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Abstract

The synthesis, cytotoxicity, anti-leishmanial amti-&rypanosomal activities of twelve triclosan-ea¢
acid hybrids are described herein. The structurehef synthesized products was elucidated by a
combination of spectrometric analyses. The syntleelsicompounds were evaluated against
amastigotes forms df. (V) panamensis, which is the most prevalehtishmania species in Colombia,
and againstrypanosoma cruzi, which is the pathogenic species to humans. Cytoityxivas evaluated
against human U-937 macrophages. Eight compoundsaetive againdt. (V) panamensis (18-23, 26
and30) and eight of them again$t cruzi (19-22, 24 and28-30) with EGso values lower than 40 pM.
Compoundsl9-22, 24 and28-30 showed higher activities than benznidazole (BNESters19 and21
were the most active compounds for bbtl{V) panamensis andT. cruzi with 3.82 and 11.65 pM and
8.25 and 8.69 uM, respectively. Compourit®22, 24 and 28-30 showed higher activities than
benznidazole (BNZ). Most of the compounds showepantozoal activity and with exception @8,

26 and 28, the remaining compounds were toxic for mammadalts, yet they have potential to be
considered as candidates for anti-trypanosomalaatileishmanial drug development. The activity is
dependent on the length of the alkyl linker withmpmund19, bearing a four-carbon alkyl chain, the
most performing hybrid. In general, hydroxyl groupsrease both activity and cytotoxicity and the

presence of the double bond in the side chamoisiecisivefor cytotoxicity and anti-protozoal activity.

Keywords: leishmaniasis, chagas disea3eypanosoma cruz, antiprotozoal activity, cytotoxicity,
triclosan, caffeic acid, hybrids.



1. Introduction

Leishmaniasis and Chagas disease are a cause taflityon various developing countries of tropical
and subtropical regions. These diseases are endealth problems in developing countries. This
situation is aggravated by increasing treatmehirias with available drugd]. Leishmaniasis involves

a wide spectrum of clinical manifestations rangfrgqm small cutaneous nodules, plaques or ulcers
(cutaneous leishmaniasis), to severe mucosal tdssieuction (mucosal leishmaniasis) or disfunction
of vital organs and tissues such as liver, spleshtemne marrow (visceral leishmaniasis). This disea
affects to more than 12 million people worldwidelas caused by various species of tieeshmania
genus that includd.. panamensis, L. braziliensis and L. guayanensis (members of théviannia
subgenus), as well ad.. mexicana andL. amazonensis (members of thé&eishmania subgenus). L. (V)
panamensis is one of the most prevalent leishmania specieslved in human cases of cutaneous
leishmaniasis in Colombig2]. On the other hand, Chagas disease, also namedricame
trypanosomiasis, affects about 10 million peoplenigan Latin America. This disease is produced by
the protozoan parasifiéypanosoma cruzi that is transmitted to the mammalian host thrainghphases

of triatomine bugs belonging Triatoma, Rhodnius andPanstrongylus genug3].

Current chemotherapies to treat cutaneous leislas@nare based on old drugs, such as pentavalent
antimonials, meglumine antimoniate (MA) and for theeatment of Chagas disease sodium
stibogluconate (SSG) and nitroaromatic compounas) as benznidazole (BNZ) and nifurtimox (NF),
are usually prescribed. Unfortunately, all of thdsegs have severe toxic effects on patients wareh
associated with high doses and lengths of therapeschemes. Moreover, they are no longer as
effective as before due to the emergence of dregtesce in the parasite, which is complicating the
treatment of these parasitic disea$és].

Caffeic acid and some of its esters and amidesateres exhibit a broad spectrum of biological
activities including anti-inflammatorf7], antimicrobial[8,9], antioxidant[10], anti-Alzheimer[11],
analgesid12] and anticancer effecf83-15]. In addition, some studies have shown that caffeid a
esters have high anti-leishmanial actiVityp-19] Three caffeic acid ester$-8, see figure ), which
have been isolated from leavesRiper sanguinei spicum, showedanti-leishmanial activity with an kg

of 2.0, 10 and 1.8M, respectively. In addition, these compounds eixdibmoderate cytotoxicity on
murine macrophagd46]. The alkyl caffeic acid ested)was active against axenic amastigotes.of
panamensis with an EGp of 0.67 uM although this compound was toxic fommaalian cell417]. The
caffeic acid derivative5), isolated fromV. wallichii, showed an 1€ value of 48.8uM againstL.

major promastigotes and high cytotoxicity against a JY ¢éll line[18]. Rosmarinic acidg) exhibited



anti-leishmanial activity against both. major and L. donovani (ICso of 59.2 and 74.4uM,
respectively) [19]. Isopentyl caffeate 7j showed anti-trypanosomal activity againbt brucel
bloodstream forms with a minimum inhibitory conaation (MIC) of 0.31ug/ml [20]. Finally,
dicaffeoyl acid8 showed a significant activity againbt cruzi with an 1Go value of 286.2uM [21]
(Figure ).
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Figure 1. Caffeic acid esters and triclosan derivatives \aithi-protozoal activity.

Triclosan is a non-competitive inhibitor of puridfieenoyl-acyl carrier protein reductase (ENR) which
has demonstrated inhibitony vitro activity againsPlasmodium falciparum [22—25] A previous study
showed that triclosan and triclosan-quinoline hgbtbearing a propyl linker (see compo@id figure

1) havein vitro activity against axenic and intracellular amadggofL. panamensis with an effective
concentration (E&) below 24 pg/mL26]. Triclosan-chalcone hybrids with spacers of tH{d®, four
(11) and five (2) methylene units were active against leishmaniagies (E€o 9.4, 10.2 and 13.5
pa/mL, respectively) and showed no toxicity towangsmmalian cells (>200 pg/mi27] (seeFigure

1).

An emerging strategy in medicinal chemistry andgddiscovery relies in the use of hybrid molecules

which results from the covalent linking of two maldes with individual intrinsic pharmacological



activity [28,29] Hybrid molecules bear two distinct pharmacophavigs different biological functions
and may display dual activity although both engiteg the hybrid molecule are not necessarily acting
on the same biological targgB0-32] In the search for new therapeutic alternativesdat cutaneous
leishmaniasis and Chagas disease we have desigdeslyathesized a series of new triclosan-caffeic
acid hybrids (see structures in Figure 2) and weehavaluated theirn vitro cytotoxicity, anti-

leishmanial and anti-trypanosomal activities.
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Figure 2. Design of triclosan-caffeic acid hybrids as armtproal agents.

2. Results and discussion
2.1. Chemistry

The synthetic strategy for the preparation of ¢aféeid esters is shown Bcheme 1Thus, reaction of
triclosan 1 with ®-bromoalkylalcohols upon microwave assisted Wilkam etherification 7]
yielded alcohol2-8 in 61-88%. Caffeic acid silylation with TBSCI aftted silyl-protected caffeic acid
10 upon microwave irradiatiorBf]. This compound was esterified wititbromoalkylalcohols in the
presence of EDC and DMAP to provide protected sditerl7 in 41-60% yields 33]. Deprotection
with TBAF and benzoic acid gave rise to est&#8s24 in 50-92% vyieldg34]. Attempts to directly
obtain these compounds by coupling caffeic &igith alcohols2-8 using different coupling agents,
such as EDC/HOB{35], DCC/HOBt [36] and BOP/EN [37], were fruitless. On the other hand,
reaction of methylated caffeic aci$ with thionyl chloride generated the correspondiegl chloride
which in turn was reacted with alcohdls 3, 5 and 7 to afford ester26-29 in 40-60% vyields.
Compound30 was obtained in 94% yield by catalytic hydrogemainf compound6 [39].



The structures of all compounds have been estaolibly a combined study of IR, ESI-M%{-NMR,
13C-NMR and COSY spectréR spectra exhibit characteristic absorption peaksesponding to C=0,
C=C, C=G, C-O-C, C-H and C-Cigroups. ESI-MS spectra show characteristic [M+Nagaks
corresponding to their molecular weights. The assignts of all the signals to individual H or C-atom
have been performed on the basis of typicahlues andl-constants. ThéH-NMR spectra of these
compounds dissolved in CD&dr CD;OD show signals of —C#D- ((4.06 ppm), H-C=C-lhns ((5.21
and 7.50 ppm), -C = C+hliosan ring ((5.92 and 7.46 ppm}3C-NMR spectra show signals around 62,
115, 124 and 168 ppm, corresponding to 2GH H-C=C-Hrans C-Cl and C=0, respectively.
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Scheme 1. Synthetic pathway to triclosan-caffeic acid hgbri

2.2. Biological activities

The effect of triclosan-caffeic acid hybrids onlcgtowth and viability was assessed in human
macrophages (U-937 cells) which are the host defld.. (V) panamensis andT. cruzi parasites. In

addition, the antiparasite activity of these compsiwas tested on intracellular amastigotek. ¢¥/.)



panamensis andT. cruzi according to the ability of these compounds taicedthe amount of parasite

inside infected macrophages. Results are summainzeable 1

Table 1. Invitro cytotoxicity and antiprotozoal activity of triclas-caffeic acid hybrids

Cytotoxicity Anti-leishmanial activity Anti-trypanosomal activity
Compound on U-937 cells on intracellular amastigotes on intracellular amastigotes
LCso (Mean = SEM) [uM] EGso (Mean + SEM) [uMj SI EGso (Mean = SEM) [uM] Sl
18 >392.34 24.34+0.31 >16.12 52.42 +5.04 >7.48
19 12.03 + 0.77 3.82+0.19 3.16 8.25+1.21 1.46
20 8.18 + 0.02 15.30_+ 0.17 0.53 29.66 +1.81 0.28
21 19.97.+1.9 11.65_+1.58 1.72 8.69 + 0.62 2.29
22 40.18 + 3.81 12.92 + 3.41 3.11 18.35+ 0.54 2.19
23 3.62+0.35 30.22+1.74 0.12 41.32 + 3.87 0.09
24 173.74 + 30.12 42.55 + 0.80 4.08 34.21 +2.74 5.08
26 >371.87 38.06 + 1.77 >0.77 >37.19 <10
27 73.39 + 8.55 53.19 +4.18 1.38 42.77+ 7.50 1.72
28 336.75 99.05 + 5.93 >3.40 27.44 + 5.93 >12.26
29 106.92 + 10.48 48.46 + 2.16 221 33.02.+3.94 3.24
30 249.52 + 9.66 40.25+ 9.03 6.20 33.29 + 0.52 7.49
Triclosan 193.41 + 32.86 38.61 + 2.38 5.01 48.97 +4.21 3.95
Caffeic acid 1110.12 1103.46 +177.34 >1.0 156.92 + 18.43 >7.07
Amphotericin B 456 +2.2 0.054 + 0.011 842 NAd -
Benznidazole 687.8 £+ 16.1 NA - 40.3£6.92 17.0

Data represent, mean value +/- standard deviafidnCse: Lethal Concentration 50 ipM; ® EGso: Effective
Concentration 50 inM; ° Sl: Selectivity Index = L&/ EGso; “NA: Not applicable.

All compounds, with exception df8, 26, 28 andcaffeic acid, were cytotoxic to U-937 cells showing
LCso < 200.0uM. Compound30 showed moderate cytotoxicity (k&> 200.0uM) while compounds
18, 26, 28, caffeic acid and benznidazole had no cytotoxifi@so > 300uM). In turn, amphotericin B
showed high cytotoxicity (L& = 45.6uM) (Table 1.



The anti-leishmanial and anti-trypanosomal acegitwere measured by determining the effective
concentration 50 (Efg) that corresponds to the concentration of drud fnees the half-maximal
reduction of the parasite growthigble ). Dose-response relationship shows that compo8:3,
26, 30 and triclosan were active against intracellulaastigotes ot.. (V) panamensis with EGso < 40
uM. The most actives esters d@& 22, with an EGo of 24.34 pM, 3.82 uM, 15.30 pM, 11.65 pM and
12.92 pM, respectively, followed B3, 26 and 30 with an EGo of 30.22 pM, 38.06 uM and 40.25
UM, respectively. As expected, the anti-leishmandialg amphotericin B showed activity with low
ECso values. In turn, compounds®, 21, and22 were highly active against intracellular amasegoof

T. cruzi (Tulahuen strain expressiffiggalactosidase) with Egof 8.25 pM, 8.69 uM and 18.35 uM,
respectively, followed by compoun@®, 24 and 28-30 with an EGo of 29.66 uM, 34.21 uM, 27.44
UM, 33.02 uM and 33.29, respectively. In this casmznidazole showed activity with an §gGf 40.3
UM. Esters19-22, 24 and 28-30 displayed higher anti-trypanosomal activity thaeninidazole.
However, the Sl of these compounds is affectechbyr tytotoxicity. These results suggest a selectiv
biological activity of the hybrids reported hereittwthe exception 020 and23) as being more active

againstl. cruz parasites (Tulahuen strain expresglrgalactosidase) than against U-937 cells.

It can be deduced form table 1 that the activityelated to the length of the alkyl chains andhe t
even or odd number of carbon atoms of these ch@imss, for an even number of carbons a decrease
in activity was observed with increasing linkerdém (19 vs 22 and24). In contrast, for an odd number
of carbons an increase in activity was achievedh witreasing linker lengtfil8 vs 20 and21). The
four-carbon alkyl chain was the most determinamttfee activity, as compount9 was the most
performing one in both. (V) panamensis and T. cruzi parasites. The presence of hydroxyl groups
increases cytotoxicity and anti-leishmanial and-agpanosomal activities1g, 19, 21, 23 vs. 26-29).
This result is in agreement with the reports faresal chalcones and coumarid®,41]. However, the
presence of hydroxyl groups decreased the actofitgome of these compound26( 29 vs 18, 23)
when they were evaluated agaifisttruzi (Tulahuen strain expressifiggalactosidase). The effect of
the hydroxyl groups may be due to a better moleadeognition ability towards target bioreceptors
upon hydrogen bond formati¢42]. It is interesting to note the synergistic effetthe parent subunits

in the hybrids in comparison with the unlinked cadéor example, triclosan is less active against
(V). panamensis and T. cruz than its hybridsl9-22. This phenomenon can also be observed for all

hybrids, as they show increased activity compaoazhtfeic acid.



On the other hand, the presence of a double botitkiside chain isot decisivefor cytotoxicity and
anti-protozoal activity Z6 vs. 30). A similar result was found for cinnamic acid bgr ester and its
hydrogenated derivative (39.6 and 50.2 uM, respelgli [43]. However, we have previously reported
on cinnamic acid alkyl ester derivatives and weehaslrown a decrease in activity upon saturation of
the double bond of these molecu]&8]. Based on this fact, we proposed as their meshawif action

a nucleophilic addition of amino acid residues loe Michael acceptor system of these compoliés

44, 45] However, according to the results achieved is thork we can suggest that the activity of
triclosan-caffeic acid hybrids could be due to inesence of the triclosan unit. Two mechanisms of
action for similar compounds have been reportee fiflst one could be related with the inhibition of
the enzymatic systems of the protozoan by blockimregutilization of iron by the parasite, a mode of
action which was observed for the African spe¢#s. The second one could be related with the loss

of mitochondrial transmembrane poten{#&l].

3. Conclusions

The synthesis, cytotoxicity and activity agaihstV) panamensis andT. cruzi amastigotes of twelve
triclosan-caffeic acid hybrids are reported. Eighthem were active againist (V) panamensis (18-23,

26 and 30) and eigth of them again$t cruzi (19-22, 24 and28-30) with EGso values lower than 40
UM, with 19 and21 being the most active compounds against ho{) panamensis andT. cruzi with

3.82 and 11.65 pM and 8.25 and 8.69 puM, respegti@mpoundsl9-22, 24 and 28-30 showed
higher activities than benznidazole (BNZ). Studiesan animal model of leishmaniasis are needed to
confirm the results observed vitro. Except forl8, 26 and 28, most of the compounds showed
antiprotozoal activity but were toxic for mammaliaells. However, they have potential to be
considered as candidates for anti-trypanosomalaatieleishmanial drug development although more
studies on toxicity using other cell lines are rexbtb discriminate whether the toxicity shown bgsi
compounds is against tumor or non-tumor cédllse activity is dependent on the length of the lalky
linker being compound9, with a four-carbon alkyl chain, the most perfanmione. In general,
hydroxyl groups increase both activity and cytotdyi and the presence of a double bond in the side
chain isnot decisivefor cytotoxicity and anti-protozoal activitfthe mechanism of action of these

compounds needs to be addressed and will be teetolg of further studies.



4. Experimental section
4.1. Chemical synthesis
4.1.1. General remarks

Microwave reactions were carried out in a CEM Diggomicrowave reactor in sealed vessels
(monowave, maximum power 300 W, temperature coliydR sensor, fixed temperaturéiyl and3C
NMR spectra were recorded on a Varian instrumestamg at 500 and 125 MHz, respectively. The
signals of the deuterated solvent (CBGI CD;0D) were used as reference (CRGI= 7.27 ppm for

'H NMR andd = 77.00 ppm fof3C NMR; CD;OD: ¢ = 3.31 and 4.87 ppm fdH NMR andé = 49.2
ppm for3C NMR). Carbon atom types (C, CH, gHCHs) were determined by using the DEPT or
APT pulse sequence. Signal were assigned usinglimensional heteronuclear correlations (COSY
and HSQC). High resolution mass spectra were recordsing electrospray ionization mass
spectrometry (ESI-MS). A QTOF Premier instrumentthwan orthogonal Z-spray-electrospray
interface (Waters, Manchester, UK) was used opegati in the
W-mode. The drying and cone gas was nitrogen sébvo rates of 300 and 30 L/h, respectively.
Methanol sample solutions (ca. 1 x™101) were directly introduced into the ESI spectroeneat a
flow rate of 10 pL/min. A capillary voltage of 3k¥ was used in the positive scan mode, and the cone
voltage set tdJc = 10 V. For accurate mass measurements, a 2 sigfidard solution of leucine
enkephalin was introduced via the lock spray neatlli@ cone voltage set to 85 V and a flow rate of
30 uL/min. IR spectra were recorded on a Spectrum REX-IR system (Perkin-Elmer, Waltham, MA,
USA) in KBr disks. Silica gel 60 (0.063-0.200 mebfterck, Whitehouse Station, NJ, USA) was used
for column chromatography, and precoated silicapyetes (Merck 60 F254 0.2 mm) were used for
thin layer chromatography (TLC).

4.1.2. General procedure for the synthesis of triclosanalkyl-alcohols 2-8:

Triclosan, (3.1 mmol, 900 mg), potassium hydroxfd®® mmol, 224 mg) and acetonitrile (10 mL),
were placed into in a 50 mL flat-bottomed flaskipged with a magnetic stirring bar. The mixture was
stired and heated to reflux under microwave iatidn for a period of 5 min. Thenp-
bromoalkylalcohols (3.2 mmol) were added and tlaetien mixture was refluxed for 30 minutes under
microwave irradiation (200 W). The crude reactiontore was evaporated under reduced pressure and

the residue was purified by column chromatograpber silica gel eluting with Hexanes and a mixture



of Hexanes-Ethyl acetate (9:1 ratio) to obtain #tleyltriclosanalcohols in yields ranging between

61%-88%. Monitoring of the reaction progress aratlpct purification was carried out by TLC.

4.1.2.1. 3-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)propan-1-ol (2). Yield 73% (2.19 mmol, 759.7
mg); clear oil;'H-NMR (CDCk, 500 MHz):5 1.88-1.94 (CH, m), 3.65 (-CHOH, t,J = 5.9 Hz), 4.10
(-CH;O-, t,J = 5.9 Hz), 6.67 (B d,J = 8.8 Hz), 6.92-6.94 (Kl Hi2, m), 7.01 (K, Spparent, 7.11(H11,
dd,J = 8.8, 2.5 Hz)7.44 (H, d,J = 2.5 Hz); 13C-NMR (CDCk, 125 MHz):5 31.64 (CH), 59.78 (-
CH:0OH), 66.87 (-OCH), 114.83 (G), 118.02 (G), 121.20 (G2), 121.68 (G), 124.52 (G), 127.59
(C11), 128.04 (@), 130.21 (@), 130.50 (Go), 143.08 (@), 150.64 (G), 152.21 (G).

4.1.2.2. 4-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)butan-1-ol (3). Yield 61% (1.83 mmol, 660.8
mg); clear oil; *H-NMR (CDCk, 500 MHz):$ 1.48-1.56 (Ck m), 1.72-1.79 (CH, m), 3.60 (-
CH20OH, t,J = 6.4 Hz), 3.98 (-CkD-, t,J = 6.2 Hz),6.66 (H, d,J = 8.8 Hz),6.92-6.95 (H, Hi2, m),
6.97 (H,d,J=2.1),7.10 (H41, dd,J = 8.8, 2.5 Hz)7.44 (K, d,J = 2.5 Hz); 13C-NMR (CDCk, 125
MHz): 6 25.44 (CH), 29.03 (CH), 62.39 (-CHOH), 68.93 (-OCH), 114.79 (G), 117.95 (G), 121.94
(C12), 121.16 (G), 124.46 (G), 127.57 (G, 127.86 (@), 130.13 (G), 130.65 (Go), 143.07 (@),
150.78 (G), 152.47 (G).

4.1.2.3. 5-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)pentan-1-ol (4). Yield 62% (1.87 mmol, 702.3
mg); clear oil;'H-NMR (CDCk, 500 MHz):8 1.24-1.32 (CkH, m), 1.47-1.55 (Ck m), 1.62-1.70
(CHz, m), 3.58 (-CHOH, t,J = 6.4 Hz), 3.92 (-CkD-, t,J = 6.2 Hz), 6.63 (B d,J = 8.3 Hz), 6.92 (K
dd,J=8.3, 2.2), 6.96 (kKd,J = 2.2),6.98 (H.,d,J = 8.8), 7.08 (Hi, dd,J = 8.8, 2.5 Hz), 7.43 (§d,

J = 2.5 Hz);"3C-NMR (CDCk, 125 MHz):5 22.02 (CH), 28.66 (CH), 32.20 (CH), 62.66 (-CHOH),
68.90 (-OCH-), 114.69 (G), 117.65 (G), 120.90 (G2), 122.23 (G), 124.24 (G), 127.48 (G1), 127.62
(Cs), 130.04 (@), 130.65 (Go), 142.88 (G), 150.95 (@), 152.60 (G).

4.1.2.4. 7-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)heptan-1-ol (5). Yield 64% (1.93 mmol, 780.2
mg); clear oil;'H-NMR (CDCk, 500 MHz):8 1.17-1.25 (Chl m), 1.25-1.34 (CH m), 1.49-1.58
(CHz, m), 1.59-1.67 (CkK m), 3.64 (-CHOH, t,J = 6.5 Hz), 3.91 (-CkD-, t,J = 6.2 Hz), 6.63 (Kl d,
J=8.5Hz), 6.92 (W dd,J = 8.5, 2.4), 6.96 (kld,J = 2.4), 6.98 (Hk,d,J = 8.8), 7.08 (hh, dd,J = 8.8,
2.6 Hz), 7.43 (4, d, J = 2.6 Hz);*3C-NMR (CDCk, 125 MHz):5 25.58 (CH), 25.67 (CH), 28.84
(CH2), 28.95 (CH), 32.65 (CH), 62.97 (-CHOH), 69.97 (-OCH), 114.67 (G), 117.57 (@), 120.82
(C12), 122.30 (@), 124.22 (G), 127.45 (@), 127.56 (G), 130.05 (@), 130.67 (Go), 142.85 (Q),
151.04 (G), 152.68 (G).



4.1.2.5. 8-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)octan-1-ol (6). Yield 65% (2.02 mmol, 841
mg); pale yellow oil!H-NMR (CDCk, 500 MHz):8 1.09-1.42 (4CkH m), 1.50-1.75 (2CH m), 3.67
(-CH20H, t,J = 6.5 Hz), 3.93 (-CkD-, t,J = 6.2 Hz2),6.65 (H, d,J = 8.8 Hz), 6.90-6.99 (KIHs, m),
7.02 (H2,d,J=8.8), 7.11 (Hh, dd,J = 8.8, 2.4 Hz), 7.45 (§1d,J = 2.4 Hz);'*C-NMR (CDCk, 125
MHz): & 25.68 (2CH), 28.92 (CH), 29.21 (CH), 29.32 (CH), 32.77 (CH), 63.00 (-CHOH), 68.98 (-
OCHy-), 114.61 (@), 117.61 (G), 120.82 (Q2), 122.37 (G), 124.21 (G), 127.52 (G, 127.60 (@),
130.08 (G), 130.72 (Qo), 142.82 (G), 151.11 (@), 152.72 (G).

4.1.2.6. 9-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)nonan-1-ol (7). Yield 77% (2.31 mmol, 998.4
mg); clear oil; *H-NMR (CDCk, 500 MHz):6 1.14-1.26 (4CH m), 1.26-1.32 (CK m), 1.32-1.40
(CHz, m), 1.53-1.66 (CkK m), 3.65 (-CHOH, t,J = 6.8 Hz), 3.91 (-CkD-, t,J = 6.4 Hz), 6.63 (Kl d,
J=8.8 Hz), 6.92 (W dd,J = 8.8, 2.3), 6.96 (Kd,J =2.3), 6.98 (Hk, d,J = 8.8), 7.08 (kh, dd,J = 8.8,
2.5 Hz), 7.43 (K, d,J = 2.5 Hz);3C-NMR (CDCk, 125 MHz):5 25.67 (CH), 25.69 (CH), 28.89
(CHy), 29.11 (CH)), 29.28 (CH), 29.41 (CH), 32.77 (CH), 63.04 (-CHOH), 69.04 (-OCH), 114.68
(Ce), 117.60 (G), 120.80 (@), 122.27 (G), 124.21 (@), 127.44 (Gy, 127.60 (G), 130.05 (@),
130.61 (Go), 142.87 (@), 151.09 (G), 152.67 (G).

4.1.2.7. 12-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)dodecan-1-ol (8). Yield 88% (2.65 mmol,
1255 mg); clear oil;'H-NMR (CDCk, 500 MHz): 6 1.15-1.26 (5CH m), 1.26-1.41 (3CH m),

1.54-1.65 (2Ck m), 3.65 (-CHOH, t,J = 6.5 Hz), 3.90 (-CkD-, t,J = 6.3 Hz), 6.63 (8l d,J = 8.6

Hz), 6.92 (H,dd,J = 8.6, 2.0), 6.96 (Kd, J = 2.0), 6.98 (dJ = 8.8, H2), 7.08 (H1, dd,J = 8.8, 2.5
Hz), 7.42 (K, d,J = 2.5 Hz);'3C-NMR (CDCBk, 125 MHz):8 25.69 (CH), 25.72 (CH), 28.90 (CH),

29.19 (CH), 29.41 (CH), 29.46 (CH), 29.50 (CH), 29.53 (CH), 29.56 (CH), 32.81 (CH), 63.07 (-
CH20H), 69.07 (-OCH), 114.68 (G), 117.62 (G), 120.77 (G2), 122.25 (G), 124.26 (G), 127.44
(C11), 127.61 (G), 130.05 (G), 130.63 (Go), 142.95 (G), 151.10 (G), 152.66 (G).

4.1.3. General procedure for the synthesis of protected esters 11-17:

Caffeic acid (10 g, 55.51 mmol), tert-butyldimetifgl chloride (66.61 mmol, 10 g) and imidazole
(111.02 mmol, 7.6 g) were placed into a 50 mLex&albe. The mixture was heated under microwave
irradiation (50 W) for a period of 10 min Then, theaction mixture was poured into water and
extracted with ethyl acetate. The combined orgah&ses were dried over anhydrous Mg%@d the
solvent was evaporated under reduced pressure. citme products were purified by column
chromatography over silica gel eluting with Hexamesl a mixture of Hexanes-Ethyl acetate (8:2

ratio) affording silyl protected caffeic acith in 52% vyield (28.87 mmol, 11.8g). Alkyltriclosan



alcohols2-8 (0.7 mmol) were dissolved in dry GEl> (20 mL) and treated sequentially with silyl
protected caffeic acidO (0.73 mmol, 300mg), DMAP (1.2 mmol) and EDC (1.that). The reaction
mixture was stirred for 24 h and filtered. The i8sg solution was concentrated under reduced
pressure and the residue was purified by columonshtography over silica gel eluting with Hexanes
and a mixture of Hexanes-Ethyl acetate (9:lojyadifording compound41-17 in yields ranging
between 41%—-60%.

4.1.3.1. 3-(5-chloro-2-(2,4-di chlor ophenoxy) phenoxy) pr opyl (E)-3-(3,4-bis((tert-
butyldimethylsilyl)oxy)phenyl)prop-2-enoate (11). Yield 41% (0.284 mmol, 212 mgpale yellow
oil; *H-NMR (CDCl, 500 MHz):5 0.25 (Ch-Si), 0.26 (CH-Si), 1.03 (CH-C-Si), 1.04 (CH-C-Si),
2.00-2.15 (CH, m), 4.11 (-CHO-, t,J = 6.1 Hz), 4.20 (-CkD-, t,J = 6.2 HZz),6.23 (H, d,J = 16.0
Hz), 6.71 (H2, d,J = 8.8 Hz),6.86 (H, d,J = 8.8 Hz),6.96-70.1 (Hs3, His, H21, m), 7.02-7.08 (K Ho,
m), 7.13 (Ho, dd,J = 8.8, 2.5 Hz),7.47 (Hs, d,J = 2.5 Hz), 7.59 (& d,J = 16.0 Hz);'*C-NMR
(CDClz, 125 MHz):5 -4.02 (CH-Si), -4.06 (CH-Si), 18.47 (-C-Si), 18.53 (-C-Si), 25.62 (@H25.83
(CHp), 25.90 (CH-C-Si), 25.93 (CH-C-Si), 28.58 (CH), 60.63 (-OCH), 65.64 (-OCH), 114.95
(Ce), 115.37 (@), 118.01 (Gs), 120.49 (@), 121.17 (Go), 121.31 (Gw), 122.06 (@), 122.33 (@),
124.48 (Ga), 127.67 (G7), 127.94 (Go), 128.05 (G), 130.24 (Gs), 130.56 (Qo), 143.22 (Gy), 144.97
(Ca), 147.20 (@), 149.54 (Go), 151.71 (Gs), 152.39 (G), 167.12 (C = O).

4.1.3.2. 4-(5-chloro-2-(2,4-dichlor ophenoxy) phenoxy)butyl (E)-3-(3,4-bis((tert-
butyldimethylsilyl)oxy)phenyl)prop-2-enoate (12). Yield 43% (0.304 mmol, 231 mg); pale yellow
oil; tH-NMR (CDCk, 500 MHz):$ 0.93 (CH-Si), 0.95 (CH-C-Si), 1.56-1.70 (Ck m), 1.71-1.87
(CHz, m), 4.00 (-CHO-, t,J = 6.1 Hz), 4.14 (-CkD-, t,J = 6.0 Hz), 6.23 (K d,J = 16.0 Hz), 6.67
(Hiz, d,J = 8.6 Hz), 6.79-6.89 (& Hiz, H21, m), 6.92-7.06 (& Ho, His, m), 7.08-7.16 (bb, m), 7.46
(His, d,J = 2.4 Hz), 7.59 (b d,J = 16.0 Hz);**C-NMR (CDCk, 125 MHz):5 3.55 (CH-Si), 4.03
(CHs-Si), 18.02 (-C-Si), 18.47 (-C-Si25.07 (CH), 25.63 (CH), 25.68 (CH-C-Si), 25.92 (CH-C-Si),
45.48 (2CH), 63.54 (-OCH), 68.39 (-OCH), 114.17 (G), 114.36 (G), 114.73 (Gs), 115.75 (G),
117.75 (G2), 121.07 (Gy), 121.80 (@), 122.28 (@), 124.33 (G4), 126.22 (G7), 127.59 (Go), 127.81
(C4), 130.16 (Gs), 130.69 (Go), 142.97 (G1), 145.60 (G), 146.03 (@), 148.95 (Go), 150.86 (Gs),
152.61 (G), 167.69 (C = O).

4.1.3.3. 5-(5-chloro-2-(2,4-dichl or ophenoxy) phenoxy) pentyl (E)-3-(3,4-bis((tert-
butyldimethylsilyl)oxy)phenyl)prop-2-enoate (13). Yield 59% (0.41 mmol, 317 mg); pale yellow oil;
H-NMR (CDCB, 500 MHz):8 0.23 (CH-Si), 1.00 (CH-C-Si), 1.01 (CB-C-Si), 1.52-1.61 (CKH m),



1.62-1.74 (2CH m), 3.95 (-CHO-, t,J = 6.3 Hz), 4.14 (-CkD-, t,J = 6.8 Hz), 6.23 (4 d,J = 16.0
Hz), 6.64 (Hz, d,J = 8.8 Hz), 6.83 (& d, J = 8.8 Hz), 6.93 (Ib, dd,J = 8.8, 2.2), 6.96 (I, d, J =
2.2), 6.98 (H1, d,J = 8.7), 7.03 (I3, Sapparen), 7.06 (H, dd,J = 8.8, 2.5 Hz), 7.09 (i, dd,J = 8.7, 2.5
Hz), 7.41 (Hs, d,J = 2.5 Hz), 7.57 (& d,J = 16.0 Hz);3C-NMR (CDCk, 125 MHz):5 -4.06 (CH-
Si), -4.10 (CH-Si), 18.43 (-C-Si), 18.48 (-C-Si), 25.87 (6B-Si), 25.89 (CH-C-Si), 22.18 (CH),
28.40 (2CH), 64.10 (-OCH), 68.76 (-OCH), 114.67 (@), 114.79 (@), 117.60 (Gs), 117.74 (G),
120.92 (G2), 121.01 (Gy), 122.17 (G), 122.28 (G), 124.23 (Ga), 127.48 (G7), 127.57 (Go), 127.76
(Cs), 130.01 (Gs), 130.74 (Go), 142.98 (Gy), 144.60 (G), 146.26 (), 150.94 (Go), 152.60 (Ge),
152.68 (G), 167.25 (C = O).

4.1.3.4. 7-(5-chloro-2-(2,4-dichlor ophenoxy) phenoxy) heptyl (E)-3-(3,4-bis((tert-
butyldimethylsilyl)oxy)phenyl)prop-2-enoate (14). Yield 60% (0.420 mmol, 337 mg); pale yellow
oil; IH-NMR (CDCk, 500 MHz): 5 0.14 (CH-Si), 0.91 (CH-C-Si), 0.92 (CH-C-Si), 1.09-1.30
(3CHz, m), 1.50-1.63 (2CfI m), 3.82 (-CHO-, t,J = 6.2 Hz), 4.10 (-CkD-, t,J = 6.8 Hz), 6.16 (H
d,J=16.0 Hz), 6.54 (k, d,J = 8.8 Hz),6.74 (K, d,J = 8.9 Hz),6.83 (H3, dd,J = 8.8, 2.4), 6.87
(His,d,J=2.4), 6.90 (I, d,J = 8.6),6.92-6.95 (H, Ho, m),6.99 (Ho, dd,J = 8.6, 2.6 Hz)7.34 (Hs,
d,J=2.6 Hz), 7.49 (& d,J = 16.0 Hz);®*C-NMR (CDCk, 125 MHz):5 -4.07 (CH-Si), -4.11 (Ck-
Si), 18.42 (-C-Si), 18.47 (-C-Si), 25.62 (@H25.83 (CH), 25.86 (CH-C-Si), 25.89 (CH-C-Si), 28.66
(CHp), 28.85 (CH), 28.86 (CH), 64.42 (-OCH-), 68.96 (-OCH), 114.69 (G), 115.86 (@), 117.57
(C1s5), 120.37 (@), 120.83 (G2), 121.11 (@), 122.19 (@), 122.30 (G), 124.24 (G4), 127.44 (@),
127.62 (Go), 128.07 (G), 130.06 (Gs), 130.67 (Go), 142.88 (G1), 144.50 (G), 147.15 (@), 149.35
(C10), 151.05 (@s), 152.66 (@), 167.34 (C = O).

4.1.3.5. 8-(5-chloro-2-(2,4-dichlor ophenoxy) phenoxy)octyl (E)-3-(3,4-bis((tert-
butyldimethylsilyl)oxy)phenyl)prop-2-enoate (15). Yield 54% (0.378 mmol, 306 mg); pale yellow
oil; tH-NMR (CDCBk, 500 MHz):8 0.25 (CH-Si), 0.26 (CH-Si), 1.03 (CH-C-Si), 1.04 (CH-C-Si),
1.14-1.45 (2CH m), 1.56-1.69 (4CKH m), 3.94 (-CHO-, t,J = 6.4 Hz), 4.23 (-CkD-, t,J = 6.5 Hz),
6.28 (K, d,J = 16.1 Hz), 6.66 (kb, d,J = 8.8 Hz), 6.86 (K d,J = 8.7 Hz),6.96 (H3, dd,J = 8.8, 2.0),
6.98-7.02 (Hs, His,m), 7.03-7.08 (H, He, m), 7.11 (Ho, dd,J = 8.7, 2.0 Hz), 7.47 (K, d,J = 2.0 Hz),
7.61 (H, d,J = 16.1 Hz);!3C-NMR (CDCBk, 125 MHz):5 -4.03 (CH-Si), -4.07 (CH-Si), 18.47 (-C-
Si), 18.53 (-C-Si), 25.69 (CH 25.91 (CH-C-Si), 25.93 (CH-C-Si), 28.62 (CH), 28.79 (CH), 28.91
(CHp), 29.14 (CH), 29.17 (CH), 29.20 (CH), 64.50 (-OCH-), 68.94 (-OCH), 114.62 (G), 117.59
(Cs), 120.44 (Gs), 120.83 (G), 121.16 (Go), 122.27 (Gy), 122.33 (@), 122.36 (@), 125.81 (Gy),



127.51 (G7), 127.66 (Go), 128.08 (G), 130.11 (Gg), 130.72 (Go), 142.93 (G1), 144.59 (G), 148.34
(Cs), 149.44 (Go), 151.12 (Gs), 152.62 (G), 167.46 (C = O).

4.1.3.6. 9-(5-chloro-2-(2,4-di chlor ophenoxy) phenoxy)nonyl (E)-3-(3,4-bis((tert-
butyldimethylsilyl)oxy)phenyl)prop-2-enoate (16). Yield 49% (0.344 mmol, 286 mg); pale yellow
oil; *H-NMR (CDCk, 500 MHz):8 0.22 (CH-Si), 0.23 (CH-Si), 1.00 (CH-C-Si), 1.01 (CH-C-Si),
1.15-1.46 (5CH m), 1.56-1.66 (Ck m), 1.67—1.76 (Ck m), 3.91 (-CHO-, t,J = 6.2 Hz), 4.20 (-
CH20-, t,J=6.8 H2),6.25 (H, d,J = 16.0 Hz), 6.63 (k}, d,J = 8.8 Hz), 6.83 (& d,J = 8.8 Hz), 6.83
(His, dd,J=8.8, 2.1), 6.96 (i%,d,J = 2.1), 6.98 (kh, d,J = 8.9), 7.01-7.04 (K He, m), 7.08 (Ho, dd,
J=8.9,2.4Hz),7.43 (H,d,J=2.4Hz), 757 (& d,J = 16.0 Hz);**C-NMR (CDCk, 125 MHz):$ -
4.06 (CH-Si), -4.10 (CH-Si), 18.43 (-C-Si), 18.48 (-C-Si), 25.70 (@H25.87 (CH-C-Si), 25.90
(CHs-C-Si), 25.95 (CH), 28.77 (CH), 28.91 (CH), 29.13 (CH), 29.18 (CH), 29.37 (CH), 29.68
(CHz), 64.53 (-OCH-), 68.04 (-OCH), 114.70 (G), 115.90 (G), 117.60 (Gs), 120.38 (@), 120.80
(C12), 121.11 (Gy), 122.19 (@), 122.30 (@), 124.23 (GQ4), 127.44 (G7), 127.61 (Go), 128.09 (G),
130.06 (Gs), 130.67 (Qo), 142.92 (G1), 144.48 (G), 147.16 (G), 149.34 (Go), 151.11 (@), 152.70
(C7), 167.37 (C = 0).

4.1.3.7. 12-(5-chloro-2-(2,4-dichlor ophenoxy) phenoxy)dodecyl (E)-3-(3,4-bis((tert-
butyldimethylsilyl)oxy)phenyl)prop-2-enoate (17). Yield 52% (0.366 mmol, 319 mg); pale yellow
oil; tH-NMR (CDCk, 500 MHz):8 0.22 (CH-Si), 0.23 (CH-Si), 1.00 (CH-C-Si), 1.01 (CH-C-Si),
1.14-1.47 (8CH m), 1.57-1.66 (CKH m), 1.67-1.75 (CH m), 3.91 (-CHO-, t,J = 6.3 Hz), 4.20 (-
CH20-, t,J = 6.8 Hz), 6.24 (K d,J = 16.0 Hz), 6.63 (b, d,J = 8.8 Hz), 6.83 (K d,J = 8.8 Hz), 6.92
(His, dd,J = 8.8, 2.2), 6.96 (I4,d, J = 2.2), 6.98 (I, d,J = 8.8), 7.01-7.04 (K Ho, m), 7.08 (Ho, dd,
J=8.8,2.5Hz), 7.42 (4, d,J = 2.5 Hz), 7.57 (& d,J = 16.0 Hz);**C-NMR (CDCk, 125 MHz):5 -
4.06 (CH-Si), -4.10 (CH-Si), 18.43 (-C-Si), 18.48 (-C-Si), 25.70 (@H25.87 (CH-C-Si), 25.90
(CHs-C-Si), 25.98 (CH), 28.79 (CH), 28.92 (CH), 29.20 (CH), 29.30 (CH), 29.47 (CH), 29.51
(CHp), 29.55 (CH), 29.68 (CH), 64.57 (-OCH), 68.08 (-OCH-), 114.70 (@), 115.90 (@), 117.61
(C15), 120.38 (@), 120.78 (G2), 121.11 (Gy), 122.18 (@), 122.27 (@), 124.24 (G4), 127.44 (@),
127.61 (Go), 128.10 (G), 130.06 (Gs), 130.65 (Go), 142.88 (G1), 144.46 (G), 147.19 (@), 149.34
(C10), 151.12 (@e), 152.67 (@), 167.38 (C = O).

4.1.4. General procedure for the synthesis of esters 18-24:

Compoundsl1-17 (0.25 mmol) were dissolved in dioxane (8 mL) arehted with benzoic acid (BA)
(0.03 mmol) and TBAF (1 mmol). The mixture was theeated at reflux for 12 h, cooled, and



neutralized by addition of solid NaHGAfter filtration, the solution was evaporatedvecuo, and the
residue was subjected to column chromatography ibca sgel (EtOAc-MeOH, 1:1) affording
compoundd8-24 in yieldsbetween 50-98%.

41.4.1. 3-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)propyl  (E)-3-(3,4-dihydroxyphenyl) prop-2-
enoate (18). Yield 73% (0.183 mmol, 93 mg)pale yellow oil; IR (KBr, cm-1): Max 3483 (OH),
2927 (C-H), 1685 (C=0), 1600 (C=C), 1477 (GHC1269 (C-O-C), 1184 ((C=0)-0), 800 (Cui
700 (C-Cl).2H-NMR (CDsOD-CDCk, 300 MHz):8 1.87-2.06 (CH m), 4.06 (-CHO-, t,J = 6.5 Hz),
6.21 (H, d,J = 16.0 Hz), 6.06 (&, d,J = 8.9 Hz), 6.78 (K d,J = 8.1 Hz), 6.92 (I, dd,J = 8.8, 1.7
Hz), 6.95-7.05 (kk, Hza, m), 7.10-7.18 (H Ho, H20, M), 7.46 (Hs, d,J = 2.5 Hz), 7.50 (&l d,J = 16.0
Hz); 13C-NMR (CD:OD-CDChk, 75 MHz): § 18.13 (CH), 28.18 (CH), 65.34 (-OCH), 61.17 (-
OCH,-), 113.56 (Gs), 113.78 (G), 114.67 (@), 115.08 (@), 117.43 (G2), 120.95 (Gy), 121.60 (Gs),
122.17 (G), 123.75 (G4), 126.30 (G7), 127.48 (Qo), 127.60 (G), 129.68 (Qo), 130.56 (Gs), 142.85
(C11), 145.38 (@), 145.54 (@), 148.17 (@), 150.89 (Go), 152.63 (Gs), 167.68 (C = O). EIMS: m/z
531.0145 [M + Nal, Calcd. for GsH19ClsOs : 531.0129.

4.1.4.2. 4-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)butyl (E)-3-(3,4-dihydroxyphenyl)prop-2-enoate
(29). Yield 62% (0.155 mmol, 81 mg)pale yellow solid; m.p. 154-156 °C; IR (KBr, cm-1)aax
3483 (OH), 2924 (C-H), 1685 (C=0), 1600 (C=C), 34T=Cx), 1274 (C-O-C), 1190 ((C=0)-0),
804 (C-Hy), 700 (C-Cl)tH-NMR (DMSO-Ds, 500 MHz):8 1.40-1.50 (Cki m), 1.56-1.64 (CH m),
4.01 (-CHO-, t,J =6.1 Hz), 6.23 (K d,J = 16.0 Hz), 6.73 (I, d,J = 8.8 Hz), 6.76 (& d,J = 8.0
Hz), 6.97 (Hs, dd,J = 8.1, 2.0), 7.00-7.09 @4 His, m), 7.15 (Ho, dd,J = 8.6, 2.4), 7.24-7.30 @1H,,
m), 7.45 (H, d, J = 16.0 Hz), 7.64 (b, d,J = 2.4 Hz);'*C-NMR (DMSO-Ds, 125 MHz):5 24.50
(CHp), 25.00 (CH), 64.07 (-OCH), 68.09 (-OCH-), 114.73 (Gs), 114.80 (G), 115.68 (@), 117.90
(C2), 120.82 (@2), 121.26 (Gy), 122.63 (Gs), 123.02 (@), 125.46 (G4), 126.65 (G7), 128.16 (Go),
129.50 (G), 129.57 (Qg), 129.85 (Gsg), 142.16 (G1), 144.92 (@), 145.53 (G), 148.34 (@), 150.61
(C10), 152.22 (@e), 166.38 (C = O). EIMS: m/z 545.0301 [M + NalCalcd. for GsH21Cl3Oe :
545.0287.

4.1.4.3. 5-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)pentyl (E)-3-(3,4-dihydroxyphenyl)prop-2-enoate
(20). Yield 50% (0.125 mmol, 67 mg); pale yellow sblm.p. 126-128°C; IR (KBr, cm-1):n¥x
3471 (OH), 2933 (C-H), 1689 (C=0), 1602 (C=C), 14C=C), 1273(C-0O-C), 1186 ((C=0)-0), 812
(C-Har), 700 (C-CI).'H-NMR (DMSO-Ds, 500 MHz):5 1.13-1.22 (Ch m), 1.47-1.58 (2CH m),
3.97 (-CHO-, t,J = 6.0 Hz), 4.01 (-CkD-, t,J = 6.6 Hz),6.23 (M, d,J = 16.0 Hz), 6.73 (kb, d,J =



8.7 Hz), 6.76 (14, d,J = 8.2 Hz), 6.98 (Ith, dd,J = 8.7, 2.0), 7.02-7.07 @H1s, m), 7.16 (Ha, d,J =
8.8 Hz), 7.26 (1§, d,J = 2.3 Hz), 7.28 (b, dd,J = 8.8, 2.6)7.46 (H, d,J = 16.0 Hz), 7.65 (I, d,J =
2.6 Hz);13C-NMR (DMSO-Ds, 125 MHz):5 26.96 (CH), 33.04 (CH), 33.22 (CH), 68.73 (-OCH}),
73.64 (-OCH-), 119.10 (Gs), 119.17 (), 120.00 (@), 120.92 (G), 123.11 (G), 126.00 (Gy), 126.50
(C13), 127.90 (G), 128.23 (G4), 130.67 (G7), 131.83 (Go), 133.43 (G), 134.78 (Gq), 135.11 (Gs),
147.36 (Gi), 150.10 (@), 150.78 (G), 153.62 (G), 155.95 (Go), 157.51 (Ge), 171.7 (C = O). EIMS:
m/z 559.0458 [M + Né] Calcd. for GeH2sClzOs : 559,0466.

4.1.4.4. 7-(5-chloro-2-(2,4-dichlorophenoxy) phenoxy)heptyl (E)-3-(3,4-dihydroxyphenyl)prop-2-enoate
(21). Yield 92% (0.230 mmol, 130 mg); pale yellow;dR (KBr, cm-1): vnax 3387 (OH), 2935 (C-
H), 1689 (C=0), 1598 (C=C), 1496 (C&{; 1269 (C-O-C), 1190 ((C=0)-0), 800 (Cuhi 704 (C-
Cl). IH-NMR (CDs0D, 300 MHz):5 1.17-1.38 (3CH m), 1.47—-1.72 (2Ck m), 3.89 (-CHO-, t,J =
6.0 Hz), 4.15 (-CHD-, t,J = 6.4 Hz), 6.26 (K4 d,J = 16.0 Hz), 6.61 (I, d,J = 8.8 Hz), 6.78 (& d,J
= 8.2 Hz), 6.90-7.00 (&1H15, m), 7.01-7.10 (H His, Hz1,m), 7.14 (Ho, dd,J = 8.8, 2.5), 7.46 (K&, d,
J=2.5Hz), 7.54 (& d,J = 16.0 Hz):}3C-NMR (CD:;0D, 75 MHz):3 25.43 (CH), 25.63 (CH), 28.35
(CHy), 28.59 (CH), 28.65 (CH), 64.17 (-OCH), 68.45 (-OCH), 113.71 (Gs), 113.84 (G), 114.23
(Ce), 115.10 (@), 116.91 (@), 120.51 (Gy), 121.55 (@s), 122.56 (@), 123.47 (G4), 126.27 (@),
127.01 (Go), 127.45 (G), 129.56 (Go), 130.78 (Gsg), 142.35 (G1), 145.40 (@), 145.44 (G), 148.21
(C7), 151.25 (Go), 153.00 (Ge), 168.62 (C = O). EIMS: m/z 587.0771 [M + NalCalcd. for
CogH27Cl306: 587.0772.

4.1.4.5. 8-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)octyl (E)-3-(3,4-dihydroxyphenyl)prop-2-enoate
(22). Yield 92% (0.230 mmol, 133 mg); pale yellow;dR (KBr, cm-1): vnax 3421 (OH), 2926 (C-
H), 1683 (C=0), 1600 (C=C), 1469 (C&/E 1267 (C-O-C), 1188 ((C=0)-0), 806 (Csfi 702 (C-
Cl). IH-NMR (CDsOD-CDCk, 300 MHz): 5 1.11-1.49 (4Ck m), 1.69-1.81 (CH m), 1.58-1.69
(CHz, m), 3.94 (-CHO-, t,J = 6.2 Hz), 4.23 (-CkD-, t,J = 6.7 Hz), 6.30 (K dd, J = 15.8 Hz);.66
(Hiz, d,J = 8.8 Hz),6.91(H21, d,J = 8.1 Hz),6.96 (Hs dd,J= 8.8, 2.4 Hz)6.98-7.01 (Hs, H21, M),
7.02-7.06 (H, Ho, m), 7.11 (Ho, dd,J = 8.8, 2.5 Hz), 7.46 (H, d,J = 2.5 Hz), 7.62 (& d,J = 15.8
Hz); *3C-NMR (CDsOD-CDCk, 75 MHz): 8 25.68 (CH), 25.91 (CH), 28.72 (CH), 28.91 (CH),
29.13 (CH), 29.17 (CH), 64.80 (-OCH), 68.99 (-OCH), 114.36 (Gs), 114.63 (G), 115.46 (@),
115.59 (@), 117.65 (G2), 120.85 (Gs), 122.33 (@), 124.24 (G4), 127.46 (Q7), 127.52 (Qo), 127.66
(C4), 130.10 (Qo), 130.71 (Gs), 142.84 (GQ1), 143.97 (G), 144.93 (G), 146.50 (G), 151.07 (Go),
152.68 (Ge), 167.95 (C = O). EIMS: m/z 601.0933 [M + NaTalcd. for GeH29Clz0e: 601,0904.



4.1.4.6. 9-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)nonyl (E)-3-(3,4-dihydroxyphenyl)prop-2-enoate
(23). Yield 81% (0.203 mmol, 126 mg); pale yellow;dR (KBr, cm-1): vnax 3406 (OH), 2929 (C-
H), 1689 (C=0), 1606 (C=C), 1477 (C&E 1269 (C-O-C), 1190 ((C=0)-0), 810 (G~ 744 (C-
Cl). IH-NMR (CDsOD-CDCk, 300 MHz): & 1.06-1.45 (5CH m), 1.47-1.61 (CH m), 1.62-1.75
(CHz, m), 3.88 (-CHO-, t,J = 6.0 Hz), 4.16 (-CkD-, t,J = 6.6 Hz), 6.24 (K d,J = 16.0 Hz), 6.60
(Hiz, d,J = 8.9 Hz), 6.78 (B d,J = 8.9 Hz),6.88-6.97 (H3, His, H21, m), 6.99-7.06 (5 Ho, m), 7.10
(H20, dd,J = 8.9, 2.4 Hz), 7.42 (H, d,J = 2.4 Hz), 7.53 (& d, J = 16.0 Hz);33C-NMR (CD:OD-
CDClz, 75 MHz):8 25.56 (CH), 25.77 (CH), 28.51 (CH), 28.76 (CH), 28.94 (CH), 29.20 (CH),
64.40 (-OCH-), 68.64 (-OCH-), 113.87 (Gs), 114.00 (@), 114.35 (@), 115.20 (@), 117.07 (Go),
120.60 (Gy), 121.68 (Ga), 122.48 (G), 123.67 (G4), 126.35 (G7), 127.19 (Go), 127.41 (G), 129.69
(C19), 130.80 (Gg), 142.45 (@), 145.31 (G), 145.52 (@), 148.05 (G), 151.18 (Go), 152.88 (Gs),
168.24 (C = O). EIMS: m/z 615.1084 [M + NaTalcd. for GoHz1Cls0s: 615.1080.

4.1.4.7. 12-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)dodecyl  (E)-3-(3,4-dihydroxyphenyl)prop-2-
enoate (24). Yield 80% (0.20 mmol, 127 mg); pale yellow gplin.p. 78-80°CIR (KBr, cm-1): \ax
3483 (OH), 2924 (C-H), 1689 (C=0), 1598 (C=C), 346=Cx), 1271 (C-O-C), 1174 ((C=0)-0),
804 (C-Hy), 700 (C-Cl).2H-NMR (CDsOD, 300 MHz):5 1.13-1.48 (8CH m), 1.55-1.68 (CH m),
1.69-1.82 (CH m), 3.93 (-CHO-, t,J = 6.0 Hz), 4.23 (-CkD-, t,J = 6.4 Hz), 6.26 (K d,J = 16.0
Hz), 6.66 (H>, d,J = 8.8 Hz), 6.88 (& d,J = 8.0 Hz), 7.07-7.17 (§H1s5, m), 6.92-7.05 (& Hiz, Hag,
m), 7.11 (Ho, dd,J = 8.6, 2.4), 7.45 (¥, d,J = 2.2 Hz), 7.58 (& d,J = 16.0 Hz);**C-NMR (CD:0D,
75 MHz): 6 25.75 (CH), 26.01 (CH), 28.74 (CH), 28.93 (CH), 29.26 (CH), 29.33 (CH), 29.55
(4CHp), 64.90 (-OCH}), 69.10 (-OCH-), 114.41 (Gs), 114.63 (@), 115.32 (@), 115.50 (@), 117.70
(C12), 120.80 (Gy), 122.30 (Gs), 124.26 (@), 127.29 (Q4), 127.52 (G7), 127.66 (Go), 130.10 (G),
130.70 (Go), 134.30 (Gs), 139.42 (G1), 142.87 (@), 144.18 (G), 145.10 (@), 151.09 (Go), 152.67
(C1), 168.15 (C = O). EIMS: m/z 657.1553 [M + NaTalcd. for GaHz7Cl:0s: 657.1561.

4.1.5. General procedure for the synthesis of esters (26-29)

3,4-dimethoxy cinnamic acigb (0.96 mmol, 200 mg) and thionyl chloride (5 mL)re/g@laced in a 50

ml 3-neck round-bottom flask equipped with a magnstirring bar. The mixture was heated to reflux
for 4h. The reaction mixture was then concentrateder reduced pressure and the residue was added
to a solution of alcoholg-8 (0.9 mmol) in dichloromethane. The resulting migtwas stirred for 4h,
transferred to a separation funnel and then 20 fmhincaqueous solution of potassium carbonate was

added. The organic layer was washed with wategraggd, dried on anhydrous sodium sulfate, filtered



and concentrated under reduced pressure. The eesiasi chromatographed over silica gel (Hexanes—
Ethyl acetate, different ratios) to obtain the es26-29 in yields between 40-60%.

4.15.1. 3-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)propyl  (E)-3-(3,4-dimethoxyphenyl)  prop-2-

enoate (26). Yield 46% (0.41 mmol, 221 mg); white solid; mid2-114 °C; IR (KBr, cm-1):ax

2949 (C-H), 1705 (C=0), 1627 (C=C), 1510 (GaE1269 (C-0-C), 1172 ((C=0)-0), 798 (Cui

705 (C-Cl).*H-NMR (CDCk, 300 MHz):5 2.01-2.12 (CH, m), 3.93 (20CH), 4.09 (-CHO-, t,J=6.1
Hz), 4.18 (-CHO-, t,J = 6.0 Hz), 6.30 (K d,J = 16.0 Hz), 6.67 (kb, d,J = 8.7 Hz), 6.88 (bl d,J =

8.4 Hz),6.95 (His, Sapparent, 7.04-7.15 (4, Ho, His, Hzo, H21, M), 7.43 (Hs, d,J = 2.4 Hz), 7.62 (& d,J

= 16.0 Hz);®*C-NMR (CDCk, 75 MHz):$ 28.56 (CH), 55.88 (OCH), 55.96 (OCH), 60.64 (-OCH-

), 68.71 (-OCH), 109.60 (@), 111.03 (G), 114.91 (Gs), 115.46 (G), 118.01 (@), 121.28 (Gy),

122.06 (G), 122.70 (@), 124.44 (Ga), 127.30 (Gv), 127.67 (Go), 128.01 (G), 130.20 (Gsg), 130.51
(C19), 143.20 (G), 144.9 (G), 149.20 (@), 151.70 (Go), 151.17 (@), 152.37 (G), 167.00 (C = O).
EIMS: m/z 559.0458 [M + N4a] Calcd. for GeH23Clz0e: 559.0449.

4.1.5.2. 4-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)butyl (E)-3-(3,4-dimethoxyphenyl)prop-2-enoate
(27). Yield 40% (0.36 mmol, 200 mg); pale yellow dR (KBr, cm-1): \max 2935 (C-H), 1706
(C=0), 1633 (C=C), 1513 (C=H), 1260 (C-0O-C), 1159 ((C=0)-0), 807 (Cuh 701 (C-Cl).1H-NMR
(CDClz, 300 MHz):8 1.51-1.59 (Ckl m), 1.66—1.74 (Cl m), 3.84 (20CH), 3.90 (-CHO-, t,J = 6.1
Hz), 4.07 (-CHO-, t,J = 6.4 Hz), 6.22 (K d,J = 16.0 Hz), 6.57 (I}, d,J = 8.8 Hz), 6.80 (b d,J =
8.4 Hz), 6.85 (kk, dd,J = 8.8, 2.0), 6.86 (kd,d, J = 2.0),6.96-7.06 (H, Hs, H2o, H21, m), 7.35 (Hs, d,
J=2.3Hz),7.54 (K, d,J = 16.0 Hz);'3C-NMR (CDCk, 75 MHz):$ 25.10 (CH), 25.64 (CH), 55.90
(OCHg), 55.97 (OCH), 63.68 (-OCH-), 68.45 (-OCH), 109.68 (G), 111.08 (G), 114.81 (Gx),
115.75 (@), 117.75 (G2), 121.10 (Gy), 122.22 (G), 122.52 (G), 124.36 (G4), 127.42 (G7), 127.54
(C20), 127.80 (G), 130.19 (@), 130.62 (Go), 143.03 (@y), 144.67 (G), 149.23 (@), 151.83 (Go),
151.14 (Ge), 152.61 (G), 167.10 (C = O). EIMS: m/z 573.0614 [M + Nafalcd. for GH25Cl30e:
573.0604.

4.1.5.3. 7-(5-chloro-2-(2,4-dichlor ophenoxy)phenoxy)heptyl (E)-3-(3,4-dimethoxyphenyl)prop-2-enoate
(28). Yield 60% (0.54 mmol, 321 mg); pale yellow solim.p. 63-65 °CIR (KBr, cm-1): \max 2934
(C-H), 1708 (C=0), 1632 (C=C), 1510 (C&/¥ 1258 (C-O-C), 1159 ((C=0)-0), 807 (Csfl 753
(C-Cl). 'H-NMR (CDCk, 300 MHz):6 1.14-1.27 (Ckl m), 1.27-1.36 (CH m), 1.36-1.46 (CKH m),
1.54-1.65 (Ck m), 1.66-1.75 (Ck m), 3.89 (20CH), 3.90 (-CHO-, t,J = 6.4 Hz), 4.20 (-CkD-, t,
J=6.7Hz), 6.32 (k d,J = 16.0 Hz), 6.61 (k}, d,J = 8.8 Hz), 6.86 (& d,J = 8.7 Hz), 6.91 (k&, dd,



J=8.8,2.3), 6.94 (#,d,J = 2.3), 6.97 (h, d,J = 8.5), 7.06 (i, d,J = 2.6 Hz), 7.07 (b} dd,J = 8.7,
2.6 Hz), 7.10 (i, dd,J = 8.5, 2.5 Hz), 7.43 (H, d,J = 2.5 Hz), 7.63 (& d,J = 16.0 Hz):3C-NMR
(CDCl;, 75 MHz): § 25.60 (CH), 25.82 (CH), 28.64 (CH), 28.83 (2CH), 55.85 (OCH), 55.92
(OCHg), 64.41 (-OCH-), 68.93 (-OCH-), 109.65 (G), 111.04 (G), 114.65 (Gs), 115.96 (G), 117.57
(C12), 120.81 (G1), 122.26 (G), 122.52 (G), 124.20 (Ga), 127.44 (G7), 127.43 (Go), 127.58 (G),
130.02 (Gs), 130.63 (Gg), 142.84 (Gy), 144.43 (G), 149.20 (@), 151.01 (Go), 151.06 (Ge), 152.65
(Cy), 167.21 (C = O). EIMS: m/z 615.1084 [M + Nafalcd. for GoHa1Cl:0s: 615.1086.

4.1.5.4. 9-(5-chloro-2-(2,4-dichlorophenoxy)phenoxy)nonyl (E)-3-(3,4-dimethoxyphenyl)prop-2-enoate
(29). Yield 40% (0.36 mmol, 224 mg); pale yellow dR (KBr, cm-1): \max 2932 (C-H), 1705
(C=0), 1633 (C=C), 1513 (C=H), 1259 (C-O-C), 1139 ((C=0)-0), 808 (CxH 702 (C-Cl).*H-
NMR (CDCk, 300 MHz):§ 1.08-1.47 (5Ck m), 1.54-1.65 (Ck m), 1.66—1.78 (Ckl m), 3.89 (-
CH20-, t,J = 6.4 Hz), 3.91 (20C¥), 4.21 (-CHO-, t,J = 6.5 Hz), 6.34 (K d,J = 16.0 Hz), 6.62 (kb
d,J=8.8 Hz),6.86 (h, d,J = 8.3 Hz),6.91 (Hs, dd,J = 8.8, 2.2), 6.95 (i#,d,J = 2.2), 6.98 (4, d,J
= 8.5), 7.04-7.10 (K He, m), 7.11 (Ho, dd,J = 8.5, 2.1 Hz), 7.42 (H, d,J = 2.5 Hz), 7.64 (& d,J =
16.0 Hz);3C-NMR (CDCk, 75 MHz):§ 25.71 (CH), 25.99 (CH), 28.77 (CH), 28.91 (CH), 29.16
(CH2), 29.21 (CH), 29.41 (CH), 55.85 (OCH), 55.94 (OCH), 64.58 (-OCH-), 68.93 (-OCH),
109.54 (G), 111.00 (G), 114.55 (Gs), 115.95 (@), 117.54 (G2), 120.78 (G1), 122.38 (@), 122.61
(Co), 124.15 (G4), 127.42 (G7), 127.49 (Go), 127.54 (G), 130.03 (G@g), 130.70 (GQg), 142.75 (Qv),
144.51 (G), 149.17 (@), 151.05 (Go), 151.09 (Ge), 152.71 (@), 167.33 (C = O). EIMS: m/z 643.1397
[M + NaJ*, Calcd. for GzH3sCl30s: 643.1382.

4.1.6. 3-(5-chloro-2-(2,4-dichlorophenoxy) phenoxy)propyl 3-(3,4-dimethoxyphenyl)propanoate (30)

A solution 0f26 (100 mg, 0.185 mmol) in metanol was added unddrdgen to a suspention of Pd-C
10% (5mg) in dry metanol (10 mL). The reaction wasnitored by NMR until consumption of the

starting material. Filtration afforded compous@(90.2 mg, 0.167 mmol, 94 %).

Pale yellow oil; IR (KBr, cm-1): Max 2935 (C-H), 1735 (C=0), 1498 (C&{; 1263 (C-O-C), 1157
((C=0)-0), 804 (C-t), 763 (C-Cl).*H-NMR (CDCk, 300 MHz):5 1.90-1.97 (CH, m), 2.60 (H, t,J
= 7.9 Hz), 2.89 (K t,J = 7.9 Hz), 3.85 (OC}}, 3.87 (OCH), 3.95 (-CHO-, t,J = 6.2 Hz), 4.05 (-
CH20-, t,J = 6.2 Hz), 6.65 (kb, d,J = 8.8 Hz), 6.71-6.75 (&1 H13, His, m), 6.79 (Hy, d,J = 8.8 Hz),
6.92 — 6.97 (i, Hs, m), 7.08 (Ho, dd,J = 8.8, 2.4 Hz), 7.43 (1, d,J = 2.4 Hz);'3C-NMR (CDCE, 75
MHz): 6 28.47 (CH), 30.55 (@), 35.98 (@), 55.83 (OCH), 55.92 (OCH), 60.65 (-OCH), 65.57 (-
OCH,-), 111.35 (@), 111.07 (G), 114.92 (Gs), 118.01 (G2), 120.08 (G1), 121.30 (@), 122.00 (G),



124.49 (G4), 127.60 (G7), 128.00 (Go), 130.18 (G), 130.47 (Gs), 133.03 (G9), 143.23 (@), 147.55
(Ce), 148.92 (Go), 150.62 (Gs), 152.34 (@), 172.64 (C = O). EIMS: m/z 561.0614 [M + Nalalcd.
for CyeH25Cl306: 561.0618.

4.2. Biological activity assays
The compounds were subjectedriitro evaluation as regards their cytotoxicity, antstenanial and
anti-trypanosomal activity against U-937 humanscalhd against intracellular amastigoted_ofV)

panamensis andT. cruz, respectively.

4.2.1. In vitro Cytotoxicity

The cytotoxic activity of the compounds was assksbased on the viability of the human
promonocytic cell line U-937 (ATCC CRL-1593") evaluated by the MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) assay foliogy the methodology described previou$i3].
Briefly, cells grown in tissue flasks were harvelsesnd washed with phosphate buffered saline (PBS)
by centrifuging. Cells were counted and adjustetl a1 cells/mL of RPMI-1640 supplemented with
complete 10% Fetal Bovine Serum (FBS) and 1% avttds (100 U/mL penicillin and 0.1 mg/mL
streptomycin). One hundred pL were dispensed iath evell of a 96-well cell-culture plate and then
100 mL of RPMI-1640 and the corresponding concéotra of the compounds were added, starting at
200 pg/mL in duplicate. Plates were incubated at'G7 5% CQ during 72 h in the presence of
compound. The effect of compounds was determinechégsuring the activity of the mitochondrial
dehydrogenase by adding 10 pL/well of MTT solut{0tb mg/mL) and incubation at 37 °C for 3h.
The reaction was stopped by adding 100 pL/well @%5isopropanol solution with 10% sodium
dodecyl sulfate and 30 min incubation. Cell vidpilvas determined based on the quantity of formazan
produced according to the intensity of color (abaace) registered as optical densities (O.D) obthi

at 570 nm in a spectrophotometer (Varioskan™ FMsatimode Reader - Thermo Scientific, USA).
Cells cultured in absence of compounds were usecbasol of viability (negative control), while
amphotericin B (AmB) was used as control for cytatily (non-cytotoxic and cytotoxic drugs,
respectively). Assays were conducted in two inddpah runs with three replicates per each

concentration tested.

4.2.2. In vitro anti-leishmanial activity
The activity of compounds was evaluated on inttatzel amastigotes df. (V) panamensis transfected
with the green fluorescent protein ge(dHOM/CO/87/UA140pIR-GFP)[49]. The effect of each

compound was determined according to the inhibitbthe infection evidenced by both decrease of



the infected cells and decrease of intracellularagite load. Briefly, U-937 human cells at a
concentration of 3 x POcells/mL in RPMI 1640 and 0.g/mL of phorbol-12-myristate-13-acetate
(PMA) were dispensed into each well of a 24-well celture plate and then infected with 5 days-old
promastigotes in a 15:1 parasites per cell rateteB were incubated at 34 °C, 5% £{0ring 3 h and
cells were washed two times with PBS to eliminateinternalized parasites. One mL of fresh RPMI
1640 supplemented with 10% FBS and 1% antibiotias added into each well, cells were incubated
again to guarantee multiplication of intracellutarasites. After 24 h of infection, culture mediwas
replaced by fresh culture medium containing eaampmund at 20ug/mL or lower (based on the
cytotoxicity showed previously by each compoundftgs were incubated at 37 °C, 5% L@Bfter 72

h, inhibition of the infection was determined. Fais, cells were removed from the bottom plate vaith
trypsin/EDTA (250 mg) solution; recovered cells eeentrifuged at 1100 rpm during 10 min at 4 °C,
the supernatant was discarded and cells were wagitted mL of cold PBS and centrifuged at 1100
rpm during 10 min at 4 °C. The supernatant wasadisd and cells were suspended in pD@f PBS
and analyzed by flow cytometry (FC 500MPL, CytomiBsea, CA, US. All determinations for each
compound and standard drugs were carried outpficaie, in two independent experiments (Buckner
et al.,, 1996; Pulido et al., 2012). Activity of thested compounds was carried out in parallel with
infection progress in culture medium alone andultuce medium with AmB as anti-leishmanial drugs
(positive controls). Compounds that showed pergastaf inhibition higher than 50% to 20 or fewer
pg/mL were then evaluated at four additional conegians to determine the effective concentration
50 (EGyo). Here, infected cells were exposed against eadleantration of compounds during 72 h;

then, cells were removed and tested by flow cytoyreet described before.

4.2.3. In vitro anti-trypanosomal activity

Compounds were tested on intracellular amastigotek cruz, Tulahuen strain transfected wifd
galactosidase gene (donated by Dr. F. S. Buckneiesity of Washington)50]. The activity was
determined according to the ability of the compautalreduce the infection of U-937 cellsycruz.
Following the procedure described above, anti-pi@raactivity was initially screened at a single
concentration of 20 mg/mL. In this case, 1000f U-937 human cells at a concentration of 2.50%
cells/mL in RPMI-1640, 10% SFB and Qu@y/mL of PMA were placed in each well of 96-welafds
and then infected with phase growth epimastigates:1 (parasites per cell) ratio and incubateddat 3
°C, 5% CQ. After 24 hours of incubation, 2@/mL of each compounds were added to infected.cells
After 72 h of incubation, the effect of all compaisnon the viability of intracellular amastigotesswa

determined by measuring thegalactosidase activity by spectrophotometry addidguM CPRG and



0.1% nonidet P-40 to each well. After 3 h of incdudr® plates were read at 570 nm in a
spectrophotometer (Varioskan™ Flash Multimode Readéermo Scientific, USA) and intensity of
color (absorbance) was registered as O.D. compothaisshowed inhibition percentages higher than
50% were evaluated again at four concentratiorectsl according to the ls€previously obtained for
each compound. Infected cells exposed to benzridégNZ) were used as control for anti-
trypanosomal activity (positive control) while icted cells incubated in culture medium alone were
used as control for infection (negative controlpni\specific absorbance was corrected by subtracting
the O.D of the blank. Determinations were doneripfitate in at least two independent experiments
[51].

4.2.4. Satistical Analysis

Cytotoxicity was determined according to viabiliynd mortality percentages obtained for each
isolated experiment (compounds, amphotericin B, ZB&tazole and culture medium alone). The
results were expressed as 50 lethal concentratjb@so) that corresponds to the concentration
necessary to eliminate 50% of cells and calculaie@robit analysi$s2]. Percentage of viability was
calculated by Equation 1, where the O.D of contzotyesponds to 100% of viability. In turn, mortgli

percentage corresponds to 100%—% viability:
% Viability = (O.D Exposed cells) / (O.D Controllisg x 100 Q)

The degree of toxicity was graded according to ltkgo value using the following scale: high
cytotoxicity: LGso < 200uM; moderate cytotoxicity: L& in the 200-30QuM range, and potentially
non-cytotoxicity: LGo> 300uM.

Anti-leishmanial activity was determined accordioghe percentage of infected cells and parasite
load obtained for each experimental condition loyfcytometry. The percentage of infected cells was
determined as the number of positive events by lgoflilborescence (green for parasites and red for
cells) using dotplot analysis. On the other hahd,farasitic load was determined by analysis ofrmea
fluorescence intensity (MFI) of fluorescent paresi8]. The parasite inhibition was calculated by
equation 2, where the MFI of control, correspor@4@0% of parasites. In turn, inhibition percentage
corresponds to 100% — % Parasites. Results ofleshimanial activity were expressed ass&C
determined by the Probit meth{iP]:

% Parasite = (MFI Exposed parasites) / (MFI Corpariasites) x 100 (2)

Similarly, anti-trypanosomal activity was deterndnaccording to the percentage of infected cells

and parasite load obtained for each experimentadition by colorimetry. The parasite inhibition was



calculated by equation 3, where the O.D of contalresponds to 100% of parasites. In turn, the
inhibition percentage corresponds to 100% — % RasmKResults of anti-trypanosomal activity were
also expressed as EfZletermined by the Probit meth{&?]:

% Parasite = (O.D Exposed parasites) / (O.D Copiadsites) x 100 (3)

The anti-leishmanial or anti-trypanosomal \atiés were graded according to the gg@alue using
the following scale: High activity: B < 40 uM, moderate activity: E§ in the 40-80uM range,
potentially non activity: E€> 80 uM.

The selectivity index (SI), was calculated by dimglthe cytotoxic activity and the anti-leishmanial
or anti-trypanosomal activity using the followingriula: SI = Ckd/CEsp. Cytotoxic compound:
LCs50<100 pg/mL.
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