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

A high-throughput (HTS) and high-content screening (HCS) campaign of a commercial library 

identified 2,3-dihydroimidazo[1,2-a]benzimidazole analogues as a novel class of anti-parasitic agents. 

A series of synthetic derivatives were evaluated for their in vitro anti-leishmanial and anti-

trypanosomal activities against L. donovani and T. cruzi, which have been known as the causative 

parasites for visceral leishmaniasis and Chagas disease, respectively. In the case of Leishmania, the 

compounds were tested in both intracellular amastigote and extracellular promastigote assays. 

Compounds 4 and 24 showed promising anti-leishmanial activity against intracellular L. donovani 

(3.05 and 5.29 µM, respectively) and anti-trypanosomal activity against T. cruzi (1.10 and 2.10 µM, 

respectively) without serious cytotoxicity toward THP-1 and U2OS cell lines.  
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1. Introduction 

The kinetoplastids are a group of flagella protozoan parasites which contain subcellular structure 

known as the kinetoplast as the major distinguishing feature of parasites [1]. Three distinct 

kinetoplastids are known to cause different human diseases: leishmaniasis caused by Leishmania, 

Chagas disease caused by Trypanosoma cruzi (T. cruzi), and sleeping sickness caused by 

Trypanosoma brucei. Among them, leishmaniasis is the most prevalent in the world found in about 88 

countries affecting more than 12 million people worldwide [2], and visceral leishmaniasis caused by 

Leishmania donovani (L. donovani) is the most severe form of three types of leishmaniasis being 

mortal if left untreated [3,4]. In the case of Chagas disease, it has been found mainly in endemic areas 

of Latin American countries, and over 8 million people are estimated to be infected with T. cruzi [4]. 

In spite of high unmet medical needs, the molecular basis and pathway for the diseases caused by the 

kinetoplastids have been little elucidated and only very few target proteins have been reported [5].  

Treatment options for visceral leishmaniasis are including the use of pentavalent antimonials, 

amphotericin B, paromomycin, and miltefosine. Although several drugs are available in the clinic for 

the treatment of leishmaniasis and Chagas disease, most of drugs have been faced with many 

difficulties such as low efficacy, severe side effects, inconvenient administration, and emergence of 

drug resistance [6]. For example, miltefosine is the only oral drug for the treatment of resistant 

leishmaniasis but this drug is teratogenic and causes extremely severe gastrointestinal side effects [7]. 

Likewise, nifurtimox and benznidazole have been used for the treatment of Chagas disease, but both 

drugs have also been reported to show limited effectiveness for the treatment of chronic patients and 

undesirable side effects [8]. Therefore, identification and optimization of novel anti-parasitic 

compounds with new mechanisms of action are urgently needed to overcome the current situation and 

eventually eradicate these fatal diseases.  

For the discovery of novel anti-parasitic compounds, drugable targets of the pathogenic parasite 

have not been fully exploited so that traditional target-based drug discovery approaches become more 

likely to be inefficient. Only a few targets such as topoisomerases [9], kinetoplast [10], trypanothione 

reductase (TryR) [11], and fatty acid and sterol biosynthesis pathways [12] have been reported. 
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Nalidixic acid, which is the first synthetic quinolone antibiotics, has been known to have inhibitory 

effect on the proliferation of kinetoplastids by the inhibition of topoisomerase II [13,14]. On the other 

hand, other quinolone antibacterial compounds have been reported to induce a defect on kinetoplast 

segregation, which was not due to the topoisomerase II inhibition mechanism [15]. In addition, 2-

iminobenzimidazole derivatives have been reported as a new class of TryR inhibitors [16,17], and 

numerous antifungal azole compounds have shown to effectively inhibit the ergosterol biosynthesis 

which is a key process for the formation of protozoal membrane [18,19]. However, no success in the 

drug discovery has been achieved so far based on the targets above mentioned, which have attracted 

more attention for the validation of these targets and exploitation of novel targets. Target-free cell-

based assays have been widely used, as they bypass the need for a known target and have the potential 

to lead to the discovery of unknown target. For instance, Genomic Institute of the Novartis Research 

Foundation (GNF) and some laboratories supported by the Special Programme for Research and 

Training in Tropical Disease (TDR/WHO) have performed phenotypic screening to identify novel 

anti-parasitic compounds [20]. In this context, we previously reported a HTS and high-content 

screening (HCS) of commercially available chemical libraries against L. donovani [21]. Here, we 

report structure-activity relationship (SAR) studies of 2,3-dihydroimidazo[1,2-a]benzimidazole 

derivatives identified through phenotypic screening of 200,000 chemical library against L. donovani 

and T. cruzi.  

 

2. Result and discussion 

2.1. Synthesis of 2,3-dihydroimidazo[1,2-a]benzimidazole derivatives 

General synthetic route for 2,3-dihydroimidazo[1,2-a]benzimidazole derivatives was depicted in 

Scheme 1. For the search of compounds with improved anti-leishmanial and anti-trypanosomal 

activities, SAR studies of 2,3-dihydroimidazo[1,2-a]benzimidazole derivatives were conducted with 

the modification of three different parts: tricyclic ring, substitution in benzene ring (R1 and R2), and 

substitution in imidazole nitrogen (R3). Intermediates 1c having benzimidazolone bicyclic ring were 

obtained by N-alkylation of aniline moiety of commercially available 2-nitroaniline derivatives (1a) 
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and then nitro reduction (1b), followed by intramolecular ring formation in the presence of urea [22]. 

These benzimidazolone compounds were chlorinated with POCl3 and catalytic amount of HCl to give 

N-alkylated 2-chlorobenzimidazole intermediates 1d [23]. Alternatively, in the case of compounds 

without substituent in the benzimidazole ring (R1 = R2 = H), 1d was easily synthesized by reacting 

commercially available 2-chlorobenzimidazole with various alkyl bromide in the presence of organic 

base, DIPEA. Compounds 1e, key intermediates for the tricyclic ring formation, were obtained by 

nucleophilic substitution with ethanolamine under microwave irradiation. After alcohol group was 

converted to chloride under POCl3 condition, intramolecular cyclization in the presence of TEA was 

performed to yield final compounds 4 and 7−−−−33 [24,25]. 

Synthesis of compound 6 containing a phenacyl substituent in benzimidazole nitrogen was started 

from the reaction of 2-chlorobenzimidazole with 2-bromo-4’-tertbutylacetophenone in the presence of 

base to yield 2a (see Route I in Scheme 2). However, the reaction of N-phenacylated 2-

chlorobenzimidazole 2a with ethanolamine was failed to produce 2c, a key intermediate for the final 

tricyclic compound. Due to the harsh reaction condition using microwave irradiation at 200 °C, 

tricyclic byproduct 2 was formed via intramolecular enamine formation. Therefore, 2c was obtained 

by substitution reaction of 2-chlorobenzimidazole with ethanolamine and then subsequent N-

alkylation with phenacyl bromide (see Route II in Scheme 2). Chlorination of alcohol moiety (2d) 

and intramolecular substitution reaction gave the final tricyclic compound 6. All final compounds 

newly synthesized (6−−−−12, 14−18, 21−33) were characterized by melting point, low resolution ESI 

mass and 1H NMR. 

 

2.2. Biological evaluation against L. donovani 

For assessing anti-leishmanial activity of the compounds, L. donovani in two different stages of the 

life cycle was used. Intracellular amastigote form is specifically found in the host cell, and the other 

extracellular promastigote form is predominately found in the insect vector. Promastigotes or axenic 

amastigotes have been generally used in the screening for the discovery of anti-leishmanial drug 

candidates because of easier adaptation to the high-throughput assay format. In this study, newly 
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synthesized 2,3-dihydroimidazo[1,2-a]benzimidazole derivatives were tested in in vitro intracellular 

amastigote assays as well as extracellular promastigote, because amastigotes are substantially 

different from promastigotes in a molecular perspective and known to be more physiologically 

relevant parasite stage to evaluate anti-leishmanial activity of the compounds. 

The amastigote assay was established by using metacyclic promastigote of L. donovani to infect 

differentiated THP-1 macrophages. Amastigotes transformed from metacyclic promastigotes were 

allowed to multiply inside host macrophages for 24 h and then the compounds were added. The 

quantification of the infection ratio was done 3 days after compound treatment. Fluorescent images of 

DNA-stained cells were acquired using automated confocal microscopy and customized software 

developed for image analysis allowed to assess diverse information such as number of cells per well, 

number of parasites per cell, infection ratio, and cell cytoplasmic area. Cytotoxicity against host cells 

was also easily determined by counting cell number in the same assay. Viability of promastigotes were 

independently accessed by fluorometric measurement of resazurin reduction after the treatment of 

extracellular promastigotes with each compound. In vitro anti-leishmanial activity of the synthesized 

compounds was summarized in Table 1 and 2.  

As shown in Table 1, compound 4 with para-tertbutylphenyl moiety at R3 position was found to be 

the most active among all the synthesized compounds with EC50 value of 3.05 µM which is 

comparable to that of the reference drug, miltefosine (4.83 µM). In addition, compound 4 didn’t show 

any cytotoxicity against host macrophages (CC50 > 50 µM) resulting in high selectivity index (SI > 

16.4) while that of miltefosine was 3.91. 2,3-Dihydroimidazo[1,2-a]benzimidazole tricyclic ring is 

essential for anti-leishmanial activity because when this tricyclic ring was changed to 6-membered 

tetrahydropyrimidine conjugated tricyclic ring, 2,3,4,10-tetrahydropyrimido[1,2-a]benzimidazole (5) 

or 2,3-hydroimidazo[1,2-a]benzimidazol-2-one (3), the anti-amastigote activity was found to be less 

(12.5 µM) or disappeared (> 50 µM), respectively. Phenyl group at R3 position is also critical for anti-

leishmanial activity because phenacyl-substituted compound 6 and benzyl-substituted compound 8 

showed decreased activities (39.4 and 25.3 µM, respectively) compared to compound 4. In the case of 

compound 7 bearing phenoxymethyl substituent in R3 position showed not only low anti-amastigote 
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activity (27.4 µM) but also cytotoxicity toward host macrophages in the similar concentration (33.1 

µM).  

A series of compounds described in Table 2 were synthesized to determine substituent effects of 

benzene included in the tricyclic ring (R1 and R2) and phenyl in R3 position. Different substituents at 

R1 and R2 such as fluoro (9), chloro (10), or methyl (11 and 12) instead of hydrogen (4) were not 

effective to improve anti-leishmanial activity. In addition, some of the compounds (10 and 11) were 

toxic toward host macrophages even though they maintained good anti-promastigote activities (2.22 

and 1.80 µM, respectively). Only fluoro-substituted compound 9 exhibited moderate activity (14.0 

µM) without cytotoxicity.  

Concerning substituent effect at R3 position, potency and selectivity index were influenced by the 

position of the substituents and physicochemical properties such as size, electronic effect and 

lipophilicity. A significant decrease of anti-leishmanial activity was observed when tertbutyl group was 

changed from para to meta position (18) of the phenyl ring in R3. The presence of hydrophobic and 

sterically hindered substituent in para position such as tertbutyl (4), cyclohexyl (16), or phenyl (24) 

was also necessary to retain anti-parasitic activities, while the compounds with hydrogen (13), ethyl 

(14), and isopropyl (15) as well as other compounds containing electron withdrawing group at para 

position (19−23) showed significant loss of activity. In the case of compound 24 bearing 

biphenylmethyl substituent, the anti-amastigote activity (5.29 µM) was comparable to that of 

miltefosine and selectivity index (7.5) was superior to miltefosine. To study substituent effects on 

biphenyl ring in R3, compounds 25−31 were prepared and evaluated their biological activities. 

However, most of compounds didn’t show any improvement in terms of activity and cytotoxicity. 

New compounds showing promising anti-amastigote activities in cell-based assay also revealed 

good anti-promastigote activities in extracellular promastigote assay. In particular, compounds 4 and 

24 exhibiting anti-amastigote activities comparable to that of miltefosine in cell-based assay showed 

better anti-promastigote activities (1.25 and 1.48 µM, respectively) than that of miltefosine (11.1 µM). 

These results led us to  speculate that the major target of these compounds mmight be in common 
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pathway of both stages of parasites, which allows of further target identification approaches using 

extracellular promastigotes more prone to handle.   

Automated confocal microscopic images for the representative compounds 4 and 15 are shown in 

Fig. 1. In the case of compound 4, no parasite was observed inside of host THP-1 cells as seen in 

reference drugs, miltefosine and amphotericin B, at the concentration of 12.5 µM. However, most of 

parasites still remained at the same concentration when they were treated with inactive compound 15. 

Confocal images clearly show that no serious decrease of cell number was detected when THP-1 cells 

were treated with both compounds 4 and 15. The calculated percentage of infection based on the 

EC100 of amphotericin B, which is the first effective concentration to reach 100 % activity determined 

as 4 µM and 1 % DMSO (0 % activity as maximum infection ratio) was normalized for the activity. 

Cytotoxicity was determined by percentage of cell number normalized against DMSO control. 

 

2.3. Biological evaluation against T. cruzi 

All compounds tested against L. donovani were also phenotypically screened for their in vitro anti-

parasitic activity against T. cruzi. For the image-based assay, U2OS cells were used as host cells and 

infected with tissue culture trypomastigotes (TCT) of T. cruzi. In the field of drug discovery for 

Chagas disease, colorimetric assay using recombinant T. cruzi modified to express fluorescent β-

galactosidase is one of the popular HTS methods to find active compounds [26]. However, wild-type 

T. cruzi was used in this study to improve the relevance between in vitro assay and real disease state, 

avoiding using genetically modified parasites [27].  

In vitro anti-T. cruzi activity of the synthesized compounds was described in Table 3. Structure-

activity relationship of 2,3-dihydroimidazo[1,2-a]benzimidazole derivatives against T. cruzi was very 

similar to that against L. donovani. The most active compound 4 in L. donovani assay also showed the 

best activity toward T. cruzi with an EC50 value of 1.10 µM and selectivity index of 33.2. Other 

compounds such as 6-membered tetrahydropyrimidine-conjugated tricyclic compound (5), fluoro-

substituted compound in R1 position (9), and biphenyl-substituted compound in R3 position (24), 

which showed moderate anti-leishmanial activities (12.5, 14.0, and 5.29 µM , respectively), also 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

9 

 

exhibited good anti-trypanosomal activities against T. cruzi (3.09, 8.24, and 2.10 µM, respectively). 

Moreover, their cytotoxicity determined in the same assay using U2OS cell lines were very low 

leading to high selectivity indexes. 

The representative confocal images of T. cruzi infected cells during the assay were shown in Fig. 2. 

DNA of host cells and parasites stained by fluorescent dye was very clearly shown to be able to 

differentiate each other so that the anti-parasitic activity was determined by quantifying parasitemia in 

the presence of each compound. Benznidazole was used as a reference drug for positive control at the 

concentration of 400 µM, while 1 % of DMSO was used as a negative control. Even though the 

parasites were completely disappeared from the host cells at the concentration of 400 µM, some 

parasites still remained when 12.5 µM of benznidazole was treated (EC50 = 20.7 µM). However, in the 

case of compound 4 which showed the best anti-parasitic activity in this assay (EC50 = 1.10 µM), no 

parasite was observed in the host cells even at the concentration of 6.25 µM. Compound 4 showed 

dose-dependent clearance of the parasites from the host cells. 
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3. Conclusions 

A series of 2,3-dihydroimidazo[1,2-a]benzimidazole derivatives were identified as a novel class of 

anti-parasitic agents. The synthetic analogues were evaluated for their in vitro anti-leishmanial and 

anti-trypanosomal activities against L. donovani and T. cruzi, respectively, which have been known as 

the causative protozoa for visceral leishmaniasis and Chagas disease. In the case of Leishmania, the 

compounds were tested in both intracellular amastigote and extracellular promastigote assays. 

Analysis of the structure-activity relationship revealed that 2,3-dihydroimidazo[1,2-a]benzimidazole 

tricyclic ring and sterically hindered hydrophobic substituent in para-position of benzyl group played 

a critical role to show anti-parasitic activity and selectivity. Compounds 4 and 24 showed promising 

anti-parasitic activities against L. donovani and T. cruzi without serious cytotoxicity toward human 

THP-1 and U2OS cell lines resulting in high selectivity indexes. A follow-up studies including 

optimization of anti-parasitic activity, evaluation of in vivo efficacy, and elucidation of mechanism of 

action are currently underway. 
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4. Experimental section 

4.1. Chemistry 

1H and 13C NMR spectra were recorded on a Varian High Resolution FT-NMR Spectrometer-400, and 

chemical shifts were measured in ppm relative to internal tetramethylsilane (TMS) standard or 

specific solvent signal. Routine mass analyses were performed on Waters LC/MS ZQ2000 system 

equipped with a reverse phase column (XBridgeTM C18 × 3.5 µm, 50 × 2.1 mm) and photodiode array 

detector using electron spray ionization (ESI). Melting point analysis was performed on BUCHI 

Melting point M-565. Most of reagents used in the synthetic procedure were purchased from Sigma-

Aldrich, Alfa Aesar, and TCI. The progress of reaction was monitored using thin-layer 

chromatography (TLC) (silica gel 60 F254, 0.25 mm), and the products were visualized by UV light 

(254 and 365 nm) or by ninhydrin staining followed by heating. Silica gel 60 (0.040–0.063 mm) used 

in flash column chromatography was purchased from Merck. Other solvents and organic reagents 

were purchased from commercial venders and used without further purification unless otherwise 

mentioned. 

 

4.1.1. Synthetic procedure for N-alkylation (1a) 

To a stirred mixture of 2-nitroanilne compound (1.0 eq.) and K2CO3 (1.3 eq.) in dimethylformamide 

was added dropwise R3CH2Br (1.3 eq.). The reaction mixture was heated to 120 ˚C and stirred for 4 h. 

After the reaction was completed, the reaction mixture was diluted with ethyl acetate and washed with 

water. The organic layer was dried over Na2SO4 and concentrated in vacuo. The crude product was 

purified by flash column chromatography (ethyl acetate / hexane) to give desired product 1a.  

 

4.1.2. Synthetic procedure for nitro reduction (1b) 

To a stirred solution of 1a (1.0 eq.) in MeOH was added 10 % Pd/C (10 % w/w). The reaction mixture 

was stirred for 3 h at room temperature under H2 environment. After the reaction was completed, the 

reaction mixture was filtered and then concentrated in vacuo. The crude product was purified by flash 

column chromatography (ethyl acetate / hexane) to give desired product 1b.  
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4.1.3. Synthetic procedure for bicyclic ring formation (1c) 

To a stirred solution of 1b (1.0 eq.) in dimethylformamide was added urea (2.0 eq.). The reaction 

mixture was heated to 200 ˚C and stirred for 30 min. After the reaction was completed, the reaction 

mixture was diluted with water and extracted with ethyl acetate. The organic layer was washed with 

brine, dried over Na2SO4 and concentrated in vacuo. The crude product was suspended in hexane and 

filtered to give desired product 1c.  

 

4.1.4. Synthetic procedure for chlorination (1d) 

To a stirred solution of 1c (1.0 eq.) and POCl3 (10 eq.) was added a few drops of conc. HCl. The 

reaction mixture was heated to 150 ˚C and stirred for 3 h. After the reaction was completed, the 

reaction mixture was poured into ice water, neutralized with 1N aq. NaOH and extracted with ethyl 

acetate. The organic layer was washed with water, dried over Na2SO4 and concentrated in vacuo to 

give crude product 1d. 

Alternatively, to a stirred mixture of 2-chlorobenzimidazole (1.0 eq.) and R3CH2Br (1.0 eq.) in 

dimethylformamide was added N,N-diisopropylethylamine (1.5 eq.). The reaction mixture was heated 

to 110 ˚C and stirred for 12 h. After the reaction was completed, the reaction mixture was cooled 

down to room temperature, diluted with ethyl acetate and washed with water. The organic layer was 

dried over anhydrous MgSO4 and concentrated in vacuo. The crude product was purified by flash 

column chromatography (ethyl acetate / hexane) to give desired product 1d.  

 

4.1.5. Synthetic procedure for substitution reaction (1e) 

A mixture of 1d (1.0 eq.) and ethanolamine (10 eq.) was heated to 150 ˚C for 30 min by use of 

microwave irradiation. After the reaction was completed, the reaction mixture was cooled down to 

room temperature. The precipitated solid was filtered and washed with diethyl ether. The crude 

product was purified by flash column chromatography (MeOH / methylene chloride) to give desired 

product 1e. 
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4.1.6. Synthetic procedure for chlorination (1f) 

A mixed solution of 1e (1.0 eq.) and POCl3 (10 eq.) was heated to 110 ˚C and stirred for 2 h. After the 

reaction was completed, the reaction mixture was cooled down to 0 ˚C, quenched with ice water and 

extracted with ethyl acetate. The organic layer was dried over anhydrous MgSO4 and concentrated in 

vacuo. The crude product was purified by flash column chromatography (MeOH / methylene chloride) 

to give desired product 1f. 

 

4.1.7. Synthetic procedure for intramolecular cyclization for 2,3-dihydroimidazo[1,2-a]benzimidazole 

derivatives (7−−−−12, 14−−−−19, 22−−−−32) 

To a stirred solution of 1f (1.0 eq.) in toluene was added triethylamine (1.0 eq.). The reaction mixture 

was heated to 110 ˚C and stirred for 8 h. After the reaction was completed, the reaction mixture was 

cooled down to room temperature and diluted with ethyl acetate. This organic layer was washed with 

water, dried over anhydrous MgSO4 and concentrated in vacuo. The crude product was purified by 

flash column chromatography (MeOH / methylene chloride) to give desired product. 

 

4.1.7.1. 9-(4-tert-Butylphenoxyethyl)-2,3-dihydroimidazo[1,2-a]benzimidazole (7) 

Yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.26 (s, 1H), 7.24 (s, 1H), 7.07–7.05 (m, 1H), 6.98–6.96 (m, 

2H), 6.79 (d, J = 8.8 Hz, 2H), 6.74–6.72 (m, 1H), 4.31−4.25 (m, 4H), 4.20 (t, J = 5.2 Hz, 2H), 3.89 (t, 

J = 8.4 Hz, 2H), 1.26 (s, 9H); LRMS (electrospray) m/z (M+H)+ 336.  

 

4.1.7.2. 9-(4-(tert-Butyl)phenethyl)-2,9-dihydro-3H-benzo[d]imidazo[1,2-a]imidazole (8) 

Yellow oil; 1H NMR (400 MHz, CD3OD) δ 7.26 (d, J = 6.4 Hz, 2H), 7.13 (d, J = 8.8 Hz, 2H), 

6.95−6.91 (m, 1H), 6.87 (t, J = 7.8 Hz, 1H), 6.82 (d, J = 6.4 Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H), 4.16 (t, 

J = 8.0 Hz, 2H), 3.97 (t, J = 7.2 Hz, 2H), 3.89 (t, J = 8.4 Hz, 2H), 2.97 (t, J = 7.4 Hz, 2H), 1.26 (s, 9H); 

LRMS (electrospray) m/z (M+H)+ 320. 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

14 

 

4.1.7.3. 9-(4-(tert-Butyl)benzyl)-6-fluoro-2,9-dihydro-3H-benzo[d]imidazo[1,2-a]imidazole (9) 

Brown solid; mp = 263.8 ˚C; 1H NMR (400 MHz, CDCl3) δ 7.40–7.38 (m, 6H), 7.12 (s, 1H), 5.34 (s, 

2H), 4.33 (s, 4H), 1.25 (s, 9H); LRMS (electrospray) m/z (M+H)+ 324. 

 

4.1.7.4. 9-(4-(tert-Butyl)benzyl)-6-chloro-3,9-dihydro-2H-benzo[d]imidazo[1,2-a]imidazole (10) 

Pale brown solid; 1H NMR (400 MHz, CD3OD) δ 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 (t, J = 8.5 Hz, 2H), 4.05 (t, J = 8.5 Hz, 2H), 1.27 (s, 

9H); LRMS (electrospray) m/z (M+H)+ 341. 

 

4.1.7.5. 9-(4-(tert-Butyl)benzyl)-6-methyl-2,9-dihydro-3H-benzo[d]imidazo[1,2-a]imidazole (11) 

Brown solid; 1H NMR (400 MHz, CDCl3) δ 7.34 (m, 5H), 7.25 (d, 1H), 7.06 (d, 1H), 5.27 (s, 2H), 

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

 

4.1.7.6. 9-(4-(tert-Butyl)benzyl)-6,7-dimethyl-3,9-dihydro-2H-benzo[d]imidazo[1,2-a]imidazole (12) 

Pale yellow solid; 1H NMR (400 MHz, CD3OD) δ 7.28–7.22 (m, 4H), 7.12–7.09 (m, 1H), 6.82–6.80 

(m, 1H), 5.31 (s, 2H), 4.07 (t, J = 8.5 Hz, 2H), 3.69 (t, J = 8.5 Hz, 2H), 2.31 (s, 3H), 2.26 (s, 3H), 1.35 

(s, 9H); LRMS (electrospray) m/z (M+H)+ 334.  

 

4.1.7.7. 9-(4-Ethylbenzyl)-2,3-dihydroimidazo[1,2-a]benzimidazole (14) 

Yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.31 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 7.02 (t, J 

= 7.6 Hz, 1H), 6.95 (t, J = 7.8 Hz, 1H), 6.85 (d, J = 4.8 Hz, 1H), 6.83 (d, J = 4.4 Hz, 1H), 5.13 (s, 2H), 

4.35 (t, J = 8.4 Hz, 2H), 4.01 (t, J = 8.4 Hz, 2H), 2.60 (q, J = 7.5 Hz, 2H), 1.19 (t, J = 5.6 Hz, 3H); 

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

 

4.1.7.8. 9-(4-Isopropylbenzyl)-2,9-dihydro-3H-benzo[d]imidazo[1,2-a]imidazole (15) 

White solid; mp = 133.2 ˚C; 1H NMR (400 MHz, CD3OD) δ 7.44 (d, J = 8.4 Hz, 1H), 7.39−7.31 (m, 

3H), 7.28−7.22 (m, 2H), 7.18 (d, J = 8.0 Hz, 2H), 6.01 (s, 2H), 4.79−4.75 (m, 2H), 4.43 (t, J = 8.6 Hz, 
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2H), 2.85−2.82 (m, 1H), 1.18 (d, J = 6.8 Hz, 6H); LRMS (electrospray) m/z (M+H)+ 292. 

 

4.1.7.9. 9-(4-Cyclohexylbenzyl)-2,9-dihydro-3H-benzo[d]imidazo[1,2-a]imidazole (16) 

Yellow oil; 1H NMR (400 MHz, CD3OD) δ 7.23 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 

6.97−6.93 (m, 1H), 6.89−6.80 (m, 3H), 4.94 (s, 2H), 4.20 (t, J = 7.8 Hz, 2H), 3.92 (t, J = 8.0 Hz, 2H), 

2.45 (brs, 1H), 1.80−1.71 (m, 5H), 1.45−1.24 (m, 5H); LRMS (electrospray) m/z (M+H)+ 332. 

 

4.1.7.10. 9-(3,5-Dimethylbenzyl)-2,9-dihydro-3H-benzo[d]imidazo[1,2-a]imidazole (17) 

Yellow solid; mp = 274.6 ˚C; 1H NMR (400 MHz, CD3OD) δ 7.02−6.85 (m, 7H), 4.94 (s, 2H), 4.25 (t, 

J = 8.6 Hz, 2H), 4.00 (t, J = 8.4 Hz, 2H), 2.25 (s, 6H); LRMS (electrospray) m/z (M+H)+ 278. 

 

4.1.7.11. 9-(3-(tert-Butyl)benzyl)-2,9-dihydro-3H-benzo[d]imidazo[1,2-a]imidazole (18) 

White solid; mp = 248.6 ĽC; 1H NMR (400 MHz, CDCl3) δ 7.34 (m, 5H), 7.25 (d, 1H), 7.06 (d, 1H), 

7.17 (m, 3H), 5.27 (s, 2H), 4.32 (m, 4H), 1.24 (s, 9H); LRMS (electrospray) m/z (M+H)+ 306. 

 

4.1.7.12. 9-(4-(Methylsulfonyl)benzyl)-2,9-dihydro-3H-benzo[d]imidazo[1,2-a]imidazole (19) 

Yellow solid; mp = 149.5 ˚C; 1H NMR (400 MHz, CD3OD) δ 7.93 (d, J = 8.0 Hz, 2H), 7.59 (d, J = 8.0 

Hz, 2H), 7.04−6.87 (m, 4H), 5.15 (s, 2H), 4.24 (t, J = 8.2 Hz, 2H), 4.01 (t, J = 8.6 Hz, 2H), 3.09 (s, 

3H); LRMS (electrospray) m/z (M+H)+ 328. 

 

4.1.7.13. 9-(4-(Trifluoromethoxy)benzyl)-3,9-dihydro-2H-benzo[d]imidazo[1,2-a]imidazole (22) 

White solid; mp = 183.9 ˚C;1H NMR (400 MHz, CD3OD) δ 7.93–7.91 (m, 2H), 7.48–7.46 (m, 2H), 

7.43–7.41 (m, 1H), 7.38–7.34 (m, 2H), 7.29–7.27 (m, 2H), 5.43 (s, 2H), 4.45 (t, J = 8.5 Hz, 2H), 4.10 

(t, J = 8.5 Hz, 2H). LRMS (electrospray) m/z (M+H)+ 334. 

 

4.1.7.14. 9-(4-Cyanobenzyl)-3,9-dihydro-2H-benzo[d]imidazo[1,2-a]imidazole (23)  
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White solid; mp = 190.0 ˚C; 1H NMR (400 MHz, CDCl3) δ 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, 2H), 4.29 (t, J = 8.5 Hz, 2H), 3.91 (t, J = 8.5 Hz, 2H). 

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

 

4.1.7.15. 9-(4-Phenylbenzyl)-2,3-dihydroimidazo[1,2-a]benzimidazole (24) 

Yellow solid; mp = 139.5 ˚C; 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.4 Hz, 4H), 7.44–7.40 (m, 

4H), 7.33 (t, J = 7.4 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 6.89 (d, J = 7.8 Hz, 1H), 6.76 (d, J = 7.6 Hz, 

2H), 5.30 (s, 2H), 4.29 (t, J = 8.6 Hz, 2H), 3.94 (t, J = 8.4 Hz, 2H); LRMS (electrospray) m/z (M+H)+ 

326. 

 

4.1.7.16. 9-((2',6'-Difluoro-[1,1'-biphenyl]-4-yl)methyl)-2,9-dihydro-3H-benzo[d]imidazo[1,2-

a]imidazole (25) 

Brown solid; mp = 210.4 ˚C; 1H NMR (400 MHz, CD3OD) δ 7.43−7.36 (m, 5H), 7.24 (d, J = 7.6 Hz, 

1H), 7.13−7.08 (m, 3H), 7.03 (t, J = 7.6 Hz, 2H), 5.18 (s, 2H), 4.25 (t, J = 8.6 Hz, 2H), 3.04 (t, J = 6.4 

Hz, 2H); LRMS (electrospray) m/z (M+H)+ 362. 

 

4.1.7.17. 9-((4'-Fluoro-[1,1'-biphenyl]-4-yl)methyl)-3,9-dihydro-2H-benzo[d]imidazo[1,2-

a]imidazole (26)  

Brown solid; mp = 199.5 ˚C; 1H NMR (400 MHz, CD3OD) δ 7.64–7.48 (m, 4H), 7.40 (d, J = 8.1 Hz, 

2H), 7.12 (t, J = 8.7 Hz, 2H), 7.02 (dd, J = 6.9 and 2.2 Hz, 1H), 6.94 (d, J = 6.2 Hz, 3H), 5.08 (s, 2H), 

4.26 (t, J = 8.5 Hz, 2H), 4.02 (t, J = 8.5 Hz, 2H); LRMS (electrospray) m/z (M+H)+ 344. 

 

4.1.7.18. 9-((4'-Methyl-[1,1'-biphenyl]-4-yl)methyl)-3,9-dihydro-2H-benzo[d]imidazo[1,2-

a]imidazole (27) 

Pale yellow solid; mp = 202.1 ˚C; 1H NMR (400 MHz, CD3OD) δ 7.56–7.54 (m, 2H), 7.47–7.42 (m, 

2H), 7.40–7.38 (m, 2H), 7.28–7.23 (m, 2H), 7.12–7.01 (m, 1H), 6.99–6.95 (m, 3H), 5.09 (s, 2H), 4.26 

(t, J = 8.5 Hz, 2H), 4.13 (t, J = 8.5 Hz, 2H), 2.34 (s, 3H); LRMS (electrospray) m/z (M+H)+ 340. 
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4.1.7.19. 9-((4'-Methyl-[1,1'-biphenyl]-4-yl)methyl)-3,9-dihydro-2H-benzo[d]imidazo[1,2-

a]imidazole (28) 

Pale brown solid; mp = 202.1 ˚C; 1H NMR (400 MHz, CD3OD) δ 7.77 (d, J = 8.3 Hz, 2H), 7.71 (d, J 

= 8.3 Hz, 2H), 7.65 (s, 2H), 7.47 (d, J = 8.1 Hz, 2H), 7.10–7.00 (m, 1H), 7.00–6.92 (m, 3H), 5.14 (s, 

2H), 4.28 (t, J = 8.5 Hz, 2H), 4.07 (t, J = 8.5 Hz, 2H); LRMS (electrospray) m/z (M+H)+ 394. 

 

4.1.7.20. 9-((4'-Chloro-[1,1'-biphenyl]-4-yl)methyl)-3,9-dihydro-2H-benzo[d]imidazo[1,2-

a]imidazole (29) 

Pale brown solid; mp = 198.6 ˚C; 1H NMR (400 MHz, CD3OD) δ 7.72–7.65 (m, 2H), 7.59–7.49 (m, 

3H), 7.47–7.30 (m, 4H), 7.02 (s, 1H), 6.72 (d, J = 7.0 Hz, 2H), 5.24 (s, 2H), 4.13–4.09 (m, 2H), 3.73–

3.69 (m, 2H); LRMS (electrospray) m/z (M+H)+ 361.  

 

4.1.7.21. 9-((4'-Methoxy-[1,1'-biphenyl]-4-yl)methyl)-3,9-dihydro-2H-benzo[d]imidazo[1,2-

a]imidazole (30) 

Pale brown solid; 1H NMR (400 MHz, CD3OD) δ 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), 6.83 (d, J = 6.1 Hz, 2H), 5.31 (s, 2H), 4.32 (t, J = 8.5 

Hz, 2H), 3.83 (t, J = 8.5 Hz, 2H), 3.40 (s, 3H); LRMS (electrospray) m/z (M+H)+ 356.  

 

4.1.7.22. 9-((4'-(Trifluoromethoxy)-[1,1'-biphenyl]-4-yl)methyl)-3,9-dihydro-2H-

benzo[d]imidazo[1,2-a]imidazole (31) 

Pale yellow solid; 1H NMR (400 MHz, CD3OD) δ 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 (d, J = 4.6 Hz, 2H), 5.37 (s, 2H), 4.25–3.93 (m, 2H), 3.76–3.72 (m, 

2H); LRMS (electrospray) m/z (M+H)+ 410.  

 

4.1.7.23. 9-(4-Phenoxybenzyl)-2,9-dihydro-3H-benzo[d]imidazo[1,2-a]imidazole (32) 
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Pale yellow solid; 1H NMR (400 MHz, CD3OD) δ 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), 4.18–4.13 (m, 2H); LRMS (electrospray) m/z (M+H)+ 342. 

 

4.1.8. Synthetic procedure for substitution reaction (2-(1H-Benzo[d]imidazol-2-ylamino)ethanol, 2b) 

A mixture of 2-chloro-1H-benzo[d]imidazole (1.0 eq.) and ethanolamine (10 eq.) was heated to 200 

˚C for 30 min by use of microwave irradiation. After the reaction was completed, the reaction mixture 

was cooled down to room temperature. The precipitated solid was filtered and washed with water to 

give desired product 2b. White solid (96 % yield); mp = 177.4 ˚C; 1H NMR (400 MHz, CD3OD) δ 

7.20–7.18 (m, 2H), 6.97–6.95 (m, 2H), 3.75 (t, J = 5.6 Hz, 2H), 3.49 (t, J = 5.4 Hz, 2H); LRMS 

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

 

4.1.9. Synthetic procedure for substitution reaction (1-(4-tert-Butylphenyl)-2-(2-(2-

hydroxyethylamino)-1H-benzo[d]imidazol-1-yl)ethanone, 2c) 

To a stirred mixture of 2b (1.0 eq.) in dimethylformamide was added 2-bromo-4’-

tertbutylacetophenone (1.0 eq.). The reaction mixture was stirred for 15 h. After the reaction was 

completed, the reaction mixture was diluted with distilled water. The precipitated solid was filtered, 

washed with distilled water and dried to give desired product 2c. White solid (55 % yield); mp = 

230.7 ˚C; 1H NMR (400 MHz, CD3OD) δ 8.09 (d, J = 6.8 Hz, 2H), 7.67 (d, J = 6.8 Hz, 2H), 7.47 (d, J 

= 7.6 Hz, 1H), 7.34−7.29 (m, 3H), 5.84 (s, 2H), 3.79 (t, J = 5.2 Hz, 2H), 3.59 (t, J = 5.4 Hz, 2H), 1.38 

(s, 9H); LRMS (electrospray) m/z (M+H)+ 352. 

 

4.1.10. Synthetic procedure for substitution reaction (2d) 

A mixed solution of 2c (1.0 eq.) and POCl3 (10 eq.) was heated to 110 ˚C and stirred for 2 h. After the 

reaction was completed, the reaction mixture was cooled down to 0 ˚C, quenched with ice water and 

extracted with methylene chloride. The organic layer was dried over anhydrous MgSO4 and 

concentrated in vacuo. The crude product 2d was used in the next step without further purification. 
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4.1.11. Synthetic procedure for intramolecular ring formation (9-(4-tert-Butylphenacyl)-2,3-

dihydroimidazo[1,2-a]benzimidazole, 6) 

To a stirred solution of 2d (1.0 eq.) in toluene was added triethylamine (1.0 eq.). The reaction mixture 

was heated to 110 ˚C and stirred for 8 h. After the reaction was completed, the reaction mixture was 

cooled down to room temperature and diluted with ethyl acetate. This organic layer was washed with 

water, dried over anhydrous MgSO4 and concentrated in vacuo. The crude product was purified by 

flash column chromatography (MeOH / methylene chloride) to give desired product 6. Yellow oil (19 % 

overall 2 steps yield); 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 

7.12 (t, J = 7.6 Hz, 1H), 7.05 (t, J = 7.8 Hz, 1H), 6.96 (d, J = 7.6 Hz, 1H), 6.81 (d, J = 7.6 Hz, 1H), 

5.70 (s, 2H), 4.38 (t, J = 8.6 Hz, 2H), 4.15 (t, J = 8.4 Hz, 2H), 1.34 (s, 9H); LRMS (electrospray) m/z 

(M+H)+ 334. 

 

4.2. Biology 

4.2.1. Parasite and cell cultures 

L. donovani parasites (MHOM/ET/67/HU3, ATCC 50127) were cultivated as promastigotes at 28 ºC 

in M199 with 40 mM HEPES, 0.1 mM adenine, 0.0001 % biotin and 4.62 mM NaHCO3, 

supplemented with 10 % heat-inactivated FBS. Parasites were sub-cultured every 2 or 3 days. THP-1 

cells (ATCC TIB-202) were cultivated in RPMI supplemented with 10 % FBS at 37 ºC with 5 % CO2. 

Tissue culture trypomastigotes (TCT) of T. cruzi were maintained in LLC-MK2 cell line. Every 6−8 

days after infection, TCT was released in the supernatant and re-infect LLC-MK2 cell line. LLC-MK2 

and U2OS cell line were cultivated in DMEM with 10% FBS at 37 ºC with 5 % CO2. 

 

4.2.2. Intracellular Leishmania (amastigote) screening assay 

The screening assay for Leishmania was performed using previously reported protocol with slight 

modification in incubation period [21]. Briefly, L. donovani culture was incubated 6 days before 

infection to generate metacylic promastigotes which is macrophage-infective form. THP-1 cells were 

differentiated with 50 ng/mL of phorbol 12-myristate 13-acetate (PMA, Sigma P1585) before 
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infection. Cells and parasites were seeded with 1:20 infection ratio in 384 well plates, using a 

WellMateTM liquid handler. After 24 h incubation at 37 ºC with 5 % CO2, 4 µM of reference drug 

amphotericin B (Sigma A2942) as EC100 (positive control), 1 % DMSO (negative control), and the 

compounds were added to the wells followed by incubation at 37 ºC with 5 % CO2 for 3 days. Wells 

were then washed with PBS, fixed with 4 % paraformaldehyde, and then DNA was stained with 

DRAQ5TM. Automated confocal microscope (Perkin Elmer) was used to take pictures of the plates and 

images were analyzed by software developed in house. 

 

4.2.3. Extracellular Leishmania (promastigote) assay 

L. donovani (1 × 106 parasites/mL) were seeded in 384 plate (EvotecTM) containing each compound 

dissolved in DMSO. Leishmania was incubated with the compounds for 28 h and 400 µM of resazurin 

sodium salt (Sigma R7017) was added in the plate. After additional incubation with the compounds 

for 20 h, the parasites were fixed with 4 % paraformaldehyde and the plates were analyzed in 

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

 

4.2.4 Intracellular Trypanosoma cruzi assay 

Tissue culture trypomastigotes (TCT) of T. cruzi were obtained from metacyclic trypomastigotes after 

infection to LLC-MK2 cell line. U2OS cell line was used as host cells for the phenotypic assay. In the 

plate containing each compound, homogeneous mixture of U2OS cells and parasites was dispensed 

and incubated for 48 h at 37 ºC with 5 % CO2. After incubation was completed, the parasites were 

fixed with 4 % paraformaldehyde, and then DNA was stained with DRAQ5TM. Automated confocal 

microscope (Perkin Elmer) was used to take pictures of the plates and then images were analyzed by 

software developed in house [27]. 

 

4.2.5. Data analysis 

The acquired images were analyzed with in-house software to quantify cell numbers, parasites 

numbers, and infection ratio. 4 µM of amphotericin B for L. donovani, 400 µM of benznidazole for T. 
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cruzi, and 1 % of DMSO were used for positive and negative controls, respectively. 2-Fold dilution 

with 10 points of reference drugs were tested for assay-to-assay quality control by comparing EC50 

and DRC graph. Collected data were used to determine the activities of synthesized compounds in 

terms of EC50, CC50 and SI value. EC50 was calculated by infection ratio normalized by positive and 

negative controls. CC50 value was obtained from counting THP-1 and U2OS cell numbers, and SI 

value was determined by EC50 / CC50 value. Quality of all performed assay was controlled by Z’ value, 

windows and CV [29].  
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Scheme 1. Reagents and conditions: (A) R3CH2Br 1.3 eq, K2CO3 1.3 eq, DMF, 120 °C, 4 h; (B) H2, 10 % Pd/C, 

MeOH, RT, 3 h; (C) urea 2.0 eq, DMF, 200 °C, 30 min; (D) POCl3 10.0 eq, conc. HCl (cat.), 150 °C, 3 h; (E) 

ethanolamine 10.0 eq, microwave irradiation, 200 °C, 30 min; (F) POCl3 10.0 eq, 110 °C, 2 h; (G) TEA 1.0 eq, 

toluene, 110 °C, 8 h; (H) R3CH2Br 1.0 eq, DIPEA 1.5 eq, DMF, 100 °C, 12 h. 
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Scheme 2. Reagents and conditions: (A) Ethanolamine 10.0 eq, microwave irradiation, 200 °C, 30 min; (B) 2-

bromo-4’-tertbutylacetophenone 1.0 eq, DMF, 15 h; (C) POCl3 10.0 eq, 110 °C, 2 h; (D) TEA 1.0 eq, toluene, 

110 °C, 8 h; (E) 2-bromo-4’-tertbutylacetophenone 1.0 eq, DIPEA 1.5 eq, DMF, 100 °C, 8 h. 
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Table 1. In vitro activity of 2,3-dihydroimidazo[1,2-a]benzimidazole derivatives against amastigotes and 
promastigotes of L. donovani 

Compounda Chemical Structure 

Activity against L. donovani  

 Amastigote form  Promastigote form 

 EC50 

(µM)b 
CC50 (µM)c SId 

 
EC50 (µM)e 

3 

 

 

> 50 > 50 N/Af 

 

N/Tg 

4 

 

 

3.05 > 50 > 16.4 

 

1.25 

5 

 

 

12.5 > 50 > 3.98 

 

2.73 

6 

 

 

39.4 > 50 > 1.27 

 

N/T 

7 

 

 

27.4 33.1 1.21 

 

N/T 

8 

 

 

25.3 > 50 > 1.98 

 

20.8 

Miltefosine   4.83 18.9 3.91  11.1 

Amphotericin B  0.25 7.57 30.2  0.22 

a Compound 3−5 are already known molecules. b EC50 indicates half maximal effective concentration on intracellular L. donovani (2-fold 
dilution with 10 points dose response). Average of duplicate determinations. c CC50 indicates cytotoxicity against THP-1 cells, which was 
determined by counting of THP-1 cell numbers in the taken image from intracellular assay. Average of duplicate determinations. d SI is 
selective index (EC50 / CC50). e EC50 indicates half maximal effective concentration on extracellular L. donovani. Average of duplicate 
determinations. f N/A, not available. g N/T, not tested.  
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Table 2. In vitro activity of 2,3-dihydroimidazo[1,2-a]benzimidazole derivatives against amastigotes and 
promastigotes of L. donovani 

Compounda 

Chemical Structure 

 

 
Activity against L. donovani 

 
Amastigote form 

 
Promastigote form 

R1 R2 R3  EC50 (µM)a CC50 (µM)b SIc  EC50 (µM)d 

4 H H 4-tertbutylphenyl  3.05 > 50 > 16.4  1.25 

9 F H 4-tertbutylphenyl  14.0 > 50 > 3.57  1.26 

10 Cl H 4-tertbutylphenyl  7.33 12.5 1.71  2.22 

11 Me H 4-tertbutylphenyl  11.0 28.1 2.55  1.80 

12 Me Me 4-tertbutylphenyl  > 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 4-isopropylphenyl  > 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-tertbutylphenyl  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 7.5  1.48 

25 H H 4-(2’,5’-difluoro-1,1’-biphenyl)  32.5 > 50 > 1.54  9.22 

26 H H 4-(4’-fluoro-1,1’-biphenyl)  8.88 35.0 3.94  1.49 

27 H H 4-(4’-methyl-1,1’-biphenyl)  17.8 27.1 1.52  1.75 

28 H H 4-(4’-trifluoromethyl-1,1’-biphenyl)  10.3 30.0 2.91  3.11 

29 H H 4-(4’-chloro-1,1’-biphenyl)  13.7 20.0 1.46  N/T 

30 H H 4-(4’-methoxy-1,1’-biphenyl)  10.2 23.0 2.25  2.34 

31 H H 4-(4’-trifluoromethoxy-1,1’-biphenyl)  5.20 11.0 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 

a Compound 13, 20, and 21 are already known molecules. b EC50 indicate half maximal effective concentration on intracellular L. donovani 
(2-fold dilution with 10 points dose response). Average of duplicate determinations. c CC50 indicate cytotoxicity against THP-1 cells, which 
was determined by counting of THP-1 cell numbers in the taken image from intracellular assay. Average of duplicate determinations. d SI is 
selective index (EC50 / CC50). e EC50 indicate half maximal effective concentration on extracellular L. donovani. Average of duplicate 
determinations. f N/A, not available. g N/T, not tested. 
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Table 3. In vitro activity of 2,3-dihydroimidazo[1,2-a]benzimidazole derivatives against intracellular T. cruzi 

Compound 
Activity against T. cruzi 

EC50 (µM)a CC50 (µM)b SIc 

3 > 50 > 50 N/Ad 

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 

11 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 

a EC50 indicate half maximal effective concentration on intracellular T. cruzi (2-fold dilution with 10 points dose response). b CC50 indicate 
cytotoxicity against U2OS cell, which was determined by counting U2OS cell number in the taken image from intracellular T. cruzi assay. c 
SI is selective index (EC50 / CC50). d N/A, not available. 
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Fig. 1. Confocal microscopy images of intracellular L. donovani treated with compounds 4 and 15: Treatment of 

compound 4 as well as reference drugs, miltefosine and amphotericin B, at 12.5 µM concentration to 

intracellular Leishmania showed complete parasite clearance from the host cells, THP-1. Treatment of inactive 

compound 15 showed full of parasites inside at the same concentration. Fluorescent DNA dye, DRAQ5TM, was 

used to visualize host cells and parasites. The solid arrow indicates nucleus of THP-1 cells and the dotted arrow 

indicates Leishmania in cytosol. 
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Fig. 2. Confocal microscopy images of intracellular T. cruzi treated with compounds 4 and 15: (A) 400 µM of 

benznidazole was used as a positive control, and 1 % of DMSO was used as a negative control for the assay. 

Infected U2OS cells in the presence of 400 µM of benznidazole showed complete parasite clearance from the 

host cells, while parasites still remained at the concentration of 12.5 µM. (B) Compound 4 showed host 

clearance of parasite in a dose-dependent manner unlike inactive compound 15. Fluorescent DNA dye, 

DRAQ5TM, was used to visualize DNA of host cells and parasites. The solid arrow indicates nucleus and the 

dotted arrow indicates T. cruzi in cytosol. 
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Figure Caption 

 

Fig. 1. Confocal microscopy images of intracellular L. donovani treated with compounds 4 and 15: 

Treatment of compound 4 as well as reference drugs, miltefosine and amphotericin B, at 12.5 µM 

concentration to intracellular Leishmania showed complete parasite clearance from the host cells, 

THP-1. Treatment of inactive compound 15 showed full of parasites inside at the same concentration. 

Fluorescent DNA dye, DRAQ5TM, was used to visualize host cells and parasites. The solid arrow 

indicates nucleus of THP-1 cells and the dotted arrow indicates Leishmania in cytosol. 

 

Fig. 2. Confocal microscopy images of intracellular T. cruzi treated with compounds 4 and 15: (A) 

400 µM of benznidazole was used as a positive control, and 1 % of DMSO was used as a negative 

control for the assay. Infected U2OS cells in the presence of 400 µM of benznidazole showed 

complete parasite clearance from the host cells, while parasites still remained at the concentration of 

12.5 µM. (B) Compound 4 showed host clearance of parasite in a dose-dependent manner unlike 

inactive compound 15. Fluorescent DNA dye, DRAQ5TM, was used to visualize DNA of host cells and 

parasites. The solid arrow indicates nucleus and the dotted arrow indicates T. cruzi in cytosol. 

 

Scheme 1. Reagents and conditions: (A) R3CH2Br 1.3 eq, K2CO3 1.3 eq, DMF, 120 °C, 4 h; (B) H2, 

10 % Pd/C, MeOH, RT, 3 h; (C) urea 2.0 eq, DMF, 200 °C, 30 min; (D) POCl3 10.0 eq, conc. HCl 

(cat.), 150 °C, 3 h; (E) ethanolamine 10.0 eq, microwave irradiation, 200 °C, 30 min; (F) POCl3 10.0 

eq, 110 °C, 2 h; (G) TEA 1.0 eq, toluene, 110 °C, 8 h; (H) R3CH2Br 1.0 eq, DIPEA 1.5 eq, DMF, 

100 °C, 12 h. 

 

Scheme 2. Reagents and conditions: (A) Ethanolamine 10.0 eq, microwave irradiation, 200 °C, 30 

min; (B) 2-bromo-4’-tertbutylacetophenone 1.0 eq, DMF, 15 h; (C) POCl3 10.0 eq, 110 °C, 2 h; (D) 

TEA 1.0 eq, toluene, 110 °C, 8 h; (E) 2-bromo-4’-tertbutylacetophenone 1.0 eq, DIPEA 1.5 eq, DMF, 

100 °C, 8 h. 
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� 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 
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1H NMR of 6 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

S3 

 

 

 

 

1H NMR of 8 

1H NMR of 9 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

S4 

 

 

 

1H NMR of 10 

1H NMR of 11 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

S5 

 

 

 

1H NMR of 12 

1H NMR of 14 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

S6 

 

 

 

1H NMR of 15 

1H NMR of 16 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

S7 

 

 

1H NMR of 17 

1H NMR of 18 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

S8 
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