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2,3-Dihydroimidazo[1,2-a]benzimidazole derivatives were synthesized and evaluated against
Leishmania donovani and Trypanosoma cruz.
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Abstract

A high-throughput (HTS) and high-content screen{ifCS) campaign of a commercial library
identified 2,3-dihydroimidazo[1,2}benzimidazole analogues as a novel class of améigitic agents.

A series of synthetic derivatives were evaluated tloeir in vitro anti-leishmanial and anti-
trypanosomal activities againkt donovaniand T. cruzi which have been known as the causative
parasites for visceral leishmaniasis and Chagasasis respectively. In the caseLeishmania the
compounds were tested in both intracellular amasgigand extracellular promastigote assays.
Compounds4 and 24 showed promising anti-leishmanial activity agaimgtacellularL. donovani
(3.05 and 5.29M, respectively) and anti-trypanosomal activity iagaT. cruzi(1.10 and 2.1@M,

respectively) without serious cytotoxicity towartiP-1 and U20S cell lines.
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1. Introduction
The kinetoplastids are a group of flagella protozg@arasites which contain subcellular structure
known as the kinetoplast as the major distingugghfeature of parasites [1]. Three distinct
kinetoplastids are known to cause different humeeases: leishmaniasis causedLlgyshmania
Chagas disease caused Byypanosoma cruzi(T. cruz), and sleeping sickness caused by
Trypanosoma bruceAmong them, leishmaniasis is the most prevaletiié world found in about 88
countries affecting more than 12 million people Maide [2], and visceral leishmaniasis caused by
Leishmania donovaniL. donovanj is the most severe form of three types of leighiass being
mortal if left untreated [3,4]. In the case of Caaglisease, it has been found mainly in endemasare
of Latin American countries, and over 8 million peoare estimated to be infected withcruzi[4].
In spite of high unmet medical needs, the moledoderis and pathway for the diseases caused by the
kinetoplastids have been little elucidated and aely few target proteins have been reported [5].

Treatment options for visceral leishmaniasis amduiting the use of pentavalent antimonials,
amphotericin B, paromomycin, and miltefosine. Aligh several drugs are available in the clinic for
the treatment of leishmaniasis and Chagas disemsst of drugs have been faced with many
difficulties such as low efficacy, severe side etfe inconvenient administration, and emergence of
drug resistance [6]. For example, miltefosine i tmly oral drug for the treatment of resistant
leishmaniasis but this drug is teratogenic and esiegtremely severe gastrointestinal side effégts [
Likewise, nifurtimox and benznidazole have beerduse the treatment of Chagas disease, but both
drugs have also been reported to show limited &ff=ress for the treatment of chronic patients and
undesirable side effects [8]. Therefore, identtfma and optimization of novel anti-parasitic
compounds with new mechanisms of action are urgeettded to overcome the current situation and
eventually eradicate these fatal diseases.

For the discovery of novel anti-parasitic compoyrdisigable targets of the pathogenic parasite
have not been fully exploited so that traditiorabet-based drug discovery approaches become more
likely to be inefficient. Only a few targets suchtapoisomerases [9], kinetoplast [10], trypanathio

reductase (TryR) [11], and fatty acid and steraspnthesis pathways [12] have been reported.



Nalidixic acid, which is the first synthetic quiole antibiotics, has been known to have inhibitory
effect on the proliferation of kinetoplastids by timhibition of topoisomerase Il [13,14]. On théert
hand, other quinolone antibacterial compounds Heen reported to induce a defect on kinetoplast
segregation, which was not due to the topoisomelaisdibition mechanism [15]. In addition, 2-
iminobenzimidazole derivatives have been repored aew class of TryR inhibitors [16,17], and
numerous antifungal azole compounds have showiffé¢oti@ely inhibit the ergosterol biosynthesis
which is a key process for the formation of promzmembrane [18,19]. However, no success in the
drug discovery has been achieved so far basedeotatpets above mentioned, which have attracted
more attention for the validation of these targats exploitation of novel targets. Target-free-cell
based assays have been widely used, as they biygassed for a known target and have the potential
to lead to the discovery of unknown target. Fotanse, Genomic Institute of the Novartis Research
Foundation (GNF) and some laboratories supportedhbySpecial Programme for Research and
Training in Tropical Disease (TDR/WHO) have perfednphenotypic screening to identify novel
anti-parasitic compounds [20]. In this context, weviously reported a HTS and high-content
screening (HCS) of commercially available chemidalaries against.. donovani[21]. Here, we
report structure-activity relationship (SAR) studi®f 2,3-dihydroimidazo[1,2}benzimidazole
derivatives identified through phenotypic screeniid?00,000 chemical library against donovani

andT. cruzi

2. Result and discussion
2.1. Synthesis of 2,3-dihydroimidazo[1,2-a]benzanale derivatives

General synthetic route for 2,3-dihydroimidazo[&]Benzimidazole derivatives was depicted in
Scheme 1. For the search of compounds with improved amhi@anial and anti-trypanosomal
activities, SAR studies of 2,3-dihydroimidazo[Bbenzimidazole derivatives were conducted with
the modification of three different parts: tricycling, substitution in benzene ring*(Bnd R), and
substitution in imidazole nitrogen {R Intermediatedc having benzimidazolone bicyclic ring were

obtained byN-alkylation of aniline moiety of commercially avalile 2-nitroaniline derivativesld)



and then nitro reductiorilf), followed by intramolecular ring formation in tipeesence of urea [22].
These benzimidazolone compounds were chlorinatdd ROC} and catalytic amount of HCI to give
N-alkylated 2-chlorobenzimidazole intermediafiek [23]. Alternatively, in the case of compounds
without substituent in the benzimidazole ring (RR? = H), 1d was easily synthesized by reacting
commercially available 2-chlorobenzimidazole witirious alkyl bromide in the presence of organic
base, DIPEA. Compoundke, key intermediates for the tricyclic ring formatjowere obtained by
nucleophilic substitution with ethanolamine unddcnowave irradiation. After alcohol group was
converted to chloride under PQCobndition, intramolecular cyclization in the preserof TEA was
performed to yield final compoundsand7-33 [24,25].

Synthesis of compoun@ containing a phenacyl substituent in benzimidaniteogen was started
from the reaction of 2-chlorobenzimidazole with imo-4'*"butylacetophenone in the presence of
base to yield2a (see Route | inScheme 2). However, the reaction oN-phenacylated 2-
chlorobenzimidazol@a with ethanolamine was failed to produge a key intermediate for the final
tricyclic compound. Due to the harsh reaction ctodi using microwave irradiation at 200 °C,
tricyclic byproduct2 was formedvia intramolecular enamine formation. Therefd2e,was obtained
by substitution reaction of 2-chlorobenzimidazolethwethanolamine and then subsequént
alkylation with phenacyl bromide (see Route lIScheme 2). Chlorination of alcohol moiety2¢)
and intramolecular substitution reaction gave thelftricyclic compoundé. All final compounds
newly synthesized612, 14-18, 21-33) were characterized by melting point, low resolutieSI

mass andH NMR.

2.2. Biological evaluation against L. donovani

For assessing anti-leishmanial activity of the comqs,L. donovaniin two different stages of the
life cycle was used. Intracellular amastigote fasnspecifically found in the host cell, and theesth
extracellular promastigote form is predominatelyrfd in the insect vector. Promastigotes or axenic
amastigotes have been generally used in the sogedor the discovery of anti-leishmanial drug

candidates because of easier adaptation to thetlvighghput assay format. In this study, newly



synthesized 2,3-dihydroimidazo[la®senzimidazole derivatives were testedinnvitro intracellular
amastigote assays as well as extracellular progmsti because amastigotes are substantially
different from promastigotes in a molecular persipecand known to be more physiologically
relevant parasite stage to evaluate anti-leishrhantevity of the compounds.

The amastigote assay was established by using yo#tapromastigote of.. donovanito infect
differentiated THP-1 macrophages. Amastigotes fommed from metacyclic promastigotes were
allowed to multiply inside host macrophages for24nd then the compounds were added. The
guantification of the infection ratio was done Jslafter compound treatment. Fluorescent images of
DNA-stained cells were acquired using automatediamah microscopy and customized software
developed for image analysis allowed to assesgsivieaformation such as number of cells per well,
number of parasites per cell, infection ratio, aatl cytoplasmic area. Cytotoxicity against hodtsce
was also easily determined by counting cell nunibéne same assay. Viability of promastigotes were
independently accessed by fluorometric measuremieng¢sazurin reduction after the treatment of
extracellular promastigotes with each compoundcitro anti-leishmanial activity of the synthesized
compounds was summarized in Table 1 and 2.

As shown in Table 1, compourddwith para-*"butylphenyl moiety at Rposition was found to be
the most active among all the synthesized compoumitls EG;, value of 3.05uM which is
comparable to that of the reference drug, miltef@$4.83uM). In addition, compound didn’t show
any cytotoxicity against host macrophages €50 uM) resulting in high selectivity index (Sl >
16.4) while that of miltefosine was 3.91. 2,3-Dihgithidazo[1,2a]benzimidazole tricyclic ring is
essential for anti-leishmanial activity because nvkigis tricyclic ring was changed to 6-membered
tetrahydropyrimidine conjugated tricyclic ring, 230-tetrahydropyrimido[1,2}benzimidazole %)
or 2,3-hydroimidazo[1,2Jbenzimidazol-2-one3d), the anti-amastigote activity was found to besles
(12.5uM) or disappeared (> 50M), respectively. Phenyl group af Bosition is also critical for anti-
leishmanial activity because phenacyl-substituteshmound6 and benzyl-substituted compouBd
showed decreased activities (39.4 and B3 respectively) compared to compouhdn the case of

compound? bearing phenoxymethyl substituent ifl position showed not only low anti-amastigote



activity (27.4uM) but also cytotoxicity toward host macrophageghe similar concentration (33.1
UM).

A series of compounds described in Table 2 wer¢hsgized to determine substituent effects of
benzene included in the tricyclic ring(Bnd K) and phenyl in Rposition. Different substituents at
R' and R such as fluoro9), chloro (L0), or methyl (1 and 12) instead of hydroger4) were not
effective to improve anti-leishmanial activity. &adition, some of the compounds)(@nd11) were
toxic toward host macrophages even though theytaiagd good anti-promastigote activities (2.22
and 1.80uM, respectively). Only fluoro-substituted compouddxhibited moderate activity (14.0
MM) without cytotoxicity.

Concerning substituent effect at Bosition, potency and selectivity index were ieficed by the
position of the substituents and physicochemicaperties such as size, electronic effect and
lipophilicity. A significant decrease of anti-leislanial activity was observed whEfbutyl group was
changed fronpara to metaposition (8) of the phenyl ring in R The presence of hydrophobic and
sterically hindered substituent para position such a&§"outyl (4), cyclohexyl (6), or phenyl 24)
was also necessary to retain anti-parasitic aesyitvhile the compounds with hydroget8), ethyl
(14), and*°propyl (15) as well as other compounds containing electrahdsawing group apara
position (9-23) showed significant loss of activity. In the casé compound 24 bearing
biphenylmethyl substituent, the anti-amastigoteivagt (5.29 pM) was comparable to that of
miltefosine and selectivity index (7.5) was supetim miltefosine. To study substituent effects on
biphenyl ring in R, compounds25-31 were prepared and evaluated their biological iets
However, most of compounds didn’t show any improgetiin terms of activity and cytotoxicity.

New compounds showing promising anti-amastigotévities in cell-based assay also revealed
good anti-promastigote activities in extracellydaomastigote assay. In particular, compou#dsd
24 exhibiting anti-amastigote activities comparaldghat of miltefosine in cell-based assay showed
better anti-promastigote activities (1.25 and 1u¥B respectively) than that of miltefosine (1u¥).

These results led us to speculate that the majgett of these compounds mmight be in common



pathway of both stages of parasites, which allotvfudher target identification approaches using
extracellular promastigotes more prone to handle.

Automated confocal microscopic images for the re@néative compoundé and15 are shown in
Fig. 1. In the case of compount] no parasite was observed inside of host THP-I5 esl seen in
reference drugs, miltefosine and amphotericin Bhatconcentration of 128M. However, most of
parasites still remained at the same concentratleen they were treated with inactive compoufd
Confocal images clearly show that no serious deerefcell number was detected when THP-1 cells
were treated with both compoundsand 15. The calculated percentage of infection basedhen t
EC,q00f amphotericin B, which is the first effective aamtration to reach 100 % activity determined
as 4uM and 1 % DMSO (0 % activity as maximum infecti@iio) was normalized for the activity.

Cytotoxicity was determined by percentage of cathber normalized against DMSO control.

2.3. Biological evaluation against T. cruzi

All compounds tested agairist donovaniwere also phenotypically screened for theivitro anti-
parasitic activity againsk. cruzi For the image-based assay, U20S cells were ssbhdst cells and
infected with tissue culture trypomastigotes (T@F)T. cruzi In the field of drug discovery for
Chagas disease, colorimetric assay using recomntbihacruzi modified to express fluorescefit
galactosidase is one of the popular HTS methodimdoactive compounds [26]. However, wild-type
T. cruziwas used in this study to improve the relevandedsenin vitro assay and real disease state,
avoiding using genetically modified parasites [27].

In vitro anti-T. cruziactivity of the synthesized compounds was desdribeTable 3. Structure-
activity relationship of 2,3-dihydroimidazo[1#benzimidazole derivatives againktcruziwas very
similar to that againdt. donovani The most active compourdn L. donovaniassay also showed the
best activity towardr. cruzi with an EG, value of 1.10uM and selectivity index of 33.2. Other
compounds such as 6-membered tetrahydropyrimidingigated tricyclic compounds), fluoro-
substituted compound in*Rposition @), and biphenyl-substituted compound iA position @4),

which showed moderate anti-leishmanial activiti#®.%, 14.0, and 5.28M , respectively), also



exhibited good anti-trypanosomal activities agaifistruzi(3.09, 8.24, and 2.1QM, respectively).
Moreover, their cytotoxicity determined in the sa@®say using U20S cell lines were very low
leading to high selectivity indexes.

The representative confocal imagedotruziinfected cells during the assay were showhim 2.
DNA of host cells and parasites stained by flucgasadye was very clearly shown to be able to
differentiate each other so that the anti-paraaititvity was determined by quantifying parasitemia
the presence of each compound. Benznidazole wasassa reference drug for positive control at the
concentration of 40QuM, while 1 % of DMSO was used as a negative conffelen though the
parasites were completely disappeared from the teitgt at the concentration of 4Q0M, some
parasites still remained when 1218 of benznidazole was treated (& 20.7uM). However, in the
case of compound which showed the best anti-parasitic activityhistassay (E§ = 1.10uM), no
parasite was observed in the host cells even atdheentration of 6.25M. Compound4 showed

dose-dependent clearance of the parasites frommottecells.



3. Conclusions

A series of 2,3-dihydroimidazo[l&benzimidazole derivatives were identified as aealaslass of
anti-parasitic agents. The synthetic analogues weatuated for theim vitro anti-leishmanial and
anti-trypanosomal activities agairistdonovaniandT. cruzj respectively, which have been known as
the causative protozoa for visceral leishmaniast @hagas disease. In the casé.@fhmaniathe
compounds were tested in both intracellular amastigand extracellular promastigote assays.
Analysis of the structure-activity relationship ealed that 2,3-dihydroimidazo[ld@benzimidazole
tricyclic ring and sterically hindered hydropholsigbstituent irpara-position of benzyl group played
a critical role to show anti-parasitic activity aselectivity. Compoundd4 and24 showed promising
anti-parasitic activities againkt donovaniandT. cruziwithout serious cytotoxicity toward human
THP-1 and U20S cell lines resulting in high selatti indexes. A follow-up studies including
optimization of anti-parasitic activity, evaluatiofiin vivo efficacy, and elucidation of mechanism of

action are currently underway.
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4. Experimental section

4.1. Chemistry

'H and**C NMR spectra were recorded on a Varian High ReismitFT-NMR Spectrometer-400, and
chemical shifts were measured in ppm relative terital tetramethylsilane (TMS) standard or
specific solvent signal. Routine mass analyses \werormed on Waters LC/MS ZQ2000 system
equipped with a reverse phase column (XBrifg@18x 3.5um, 50x 2.1 mm) and photodiode array
detector using electron spray ionization (ESI). tMel point analysis was performed on BUCHI
Melting point M-565. Most of reagents used in tigathetic procedure were purchased from Sigma-
Aldrich, Alfa Aesar, and TCl. The progress of réagt was monitored using thin-layer
chromatography (TLC) (silica gel 6Qd 0.25 mm), and the products were visualized by light
(254 and 365 nm) or by ninhydrin staining followsgheating. Silica gel 60 (0.040-0.063 mm) used
in flash column chromatography was purchased froerddl Other solvents and organic reagents
were purchased from commercial venders and usedbwiitfurther purification unless otherwise

mentioned.

4.1.1. Synthetic procedure for N-alkylatidm)

To a stirred mixture of 2-nitroanilne compound (&) and KCO; (1.3 eq.) in dimethylformamide
was added dropwise®@H,Br (1.3 eq.). The reaction mixture was heated ®°T2and stirred for 4 h.
After the reaction was completed, the reaction mnixtvas diluted with ethyl acetate and washed with
water. The organic layer was dried over,8l@, and concentrateth vacua The crude product was

purified by flash column chromatography (ethyl atet hexane) to give desired prodiiat

4.1.2. Synthetic procedure for nitro reductidi)

To a stirred solution ofa (1.0 eq.) in MeOH was added 10 % Pd/C (10 % whlig reaction mixture
was stirred for 3 h at room temperature undgehvironment. After the reaction was completed, the
reaction mixture was filtered and then concentratecgcuo The crude product was purified by flash

column chromatography (ethyl acetate / hexanejvi® desired productb.
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4.1.3. Synthetic procedure for bicyclic ring foriat (1c)

To a stirred solution olb (1.0 eq.) in dimethylformamide was added urea €&0. The reaction
mixture was heated to 200 °C and stirred for 30. riiter the reaction was completed, the reaction
mixture was diluted with water and extracted withyk acetate. The organic layer was washed with
brine, dried over N&O, and concentrateict vacua The crude product was suspended in hexane and

filtered to give desired produtt.

4.1.4. Synthetic procedure for chlorinatidid)
To a stirred solution ofic (1.0 eq.) and POg10 eq.) was added a few drops of conc. HCI. The
reaction mixture was heated to 150 °C and stirmd3f h. After the reaction was completed, the
reaction mixture was poured into ice water, neiziedl with 1N ag. NaOH and extracted with ethyl
acetate. The organic layer was washed with watexd dver NaSO, and concentratesh vacuoto
give crude producid.

Alternatively, to a stirred mixture of 2-chlorobémiazole (1.0 eq.) and ®RH,Br (1.0 eq.) in
dimethylformamide was addédN-diisopropylethylamine (1.5 eq.). The reaction mnetwas heated
to 110 °C and stirred for 12 h. After the reactisas completed, the reaction mixture was cooled
down to room temperature, diluted with ethyl acetmtd washed with water. The organic layer was
dried over anhydrous MgS@nd concentrateoh vacua The crude product was purified by flash

column chromatography (ethyl acetate / hexanejvi® desired productd.

4.1.5. Synthetic procedure for substitution reaciite)

A mixture of 1d (1.0 eq.) and ethanolamine (10 eq.) was heateitb@®@°C for 30 min by use of
microwave irradiation. After the reaction was coetptl, the reaction mixture was cooled down to
room temperature. The precipitated solid was &iteand washed with diethyl ether. The crude
product was purified by flash column chromatograféieOH / methylene chloride) to give desired

productle.
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4.1.6. Synthetic procedure for chlorinatidif)(

A mixed solution ofle (1.0 eq.) and POg(10 eq.) was heated to 110 °C and stirred for Xfter the
reaction was completed, the reaction mixture wasdecbdown to 0 °C, quenched with ice water and
extracted with ethyl acetate. The organic layer drésd over anhydrous MgS@nd concentrateith
vacua The crude product was purified by flash columroatatography (MeOH / methylene chloride)

to give desired produdf.

4.1.7. Synthetic procedure for intramolecular cgation for 2,3-dihydroimidazo[1,2-a]benzimidazole
derivatives 7-12, 14-19, 22-32)

To a stirred solution off (1.0 eq.) in toluene was added triethylamine €g(. The reaction mixture
was heated to 110 °C and stirred for 8 h. Afterrdction was completed, the reaction mixture was
cooled down to room temperature and diluted wittyledcetate. This organic layer was washed with
water, dried over anhydrous Mgs@nd concentratesh vacuo The crude product was purified by

flash column chromatography (MeOH / methylene dbirto give desired product.

4.1.7.1. 9-(4-tert-Butylphenoxyethyl)-2,3-dihydrimlazo[1,2-a]benzimidazoler)
Yellow oil; *H NMR (400 MHz, CDC)) & 7.26 (s, 1H), 7.24 (s, 1H), 7.07-7.05 (m, 1H)86896 (m,
2H), 6.79 (dJ = 8.8 Hz, 2H), 6.74-6.72 (m, 1H), 43125 (m, 4H), 4.20 (1) = 5.2 Hz, 2H), 3.89 (t,

J=8.4 Hz, 2H), 1.26 (s, 9H); LRMS (electrosprayy fM+H)" 336.

4.1.7.2. 9-(4-(tert-Butyl)phenethyl)-2,9-dihydro-Bidnzo[d]imidazo[1,2-a]imidazoles}

Yellow oil; *H NMR (400 MHz, CRQOD) & 7.26 (d,J = 6.4 Hz, 2H), 7.13 (dJ = 8.8 Hz, 2H),
6.95-6.91 (m, 1H), 6.87 (t = 7.8 Hz, 1H), 6.82 (d] = 6.4 Hz, 1H), 6.74 (d] = 8.0 Hz, 1H), 4.16 (t,
J=8.0 Hz, 2H), 3.97 (] = 7.2 Hz, 2H), 3.89 (1] = 8.4 Hz, 2H), 2.97 (] = 7.4 Hz, 2H), 1.26 (s, 9H);

LRMS (electrospray) m/z (M+H)320.
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4.1.7.3. 9-(4-(tert-Butyl)benzyl)-6-fluoro-2,9-ddrg-3H-benzo[d]imidazo[1,2-a]imidazol &)
Brown solid; mp = 263.8 °CH NMR (400 MHz, CDC}J) & 7.40-7.38 (m, 6H), 7.12 (s, 1H), 5.34 (s,

2H), 4.33 (s, 4H), 1.25 (s, 9H); LRMS (electrosprayz (M+H)" 324.

4.1.7.4. 9-(4-(tert-Butyl)benzyl)-6-chloro-3,9-ditng-2H-benzo[d]imidazo[1,2-a]imidazold Q)
Pale brown solid*H NMR (400 MHz, CROD) & 7.62—7.59 (m, 1H), 7.40-7.32 (m, 3H), 7.24-7.19
(m, 1H), 7.01-6.99 (m, 2H), 5.44 (s, 2H), 4.28)( 8.5 Hz, 2H), 4.05 (i) = 8.5 Hz, 2H), 1.27 (s,

9H); LRMS (electrospray) m/z (M+HB41.

4.1.7.5. 9-(4-(tert-Butyl)benzyl)-6-methyl-2,9-dihy-3H-benzo[d]imidazo[1,2-a]imidazoldl)
Brown solid;*H NMR (400 MHz, CDC}) & 7.34 (m, 5H), 7.25 (d, 1H), 7.06 (d, 1H), 5.27 Z5t),

4.32 (m, 4H), 2.37 (s, 3H), 1.24 (s, 9H); LRMS (@#tespray) m/z (M+H)320.

4.1.7.6. 9-(4-(tert-Butyl)benzyl)-6,7-dimethyl-8ii®ydro-2H-benzo[d]imidazo[1,2-a]imidazol&Z)
Pale yellow solid’H NMR (400 MHz, CRROD) & 7.28-7.22 (m, 4H), 7.12—7.09 (m, 1H), 6.82—6.80
(m, 1H), 5.31 (s, 2H), 4.07 d,= 8.5 Hz, 2H), 3.69 (§ = 8.5 Hz, 2H), 2.31 (s, 3H), 2.26 (s, 3H), 1.35

(s, 9H); LRMS (electrospray) m/z (M+H334.

4.1.7.7. 9-(4-Ethylbenzyl)-2,3-dihydroimidazo[1 Jbenzimidazole 14)

Yellow oil; *H NMR (400 MHz, CDCJ) & 7.31 (d,J = 8.0 Hz, 2H), 7.14 (d] = 8.0 Hz, 2H), 7.02 ({]
= 7.6 Hz, 1H), 6.95 (] = 7.8 Hz, 1H), 6.85 (d] = 4.8 Hz, 1H), 6.83 (d] = 4.4 Hz, 1H), 5.13 (s, 2H),
4.35 (t,J = 8.4 Hz, 2H), 4.01 () = 8.4 Hz, 2H), 2.60 (q] = 7.5 Hz, 2H), 1.19 () = 5.6 Hz, 3H);

LRMS (electrospray) m/z (M+H)278.

4.1.7.8. 9-(4-1sopropylbenzyl)-2,9-dihydro-3H-bdifimidazo[1,2-a]imidazole 15)
White solid; mp = 133.2 °CH NMR (400 MHz, CRQOD) & 7.44 (d,J = 8.4 Hz, 1H), 7.397.31 (m,

3H), 7.28-7.22 (m, 2H), 7.18 (d] = 8.0 Hz, 2H), 6.01 (s, 2H), 4.78.75 (m, 2H), 4.43 (1] = 8.6 Hz,
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2H), 2.85-2.82 (m, 1H), 1.18 (d] = 6.8 Hz, 6H); LRMS (electrospray) m/z (M+H)92.

4.1.7.9. 9-(4-Cyclohexylbenzyl)-2,9-dihydro-3H-tmdlimidazo[1,2-a]imidazole 16)
Yellow oil; *H NMR (400 MHz, CROD) & 7.23 (d,J = 8.0 Hz, 2H), 7.15 (dJ = 8.0 Hz, 2H),
6.97-6.93 (m, 1H), 6.896.80 (m, 3H), 4.94 (s, 2H), 4.20 {t= 7.8 Hz, 2H), 3.92 ({] = 8.0 Hz, 2H),

2.45 (brs, 1H), 1.861.71 (m, 5H), 1.451.24 (m, 5H); LRMS (electrospray) m/z (M+H332.

4.1.7.10. 9-(3,5-Dimethylbenzyl)-2,9-dihydro-3H-bald]imidazo[1,2-a]imidazole 17)
Yellow solid; mp = 274.6 °C'H NMR (400 MHz, CQOD) & 7.02-6.85 (m, 7H), 4.94 (s, 2H), 4.25 (t,

J=8.6 Hz, 2H), 4.00 (1] = 8.4 Hz, 2H), 2.25 (s, 6H); LRMS (electrospray)fM+H)* 278.

4.1.7.11. 9-(3-(tert-Butyl)benzyl)-2,9-dihydro-3ldrAzo[d]imidazo[1,2-a]imidazolelB)

White solid; mp = 248.6C; 'H NMR (400 MHz, CDCJ) & 7.34 (m, 5H), 7.25 (d, 1H), 7.06 (d, 1H),

7.17 (m, 3H), 5.27 (s, 2H), 4.32 (m, 4H), 1.249€); LRMS (electrospray) m/z (M+H)306.

4.1.7.12. 9-(4-(Methylsulfonyl)benzyl)-2,9-dihy&id-benzo[d]imidazo[1,2-a]imidazolel9)
Yellow solid; mp = 149.5 °C*H NMR (400 MHz, CROD) & 7.93 (d,J = 8.0 Hz, 2H), 7.59 (d] = 8.0
Hz, 2H), 7.046.87 (m, 4H), 5.15 (s, 2H), 4.24 (= 8.2 Hz, 2H), 4.01 (i) = 8.6 Hz, 2H), 3.09 (s,

3H); LRMS (electrospray) m/z (M+H)B328.

4.1.7.13. 9-(4-(Trifluoromethoxy)benzyl)-3,9-diny@H-benzo[d]imidazo[1,2-a]imidazol2)
White solid; mp = 183.9 °&H4 NMR (400 MHz, CROD) § 7.93-7.91 (m, 2H), 7.48-7.46 (m, 2H),
7.43-7.41 (m, 1H), 7.38-7.34 (m, 2H), 7.29-7.27Zhh), 5.43 (s, 2H), 4.45 (§,= 8.5 Hz, 2H), 4.10

(t, J= 8.5 Hz, 2H). LRMS (electrospray) m/z (M+H334.

4.1.7.14. 9-(4-Cyanobenzyl)-3,9-dihydro-2H-benziohiflazo[1,2-a]imidazole43)

15



White solid; mp = 190.0 °CH NMR (400 MHz, CDCJ) § 7.45-7.42 (m, 2H), 7.26-7.23 (m, 2H),
6.97-6.84 (m, 2H), 6.75-6.65 (M, 2H), 4.95 (s, 239 (t,J = 8.5 Hz, 2H), 3.91 (1] = 8.5 Hz, 2H).

LRMS (electrospray) m/z (M+H)275.

4.1.7.15. 9-(4-Phenylbenzyl)-2,3-dihydroimidazofa]Benzimidazole24)

Yellow solid; mp = 139.5 °C*H NMR (400 MHz, CDCY)) & 7.54 (d,J = 8.4 Hz, 4H), 7.44-7.40 (m,
4H), 7.33 (tJ = 7.4 Hz, 1H), 6.96 (t) = 7.6 Hz, 1H), 6.89 (d] = 7.8 Hz, 1H), 6.76 (d] = 7.6 Hz,
2H), 5.30 (s, 2H), 4.29 (8,= 8.6 Hz, 2H), 3.94 (] = 8.4 Hz, 2H); LRMS (electrospray) m/z (M+H)

326.

4.1.7.16. 9-((2',6'-Difluoro-[1,1'-biphenyl]-4-yhathyl)-2,9-dihydro-3H-benzo[d]imidazo[1,2-
alimidazole @5)

Brown solid; mp = 210.4 °CH NMR (400 MHz, CROD) & 7.43-7.36 (m, 5H), 7.24 (d] = 7.6 Hz,
1H), 7.13-7.08 (m, 3H), 7.03 (] = 7.6 Hz, 2H), 5.18 (s, 2H), 4.25 Jt= 8.6 Hz, 2H), 3.04 (] = 6.4

Hz, 2H); LRMS (electrospray) m/z (M+HB62.

4.1.7.17. 9-((4'-Fluoro-[1,1'-biphenyl]-4-yl)methyB,9-dihydro-2H-benzo[d]imidazo[1,2-
alimidazole g6)

Brown solid; mp = 199.5 °CH NMR (400 MHz, CROD) & 7.64—7.48 (m, 4H), 7.40 (d,= 8.1 Hz,
2H), 7.12 (tJ = 8.7 Hz, 2H), 7.02 (dd} = 6.9 and 2.2 Hz, 1H), 6.94 (@z= 6.2 Hz, 3H), 5.08 (s, 2H),

4.26 (t,J = 8.5 Hz, 2H), 4.02 (1] = 8.5 Hz, 2H); LRMS (electrospray) m/z (M+H344.

4.1.7.18. 9-((4'-Methyl-[1,1'-biphenyl]-4-yl)methys,9-dihydro-2H-benzo[d]imidazo[1,2-
alimidazole @7)

Pale yellow solid; mp = 202.1 &4 NMR (400 MHz, CRQOD) & 7.56—7.54 (m, 2H), 7.47—7.42 (m,
2H), 7.40-7.38 (m, 2H), 7.28-7.23 (m, 2H), 7.12371®, 1H), 6.99-6.95 (m, 3H), 5.09 (s, 2H), 4.26

(t, J= 8.5 Hz, 2H), 4.13 (1] = 8.5 Hz, 2H), 2.34 (s, 3H); LRMS (electrospray)fM+H)* 340.

16



4.1.7.19. 9-((4'-Methyl-[1,1'-biphenyl]-4-yl)methyd,9-dihydro-2H-benzo[d]imidazo[1,2-
alimidazole ¢8)

Pale brown solid; mp = 202.1 *@4 NMR (400 MHz, CROD) 6 7.77 (d,J = 8.3 Hz, 2H), 7.71 (d]
= 8.3 Hz, 2H), 7.65 (s, 2H), 7.47 (@= 8.1 Hz, 2H), 7.10-7.00 (m, 1H), 7.00-6.92 (m),3114 (s,

2H), 4.28 (tJ = 8.5 Hz, 2H), 4.07 (1] = 8.5 Hz, 2H); LRMS (electrospray) m/z (M+H594.

4.1.7.20. 9-((4'-Chloro-[1,1'-biphenyl]-4-yl)metw3,9-dihydro-2H-benzo[d]imidazo[1,2-
alimidazole @9)

Pale brown solid; mp = 198.6 °@4 NMR (400 MHz, CRROD) § 7.72—7.65 (m, 2H), 7.59—7.49 (m,
3H), 7.47-7.30 (m, 4H), 7.02 (s, 1H), 6.72J¢; 7.0 Hz, 2H), 5.24 (s, 2H), 4.13-4.09 (m, 2HY,33-

3.69 (m, 2H); LRMS (electrospray) m/z (M+H361.

4.1.7.21. 9-((4'-Methoxy-[1,1'-biphenyl]-4-yl)meth$,9-dihydro-2H-benzo[d]imidazo[1,2-
alimidazole B0)

Pale brown solid*H NMR (400 MHz, CROD) & 7.67—7.58 (m, 2H), 7.58—7.54 (m, 2H), 7.53-7.44
(m, 2H), 7.42—-7.39 (m, 1H), 7.07—7.00 (m, 3H), @3 = 6.1 Hz, 2H), 5.31 (s, 2H), 4.32 {t= 8.5

Hz, 2H), 3.83 (tJ = 8.5 Hz, 2H), 3.40 (s, 3H); LRMS (electrosprayyiM+H)" 356.

4.1.7.22. 9-((4'-(Trifluoromethoxy)-[1,1'-biphen}yl)methyl)-3,9-dihydro-2H-
benzo[d]imidazo[1,2-a]imidazole3()

Pale yellow solid’H NMR (400 MHz, CROD) § 7.65-7.50 (m, 4H), 7.48-7.43 (m, 2H), 7.40-7.38
(m, 1H), 7.14-6.99 (m, 3H), 6.84 (@= 4.6 Hz, 2H), 5.37 (s, 2H), 4.25-3.93 (m, 2HY,63:3.72 (m,

2H); LRMS (electrospray) m/z (M+H}10.

4.1.7.23. 9-(4-Phenoxybenzyl)-2,9-dihydro-3H-bedkwo{idazo[1,2-a]imidazole 32)
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Pale yellow solidH NMR (400 MHz, CROD) § 7.37—-7.31 (m, 4H), 7.21-7.06 (m, 6H), 6.97—6.94

(m, 3H), 5.11 (s, 2H), 4.33-4.29 (m, 2H), 4.18-4rh32H); LRMS (electrospray) m/z (M+Hp42.

4.1.8. Synthetic procedure for substitution reat{{@-(1H-Benzo[d]imidazol-2-ylamino)ethana@h)

A mixture of 2-chloro-H-benzoflimidazole (1.0 eq.) and ethanolamine (10 eq.) heated to 200
°C for 30 min by use of microwave irradiation. Aftee reaction was completed, the reaction mixture
was cooled down to room temperature. The precgatablid was filtered and washed with water to
give desired produc@b. White solid (96 % vyield); mp = 177.4 °@1 NMR (400 MHz, CRQOD) &
7.20-7.18 (m, 2H), 6.97-6.95 (m, 2H), 3.75J(& 5.6 Hz, 2H), 3.49 (t) = 5.4 Hz, 2H); LRMS

(electrospray) m/z (M+H)178.

4.1.9. Synthetic procedure for substitution reactio (1-(4-tert-Butylphenyl)-2-(2-(2-
hydroxyethylamino)-1H-benzo[d]imidazol-1-yl)etharp2c)

To a stirred mixture of2b (1.0 eqg.) in dimethylformamide was added 2-brorio-4
“"putylacetophenone (1.0 eq.). The reaction mixtues stirred for 15 h. After the reaction was
completed, the reaction mixture was diluted witktiled water. The precipitated solid was filtered,
washed with distilled water and dried to give desdiproduct2c. White solid (55 % yield); mp =
230.7 °C;*H NMR (400 MHz, CRQOD) 8 8.09 (d.J = 6.8 Hz, 2H), 7.67 (dl = 6.8 Hz, 2H), 7.47 (dl

= 7.6 Hz, 1H), 7.347.29 (m, 3H), 5.84 (s, 2H), 3.79 {t= 5.2 Hz, 2H), 3.59 (1] = 5.4 Hz, 2H), 1.38

(s, 9H); LRMS (electrospray) m/z (M+H$52.

4.1.10. Synthetic procedure for substitution reacid)

A mixed solution of2c (1.0 eq.) and POg(10 eq.) was heated to 110 °C and stirred for Rfter the
reaction was completed, the reaction mixture wasdecbdown to 0 °C, quenched with ice water and
extracted with methylene chloride. The organic tayes dried over anhydrous Mg$@nd

concentrateéh vacuo The crude produ@d was used in the next step without further purtfaa
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4.1.11. Synthetic procedure for intramolecular ringrmation (9-(4-tert-Butylphenacyl)-2,3-
dihydroimidazo[1,2-a]benzimidazol6)

To a stirred solution d?d (1.0 eq.) in toluene was added triethylamine €Q. The reaction mixture
was heated to 110 °C and stirred for 8 h. Afterrdction was completed, the reaction mixture was
cooled down to room temperature and diluted wittyledcetate. This organic layer was washed with
water, dried over anhydrous Mg$s@nd concentratesh vacuo The crude product was purified by
flash column chromatography (MeOH / methylene dtikjrto give desired produ6t Yellow oil (19 %
overall 2 steps yield)*H NMR (400 MHz, CDCJ) & 8.00 (d,J = 8.4 Hz, 2H), 7.51 (d] = 8.4 Hz, 2H),
7.12 (t,J = 7.6 Hz, 1H), 7.05 () = 7.8 Hz, 1H), 6.96 (d] = 7.6 Hz, 1H), 6.81 (d] = 7.6 Hz, 1H),
5.70 (s, 2H), 4.38 (1 = 8.6 Hz, 2H), 4.15 (1] = 8.4 Hz, 2H), 1.34 (s, 9H); LRMS (electrosprayxm

(M+H)* 334.

4.2. Biology

4.2.1. Parasite and cell cultures

L. donovaniparasites (MHOM/ET/67/HU3, ATCC 50127) were cudtied as promastigotes at 28 °C
in M199 with 40 mM HEPES, 0.1 mM adenine, 0.0001 Bi6tin and 4.62 mM NaHC§)
supplemented with 10 % heat-inactivated FBS. Paisagiere sub-cultured every 2 or 3 days. THP-1
cells (ATCC TIB-202) were cultivated in RPMI suppiented with 10 % FBS at 37 °C with 5 % £0O
Tissue culture trypomastigotes (TCT) bfcruziwere maintained in LLC-MK2 cell line. Every-8
days after infection, TCT was released in the sugtant and re-infect LLC-MK2 cell line. LLC-MK2

and U20S cell line were cultivated in DMEM with 1@BBS at 37 °C with 5 % CO

4.2.2. Intracellular Leishmania (amastigote) scriegrassay

The screening assay for Leishmania was performedy yzeviously reported protocol with slight

modification in incubation periof1]. Briefly, L. donovaniculture was incubated 6 days before

infection to generate metacylic promastigotes wiscmacrophage-infective form. THP-1 cells were

differentiated with 50 ng/mL of phorbol 12-myrisgtatl3-acetate (PMA, Sigma P1585) before
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infection. Cells and parasites were seeded witl® Ir?ection ratio in 384 well plates, using a
WellMate™ liquid handler. After 24 h incubation at 37 °C twk % CQ, 4 pM of reference drug
amphotericin B (Sigma A2942) as kg (positive control), 1 % DMSO (negative controlpdathe
compounds were added to the wells followed by iatioln at37 °C with 5 % C@for 3 days. Wells
were then washed with PBS, fixed with 4 % parafddelayde, and then DNA was stained with
DRAQ5™. Automated confocal microscope (Perkin Elmer) wsed to take pictures of the plates and

images were analyzed by software developed in house

4.2.3. Extracellular Leishmania (promastigote) assa

L. donovani(1 x 1P parasites/mL) were seeded in 384 plate (EV8iecontaining each compound
dissolved in DMSOLeishmaniavas incubated with the compounds for 28 h andd®f resazurin
sodium salt (Sigma R7017) was added in the platier Additional incubation with the compounds
for 20 h, the parasites were fixed with 4 % pamafaidehyde and the plates were analyzed in

Victor3TM (Perkin Elmer) at 590 nm (emission) witte excitation at 530 nm [28].

4.2.4 Intracellular Trypanosoma cruzi assay

Tissue culture trypomastigotes (TCT)Tofcruziwere obtained from metacyclic trypomastigotesrafte
infection to LLC-MK2 cell line. U20S cell line wassed as host cells for the phenotypic assay. In the
plate containing each compound, homogeneous mixilité20S cells and parasites was dispensed
and incubated for 48 h at 37 °C with 5 % JL@&fter incubation was completed, the parasitesewer
fixed with 4 % paraformaldehyde, and then DNA wksned with DRAQS". Automated confocal
microscope (Perkin Elmer) was used to take pictafébe plates and then images were analyzed by

software developed in house [27].

4.2.5. Data analysis
The acquired images were analyzed with in-houséwaoé to quantify cell numbers, parasites

numbers, and infection ratio. 4 uM of amphoteriifor L. donovani400uM of benznidazole fof.
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cruzi,and 1 % of DMSO were used for positive and negationtrols, respectively. 2-Fold dilution
with 10 points of reference drugs were tested fmag-to-assay quality control by comparings&C
and DRC graph. Collected data were used to deterthi@ activities of synthesized compounds in
terms of EGy, CGo and Sl value. Efg was calculated by infection ratio normalized bigiee and
negative controls. G value was obtained from counting THP-1 and U206 ragmbers, and Sl
value was determined by E{ CGs, value. Quality of all performed assay was congolby Z’ value,

windows and CV [29].

21



Acknowledgements

This work was supported by the National Researcindation of Korea (NRF) grant funded by the
Korea government (MSIP, No. 2007-00559), Gyeonggitdo. K204EA000001-09E0100-00110),

and KISTI.

References

[1] K. Stuart, R. Brun, S. Croft, A. Fairlamb, R.Edrtler, J. McKerrow, S. Reed, R. Tarleton,
Kinetoplastids: related protozoan pathogens, differdiseases, J. Clin. Invest. 118 (2008),

1301-1310.

[2] R. Reithinger, J.C. Dujardin, Molecular diagreo®f leishmaniasis: current status and future

applications, J. Clin. Microbiol. 45 (2007),-225.

[3] G.G. Baily, A. Nandy, Visceral leishmaniasisora prevalent and more problematic. J. Infect. 29

(1994), 24+247.

[4] F. Chappuis, S. Sundar, A. Hailu, H. GhalibRgal, R.W. Peeling, J. Alvar, M. Boelaert, Visaer

leishmaniasis: what are the needs for diagnoiafrirent and control? Nat. Rev. Microbiol. 5 (2007),

873-882.

[5] S.L. Croft, G.H. Coombs, Leishmaniasis — cutrehemotherapy and recent advances in the
search for novel drugs, Trends Parasitol. 19 (208B8)-508.

[6] B. Purkait, A. Kumar, N. Nandi, A.H. Sardar, Bas, S. Kumar, K. Pandey, V. Ravidas, M.
Kumar, T. De, D. Singh, P. Das, Mechanism of amgicin B resistance in clinical isolates of
Leishmania donovanAntimicrob. Agents Chemother. 56 (2012), 10311104

[7] FJ. Pérez-Victoria, S. Castanys, F. Gamatmishmania donovanresistance to miltefosine
involves a defective inward translocation of theigdrAntimicrob. Agents Chemother. 47 (2003),
2397-2403.

[8] J.A. Pérez-Molina, A. Pérez-Ayala, S. Moreno,QMFernandez-Gonzéalez, J. Zamora, R. Lopez-
Velez, Use of benznidazole to treat chronic Chadjasase: a systematic review with a meta-analysis,
J. Antimicrob. Chemother. 64 (2009), 1+3947.

22



[9] B.B. Das, A. Ganguly, H.K. Majumder, DNA topoisierases ofeishmaniathe potential targets
for anti-leishmanial therapy, Adv. Exp. Med. Bi6R5 (2008), 103115.

[10] M.C. Motta, Kinetoplast as a potential chenssipeutic target of trypanosomatids, Curr. Pharm.
Des. 14 (2008), 848B54.

[11] R.L. Krauth-Siegel, S.K. Meiering, H. Schmidthe parasite-specific trypanothione metabolism
of TrypanosomandLeishmaniaBiol. Chem. 384 (2003), 53949.

[12] C.W. Roberts, R. McLeord, D.W. Rice, M. Gingkt.L. Chance, L.J Goad, Fatty acid and sterol
metabolism: potential antimicrobial targets in @pnplexan and trypanosomatid parasitic protozoa,
Mol. Biochem. Parasitol. 126 (2003), 12912.

[13] A. Cavalli, M.L. Bolognesi, Neglected tropicdiseases: Multi-target-directed ligands in the

search for novel lead candidates agaifrgpanosomaand Leishmania J. Med. Chem. 52 (2009),

7339-7359.

[14] D.P. Cavalcanti, S.P. Fragoso, S. Goldenb&g,de Souza, M.C. Motta, The effect of
topoisomerase Il inhibitors on the kinetoplastadtructure, Parasitol. Res. 94 (2004),4848.

[15] G. Hiltensperger, N.G. Jones, S. NiedermdiefStich, M. Kaiser, J. Jung, S. Puhl, A. Damme, H.
Braunschweig, L. Meinel, M. Engstler, U. HolzgraBgnthesis and structure-activity relationships of

new quinolone-type molecules agaimsgpanosoma brucel. Med. Chem. 55 (2012), 253%48.

[16] G.A. Holloway, J.B. Baell, A.H. Fairlamb, P.Mlovello, J.P. Parisot, J. Richardson, K.G. Watson,
I.P. Street, Discovery of 2-iminobenzimidazolesa®ew class of trypanothione reductase inhibitor by
high-throughput screening, Bioorg. Med. Chem. L¥Tt(2007), 14221427.

[17] G.A. Holloway, W.N. Charman, A.H. Fairlamb, Brun, M. Kaiser, E. Kostewicz, P. M. Novello,
J.P. Parisot, J. Richardson, I.P. Street, K.G. ¥vats).B. Baell, Trypanothione reductase high-
throughput screening campaign identifies novel sdasof inhibitors with antiparasitic activity,
Antimicrob. Agents Chemother. 53 (2009), 282833.

[18] A.R. Renslo, J.H. McKerrow, Drug discovery atelelopment for neglected parasitic diseases,
Nat. Chem. Biol. 2 (2006), 76710.

[19] S.L. Croft, M.P. Barrett, J.A. Urbina, Chemethpy of trypanosomiases and leishmaniasis,
Trends Parasitol. 21 (2005), 5€8.2.

23



[20] L.H. Freitas-Junior, E. Chatelain, H.A. Kiml.JSiqueira-Neto, Visceral leishmaniasis treatment
What do we have, what do we need and how to deit?eint. J. Parasitol. Drugs Drug Resist. 2
(2012), 1%109.

[21] J.L. Siqueira-Neto, S. Moon, J. Jang, G. Ydbgl.ee, H.K. Moon, E. Chatelain, A. Genovesio, J.
Cechetto, L.H. Freitas-Junior, An image-based fuightent screening assay for compounds targeting

intracellularLeishmania donovaimastigotes in human, PLoS Negl. Trop. Dis. 6 @0#1671.

[22] R. lemura, M. Hori, H. Ohtaka, Syntheses @& thetabolites of 1-(2-ethoxyehtyl)-2-(hexahydro-
4-methyl-H-1,4-diazepin-1-yl)-1H-benzimidazole difumarate (R&13) and related compounds,
Chem. Pharm. Bull. 37 (1989), 96266.

[23] B. Buckman, J.B. Nicholas, L. Beigelman, V.r&8wmyany, A.D. Stoycheva, T. Thrailkill, S.D.
Seiwert, Cyclic peptide inhibitors of hepatitis @us replication, PCT Int. Appl. WO2011038293,
2011.

[24] V.A. Anisimova, |.E. Tolpygin, A.A. Spasov, A. Kosolapov, A.V. Stepanov, A.F.
Kucheryavenko, Synthesis and biological activity bFacylmethyl derivatives of 19-2,3-

dihydroimidazo- and 18-2,3,4,10-tetrahydropyrimido[1,d@benzimidazoles and their reduction
products, Pharmaceutical Chem. J. 40 (2006);-261.

[25] V.A. Anisimova, |.E. Tolpygin, G.S Borodkin, ékearch in the field of imidazo[1,2-
albenzimidazole derivatives: XXVII. 1-Acylmethyl{2o-hydroxyalkylamino)benzimidazoles and

their transformation into derivatives of tricycBgstems, Russian J. Org. Chem. 46 (2010);-285.

[26] F.S. Buckner, C.L. Verlinde, A.C. La Flamme, .GV Van Voorhis, Efficient technique for

screening drug for activity againtypanosoma cruzusing parasites expressifiggalactosidase,

Antimicrob. Agents Chemother. 40 (1996), 252897.

[27] Moonet al, PLoS one, submitted.

[28] J.L. Siqueira-Neto, O.-R. Song, H. Oh, J.-téhB, G. Yang, J. Jang, J. Cechetto, C.B. Lee, S.
Moon, A. Genovesio, E. Chatelain, T. ChristopheH.LFreitas-Junior, Antileishmanial high-
throughput drug screening reveals drug candidatiés mew scaffolds, PLoS Negl. Trop. Dis. 4
(2010), e675.

[29] J.H. Zhang, T.D. Chung, K.R. Oldenburg, A sieptatistical parameter for use in evaluation and
validation of high throughput screening assayBjamol. Screen. 4 (1999), 673.

24



R! NO, A R! NO, B R! NH, c R! 4 b
o —— I —— LT = Lo —
R? NH, R? NR® R? NR® R? N

H H Ju-t

1a 1b 1c

OH cl
R! N E R! N F R! N s . R N )
e — = “Orba - I QW
R? N R2 N R2 N R2 N
\_R3 \_Rs3 \_R3

R3
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R'=R2=H, R® = substituted phenyl 4,13-32

R' = R2=H, R® = 4-'butylphenoxymethyl 7

H R'=R2=H, R3 = 4-"butylbenzyl 8

R'=F, R2 = H, R® = 4-"butylphenyl 9
N R'=Cl, R = H, R® = 4-'butylphenyl 10
@[ S—ci R' = Me, R2= H, R® = 4-butylphenyl 1
N R' = RZ = Me, R® = 4-butylphenyl 12
H R'=R? = H, R® = pyridyl 33

Scheme 1. Reagents and conditions: (AJ&H,Br 1.3 eq, KCO; 1.3 eq, DMF, 120°C, 4 h; (B) H, 10 % Pd/C,
MeOH, RT, 3 h; (C) urea 2.0 eq, DMF, 20C, 30 min; (D) POGI10.0 eq, conc. HCI (cat.), 15TC, 3 h; (E)
ethanolamine 10.0 eq, microwave irradiation, 2@) 30 min; (F) POGI10.0 eq, 110°C, 2 h; (G) TEA 1.0 eq,
toluene, 110°C, 8 h; (H) RCH,Br 1.0 eq, DIPEA 1.5 eq, DMF, 10%C, 12 h.
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Scheme 2. Reagents and conditions: (A) Ethanolamine 10.0v@growave irradiation, 200C, 30 min; (B) 2-
bromo-4'*"butylacetophenone 1.0 eq, DMF, 15 h; (C) POI0.0 eq, 110°C, 2 h; (D) TEA 1.0 eq, toluene,
110 °C, 8 h; (E) 2-bromo-4<"butylacetophenone 1.0 eq, DIPEA 1.5 eq, DMF, 2008 h.
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Table 1. In vitro activity of 2,3-dihydroimidazo[l,2]benzimidazole derivatives against amastigotes and
promastigotes df. donovani

Activity againstL. donovani

Compound Chemical Structure Amastigote form Promastigote form
EGs c d e
C M S E M
(M)° Cso (M) Cso(HM)
o
el
3 - > 50 > 50 N/A N/TS
N1
L
4 N 3.05 > 50 >16.4 1.25
N —
5 el 125 > 50 >3.98 2.73
@N//\r‘q
6 N 394 > 50 >1.27 N/T
o
N )
=N
7 @:N 27.4 33.1 1.21 N/T
K/o
N
8 @NV 253 > 50 >1.98 208
Miltefosine 4.83 18.9 3.91 1.1
Amphotericin B 0.25 7.57 30.2 0.22

3 Compound3-5 are already known moleculdsEC, indicates half maximal effective concentrationiomacellularL. donovani(2-fold
dilution with 10 points dose response). Averagelblicate determination$.CCs indicates cytotoxicity against THP-1 cells, whishs
determined by counting of THP-1 cell numbers in thieen image from intracellular assay. Average uplidate determination$.Sl is
selective index (E&/ CGCsg). © EGs indicates half maximal effective concentration extracellularL. donovani Average of duplicate
determinations. N/A, not available? N/T, not tested.
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Table 2. In vitro activity of 2,3-dihydroimidazo[l,2]benzimidazole derivatives against amastigotes and
promastigotes df. donovani

Chemical Structure - . .
: uctu Activity againstL. donovani

R? N/ﬁ
o
Compound R? NLRs Amastigote form Promastigote form
R R R EGo(M)*  CCs(uM)’  SF ECso(M)*
4 H H 4*"putylphenyl 3.05 > 50 > 16.4 1.25
9 F H 4% utylphenyl 14.0 > 50 >3.57 1.26
10 Cl H 4"*"putylphenyl 7.33 12.5 1.71 2.22
1 Me H 4 ytylphenyl 11.0 28.1 255 1.80
12 Me Me 4=utylphenyl > 50 > 50 N/A N/T
13 H H phenyl > 50 > 50 N/A N/T
14 H H 4-ethylphenyl 42 > 50 >1.19 N/T
15 H H 45propylphenyl >50 >50 N/A N/T
16 H H 4-cyclohexylphenyl 5.4 22.8 4.19 1.71
17 H H 3,5-dimethylphenyl > 50 > 50 N/A N/T
18 H H 3*ethutylphenyl 22.6 > 50 >2.21 4.98
19 H H 4-methylsulfonylphenyl > 50 > 50 N/A N/T
20 H H 4-fluorophenyl > 50 > 50 N/A N/T
21 H H 4-trifluoromethylphenyl > 50 > 50 N/A N/T
22 H H 4-trifluoromethoxyphenyl > 50 > 50 N/A N/T
23 H H 4-cyanophenyl > 50 > 50 N/A N/T
24 H H 4-(1,1'-biphenyl) 5.29 39.7 75 1.48
25 H H 4-(2",5'-difluoro-1,1'-biphenyl) 32.5 > 50 >584 9.22
26 H H 4-(4'-fluoro-1,1'-biphenyl) 8.88 35.0 3.94 4D
27 H H 4-(4'-methyl-1,1'-biphenyl) 17.8 27.1 1.52 75.
28 H H 4-(4'-trifluoromethyl-1,1'-biphenyl) 10.3 30.0 291 3.11
29 H H 4-(4'-chloro-1,1'-biphenyl) 13.7 20.0 1.46 Y]
30 H H 4-(4’-methoxy-1,1'-biphenyl) 10.2 23.0 2.25 .32
31 H H 4-(4-trifluoromethoxy-1,1’-biphenyl) 5.20 1a. 2.11 1.53
32 H H 4-phenoxyphenyl 12.5 48.0 3.82 2.01
33 H H 2-pyridyl > 50 > 50 N/A N/T
Miltefosine 4.83 18.9 3.91 11.1
Amphotericin B 0.25 7.57 30.2 0.22

3 Compoundl3, 20, and21 are already known molecul@sECs, indicate half maximal effective concentration atracellularL. donovani
(2-fold dilution with 10 points dose response). fage of duplicate determinatiorfsSCGs, indicate cytotoxicity against THP-1 cells, which
was determined by counting of THP-1 cell numberthintaken image from intracellular assay. Averaigguplicate determination$Sl is
selective index (E&/ CGCs). ¢ EGs indicate half maximal effective concentration oxtracellularL. donovani Average of duplicate
determinations. N/A, not available? N/T, not tested.
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Table 3. In vitro activity of 2,3-dihydroimidazo[1,2]benzimidazole derivatives against intracellulacruzi

Activity againstT. cruzi

Compound

ECso (UM)* CCsc (UM)" sr°
3 >50 >50 N/A
4 1.10 36.5 33.2
5 3.09 >50 > 16.2
6 36.0 >50 >1.39
7 8.70 37.9 4.36
8 12.7 21.0 1.65
9 8.24 50.0 6.07
10 6.21 5.18 0.8
1 19.6 44.6 2.28
12 > 50 >50 N/A
14 33.7 >50 >1.48
15 > 50 >50 N/A
16 1.60 6.10 3.81
17 >50 >50 N/A
18 12.5 34.6 2.77
20 > 50 > 50 N/A
21 13.4 >50 >3.75
24 2.10 18.8 8.95
25 4.49 9.61 2.14
26 8.89 >50 > 5.62
27 7.45 10.3 1.38
28 > 50 > 50 N/A
29 5.56 9.36 1.7
30 > 50 > 50 N/A
31 > 50 >50 N/A
32 38.7 20.0 0.52
33 > 50 >50 N/A
Benznidazole 20.7 > 50 >2.42

3ECy indicate half maximal effective concentration airacellularT. cruzi(2-fold dilution with 10 points dose responselCCs, indicate
cytotoxicity against U20S cell, which was deterndify counting U20S cell number in the taken imagenfintracellularT. cruziassay®
Sl is selective index (E&/ CGs). “ N/A, not available.
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Miltefosine Amphotericin B

Fig. 1. Confocal microscopy images of intracellulardonovanitreated with compoundbsand15: Treatment of
compound4 as well as reference drugs, miltefosine and angploot B, at 12.5uM concentration to
intracellularLeishmaniashowed complete parasite clearance from the tedist @HP-1. Treatment of inactive
compoundl5 showed full of parasites inside at the same caneon. Fluorescent DNA dye, DRA®Y, was
used to visualize host cells and parasites. Thd aalow indicates nucleus of THP-1 cells and th&edi arrow

indicated_eishmanian cytosol.
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A Drug exposure ‘

12.5 uM 6.25 uM 1.56 uM 0.39 pM 0.098 uM

Compound 15 [§8

Fig. 2. Confocal microscopy images of intracellularcruzitreated with compound$and15: (A) 400 uM of
benznidazole was used as a positive control, afddf DMSO was used as a negative control for thsayas
Infected U20S cells in the presence of 40 of benznidazole showed complete parasite clearémmn the
host cells, while parasites still remained at tlomoentration of 12.5uM. (B) Compound4 showed host
clearance of parasite in a dose-dependent manriée uimactive compoundl5. Fluorescent DNA dye,
DRAQ5™, was used to visualize DNA of host cells and ptgas The solid arrow indicates nucleus and the

dotted arrow indicates. cruziin cytosol.
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Figure Caption

Fig. 1. Confocal microscopy images of intracellulardonovanitreated with compound$ and 15:
Treatment of compound as well as reference drugs, miltefosine and angpteit B, at 12.5uM
concentration to intracelluldreishmaniashowed complete parasite clearance from the halis, c
THP-1. Treatment of inactive compouh8l showed full of parasites inside at the same cdnagon.
Fluorescent DNA dye, DRAd@, was used to visualize host cells and parasiths. solid arrow

indicates nucleus of THP-1 cells and the dottedvaindicated_eishmanian cytosol.

Fig. 2. Confocal microscopy images of intracellularcruzitreated with compound$ and 15: (A)
400 uM of benznidazole was used as a positive contrad, i % of DMSO was used as a negative
control for the assay. Infected U20S cells in tlespnce of 40QuM of benznidazole showed
complete parasite clearance from the host celldevglarasites still remained at the concentratibn o
12.5 uM. (B) Compound4 showed host clearance of parasite in a dose-depemdanner unlike
inactive compound5. Fluorescent DNA dye, DRAQY, was used to visualize DNA of host cells and

parasites. The solid arrow indicates nucleus aedittted arrow indicatés cruziin cytosol.

Scheme 1. Reagents and conditions: (AJ&H,Br 1.3 eq, KCO; 1.3 eq, DMF, 120 °C, 4 h; (B) H
10 % Pd/C, MeOH, RT, 3 h; (C) urea 2.0 eq, DMF, 200 30 min; (D) POGI10.0 eq, conc. HCI
(cat.), 150 °C, 3 h; (E) ethanolamine 10.0 eq, avi@ve irradiation, 200 °C, 30 min; (F) PQGD.0
eq, 110 °C, 2 h; (G) TEA 1.0 eq, toluene, 110 °Qy; §H) R'CH,Br 1.0 eq, DIPEA 1.5 eq, DMF,
100 °C, 12 h.

Scheme 2. Reagents and conditions: (A) Ethanolamine 10.0nggrowave irradiation, 200 °C, 30
min; (B) 2-bromo-4"*"butylacetophenone 1.0 eq, DMF, 15 h; (C) POI.0 eq, 110 °C, 2 h; (D)
TEA 1.0 eq, toluene, 110 °C, 8 h; (E) 2-bromd<Zbutylacetophenone 1.0 eq, DIPEA 1.5 eq, DMF,
100 °C, 8 h.
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Highlights

® HTS/HCS campaign was performed to identify anti-leishmanial and anti-T. cruzi agents.
® 2 3-Dihydroimidazo[ 1,2-a]benzimidazole was a novel scaffold of anti-parasitic agents.
® Synthetic analogues were tested against intracellular and extracellular parasite forms.

® 4 and 24 showed superior anti-trypanosomal activity compared to current drugs.
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I.  NMR Data of Newly Synthesized Compounds

'H NMR of 6

Ambient temperature
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'H NMR of 8

26.0 C / 286.1 K

Operator: vemri
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ACCEPTED MANUSCRIPT

'H NMR of 10
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'H NMR of 12

Bolvent: cdiod
Temp. 27.0 C / 300.1 K
Operator: vamri
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'H NMR of 15

Solvent: cdiod
Temp. 26.0 C /7 298.1 K
Operator: vnmrl
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Solvent: cdiod
Temp. 26.0 C s ES8.1 K
Operator: vomrl
VHHRS-400  "PASnmrang”
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Solvent: cddod lH NMR Of 19

Temp. 26.0 C / 299.1 K
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Solvent: cdcl

Temp. 27.0 C ; 300.1 K
Qperators vomrli
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Solvent: cdiod
Temp, 26.0 C s 209.1 K
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'H NMR of 25
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'H NMR of 27

Solvent: cd3od

Temp. 27.0 C / 200.1 K
Operator: vomri
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VHMRS-400 "PASPmra0o"

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 2.049 sec

Width 5410.3 Hz

16 repetitions

DBSER' 399.9639340 MHz
DATA FROCESS

Gauss apodization 1.000 sec
FT size 65536
Total time 0 min, §5 sec
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. . H NMR of 28
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Relax. delay 1.000 sec I q)
Pulse 45.0 degress
heg. time 2,040 sec
width 6410.3 Hz
16 repetitions
OBSERVE  H1, 38598639323 MHz
DATA PROCESSING
causs apodization L.000 sec
FT size 65536
Total time 0 min, 55 sec
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Solvent: cdiod

Temp. 27.0 C 7 300.1 K
Dperator: vnm

VHMRS-400 'Pﬁsnml"ﬂw'

Relax. delay 1.000 sec
Pulse 435.0 degrees

OBSERV "399.8638312 Wiz
DATA PROCESSING

Gauss apodization 1.000 sec
FT size 65535
Total time 5 min, 11 sec
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'H NMR of 29
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H NMR of 30
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'H NMR of 31

Selvent: cdiod

Teoap., 27.0 € 7 300.1 K

Opeérator: vnmrl

File: -Jys-005-plc
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568 repetitions

DBSERVE  H1, 309.9630339 MWHz
DATA PROCESSING

Gausz apodization 1.000 sec
FT siza 65536

Total time 5 min, 11 sec
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Solvent: cdiod H NMR Of 32
Temp. 27.0 C / 300.1 K
Operator: voarl
Fille: 5!5—.‘?’5—155
VNHRS-400 "PASnmra0o"
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oBSERVE. M1, 59%.9538322 HHz =

DATA PROCESSENG =

Gauss apodization 1.000 sec —

FT size 65536

Total time 5 min, 11 sec
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ACCEPTED MANUSCRIPT

1HNMR of 9-(pyridin-2-ylmethyl)-3,9-dihydro-2H-benzo[d]imidazo[1,2-a)imidazole
(CIB1/008):
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'H NMR of 33
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