,4-naphthquinone derivatives (3a-3d) was
as described in literature [26, 32]. A solution of 1 g (NH*),S,04 in H,O (10 mL) was
added dropwise over 90-120 min to a stirred suspension of H,O (100 mL), CH,CN
(20 mL), AgNO; (0.25 g), 2-Bromo-[1,4]naphthoquinone (0,2 g) and 1,5 mmol car-
boxylic acid (Palmitic, linoleic, 3-(4-Methoxy-phenyl)-propionic, oleic) at 65-75 °C.
The resulting mixture was stirred for another 30 min. Then the material was brought
to room temperature, washed with NaHCOj; and dried with MgSOy, was filtered, con-
centrated under reduced pressure and purified by flash chromatography on silica gel
with hexane/ethyl acetate.

2-Bromo-3-pentadecyl-[1,4]naphthoquinone (3a)

This compound was prepared according to general procedure. Yield: 66 % (210 mg);
Yellow oil. 'H NMR (300 MHz, CDCL): 8 = 0.85 (t, / = 9.0 Hz, 3H, CH}), 1.00-1.50
(m, 24H, CH,), 1.54 (m, 2H, CH,), 2.81 (t,/ = 9.0 Hz, 2H, CH,), 7.08-7.73 (m, 2H,
CH), 8.06-8.15 (m, 2H, CH). *C NMR (75 MHz, CDCL): 6 = 14.0 (CHj;), 22.6
(CH,), 27.7 (CH,), 31.6 (CH,), 29.0-30.0 (CH,), 31.9 (CH,), 127.0 (CH), 127.4
(CH), 1312 (C), 131.6 (C), 133.8 (CH), 134.0 (CH), 138.6 (C), 152.2 (C), 177.7
(C=0),181.7 (C=0). MS (EI*): m/z (%) 448,30 [M**+2] (56,91); 447,30 [M*®+1]
(55,97); 446,30 [M*®] (16,05); 253,05 (79,96); 252,00 (77,94); 251,05 (82,13);
173,10 (100,00). HRMS (ESI): m/z = not ionizable [M+H]*.

2-Bromo-3-heptadecyl-[1,4]naphthoquinone (3b)

Compound was prepared according to general procedure. Yield: 47 % (187 mg), yellow
solid, mp = 58-59 °C. 'H NMR (300 MHz, CDCL) 5: 0.85 (5, ] = 6.0 Hz, 3H, CH,);
1.00-1.70 (m, 30H, CH,); 2.81 (5, J = 9.0 Hz, 2H, CH,); 7.68-7.76 (m, 2H, CH); 8
7.68-7.76 (m, 2H, CH).’C NMR (75 MHz, CDCL) 8: 14,0 (CH,); 22,6 (CH?); 27,7
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(CH,); 28,0-30,0 (CH,); 31,6 (CH,); 31,9 (CH,); 127,0 (CH); 127,4 (CH); 131,2
(C); 131,6 (C); 133,8 (CH); 134,0 (CH); 138,6 (C); 152,2 (C); 177,7 (C=0); 181,7
(C=0). MS (EI'): m/z (%): 474 [M*®] (25); 476 [M**+2] (26); 475 [M**+1] (7);
448 (42); 447 (12); 446 (41); 253 (80); 252 (75); 251 (82); 173 (100). HRMS (ESI)
m/z: not ionizable [M+H]*.

2-Bromo-3-[2-(4-methoxy-phenyl)-ethyl]-[1,4]naphthoquinone (3c)

Compound was prepared according to general procedure. Yield: 10 % (20 mg), yellow
oil. 'TH NMR (300 MHz, CDCLy) 8: 2.78 (t, ] = 9.0 Hz, 2H, CH,); 3.08 (t, ] = 9.0 Hz,
2H, CH,); 3.77 (s, 3H, OCH,); 6.82 (d, / = 9.0 Hz, 2H, CH); 7.19 (d,/ = 9.0 Hz, 2H,
CH); 7.71-7.76 (m, 2H, CH); 8.08-8.16 (m, 2H CH). *C NMR (75 MHz, CDCl,)
5: 32.8 (CH,), 34.1 (CH,), 56.2 (OCHL), 113.9 (CH), 127.0 (CH), 127.5 (CH),
129.4 (CH), 131.1 (C), 1315 (C), 132.7 (C), 133.8 (CH), 134.1 (CH), 139.1 (C),
150.9 (C), 158.9 (C), 177.7 (C=0), 181.5 (C=0). MS (EI*): m/z (%): 370 [M*®]
(2);371 [M**+1] (0,5); 372 [M**+2] (1); 135 (19); 121 (100); 77 (13). HRMS (ESI)
m/z: not ionizable [M+H]".

2-Bromo-3-heptadecyl-8(Z)-enyl-[1,4]naphthoquinone (3d)

Compound was prepared according to general procedure. Yield: 10 % (40 mg), yellow
oil. 'H NMR (300 MHz, CDCL) 8: 0.85 (¢, / = 9.0 Hz, 3H, CH), 1.10-1.50 (m, 20H,
CH.), 1.54 (qt, ] = 9.0 Hz, 2H, CH,), 1.90-2.10 (m, 4H, CH,), 2.81 (1, ] = 9.0 Hz,
2H, CH,), 5.27-5.40 (m, 2H, CH), 7.70-7.73 (m, 2H, CH), 8.08-8.15 (m, 2H, CH).
5C NMR (75 MHz, CDCL,) 8: 14,0 (CH,); 22,6 (CH,); 27,1 (CH,); 27,2 (CH,);
27,7 (CH,); 28,0-30,0 (CH,); 31,6 (CH,); 31,8 (CH,); 127,0 (CH); 127,4 (CH);
129.7 (CH); 130,0 (CH); 131,2 (C); 131,6 (C); 133,8 (CH); 134,0 (CH); 138,6 (C);
152,2 (C); 177.7 (C=0); 181,7 (C=0). MS (EI*): m/z (%): 472 [M*®] (22); 473
[M*®+1] (8); 474 [M*®+2] (21); 253 (58); 252 (45); 251 (61); 55 (100). HRMS
(ESI) m/z: not ionizable [M+H]*.

N-(1,4-dioxo-1,4-dihydro-naphthalen-2-yl)-3,4,5-trimethoxy-benzamide (6a)

Compound was prepared as described previously in literature [27]. 2-amino-1,-
4-naphthoquinone (6) (215 mg, 1.2 mmol) was dissolved in freshly distilled THF (15
mL). NaH (100 mg, 4.2 mmol) was added to the solution and the mixture was stir-
red at room temperature for 30 mins. 3,4,5-trimethoxy-benzoyl chloride (0.27 mL,
2.14 mmol) was added and the mixture was stirred for 5 mins. THF was removed
under vacuum and the mixture was washed with ice-water (10 gice and 10 mL water).
The ice-water mixture was extracted with CH,Cl, (30 mL, 20 mL consecutively). The
combined organic phase was washed with water (3 x 20 mL), saturated NaCl solution

(3 x 20 mL), and then dried over anhydrous MgSOy. The crude material was puri-
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fied via column chromatography. Yield: 20 % (89 mg), yellow solid, mp = 167-168 °C.
'H NMR (300 MHz, CDCL) 8: 3.91 (s, 6H, CH,), 3.88 (s, 3H, CHs,), 7.08 (s, 1H,
CH), 7.69-7.76 (m, 2H, CH), 8.06-8.08 (m, 2H, CH), 9.05 (s, 1H, NH). *C NMR
(75 MHz, CDCL) &: 56.4 (OCHs), 60.9 (OCH,), 104.7 (CH), 117.1 (CH), 126.4
(CH), 126.6 (CH), 128.4 (C), 129.9 (C), 132.2 (C), 133.3 (CH), 135.1 (CH), 140.0
(C), 142.2 (C), 153.4 (C), 165.4 (C), 181.2 (C=0), 185.1 (C=0). MS (EI*): m/z
(%): 77,10 (9,24); 152,10 (10,81); 167,15 (9,69); 195,10 (100,00); 367,20 [M*®]
(27,60). HRMS (ESI) m/z calcd for C*HVNO® +H: 368,1134, Found: 368,1153
[CoH;;NOg+H] *.

3,4,5-trimethoxy-benzoic acid 1,4-dioxo-1,4-dihydro-naphthalen-2-yl ester (9a)

Compound was prepared as described previously in literature [28]. To a solution of
200 mg (1,1 mmol) of 2-Hydroxy-1,4-naphthoquinone (9) in CH,Cl, (50 mL), 40 mL
of aqueous NaOH solution (10 %) were added and the solution was stirred for 4 h at
room temperature. Then 330 mg (1,4 mmol) of the 3,4,5-trimethoxy-benzoyl chloride
(8) were added and stirring was maintained for 48 h. The reaction mixture was washed
with water (3 x 50 mL) and the organic phase was dried over MgSO, and evaporated
under reduced pressure. The crude material was purified via column chromatography.
Yield: 94 % (380 mg), yellow solid, mp = 138-140 °C. '"H NMR (300 MHz, CDCl,)
5: 3.92 (s, 6H, OCH,), 3.94 (s, 3H, OCHS,), 6.91 (s,1H, CH), 7.41 (s, 2H, CH),
7.76-7.79 (m, 2H, CH), 8.11-8.14 (m, 2H, CH). *C NMR (75 MHz, CDCL,) &: 56.3
(OCH,), 61.0 (OCHS), 107.9 (2CH), 122.4 (C), 126.1 (CH), 126.5 (CH), 127.0
(CH), 131.1 (C), 132.0 (C), 134.0 (CH), 134.4 (CH), 153.1 (3C), 154.7 (C), 163.3
(C), 178.6 (C), 184.5 (C). MS (EI*): m/z (%): 368 [M*®] (7); 196 (11); 195 (100);
167 (7). HRMS (EI) m/z calcd for C,,H,0-: 368,0896 Found: 368,0895 [C,,H,0-]*.

2-[7-(3-Methoxy-phenyl)-heptyl]-[1,4]naphthoquinones (5a)

Compound was prepared according to general procedure with 1,4-naphthoquinone 5
and carboxylic acid 8. Yield: 40 % (188 mg), yellow oil. 'H NMR (300 MHz, CDCl,)
5:1.10-1.70 (m, 10H, CH,), 2.55 (m, 4H, CH.), 3.77 (s, 3H, CH,), 6.69-6.73 (m, 3H,
CH), 6.76 (s, 1H, CH), 7.16 (¢, ] = 6.0 Hz, 1H, CH), 7.67-7.72 (m, 2H, CH), 8.02-
8.09 (m 1H, CH). ®C NMR (75 MHz, CDCL,) 8: 27.9 (CH,), 29.0-30.0 (CH,),
31.2 (CH,), 35.9 (CH,), 55.1 (CH,), 110.8 (CH), 114.1 (CH), 120.8 (CH), 126.0
(CH), 126.5 (CH), 129.1 (CH), 132.1 (C), 132.3 (C), 133.5 (CH), 133.5 (CH),
1347 (CH), 144.4 (C), 1519 (C), 159.5 (C), 185.2 (C). MS (EI*): m/z (%): 362
[M*®] (52); 173 (65); 122 (100); 91 (45). HRMS (ESI) m/z caled for CpHyc0, + H:
363,1916, Found: 363,1906 [C*H0° + H]".
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2-(3-Pentadecyl-phenoxy)-[1,4]naphthoquinone (4a) and
2,3-Bis-(3-pentadecyl-phenoxy)-[1,4]naphthoquinone (4b)

The Compounds were prepared as described previously in literature [29, 30]. A stirred
mixture of 3-Pentadecyl-phenol 4, (128 mg, 0.4 mmol) and DMF (10 mL). After 1 min,
K,CO;, (175 mg, 1.3 mmol) was added and the reaction mixture was stirred for 1 h at
room temperature. 2-Bromo-1,4-naphthoquinone 1, (100 mg, 0.42 mmol) was added.
After standing for 3 h, the mixture was treated with cold water. The reaction mixture was
washed with water (3 x 50 mL) and extracted with hexane. The combined organic layers
were dried over MgSO,, filtered and evaporated under reduced pressure. The residue was
purified via preparative silica gel plates GF — 500 microns Uniplat™ using hexane/ethyl
acetate 8:1 to give 4a and 4b. The fraction with Rf = 2.6 afforded 20 mg (12 % yield) of
ayellow solid, which was identified as 2-(3-Pentadecyl-phenoxy)-[ 1,4]naphthoquinones
(4a), mp 50 — 51 °C. 'H NMR (300 MHz, CDCL) 5: 085 (t, J = 6.0 Hz, 3H, CH,),
1.00-1.70 (m, 26H, CH,), 2.61 (5, ] = 9.0 Hz, 2H, CH,), 5.95 (s,1H, CH), 691 (d,
= 9.0 Hz, 1H, CH), 6.93 (s, 1H, CH), 7.09 (d, / = 9.0 Hz, 1H, CH), 733 (5, / = 9.0
Hz, 1H, CH), 7.72-7.75 (m, 2H, CH), 8.03-8.20 (m, 2H, CH). *C NMR (75 MHz,
CDCL) &: 14.0 (CH,), 22.6 (CH,), 28.0-30.0 (CH,), 31.1 (CH,), 31.9 (CH,), 35.6
(CH,), 113.2 (C), 118.0 (CH), 120.8 (CH), 1262 (CH), 126.6 (CH), 130.0 (CH),
131.1 (C), 131.9 (CH), 133.4 (CH), 1343 (CH), 1459 (C), 152.6 (C), 160.6 (C),
185.0 (C). MS (EI*): m/z (%): 460 [M**] (100); 305 (8); 264 (23); 247 (13). HRMS
(ESI) m/z: caled for C5H 005 +H: 461.3055, Found 461.3038 [C,,H,,0; + H]*. The
fraction with Rf = 2,9 afforded 30 mg (10 % yield) of a yellow solid, which was identified
as 2,3-Bis-(3-pentadecyl-phenoxy)-[ 1,4] naphthoquinone (4b), mp 58 — 59 °C."H NMR
(300 MHz, CDCL) 8: 0.86 (t, ] = 6.0 Hz, 6H, CHs); 1.00-1.60 (m, S2H, CH,); 2.47 (s,
J = 6.0 Hz, 4H, CH,); 6.66 (d, J = 6.0 Hz, 2H, CH); 6.67 (s, 2H, CH); 6.82 (d, ] = 6.0
Hz, 2H, CH); 7.08 (1, ] = 6.0 Hz, 2H, CH), 7.73-7.76 (m, 2H, CH), 8.09-8.12 (m, 2H,
CH). *C NMR (75 MHz, CDCL,) : 14.1 (CH,), 22.6 (CH,), 29.0-30.0 (CH,), 31.1
(CH,), 31.9 (CH,), 35.7 (CH,), 113.6 (CH), 1166 (CH), 123.6 (CH), 126.7 (CH),
1289 (CH), 130.8 (C), 134.1 (CH), 144.7 (C), 146.0 (C), 156.4 (C), 180.5 (C). MS
(EI*): m/z (%): 763 [M*®] (15); 762 (27); 460 (13); 108 (100); 57 (29). HRMS (ESI):
m/z = not ionizable [M+H]".

Biological activities
Parasites and Cell Cultures

The experiments of anti-parasitic activity were performed with the Y strain of Trypano-
soma cruzi (epimastigotes) and promastigotes of Leishmania amazonensis (WHOM/
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BR/75/JOSEFA strain). Epimastigote forms were cultivated in Liver Infusion Tryp-
tose (LIT) medium supplemented with 10 % heat-inactivated fetal bovine serum (FBS;
Gibco Invitrogen, Grand Island, NY, USA), kept at 28 °C, and maintained by wecekly
transfers. The promastigote forms of L. amazonensis were maintained in culture at
25 °C with weekly transfers to fresh Warren’s medium supplemented with 10 % FBS. In
order to assess the cytotoxicity of the compounds, LLCMK, cells (Macaca mulatta epi-
thelial kidney cells) were maintained in Dulbecco’s modified Eagle medium (DMEM;
Gibco Invitrogen), pH 7.4, supplemented with 2 mM L-glutamine, 10 % FBS, and
50 mg/L gentamicin at 37 °C in a humidified 5 % CO, atmosphere.

Anti-proliferative Activity against Epimastigote Forms (Trypanosoma cruzi)

Epimastigotes (1x10° parasites/mL) in the exponential phase of growth (96 h) were
harvested and incubated in the presence of LIT supplemented with 10 % FBS added
or not to increasing concentrations of the drug candidates. Parasites incubated at
28 °C in 96-well flat-bottom plates were afterwards counted in a Neubauer hemocyto-
meter under light microscopy. The IC, (concentration that inhibited 50 % of parasite
growth) were determined by regression analysis of the data.

Anti-proliferative Activity against Promastigote Forms (Leishmania amazonensis)

Promastigotes (1 x 10° cells/mL) at exponential phase of growth (48 h cultures) were
inoculated in a 96-well plate in the absence or presence of different concentrations
of the drug candidates. Activity against promastigote forms was evaluated after 72 h
by using the XTT method, which consists on the incubation of the cultures on the
presence of a combination of the tetrazolium compound 2,3-Bis-(2-Methoxy-4-Ni-
tro-5- Sulfophenyl)-2H-Tetrazolium-5-Carboxanilide (XTT, Sigma) and the electron
coupling reagent phenazine methosulphate (PMS, Sigma). After the treatment of the
parasites, 100 uL of the mixture of XTT (0,5 mg/mL) and PMS (0,06 mg/mL) was
added to each well, the plate was incubated for 4 h protected from light at 28 °C and
the absorbance measured at 450 nm in a microplate reader (Bio Tek — Power Wave
XS). By comparing the absorbance in control untreated parasites with the treated ones,
the inhibitory activity was determined. The ICs, (concentration that inhibited 50 % of
parasite growth) were determined by regression analysis of the data.

Cytotoxicity Assay

To evaluate the cytotoxicity of the compounds, the MTT assay was applied as previou-
sly described [31]. This colorimetric assay is based on the ability of viable mitochondria
to convert MT'T, a water-soluble tetrazolium salt (3-[4,5-dimethylthiazol-2-yl]-2,5-di-
phenyltetrazolium bromide), into an insoluble purple- colored formazan precipitate.
LLCMK, cells were collected from confluent cultures, plated in 96-well plates, and
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incubated at 37°C in a humid 5 % CO, atmosphere. After 24 h, the medium was repla-
ced with new DMEM that contained concentrations of the compounds that ranged
from 3.7 to 73.6 uM. Following 96 h incubation, the cells were washed in PBS, and
50 uL of MTT (2 mg/mL) was added to each well. The formazan crystals were solubilized
in DMSO, and absorbance was read at 570 nm in a microplate reader (Bio Tek — Power
Wave XS). The concentration that diminished S0 % of the absorbance value observed in
the control represented the CC* (cytotoxic concentration for 50 % of the cells).

Statistical Analysis

All of the quantitative experiments were conducted in at least three independent expe-
riments in duplicate. The statistical analyses were performed using GraphPad Prism 5.0
software. The data were analyzed using one-way analysis of variance (Anova), and the
Tukey post hoc test was used to compare means when appropriate. Values of p, 0.05
were considered statistically significant.

RESULTS AND DISCUSSION

Chemistry

The 1,4-naphthoquinones derivatives 3a-d (Scheme 1) were obtained from compound
1 by coupling reaction with carboxylic acid 2a-d (Palmitic, linoleic, 3-(4-Methoxy-
-phenyl)-propionic, oleic) usingammonium persulfate ((NH,),S,05) and silver nitrate

(AgNO:,), following conditions previously reported [26; 32].

o o
Br Br
(L Jemswaen{ 1]
i R
o
OH o
3a R= -(CH,)14-CHs
@\ 3b R= -(CH,);6-CHs
2 (CH2)14CH; 3¢ R= -CH,CH,-(m-OCH3-ph)
o 3d R= -(CH,),-CH=CH(CH,),-CH;
Ry
x
‘ ‘ 4a R;= -0-(m-(CH,)14CH3)-ph Ry=H
. 4b R;= R; = -O-(m-(CH;)14CH3)-ph

R;
(o]

Scheme 1. Synthetic routes to compounds 3a-d and 4a-b.
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NH,
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8

(CHy); OCH;

L8

Scheme 2. Synthetic routes to compounds 5a and 6a.

On the other hand, treatment of compound 1 with phenol 4 (saturated cardanol)
obtained two compounds (4a-b; Scheme 1) by nucleophilic substitution of the bromo
atom attached to the C-2 and for addition of phenol in C-3 using K,CO; and DMF
[29]. The compound 6a (Scheme 2) were obtained by reaction of compound 6 and 7
in NaH/THF as described in literature [27].

The 1,4-naphthoquinone (5) was used to prepare Sa as described previously [26; 32]
with 8-(3-methoxyphenyl) octanoic acid 8. The condensation reaction of naphthoqui-
none 9 with 3,4,5-trimethoxybenzoyl chloride (7) in the presence of K,CO; (Scheme 3),
gave the compound 9a [28].

The 1,4-naphthoquinone derivatives (3a-d, 4a-b, Sa, 6a and 9a) were obtained in
10-94 % yields and were further fully characterized by 'H, *C, mass spectrometry and
HRMS, and the data are compatible with their structures, the analytical data for all
compounds are shown in appendix.

OCH;
H3CO cocl OCH,
o o
H3CO
OH o
7 OCH,3
DI (—
o
9

Scheme 3. Synthetic route to compound 9a.
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In vitro biological activity

In the present study, nine 1,4-naphthoquinone derivatives (Figure. 1) were synthesized
and investigated for their potential as trypanocidal and leishmanicidal agents.

G hror

4a o
o
0. o
O‘ \@/\/\/\/\/\/\/\/ OEH
7 ) ®
4 o
@\/\/\/\/\/\/\/\ e

OCH; OCHj

OCH.
o 3 ° OCH3
N
ocH,8 - oCH,
o o
6a o %92 g

Figure. 1. 1,4-naphthoquinone derivatives tested against 7. cruzi and L. amazonensis.

In order to obtain preliminar information, the iz vitro activity of compounds 3a-d,
4a-b, 5a, 6a and 9a was evaluted against epimastigote forms of 7. ¢7uzi and promasti-
gote forms Y of L. amazonensis.

Trypanocidal activity of 1,4-naphthoquinones derivatives on

epimastigotes proliferation

The synthesized 1,4-naphthoquinone derivatives 3a-d, 4a-b, 5a, 6a and 9a were evalua-
ted against epimastigotes forms of 7. cruzi. Table 1 shows ICs, values for the in vitro
trypanocidal assay, the CC50 for the cytotoxicity to LLCMK, cells (MTT method)
and the SI for each compound.

Some of these compounds showed good biological activity against epimastigotes form
of T. cruzi. Among them, compound 6a was the most potent of 1,4-naphthoquinone
derivatives, showing an ICs, value of 0.25 + 0.02 uM, being 35.0 times more active
than Benznidazol (ICs, = 8.80 + 0.40 uM) when assayed. However, the cytotoxicity of
CCy, 6.53 +2.69 (SI = 26.12) was observed.
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In 2013, Salomao et al. evaluated the efhicacy of sixteen 1,4-naphthoquinones against
the infective bloodstream trypomastigote forms of 7. cruzi and the prototype 1,4-naph-
thoquinone 5, demonstrated higher activity than Benznidazol (IC, = 26.0 + 4.0 uM)
[33]. The compound 5 obtained an efficacy with ICs, = 0.79 + 0.02 uM and was compa-
red with other derivatives such 2-Bromo-1,4-naphthoquinone 1 (ICs, = 1.37 + 0.03 uM)
and 2-Hydroxi-1,4-naphthoquinone 9 (IC5, = 563.18 + 83.28 uM). Among the
most active compounds on trypomastigotes, the compound 5 was selected for fur-
ther studies and was the most active against epimastigotes forms of 7. cruzi with
ICs, = 0.26 + 0.05 uM. Comparing the compound 5 (ICs, = 0.26 + 0.05 uM) and
derivative 6a (ICs, = 0.25 + 0.02 uM), we noted that the activity against proliferation
of T cruzi epimastigotes was equivalent, evidencing that amination reaction at the 2’
position of the 1,4-napthoquinone followed of the N-acylation reaction with 3,4,5-tri-
methoxybenzoyl chlorid had no pronounced trypanocidal action.

In addition, compound 9 (lawsone) as prototype was active on culture growth of
the Tulahuén strain epimastigotes form of 7. cruzi with ICy, = 20.0 + 6.0 uM [34].
When we acylation reaction of lawsone with 3,4,5-trimethoxybenzoyl chlorid,
obtaining the compound 9a, was observed the increased of the trypanocidal activity
(ICs = 5.06 £ 0.44 pM) in 4.0 times. Comparison between compounds 6a
(IC5p = 0.25 £ 0.02 uM) and 9a (IC, = 5.06 + 0.44 uM) the activity is significantly
increased, the presence of NH group had a positive effect on the trypanocidal activity.

Considering the structural of compounds 3a-d and when compared, the substitution
of the alkyl or allyl chain (e.g. 3a, 3b, 3d) for phenyl ring with methoxy groups (e.g.
3c) result in increased trypanocidal activity. It is interesting to note that increase in
the length of the carbon chain decrease activity, the compound 3b (ICy, = 9.46 +
4.75 uM) was 2.0 times less active than the compound 3a (ICs, = 4.58 + 0.47 uM).
In contrast, the comparison of the compounds 3b (ICs, = 9.46 + 4.75 uM) and 3d
(IC5o=4.01+ 1.19 uM), the presence of adouble bond in the side chain increase the acti-
vity. Comparing the activity of compound precursor 1 (IC5, = 1.37 £ 0.03 uM) with 3¢
(IC5o=10.71 £ 0.32 uM), the effect of methoxy group resulted in an increase in activity.

The activities of the compounds 4a (ICs, = 87.59 + 20.72 uM) and 4b (ICs, > 100 uM)

gave low activity.
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Table 1. Values of activities for 1,4-naphthoquinone derivatives 3a-d, 4a-b, Sa, 6a and 9a, iz vitro
Trypanocidal activity (ICs, uM) against epimastigote form 7. cruzi, cytotoxicity (CCsy uM, LL-
CMK cells) and selectivity index (SI).

Compound CCs,* (uM) ICs,® (uM) SI¢

3a 59.67 £ 18.96 4.58 +£0.47- 13.03
3b 10.19 + 1.04 9.46 + 4.75 1.08
3c 8.41 +0.09 0.71 +£0.32 11.84
3d 6.96 £ 0.59 4.01+1.19 1.73
4a 64.14 + 6.60 87.59 +20.72 0.73
4b 44,68 + 11.11 > 100 -
Sa 8.55+0.39 475+ 4.19 1.80
6a 6.53 +2.69 0.25 +0.02 26.12
9a 6.1+3.64 5.06 + 0.44 1.20

Benznidazol ND 8.80 + 0.40 -

*CCs: concentration that kills 50 % of LLCM, cells, 96 h after incubation with the compounds determined by the MTT
method. *ICs: concentration that inhibits 50 % of the parasite growth in relation to control cultures with no drugs. <SI:

Selectivity Index % CCyy/ICs,. ND: not determined.

Leishmanicidal activity

All the synthesized compounds were tested against promastigote form L. amazonensis
(Table 2) and only compounds 3c, 3d, Sa, 6a and 9a exhibited activity leishmanicidal
with values between 0.16 and 2.49 uM. In terms of the most active of the naphthoqui-
nones derivatives, compound 3¢ showed the best IC5,0.16 + 0.05 uM, but is less active
in comparison with the reference compound (Amphotericin B, ICy, = 0.06 uM).

Table 2. Values of activities for 1,4-naphthoquinone derivatives 3a-d, 4a-b, Sa, 6a and 9a, in vitro

Leishmanicidal activity (ICs, uM) against promastigote form L. amazonensis, cytotoxicity (CCs,
eM, LLCMXK, cells) and selectivity index (SI).

Compound CCsp* (M) IC;,° (uM) SIe

3a 59.67 £ 18.96 > 100 -

(Continued)
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Compound CCyp (uM) IC5,* (M) SI

3b 10.19 + 1.04 > 100 -
3c 8.41+0.09 0.16 + 0.05 52.56
3d 6.96 £ 0.59 0.31+0.17 22.45
4a 64.14 + 6.60 > 100 -
4b 44.68 £ 11.11 > 100 -
Sa 8.55+0.39 249 £3.29 3.43
6a 6.53 £2.69 0.17 £ 0.06 38.41
9a 6.1+3.64 1.5+ 0.74 4.07

Amphotericin B ND 0.06 -

*CCs: concentration that kills 50 % of LLCMK, cells, 96 h after incubation with the compounds determined by the MTT
method. *IC: concentration that inhibits 50 % of the parasite growth in relation to control cultures with no drugs. <SI:

Selectivity Index % CCy/ICs). ND: not determined.

CONCLUSIONS

In conclusion, the synthesis of 1,4-napthoquinone derivatives was prepared and biologi-
cally assayed against 7. cruzi and L. amazonensis in order to obtain an action profile for
these compounds. The observed results were considered as preliminary and the active
compounds 3a, 3¢, 3d, 5a, 6a and 9a showed moderate to excellent trypanocidal activity.
In particular, the compound 6a exhibited better activity against epimastigotes forms of 70
¢cruzi than benznidazole. On the other hand, the activity of 1,4-napthoquinone derivati-
ves against promastigote forms L. amazonensis was not more effective than the Ampho-
tericin B. Based on the result of this work, the compound 6a merits further studies in
amastigotes and trypomastigotes to investigate the mechanism of trypanocidal action in
both parasite forms and its potential for agents against Chagas disease.
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APPENDIX

"H-NMR spectrum of Compound 3a.
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Mass spectrum of compound 3a.
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BC-NMR spectrum of compound 3b.
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"H-NMR spectrum of Compound 3c.
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Mass spectrum of compound 3c.
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3C-NMR spectrum of compound 3d.
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"H-NMR spectrum of Compound 4a.
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Mass spectrum of compound 4a.
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"H-NMR spectrum of Compound 4b.
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Mass spectrum of compound 4b.
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BC-NMR spectrum of compound 5a.
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Mass spectrum (ESI-HRMS) of compound Sa.
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BC-NMR spectrum of compound 6a.
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Mass spectrum (ESI-HRMS) of compound 6a.
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"H-NMR spectrum of compound 9a.
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BC-NMR spectrum of compound 9a.
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Mass spectrum (ESI-HRMS) of compound 9a.
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