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Abstract Eight coumarin derivatives (2-8) were synthe-
sized from 7-hydroxy-4-phenylcoumarin 1 and were eval-
vated for their in vitro leishmanicidal activity against
promastigote and amastigote forms of Leishmania amazo-
nensis, as well their toxicity in murine macrophages.
Compounds 4 and 7 showed the most significant results
against promastigote forms of L. amazonensis. They were at
least three-fold more active than 1 and Compound 4 was as
effective as Amphotericin B. Compound 4, a 7-O-pre-
nylated derivative, and 7, a tetra-O-acetyl-pB-p-glucopyr-
anosyl derivative, presented ICs values of 21.35 and 10.03
UM against promastigote and ICsy values of 58.10 and
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34.93 uM, respectively against amastigote forms. Further-
more, they do not cause toxicity in mammalian or Leish-
mania cells in vitro. This study shows that these coumarin
derivatives are potential prototypes for the development of
novel drugs with leishmanicidal activity.

Keywords Coumarin derivatives - Leishmaniasis -
Leishmania amazonensis

Introduction

Leishmaniasis is a neglected tropical disease (NTD) that
represents the most common illnesses of the world’s poorest
people (Hotez et al. 2012). This disease has been reported in
88 countries on five continents, Africa, Asia, Europe, North
America, and South America (van Assche et al. 2011),
among which the majority are represented by developing
countries (Bhargava and Singh 2012). The outcome of the
disease is divided into several clinical presentations: cuta-
neous leishmaniasis (CL), muco-cutaneous atleishmaniasis
(MCL), visceral leishmaniasis (VL) also known as Kala-
azar and post-Kala-azar dermal leishmaniasis (Beattie and
Kaye 2011). It is a parasitic and vector-borne disease caused
by several different species of protozoan parasites of the
genus Leishmania, which maintain their life cycle through
transmission between an insect (phlebotomine sandfly) and
a mammalian host (Kaye and Scott 2011). The parasite
exists in two distinct forms: a promastigote form found in
the vector and an amastigote form, which develops intra-
cellularly in the susceptible mammalian host (van Griens-
ven and Diro 2012).
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Current therapeutics for leishmaniasis include pentava-
lent antimony (sodium stibogluconate or meglumine anti-
moniate), the polyene amphotericin B (as the deoxycholate
salt  or a liposomal formulation), the alkyl
phosphocholine miltefosine and the aminoglycoside par-
omomycin (Croft and Olliaro 2011; Seifert et al. 2011).
However, those drugs are far from satisfying the current
demands in individuals, who live in a region where Leish-
mania infections are endemic, due to their cost (Fidalgo
and Gille 2011) variation in the sensitivity of Leishmania
species to drugs, drug-induced toxicity, and variation in
host immune response-drug interaction (Croft et al. 2006)

The search for new bioactive molecules in natural pro-
ducts has proven to be a powerful approach for discovery
and development of new drugs for the treatment of
neglected human diseases (Cragg 1997; Ndjonka et al.
2013). Thus, the use of natural compounds for the treatment
of various diseases caused by parasites, such as the causa-
tive agents of trypanosomiasis, leishmaniasis, schistoso-
miasis, lymphatic filariasis and onchocerciasis, have
stimulated the research for new agents. Among the bioac-
tive molecules some alkaloids, chalcones, lactones, tetra-
lones, saponins and coumarins have been explored.
(Akendengue et al. 1999; Cragg 1997; Ndjonka et al. 2013;
Vieira et al. 2001). Since coumarins have been prospected
for their in vitro and in vivo leishmanicidal properties,
this compound class can be exploited to discover new
effective, low toxic drugs for the treatment of leishmaniasis
(Brenzan et al. 2007; Napolitano et al. 2004; Tiuman
et al. 2012).

A compound belonging to the class of coumarins, 7-
geranyloxycoumarin, showed significant growth inhibition
against the tropical parasite Leishmania major (Napolitano
et al. 2004). Also, prenylated coumarins auraptene, umbel-
liprenin, and galbanic acid, isolated from Ferula szowitsiana
(Apiaceae), showed in vitro antileishmanial activity against
promastigotes of L. major (Singh et al. 2014). Isopropenyl
coumarins isolated from the extracts of the leaves of G.
panamensis T. S. Elias (Rutaceae) demonstrated significant
inhibition against axenic amastigote forms of Leishmania
panamensis (Arango et al. 2010). Another coumarin-type,
(-) mammea A/BB, purified from the crude extract of
Calophyllum brasiliense leaves has shown significant
activity against both forms of Leishmania amazonensis, and
it was recently used to assess the treatment of lesions in
animal models (Brenzan et al. 2007, 2008). These studies
encouraged us to investigate the leishmanicidal activity of
new synthetic coumarin derivatives to warrant higher
potency against these human pathogens.

The aim of this work was to obtain and evaluate
the leishmanicidal activity against both forms, promasti-
gotes and amastigotes,of L. amazonensis of eight coumarin
derivatives. We also evaluate the cytoxicity of this
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compound in mammalian cells (murine

macrophages).

peritoneal

Materials and methods
Chemistry

The reactions were monitored by thin-layer chromatography
(TLC) on silica gel 60 F254 (Merck®). Melting points were
determined by using a Mettler melting point apparatus
(Mettler-Toledo, Leicester, UK) and were not corrected.
NMR spectra were recorded on BRUKER Avance DPX
200 or BRUKER Avance DRX 400 spectrometers. Che-
mical shifts (6) were reported in parts per million (ppm)
with reference to tetramethylsilane (TMS). The coupling
constants (J) were reported in hertz (Hz) and signal multi-
plicities were reported as singlet (s), doublet (d), doublet of
doublet (dd), multiplet (m) and sextet (sext).

Synthesis of 7-Hydroxy-4-phenylcoumarin (1)

Equimolar amounts of resorcinol and ethyl benzoyl acetate
were stirred in perchloric acid at room temperature for 1.5 h.
The reaction mixture was then poured in crushed ice under
constant stirring; the solid product 1 thus formed was iso-
lated by suction filtration and was purified by recrystalli-
zation from hot ethanol.

Synthesis of O-alkyl (2, 3 and 4) and O-acyl (5 and 6)
coumarin derivatives

Potassium carbonate (2 eq.) and the alkyl or acyl halide (1
eq.) were added to a stirred solution of 1 (1 eq.) in acetone
(Scheme 1). The reaction mixture was kept under stirring at
room temperature and was monitored by TLC (hexane/ethyl
acetate, 8:2 v/v). The reaction mixture was then extracted
with ethyl acetate (3 x20mL). The organic layers were
combined, dried over anhydrous sodium sulfate, filtered and
the solvent evaporated under reduced pressure. Products
were obtained in good yields and were used further without
needing purification.

Synthesis of coumarin glucosides (7 and 8)

Equimolar amounts of potassium hydroxide and 1 were
stirred in an acetone-water mixture (1:1, v/v) under room
temperature until total solubilization. Then 2,3,4,6-tetra-O-
acetyl-B-D-glucopyranosyl bromide (0.3 eq.) was added in
acetone solution. This mixture was left under the same
reaction conditions and was monitored by TLC (dichlor-
omethane/hexane, 9:1, v/v). Acetone was then eliminated
under reduced pressure and the raw product was extracted
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Scheme 1 Rote for the synthesis
of 7-Hydroxy-4-phenylcoumarin
(1), O-alkyl (2, 3 and 4),
O-acyl (5 and 6) coumarin
derivatives and coumarin
glucosides (7 and 8)
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5=0COCH,

6 =OCOCH,(CH,),CHs

with dichloromethane (3 x 20 mL). The organic phase was
washed with NaOH (10 % w/v/ 3 x 20 mL) and then dried
with anhydrous sodium sulfate. The solvent was eliminated
under reduced pressure and the pure product 5 was obtained
after recrystallization from water/ethanol (6.5:3.5, v/v).
Following, Compound S was dissolved in a 1mol L}
solution of MeONa in dry MeOH (2 mL/100 mg of com-
pound). The solution was stirred at room temperature and
the reaction was followed by TLC (ethyl acetate/ hexane,
8:2 v/v). The solution was then made neutral by using
Amberlite® TRA-120 ion exchange resin, and the filtrate
cooled to 0°C when the pure and solid product 6 was
obtained after filtration and cold methanol washings (Con-
chie et al. 1957; Zweckmair et al. 2014).

7-Hydroxy-4-phenylcoumarin (1) (Kuarm et al. 2012)

White crystalline solid (yield 89 %); m.p. 254 °C; IR (KBr)
Omax (cm™1) 3097 (v O-H); 1711.22 (v C=0); 1238.17 (v
C-0-C). '"H NMR (DMSO-dg, 400 MHz): § 6.19 (s,1H,
H3), 6.81-6.82 (d, 1H, J=4.0 Hz H8), 6.84-6.85 (dd, 1H,
J=20,4.0,2.0Hz, H6) 7.31-7.33 (d, 1H, J= 8.0 Hz, H6),

KOH, acetone,

H,0, r.t. CHs
OAc
Acog&o o_0
AcO OAC
¥
7
MeONa,
MeOH, r.t.
OH

Hog&/o 0._0
HO OH
=
S

7.56-7.61 (m, 5H, H Ph); '*C NMR (50 MHz, DMSO-d): §
162.47 (C-2), 161.27 (C-7), 156.62 (C-4), 141.82(C-9),
136.22 (C-1"), 130.66 (C-5), 129.90 (C-3" and C5'), 129.45
(C-2' and C-6"), 129.17(C-4"), 114.29(C-3), 111.72 (C-10),
111.39 (C-6), 103.76 C-8). HRMS m/z 261.0611 C,sH,005
Na* (calcd. 261.0528).

7-0-Methyl-4-phenylcoumarin (2) (Rizzi et al. 2006)

White solid (yield 56 %); m.p. 111-112 °C; IR (KBr) vyax
(cm™") 3062 (v C-H Ph); 1743.36 (v C=0); 1207.44 (v
C-0-C). "H NMR (CDCls, 400 MHz):5 7.43-7.52 (m, 5H,
H Ph), 7.38-7.40 (d, 1H, J=8.0 Hz H5) 6.89-6.90 (d, 1H,
J=2.4HzH6) 6.78-6.81 (dd, 1H, J=2.8, 4.0, 2.8 Hz, H3),
6.22 (s, 1H, H3), 3.89 (s, 3H, H7" OCH;) "*C NMR
(CDCl;, 100 MHz):8 163.17 (C-2), 161.56 (C-7), 156.39
(C-4), 156.17 (C-9), 135.95 (C-1"), 129.92 (C-4"), 129.17
(C-3" and C5'), 128.72(C-2" and C-6'), 128.33, (C-5) 112.90
(C-10), 112.68 (C-3), 112.24 (C-6), 101.46 (C-8), 56.14(C-
7). HRMS m/z 275.0049 C,¢H;,05Na* (calcd. 275.0684).

7-0-allyl-4-phenylcoumarin (3) (El-Ansary et al. 2012)
White solid (yield 75 %); m.p. 183-184 °C; IR (KBr) vy,x
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(cm™") 3079.41 (v C-H,); 3020.58 (v C—H Ph) 1729.21 (v
C=0); 1124.52 (v C-O—C) 748.39 and 623.02 (5§ C-H Ph).
'H NMR (CDCl;, 200MHz): & 7.41-7.51(m, 6H),
6.89-6.90 (d, 1H, J=4.0Hz H8) 6.79-6.87 (dd, 1H,
J=2.0; 10.0; 2.0 Hz H6), 6.22 (s, 1H), 5.95-6.14 (ddd, 1H
J=6.0, 12.0, 18.0 Hz H8') 5.32-5.49, (m, 2H) 4.60—4.62
(d, 2H, J=4.0Hz, H7). >*C NMR (CDCl;, 50 MHz) &
162.04 (C-2), 161.60 (C-7), 156.24 (C-4), 156.16 (C-9),
135.87 (C-1'), 132.44 (C-8'), 129.93 (C-4'), 129.16 (C-3'
and C5'), 128.71 (C-2' and C-6'), 128.32 (C-5), 118.94 (C-
9", 113.18 (C-3), 112.95 (C-10), 112.25 (C-6), 102.29 (C-
8) , 69.60 (C-7). HRMS m/z 301.0515 C;gH;4O3Na*
(caled. 301.0841).

7-O-Prenyl-4-phenylcoumarin (4) (Subramanyam Raju and
Subba Rao 1974) White crystalline solid (yield 57 %); m.p.
202-205°C; IR (KBr) v (cm™) 3032.10 (v C-H,);
2862.36 and 2966.52 (v C-H;); 1708.93 (v C=0); 1149.57
(v C-O-C). 'H NMR (CDCl;, 400 MHz):6 7.43-7.52 (m,
S5H, HPh) 7.38 (d, 1H, J=8.8 Hz H5) 6.89-6.90 (d, 1H, J =
2.4Hz H6), 6.78-6.81 (dd, 1H, J=4.0, 6.0, 40Hz, HY),
6.21 (s, 1H, H3), 547-5.49 (t, IH J=4.0, 40Hz HY',
OCH,CHC(CH3),) 4.58-4.60 (d, 2H J=8.0Hz, HT7,
OCH,CHC(CHj),), 1.81 (s, 3H, HI11', OCH,CHC(CHs),)
1.77 (s, 3H, H10',0CH,CHC(CH3),), '>*C NMR (CDCl,,
100MHz): 6 162.54 (C-2), 162.41(C-7), 156.28 (C-4),
156.24 (C-9), 139.71 (C-1), 135.93(C-9"), 129.90(C-4),
129.15(C-3'CS’), 128.72(C-2'C6’), 128.26 (C-5), 118.93 (C-
8", 113.32 (C-3), 112.72 (C-10), 112.05 (C-6), 102.10 (C-8),
65.75 (C-7"), 26.17 (C-10"), 18.64 (C-11'). HRMS m/z
329.0928 C,oH ;305 Na™ (caled. 329.1154).

7-0-Acetyl-4-phenylcoumarin (5) (Subramanyam Raju and
Subba Rao 1974) White solid (yield 68 %); m.p. 211-213 °C;
IR (KBr) 0y (cm™") 3077.48 (v C—Hs); 1762.15 and 1733.07
(v C=0); 1142.84 (1 C-O0—C). '"H NMR (CDCl, 400 MHz): &
7.44-1.54 (m, SH, H Ph), 7.50-7.48 (d, 1H, J= 2.4 Hz H8),
7.19-720 (d, 1H, J= 2.4 Hz HS), 6.99-7.02 (dd, 1H, /=24,
6.4, 2.4 Hz, H-6), 6.35 (s, H, H3), 2.34 (s, 1H, H-7')."°*C NMR
(CDCl;, 100 MHz): 6 168.47 (C-2), 160.21 (C-7'), 155.03 (C-
4), 154.60 (C-7), 152.97 (C-9), 130.85 (C-1"), 129.58 (C-3' and
C-5"), 128.73 (C-2" and C-6), 128.14 (C4'), 127.65 (C-5),
117.84 (C-6), 114.31 (C-8), 110.47 (C-3), 20.87 (C-8'). HRMS
m/z 303.0515 Cy7H,,0,4 Na* (caled. 303.0634).

7-O-butanoyl-4-phenylcoumarin (6) White solid (yield 68 %);
mp. 198-199 °C; IR (KBI) v (cm™) 3030.10 (v C-Hy);
2951.09 (v C—Hj); 1757.15 and 1739.79 (v C=0); 1165.00 (v
C-0-C). 'H NMR (CDCls, 400 MHz): § 7.43-7.53 (m, 5H, H
Ph), 7.18-7.19 (d, 1H, J = 2.0 Hz H5), 6.98-7.00 (dd,1H, J =
24, 8.8, 2.4 Hz, H6), 6.34 (s, 1H, H3), 2.60-2.56 (1, 2H, J =
4.0, 4.0 Hz H7"), 1.60-1.85, (sext, 2H, J = 8.0, 8.0, 8.0, 8.0, 8.0
Hz, H8) 1.04-1.07 (, 3H, J=8.0, 8.0Hz HY) *C NMR
(CDCls, 100 MHz): 6 171.77 (C-6"), 160.81 (C-2), 155.62 (C-
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4), 155.19 (C-7), 153.69 (C-9), 135.46 (C-1'), 130.14 (C4"),
12929 (C3' and C5'), 128.72 (C2' and C6), 128.17(C-5),
11845 (C-6), 117.15(C-10), 114.82 (C-8), 111.03 (C-3), 36.50
(C-8), 1866 (C9), 13.92 (C-10). HRMS m/z 331.1186
CoH;404 Na* (caled. 331.0947).

7-0-(2,3,4,6-tetra-O-acetyl-p-p-glucopyranosyl)-4-phenylcou-
marin (7) (Garazd et al. 2005) Light yellow solid (yield 61
%); m.p. 180°C; IR (KBr) vpa (cm™") 3471 (v C-H,);
3078.33, 2970.38 and 2881.85 (v C-Hj); 1752.22 and
1739.79 (v C=0); 1157.29 (v C-O-C). '"H NMR (CDCl;,
400 MHz): 6 7.52-7.39 (m, 5H, H Ph), 7.02 (d,1H, J=
6.4Hz, H-5, 6.87), 6.87-6.84 (dd,1H, J=2.4, 6.4, 2.4 Hz,
H-6), 6.27 (s, 1H, H3), 5.35-5.28 (m, 1H, H6"), 5.17-5.19
(m, 1H, H-4"), 4.27-4.30 (m, 1H, H-2"), 4.17-4.20 (m, 1H,
H-1"), 3.90-3.94 (m, 1H, H-5"), 2.12 (s, 3H, H-8"), 2.06 (s,
6H, H-14"; H10'), 2.04 (s, 3H, H-11") >*C NMR (CDCl;,
100 MHz): 8170.93 (C-13"), 170.49 (C-7"), 169.73 (C-9"),
169.56 (C-12"), 161.02(C-2), 159.66 (C-9), 155.92 (C-7),
155.81 (C-4), 135.58 (C-10), 130.10 (C-3), 129.27(C-6" and
C-2), 128.67 (C-5' C-3'), 128.56(C-4'), 114.87 (C-1'),
114.30 (C-8), 113.50 (C-6), 104.54 (C-5), 98.71 (C-1"),
72.93 (C-2"), 72.83 (C-3"), 71.31 (C-4"), 68.45(C-5"), 62.17
(C-6"), 21.03 (C-14"), 20.98 (C-8"), 2091 C-10"C-11").
HRMS m/z 591.1538 CooHp301, Na* (caled. 591.1479).

7-O-(p-D-glucopyranosyl)-4-phenylcoumarin (8) (Garazd
et al. 2005) White solid (yield 69 %); m.p. 233-234 °C; IR
(KBI) Upmax (cm™), 3456.44 (v O-H); 2885.51 (v C-Hy);
1701.22 (v C=0); 1161.15 (v C-O0-C). '"H NMR (DMSO-
ds, 400 MHz): 6 7.50-7.56 (m, SH, H Ph), 7.33-7.35 (d,
1H, J=8.8 Hz HS) 7.13, (s, 1H, H5") 6.97-6.99 (d, IHJ =
8.8 Hz) 6.25 (s, 1H, H3), 5.46-5.59 (m, 4H, H7"H8"H9"
H10"), 5.02-5.03 (d, 1H, J=4,0 Hz H5") 3.70-3.14 (m, 4H,
H6"H4"H3" H2"), '3C NMR (DMSO-ds, 100 MHz) §
161.25 (C-2), 160.90 (C-3), 155.98 C-9), 135.85 (C-1"),
130.64 (C-8), 129.81 (C-6, and C-2'), 129.39 (C-5" and C-
3", 128.71 (C-4"), 114.70 (C-1"), 113.68 (C-7), 112.83 (C-
6), 104.60 (C-5), 100.96 (C-10), 78.13 (C-5"), 77.43 (C-2"),
74.06 (C-4), 70.56 (C-3"), 61.58 (C-6"). HRMS m/z
423.1375 CH00g Na* (calcd. 423.1056).

Biological evaluation
Leishmanicidal in vitro activity against promastigotes

Promastigote forms of L. amazonensis (MHOM/BR/71973/
M2269) were cultivated in Schneider’s Drosophila medium
(Sigma, USA) supplemented with 10.0% (v/v) heat-
inactivated fetal bovine serum and 1.0% penicillin
(10,000 UI/ mL)/streptomycin (10.0 mg/mL) (Sigma, USA).
Cells were counted in Neubauer’s chamber and adjusted to a
concentration of 1 x 10° cells/mL. Leishmania promastigotes
were re-suspended in fresh medium and harvested on a
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24-well plate. Coumarin derivatives, solubilized in dime-
thylsulfoxide (DMSO), were added to promastigote culture
plates and incubated for 72 h at 25 °C. After that, the sur-
viving parasites were counted in a Neubauer’s chamber and
compared with controls for the determination of 50.0 %
inhibitory growth concentration (ICsp). All tests were per-
formed in triplicate and Amphotericin B (Eurofarma) was
used as the reference drug (Maciel-Rezende et al. 2013).

Leishmanicidal in vitro activity against intracellular
amastigotes

Murine peritoneal macrophages were maintained in RPMI-
1640 medium, supplemented with 10.0 % heat-inactivated
fetal bovine serum and 1.0 % penicillin (10,000 U/mL)/
streptomycin (10 mg/mL). Cells, at 8 x 10° cells/mL con-
centration, were cultivated in 24-well plates on 13 mm glass
slides (Nunc, USA). After 30 min for adhesion, the cells
were infected with L. amazonensis promastigotes at a
multiplicity of infection of 10:1 (parasite/macrophage). The
plates were incubated in a 5.0 % CO, air mixture at 37 °C
for 24 h. The nonphagocytosed promastigotes were then
removed while washing, and the compounds were added.
After 72 h, chamber slides were fixed in absolute methanol,
stained with Giemsa and examined under an oil immersion
objective lens of a light microscope. At least 200 macro-
phages were counted per well for calculating the percent
inhibition for the determination of ICs, value. All tests were
performed in triplicate on three different occasions and
Amphotericin B (Eurofarma) was used as the reference drug
(Pereira et al. 2010).

Evaluation of cytotoxicity

For the cytotoxicity assay a suspension of 8 x 10° cells/mL
of murine peritoneal macrophages, in RPMI 1640 medium,
supplemented with 10.0 % heat-inactivated fetal bovine
serum and 1.0 % penicillin (10,000 UI/mL)/streptomycin
(10 mg/mL) were added to each well of 24-well plates, on
13 mm glass slides. The plates were incubated in a 5.0 %
CO, air mixture at 37 °C for cell adhesion. After 24 h, the
non-adherent cells were removed by washing with the
RPMI 1640 medium. Thus, several concentrations of
compounds (in the range of 0.05-160.0 pg/mL) were added
to the wells containing the cells. All target compounds were
solubilized in DMSO at a final concentration of 0.6 % v/v
and the plates were incubated for another 72 h. The non-
adherent cells were then removed by washing with the
RPMI 1640 medium and 50.0 pL of 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added to
each well at a concentration of 5.0 mg/mL, followed by
incubation for another 4h, as described by Mossman
(Mosmann 1983). After this, the medium was removed and

1 mL of DMSO was added to each well and homogenized
for 15 min. Next, the absorbance of each individual well,
minus the control value, was calculated at 570 nm according
to the following formula.

oD, — ODyn
%inhibition_( control dn gs) x 100

ODconLrol

Each experiment was performed in triplicate, and the
percentage of viable cells was calculated in relation to
control cultures in the medium with only DMSO at the
concentration of 0.6 % v/v.

Statistical analysis

The leishmanicidal activity of the compounds was expres-
sed as the concentration that inhibits the growth of 50.0 %
of protozoan forms. Statistical analysis was performed using
nonlinear regression to obtain the ICs, and CCs, (cytotoxic
concentration for 50.0 % of macrophages) values, followed
by variance analyses and Tukey’s test. Differences were
significant when the p value was lower than 0.05.

Evaluation of lipophilicity by LogP (octanol/water)
and ab initio calculations

Lipophilicity values were estimated through theoretical
determination of LogP (o/w) by using the XLOGP3 pro-
gram (Urzua et al. 2008). The QikProp program calculates
the LogP (o/w) values from regression equations using
experimental data and molecule physical descriptors
(hydrogen bond counts, atom types and charges, rotor
counts, etc.) through Monte Carlo statistical mechanics
simulations (Jorgensen and Duffy 2000) calculated lipo-
philicity expressed by LogP (o/w) of the studied compounds
are shown in Table 1. Actually, partition coefficient data are
quite useful to estimate the solubility of a solute in a specific
solvent (Yalkowsky 1999) (Fig. 1).

The previous predictions of LogP (o/w) values were
confirmed by ab initio theoretical calculations of Lipophi-
licity values by using Gibbs free energies of solvation
of the chemical species. In this methodology, we initially
carried out a conformational analysis using Monte
Carlo (MC)-simulated annealing (from 7=5000K to
T=300K) (da Cunha et al. 2009; Hohenberg and
Kohn 1964). The selected conformations were subse-
quently refined at the DFT level. Thus, each selected
conformer was then fully optimized by DFT with the
B3LYP functional and basis set 6-311+g (d, p). The solvent
effect was taken into account using PCM calculations
(Miertus et al. 1981).
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Table 1 Chemical structure and biological activity of coumarin derivatives against both forms of L. amazonensis, compared to amphotericin

Compound Chemical structure Promastigote Amastigote Amastigote LogP*/P"
ICs50 (UM) ICs50 (UM) cytotoxicity
1 70.10 £5.56 93.60 +3.32 >671.59 3.51/13.2
HO. 0._0O
Z
2 58.19+1.71 83.05+2.56 >634.27 3.63//3.75
_o 0._0
‘/fO/
3 37.37+0.45% 91.81 +1.09 >574.92 4.40//4.60
O 0._0
?O/
4 21.35 +0.83* 58.10+1.58 >522.26 5.33//6.20
W/VO 0.0
(‘ro/
5 45.33 +0.88%* 11211 + >570.88 3.06//3.12
~° 00 2.01
N0
6 38.63 +0.89%* 89.38 +3.1 >518.92 4.12//5.70
WO o.__0O
!
7 10.03 +£1.21%* 3493 +1.86 >281.43 3.69//3.71
OAc
Aco%o 0._0
AcO OAc O _
8 91.78 +1.69 n.d. >399.62 1.55//1.58
OH
Ho%o 0._0
HO
on L L
Amphotericin B 5.09 6.15 27.05 -

n.d. not determined
* Values marked with one asterisk means that the derivative differs statistically from their starting compound when p < 0.05 by Tukey’s test
# Calculated lipophilicity expressed by Log P (oct/wat) using XLOGP3 program version 3.0.1

® Calculated lipophilicity expressed by Log P (oct/wat) using Gibbs free energy of solvation from Gaussian program
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Structure-Activity Relationship
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Fig. 1 Structure—activity relationship by ICso values to promastigote

forms and lipophilicity expressed by Log P (o/w) by using Gibbs free

energy of solvation from Gaussian program

Results and discussion

In order to prepare a variety of coumarin derivatives,
Coumarin 1 was prepared as the starting compound. As
depicted in Scheme 1, Compound 1 was synthesized via
Pechmann reaction (Pechmann 1884), which is the most
widely used method to obtain coumarins. This reaction
involves the use of simple starting materials, such as phe-
nols and p-ketoesters in acidic medium and generally works
well at room temperature. The advantages of this procedure
are short reaction times, operational simplicity and high
product yields. Many coumarins are readily purified by
crystallization, such as those synthesized in this work,
which were recrystallized from a mixture of ethanol/water
(7:3 v/v) furnishing high purity products without using
column chromatography purification. All derivatives were
obtained in good yields. The structural assignments of all
synthesized compounds were based on 'H and '>°C NMR,
IR and mass spectra analyses.

A series of synthetic coumarins is shown here that were
evaluated in vitro against both forms of L. amazonensis and
the results support the leishmanicidal potential of this class
of compounds. The studies reported by Kappagoda and co-
workers with antiparasitic coumarin derivatives were
focused on coumarins bearing a 5,7-dihydroxy skeleton, a
phenyl group attached to C-4 and prenyl or acyl substituents
attached to C-6 or C-8 (Kappagoda et al. 2011). In this
study, the phenyl group attached to the C-4 position was
maintained and the nature of substituents at the C-7 position
was varied. The most promising derivatives were 4 and 7,
which exhibited good activity against both promastigote
and amastigote forms of Leishmania. Concentrations up to
281.43 uM showed no cytotoxicity and the same profile was
observed in tests beyond these concentrations. Derivative 8
showed high ICs, value against promastigote forms but was

not selected to evaluate its activity against intracellular form
of the parasite. All results are shown in Table 1.

Compound 4, which presented an O-prenyl group at
position C-7, as well as 7, with a penta-O-acetyl-gluco-
pyranosyl group in this same position, were the most active
coumarins against promastigote forms of L. amazonensis
(ICso values=21.35 and 10.03 uM, respectively). Both
compounds were also the most effective against amastigote
forms (ICs5, values =58.10 and 34.93 uM, respectively).
Moreover they presented lower cytotoxicity than the refer-
ence drug, Amphotericin B (cytotoxicity value =27.05
uM). Compounds 1, 2, 3, § and 6, which present free
phenol, O-methyl, O-allyl, O-acetyl and O-butanoyl groups,
respectively, were the least active against both promastigote
and amastigote forms. The presence of free-hydroxyls p-D-
glucopyranosyl group at position C-7 does not seem to be a
promising alternative considering the leishmanicidal activ-
ity, since Compound 8 was not active against promastigotes
of L. amazonensis. On the other hand, it was observed that
per-O-acetyl glucopyranosyl moiety, present in Compound
7, had an important effect on the desired biological action.
Comparing the chemical structures of Compounds 7 and 8,
one may suggest that lipophilicity is an important issue for
the leishmanicidal activity of the Compound 7 (Fig. 1).

Pereira and co-workers showed that benzophenones with
higher lipophilicity present higher activities against Leish-
mania species, which could in fact be related to the ease of
entering the macrophage and reaching the parasite (Pereira
et al. 2010). Maciel-Rezende and co-workers recently evi-
denced that an increase in the size of side chain substituents
led to a proportional increase in lipophilicity of benzophe-
none derivatives and leishmanicidal potency (Maciel-
Rezende et al. 2013). Indeed, these results indicate that
changing the substituents in the coumarin nucleus to
influence on the polarity of the molecule also changes its
biological activity. The results of this study suggest that
some chemical features, as lipophilicity, in the synthesized
coumarins are relevant for the leishmanicidal activity, but
further investigations must be performed to confirm this
hypothesis.

In order to shed some light on the experimental results, a
computational study was developed to evaluate the physico-
chemical properties of the synthesized compounds to check
the influence of the nature of the environment on the sta-
bility of the molecules and to obtain data that could allow
proposing the biological action mechanism of these drugs.
In this regard, we carried out partition coefficient calcula-
tions. Currently, the CCly/water and n-octanol/water
biphasic systems are the mimic models most widely used
for the water-membrane system (Liu et al. 2011). It should
be kept in mind that the partition coefficient is a very
important issue of the Lipinski’s rule-of-five. In 1997,
Lipinski and colleagues postulated some structural and
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electronic features that are associated with orally active
drugs in humans, which is denominated as the “rule-of-five”
(Lipinski et al. 2012).

In fact, from the theoretical side, a consolidate metho-
dology for the LogP calculation is to use information of the
free energy of solvation in water and in octanol or CCl, to
estimate the partition coefficient. From Gibbs free energies
of solvation in two different phases at temperature 7, one
can calculate the corresponding partition coefficient,
according to the following expression: where AyyqG is the
hydration free energy and A, G is the Gibbs free energy of
solvation in 1-octanol.

o Ahde — AyoyG
LogP = =53 03RT

In accordance with Table 1, Compounds (4) and (7)
reveal the high hydrophobicity for both theoretical meth-
odologies used. Interestingly, those compounds were the
most active coumarins against promastigote and amastigote
forms of L. amazonensis. Therefore, this pattern clearly
points out and reinforces the proposition regarding the
biological action of phenylcoumarins. In fact, the interac-
tion with the membrane likely plays an important role in the
biological action mechanism of these drugs.

The evaluation of the coumarin derivatives in relation to
toxicity in mammalian cells showed no significant toxicity.
These results indicate that Compounds 4 and 7 showed the
most significant results against promastigote and amasti-
gotes forms of L. amazonensis in vitro and no toxicity.
Coumarin derivatives may be potential new drugs for the
treatment of leishmaniasis that could become available for
low-income populations. This study is part of a continued
search for new drugs with high activity and few side effects
that can be used to treat diseases associated with protozoan
parasites, such as leishmaniasis.

Conclusions

Eight coumarin derivatives (Compounds 1-8) were pre-
pared in good chemical yields and their biological activity
against L. amazonensis was tested. The most distinguished
results seem to be related to Compounds 4 and 7 against
both promastigote and amastigote forms of L. amazonensis.
These results indicated that probability that the variation of
the substituents on the coumarin scaffold seems to influence
on the polarity of the molecule and its biological activity.
The potency could in fact be related to the facility to
penetrate the macrophage and reach the parasite. Our the-
oretical findings from LogP (o/w) calculations support this
proposal. Thus, these series of derivatives could be explored
as candidates for development of new drug prototypes
against leishmaniasis. Further studies should be conducted

@ Springer

to better understand the action mechanism of these mole-
cules and their effectiveness against amastigote forms of
Leishmania.
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