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1 | INTRODUCTION

Kinetoplastids represent a class of flagellated eukaryotic
parasites and the uniflagellate trypanosomatids including
the Leishmania and Trypanosoma species (Deschamps
et al., 2011; Molyneux et al., 2017; Povelones, 2014; Stuart
et al., 2008). The distinguished feature associated with
this group is the presence of a kinetoplast (mitochondrial
structure containing circular DNA) (Davis et al., 2003).
Members of this group are responsible for neglected trop-
ical diseases (NTDs), including human African trypano-
somiasis (HAT; caused by Trypanosoma brucei), Chagas
disease (caused by Trypanosoma cruzi) and leishman-
iasis (caused by several Leishmania species; Deschamps

A library of imidazo[1,2-a]pyridine-appended chalcones were synthesized and
characterized using "H NMR, *C NMR and HRMS. The synthesized analogues
were screened for their antikinetoplastid activity against Trypanosoma cruzi,
Trypanosoma brucei brucei, Trypanosoma brucei rhodesiense and Leishmania
infantum. The analogues were also tested for their cytotoxicity activity against
human lung fibroblasts and primary mouse macrophages. Among all screened
derivatives, 7f was found to be the most active against T. cruzi and T. b. brucei
exhibiting ICy, values of 8.5 and 1.35 pM, respectively. Against T. b. rhodesiense,
7e was found to be the most active with an ICy, value of 1.13 pM. All synthesized
active analogues were found to be non-cytotoxic against MRC-5 and PMM with
selectivity indices of up to more than 50.

antikinetoplastid, chalcone, drug likeliness properties, imidazo[1,2-a|pyridine, neglected
tropical diseases (NTDs), Trypanosoma brucei brucei, Trypanosoma brucei rhodesiense

et al., 2011; Molyneux et al., 2017; Stuart et al., 2008).
According to the World Health Organization (WHO),
NTDs are associated with poverty, weak immune sys-
tems, poor housing conditions, malnutrition, lack of re-
sources and population displacement (Pillay-van Wyk &
Bradshaw, 2017). Drugs for the treatment of the aforemen-
tioned NTDs include Amphotericin B (AmB) and its lipo-
somal form (AmBisome), paromomycin, benznidazole,
nifurtimox, antimony compounds (sodium stibogluconate
and meglumine antimoniate) and miltefosine (Zulfigar
et al., 2017), nifurtimox—eflornithine combination and
fexinidazole, an oral drug for advanced-stage HAT
(Patterson & Wyllie, 2014; Wyllie et al., 2012; Zulfigar
et al., 2017). Nifurtimox and fexinidazole share a common
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bioactivation mechanism, with the possible drawback
of the risk of cross-resistance. General shortcomings as-
sociated with the listed drugs include toxic side effects,
appearance of resistant strains and low efficacy (Croft &
Olliaro, 2011; De Rycker et al., 2018; Field et al., 2017;
Lidani et al., 2019).

Imidazo[1,2-a]pyridine is a diversified scaffold pres-
ent in various marketed drugs such as alpidem, zolpidem
(Harrison & Keating, 2005), optically active GSK812397,
necopidem and zolimidine. In addition, its derivatives have
exhibited various biological activities such as anticancer,
analgesic, antipyretic, antiviral including anti-HIV activi-
ties, liver X receptor (LXR) agonists (Singhaus et al., 2010),
y-secretase modulators (GSMs) (Bischoff et al., 2012), pos-
itive allosteric modulators (PAMs) of metabotropic gluta-
mate 2 receptor (Tresadern et al., 2010) and GABAA«2/
a3 agonists (Almirante et al., 1965; Coulibaly et al., 2023;
Deep et al., 2017; Devi et al., 2016; Goodacre et al., 2006).

Additionally, chalcones are naturally occurring and
synthetic compounds. They possess a broad range of phar-
macological properties such as anticancer, amoebicidal,
antiviral, antibacterial, anthelmintic, antiulcer, insecti-
cidal, antiprotozoal, cytotoxic and immunosuppressive
activities (Elkanzi et al., 2022; Rammohan et al., 2020;
Salehi et al., 2021).
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R = OCHpg, IC50 = 0.010 + 0.001 uM (G. intestinalis)
R = COOC,Hs, IC5o = 0.010 £ 0.003 uM (T. vaginalis)
Bioorg. Med. Chem. 2014, 22, 1626

IC50 = 0.38 £ 0.18 uM (T. b. rhodesiense)
Eur. J. Med. Chem. 2017, 128, 213

With respect to the kinetoplastid agents, extensive
research has been fuelled towards the development of
novel and more efficient agents. For instance, in 2014,
Nava-Zuazo et al. reported synthesis of 2-acylamino-5-ni-
tro-1,3-thiazoles (I, Figure 1) and their antiprotozoal ac-
tivity against Giardia intestinalis, Trichomonas vaginalis,
Leishmania amazonensis and T. cruzi. Among all the syn-
thesized derivatives, the most potent derivatives showed
an ICs, value of 0.010+0.001 and 0.010 +0.003 pM against
G. intestinalis and T. vaginalis, respectively (I, Figure 1;
Nava-Zuazo et al., 2014). Bhambra et al. reported synthe-
sis of pyridylchalcones as antitrypanosomal agents against
T. b. rhodesiense. The most active analogue II (Figure 1)
was found to possess an ICy, value of 0.29 pM against T.
b. rhodesiense (Bhambra et al., 2017). Vanelle et al. have
extensively worked on nitroimidazopyridine analogues
as antikinetoplastid agents. For instance, in 2013, the
authors reported the synthesis of a series of 3-nitroim-
idazo[1,2-a]pyridine and tested their activity against L.
donovani. The most active compound (III, Figure 1) was
found to possess an ICs, value of 1.8+0.8pM (Castera-
Ducros et al., 2013). Continuing their efforts, in 2018 the
authors reported synthesis of 8-Aryl-6-chloro-3-nitro-
2-(phenylsulfonylmethyl)imidazo[1,2-a]pyridines ~ (IV,
Figure 1) and studied their antitrypanosomal activity.
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IC50 = 1.8 £ 0.8 uM (L. donovani)
Bioorg, Med. Chem. 2013, 21, 7155
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R = 3-CH,0H-CgHy, IC50 = 1.4 £ 0.2 puM (L. infantum)
ICs50 = 0.15+ 0.03 uM (T. b. brucei)
R = Pyridin-4-yl-, IC5y = 3 £ 0.8 uM (L. infantum)
1C50 = 0.25 £ 0.01 puM (T. b. brucei)
Eur. J. Med. Chem. 2018, 157, 115
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R= ,1C59 =0.04 £ 0.01 uM (T. b. brucei)
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CH,
CH
R= %/\of 3 1Cs0 = 0.04 + 0.008 uM (T. b. brucei)

Eur. J. Med. Chem. 2020, 202, 112558

R =4-Br-CgHy, IC59 = 1.0 £ 0.3 uM (L. donovani)
IC50 = 3.8 £ 0.45 uM (T. b. brucei)
IC50 = 6.2 £ 1.9 uM (T.cruzi) R=
R = 4-CI-CgHy, IC50 = 1.0 £ 0.3 puM (L. donovani) R =
IC50 = 1.3 0.11 uM (T. b. brucei)
IC59 = 2.2 £ 0.08 uM (T.cruzi)
ACS Med. Chem. Lett. 2019, 10, 34

CH30-CgHy, ICso = 0.92 + 0.6 uM (T.cruzi)

3-
4-(tert-butyl)-CgHy, 1C59 = 0.61 + 0.4 uM (L. donovani)

Eur. J. Med. Chem. 2020, 191, 112146
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vill Imidazo[1,2-a]pyridine-chalcone amides

Present Work
1C50=0.38 £ 0.18 uM (T. b. rhodesiense)

Eur. J. Med. Chem. 2021, 209, 112871

FIGURE 1 Selected literature reports of antikinetoplastid agents.
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Two hit compounds were obtained from the series with
an ICy, value in the range of 1.4-3pM and 0.15-0.25pM
against L. infantum and T. b. brucei, respectively Figure 1
(Fersing, Boudot, et al., 2018). In the same year, they also
synthesized 3-nitroimidazo[1,2-a]-pyridine derivatives,
bearing a phenylthio (or benzylthio) moiety (V, Figure 1),
and studied their activity against T. cruzi and L. donovani
(Fersing, Basmaciyan, et al., 2018). In 2020, the same
group reported synthesis of 5-substituted 6-nitroimidazo-
oxazoles (VI, Figure 1) as antikinetoplastid agents against
L. donovani and T. cruzi. Among all the analogues, one
was found to be active against T.cruzi with an ICy, value of
0.92+0.6 pM and another one was found active against L.
donovani with an IC4, value of 0.61 +0.4 pM (VI, Figure 1;
Mathias et al., 2020). Subsequently, the same group re-
ported the synthesis of 8-alkynyl-3-nitroimidazopyridines
(VIL, Figure 1) and studied their activity against T. b. bru-
cei and T. cruzi. The best compounds were found to possess
an ICs, value of 0.04+0.01 and 0.04+0.008 pM against
T. b. brucei (VII, Figure 1; Fersing et al., 2020). In 2021,
Robinson et al. reported the synthesis of 4-phenyl-6-(pyr-
idin-3-yl) pyrimidines analogues as antitrypanosomal
against T. b. rhodesiense. Among all the analogues synthe-
sized, the best compound (VIII, Figure 1) was found to
possess an ICs, value of 0.38 +0.18 pM against T. b. rhod-
esiense (Figure 1; Robinson et al., 2021). However, in this
battle, imidazo[1,2-a]pyridine-appended chalcones are
not yet explored.

In context of the above discussion and in our effort
to develop novel antikinetoplastid agents, we herein re-
port the synthesis of imidazo[1,2-a]pyridine-chalcone
amides (7a-1, Scheme 1). The synthesized analogues
(5, 7a-1) were examined for their antikinetoplastid ac-
tivity against T. cruzi, T. b. brucei, T. b. rhodesiense and
Leishmania infantum. In addition, the synthesized an-
alogues were also tested for their cytotoxicity against
human lung fibroblasts (MRC-5) and primary mouse
macrophages (PMMs).

SCHEME 1 Synthesis of (E)-N-(4-
(3-(arylacryloyl)phenyl)imidazo[1,2-a]
pyridine-2-carboxamides (7a-1).
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2 | RESULT AND DISCUSSION

21 | Chemistry

In the present study, we synthesized imidazo[1,2-a]
pyridine-appended chalcones via amidic bond (7a-l,
Scheme 1). The synthesis commences with the reaction
of 2-amino pyridine (1) with bromo pyruvic acid (2) in
ethanol at 80°C to give imidazo[1,2-a]pyridine-2-carbox-
ylic acid (3) in 72% yield (Reddyrajula & Dalimba, 2019).
Followed by the coupling of 1-(4-aminophenyl)ethan-
1-one (4) with imidazo[1,2-a]pyridine-2-carboxylic acid
(3) using EDC.HCI/HOBt in DMF at rt to give N-(4-
acetylphenyl)imidazo[1,2-a]pyridine-2-carboxamide (5)
in 72% yield (Agarwal et al., 2016).

Appearance of the amide NH proton at § 10.62 and
methyl group (-COCH,) proton at § 2.55 in "H NMR and
the corresponding carbonyl group (C=0) of amide and
ketone at 6 161.2 and 196.7, respectively on the BC NMR
confirmed the formation of 5.

Finally, N-(4-acetylphenyl)imidazo[1,2-a]pyri-
dine-2-carboxamide (5) was reacted with different alde-
hydes (6) in EtOH using 2 N NaOH to give corresponding
(E)-N-(4-(3-(aryl)acryloyl)phenyl)imidazo[1,2-a]pyri-
dine-2-carboxamides (7a-1) in excellent yield. The struc-
ture of all new molecules was characterized using 'H
NMR, *C NMR and HRMS (Data S1).

2.2 | Pharmacology

The antikinetoplastid activity of all the synthesized de-
rivatives 5, 7a-1 was investigated against T. cruzi, T. b.
brucei, T. b. rhodesiense and L. infantum. In addition, the
synthesized derivatives 5 and 7a-1 were also tested for
their cytotoxicity against MRC-5 and PMM. Among all
the derivatives, 7f was found to be most active against T.
cruzi with an 1Cy, value of 0.68 uM. Analogue 7f shows a

O

NEe)
Br%OH EtOH _ w
—_—
g Reflux, 8h N OH
2 3

HzNOCOCHg EDC.HCI, HOB, Et;N
DMF, rt, 8h

4

< 2NNaOH
EtOH rt, 8h

RCHO
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twofold increase in activity with respect to the reference
drug benznidazole with an ICy, value of 1.35uM. With
respect to the activity against T. b. brucei, mono electron-
donating group substituted product, for example, 7a and
7b, were found to be active with an ICs, values of 6.40 and
5.35uM, respectively. Halogen-substituted derivatives 7e—
k were found to exhibit ICs, values ranging from 1.28 to
57.97 pM. The mono-halogenated derivatives 7e-j and 2-
and 3-substituted derivatives 7f, 7g and 7i were found to
be more active than their 4-substituted analogues 7e, 7h
and 7j. For instance, 7f and 7g were found to be the most
active with an ICy, values of 1.28 and 1.35 pM, respectively
as compared to their 4-substituted counterpart 7h with an
IC4, value of 57.97 pM. Compound 7i was also found to be
active with an ICs, value of 2.20 pM as compared to com-
pound 7j with an ICs, value of 28.04 pM. Compound 7k
also demonstrated low micromolar activity with an IC,
value of 2.52puM. Suramine was used as reference drug
against T. b. brucei with an ICy, value of 0.04 pM.

All synthesized derivatives were also tested against T.
b. rhodesiense, revealing that among all methyl- and me-
thoxy-substituted derivatives 7a-d, we found 7a to be
most active with an ICs, value of 2.31 pM. Among the mo-
no-halogen-substituted derivatives, 7e-j were found to be
active with ICs, values in the range of 1-12uM.

Against L. infantum, all derivatives 5, 7a-1 were found
to be inactive with ICs, values of >64.00 uM as compared
to miltefosine (IC5,=7.13uM) which was included as
reference.

With respect to the cytotoxicity against MRC-5, all
derivatives 5, 7a-1 were found to be non-cytotoxic with
an ICy, value of >64.00pM as compared to tamoxifen
(IC5,=10.79 uM) except for 7c and 7j which possess IC,
values of 45.25 and 32.00pM, respectively. Concerning
cytotoxicity against PMM, all the derivatives 5, 7a-1 were
found to be non-cytotoxic with ICs, values of >64.00 pM
(Table 1).

2.3 | Drug likeliness properties and drug
score predictions

Computational studies of compounds 5 and 7a-1 were
carried out for predicting the absorption, distribu-
tion, metabolism and excretion (ADME) properties
(Table 2). Physiochemical properties of the molecules
were also predicted using Lipinski's rule of five, drug
likeness score and percentage absorption (Table 2).
ADME properties were calculated online using
Molinspiration cheminformatics software (Agarwal

TABLE 1 Antikinetoplastid and cytotoxic activities (ICs,, pM) of synthesized compounds (5, 7a-1).

IC5 (WM)
Compd R T. cruz. T. b. bruc. T. b. rhod. L. inf. MRC-5* PMM
5 - >64.00 >64.00 40.32 >64.00 >64.00 >64.00
7a 2-CH, >64.00 6.40 231 >64.00 >64.00 >64.00
7b 3-OCH, >64.00 5.35 9.19 >64.00 >64.00 >64.00
7c 2,4-di-OCH; >64.00 >64.00 38.40 >64.00 45.25 >64.00
7d 2,5-di-OCH; >64.00 12.93 6.35 >64.00 >64.00 >64.00
7e 4-Br >64.00 22.63 1.13 >64.00 >64.00 >64.00
7f 2-Cl 8.5+12 1.57+0.03 1.35+0.03 >64.00 >64.00 >64.00
78 3-Cl 32.34 1.35 1.41 >64.00 >64.00 >64.00
7h 4-Cl >64.00 57.97 1.79 >64.00 >64.00 >64.00
7i 3-F >64.00 2.20 1.66 >64.00 >64.00 >64.00
7j 4-F >64.00 28.04 12.82 >64.00 32.00 >64.00
7k 3,4-di-Cl >64.00 2.52 20.25 >64.00 >64.00 >64.00
71 4-NO, >64.00 b 38.34 >64.00 >64.00 >64.00
Benznidazole 1.35 - - - - -
Suramine - 0.04 0.05 - - -
Miltefosine - - - 7.13 - =
Tamoxifen - - - - 10.79 -

Abbreviations: PMM, primary mouse microphages; T. b. bruc., Trypanosoma brucei brucei; T. b. rhod., Trypanosoma brucei rhodesiense; T. cruz., Trypanosoma

cruzi; L. inf., Leishmania infantum.
*Lung fibroblast.
"No activity.
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et al., 2016; Reddy et al., 2018), while the drug like-
ness scores were calculated online using MolSoft soft-
ware (Agarwal, Krishna, et al., 2018; Agarwal, Singh,
et al., 2018; Reddy et al., 2018). In addition, all the de-
rivatives were also evaluated for percentage absorption
(% ABS) using the formula %#ABS =109 — (0.345 x TPSA)
(Zhao et al., 2002). It was observed that all synthesized
derivatives 5 and 7a-1 were found to have TPSA less
than 160A% but >40A? indicating that molecules to
have a potential for good intestinal absorption property
as compared to their blood-brain barrier (BBB) pene-
tration ability (Table 2). Compound 7e, the most active
compound against T. b. rhodesiense, was found to pos-
sess TPSA of 63.48 A> and 7f most active against T. crugi
and T. b. brucei was found to possess TPSA of 63.48 A*
(Table 2). Compounds 7e and 7f also possessed a posi-
tive drug likeliness score of 0.73 and 0.58, respectively,
which predicts them as good drug candidates (Table 2).

3 | CONCLUSION

In summary, we have designed and synthesised a series
of imidazo[1,2-a]pyridine-chalcones in satisfactory yield.
All synthesized derivatives were characterized using dif-
ferent analytical techniques such as 'H NMR, *C NMR
and HRMS. The synthesized analogues were evaluated
for their antikinetoplastid activity against T. crugzi, T. b.
brucei, T. b. rhodesiense and L. infantum. The compounds
were also tested for cytotoxicity against MRC-5 and PMM.
Among all analogues tested, 7f was found to be the most
active against T. cruzi and T. b. brucei with ICs, values of
8.5 and 1.35uM, respectively. With respect to cytotoxic-
ity against the human lung fibroblast cell line (MRC-5)
and PMM, all active analogues were found to be non-cy-
totoxic. These results identify the synthesized analogues
as hits against T. cruzi, T. b. brucei and T. b. rhodesiense.
Additional follow-up studies are warranted to further ex-
plore the imidazo[1,2-a]pyridine-chalcone hit series and
identify the most promising candidates for progression to
in vivo models.

4 | MATERIALS AND METHODS

4.1 | General

All the chemicals were purchased from various chemi-
cal suppliers including Sigma-Aldrich, Ace, Rochelle
and Ambeed and used without further purification. The
progress of the reactions was monitored using thin layer
chromatography (TLC) on Merck 60F,s, silica gel plates
supported on 0.20-mm-thick aluminium sheets. Nuclear

CR-WiLEYy- ™
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magnetic resonance (NMR) spectra were recorded on a
Bruker Avance III 600 spectrophotometer at 600 MHz
(for 'H) and 150 MHz (for **C). The ! H NMR chemical
shifts (6) were reported in parts per million (ppm), and
were measured relative to residual deuterochloroform
(CDCl;) (7.26 ppm) or DMSO-d, (2.5 ppm). The '*C NMR
spectra were reported in ppm relative to deuterochloro-
form (CDCl,) (77.0 ppm) or DMSO-d, (39.5 ppm). All
coupling constants J were reported in Hz. The follow-
ing abbreviations were used to describe peak splitting
patterns: s=singlet, d =doublet, t=triplet, dd = doublet
of doublet, m = multiplet and brs=broad singlet. High-
resolution mass spectra were recorded on an Agilent
Technologies micrOTOF-Q II 2010390 by using atmos-
pheric pressure chemical ionization (APCI) in positive
ion mode. Melting points were obtained using Buchi
B-545 melting point apparatus and are uncorrected.
imidazo[1,2-a]pyridine-2-carboxylic acid was synthe-
sized according to the reported literature (Reddyrajula
& Dalimba, 2019).

4.2 | Chemistry

4.2.1 | General procedure for the synthesis of
N-(4-acetylphenyl)imidazo|1,2-a]|pyridine-2-
carboxamide (5)

To a stirred solution of imidazo[1,2-a]pyridine-2-carbox-
ylic acid (3, 3g, 1mmol) in DMF (5mL), triethylamine
(6.48 mL, 2.5mmol) was added at rt and subsequently,
EDC.HCI (5.16g, 1.5mmol) and HOBt (2.75 g, 1 mmol)
were added. The reaction was stirred at rt for 0.5h.
Thereafter, 1-(4-aminophenyl)ethan-1-one (4, 3.0 g,
1.2 mmol) was added and the reaction was stirred at rt for
8h. The progress of the reaction was monitored by TLC.
After the completion of the reaction, it was quenched by
adding water and the mixture extracted using ethyl ac-
etate (100 mL x 2) twice. The combined organic layer was
dried over anhydrous Na,SO, and concentrated under re-
duced pressure to give crude product. The crude product
was purified using silica column chromatography with
EA/Hexane (2:5) to obtain pure product (5) as off-white
solid.

White solid, 3 g (72% yield), mp: 220-221°C, '"H NMR
(600 MHz, DMSO-dy) 6 10.62 (s, 1H), 8.63 (d, J=6.8 Hz,
1H), 8.57 (s, 1H), 8.07 (d, J=8.7 Hz, 2H), 7.96 (d, J=8.7
Hz, 2H), 7.67 (d, J=9.2 Hz, 1H), 7.40 (dd, J=8.4, 7.4 Hz,
1H), 7.03 (t, J=6.8 Hz, 1H), 2.55 (s, 3H). *C NMR (150
MHz, DMSO-d) § 196.7, 161.3, 144.0, 143.2, 139.1, 132.0,
129.3,127.8, 126.9, 119.4, 117.4, 116.0, 113.6, 26.5. HRMS
(APCI): m/z calcd for C,;,H;,N;0, [M + H]* 280.1081,
found 280.1078.
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4.2.2 | General procedure for the synthesis of
(E)-N-(4-(3-(aryl/hetroaryl)acryloyl)phenyl)
imidazo[1,2-a]pyridine-2-carboxamide (7a-1)

To a stirred solution of N-(4-acetylphenyl)imidazo[1,2-a]
pyridine-2-carboxamide (5, 150mg, 1 mmol) in ethanol
(10mL), 2 N NaOH (2mL) was added at rt and the reaction
was stirred for 10min. Subsequently, different aldehydes
(6, 1.2mmol) were added, and the reaction was stirred at
rt for 8h. The progress of the reaction was monitored by
TLC. After completion of the reaction, the reaction mix-
ture was quenched by adding water (20 mL) and the re-
sulted precipitate was filtered under suction. The resulted
precipitate was consequently washed with water (10 mL)
and finally recrystallized with ethanol (3mL) to obtain
pure products 7a-1 in excellent yield.

4.2.2.1 | (E)-N-(4-(3-(o-TolyDacryloy)phenyl)
imidazo[1,2-a]pyridine-2-carboxamide (7a)

Off-white solid, 149 mg (73% yield), mp: 202-203°C, 'H
NMR (600 MHz, DMSO-d,) & 10.68 (s, 1H), 8.64 (d, J=6.5
Hz, 1H), 8.59 (s, 1H), 8.19 (d, J=8.4 Hz, 2H), 8.14 (d,
J=8.3 Hz, 2H), 8.05-7.95 (m, 2H), 7.86 (d, J=15.4 Hz,
1H), 7.68 (d, J=9.0 Hz, 1H), 7.44-7.39 (m, 1H), 7.38-7.24
(dd, J=30.0, 6.9 Hz, 3H), 7.04 (t, J=6.4 Hz, 1H), 2.45 (s,
3H). 13C NMR (150 MHz, DMSO-d,) & 187.6, 161.3, 143.9,
143.3, 140.4, 139.1, 137.9, 133.4, 132.5, 130.8, 130.2, 129.7,
127.8, 126.9, 126.8, 126.4, 122.9, 119.5, 117.4, 116.0, 113.5,
19.4. HRMS (APCI): m/z calcd for C,,H,oN;0," [M + H]*
382.1550, found 382.1541.

4222 | (E)-N-(4-(3-(3-Methoxyphenylacryloyl)
phenylimidazo[1,2-a]pyridine-2-carboxamide (7b)
Off-white solid, 151 mg (71% yield), mp: 209-210°C, 'H
NMR (600 MHz, DMSO-d,) 5 10.68 (s, 1H), 8.64 (d, J=6.8
Hz, 1H), 8.59 (s, 1H), 8.21 (d, J=8.8 Hz, 2H), 8.15(d, J=8.7
Hz, 2H), 7.99 (d, J=15.6 Hz, 1H), 7.74-7.64 (dd, J=15.7,
12.4 Hz, 2H), 7.50 (s, 1H), 7.45-7.36 (m, 3H), 7.06-7.02 (m,
2H), 3.84 (s, 3H).’C NMR (150 MHz, DMSO-d,) 6 187.6,
161.3, 159.7, 143.9, 143.3, 139.1, 136.2, 132.5, 129.9, 129.7,
127.8, 126.8,122.3, 121.7, 119.5, 117.4, 116.6, 116.0, 113.5,
113.2, 55.3. HRMS (APCI): m/z caled for C,,H,(N;0,* [M
+ H]+ 398.1499, found 398.1489.

4223 | (E)-N-(4-(3-(2,4-Dimethoxyphenylacryloyl)
phenyDimidazo[1,2-a]pyridine-2-carboxamide (7c)

Off-white solid, 165 mg (72% yield), mp: 301-302°C, 'H
NMR (600 MHz, DMSO-d,) 5 10.64 (s, 1H), 8.64 (d, J=5.9
Hz, 1H), 8.59 (s, 1H), 8.12 (s, 3H), 7.99 (d, J=15.5 Hz,
1H), 7.93 (d, J=8.2 Hz, 1H), 7.79 (d, J=15.7 Hz, 1H), 7.68
(d, J=9.2 Hz, 1H), 7.43-7.38 (m, 1H), 7.05 (d, J=5.7 Hz,
1H), 6.64 (d, J=13.4 Hz, 3H), 3.91 (s, 3H), 3.85 (s, 3H). *C
NMR (150 MHz, DMSO-dy) § 187.6, 163.0, 161.2, 159.9,
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143.9, 143.0, 139.2, 138.1, 133.0, 130.0, 129.4, 127.8, 126.8,
119.5, 119.0, 117.4, 116.0, 115.9, 113.5, 112.7, 106.3, 98.3,
55.8, 55.5. HRMS (APCI): m/z calcd for C,5H,,N;05" [M
+ H]" 428.1605, found 428.1615.

4224 | (E)-N-(4-(3-(2,5-Dimethoxyphenyl)acryloyl)
phenyl)imidazo[1,2-a]pyridine-2-carboxamide (7d)
Off-white solid, 165 mg (72% yield), mp: 167-168°C, 'H
NMR (600 MHz, DMSO-d,) 5 10.68 (s, 1H), 8.64 (d, J=6.5
Hz, 1H), 8.59 (s, 1H), 8.19 (d, J=8.5 Hz, 2H), 8.15 (d,
J=8.4 Hz, 2H), 8.03 (d, J=15.7 Hz, 1H), 7.94 (d, J=15.7
Hz, 1H), 7.68 (d, J=9.0 Hz, 1H), 7.57 (s, 1H), 7.45-7.36 (m,
1H), 7.04 (s, 3H), 3.85 (s, 3H), 3.81 (s, 3H). 1*C NMR (150
MHz, DMSO-d,) 187.7, 161.2, 153.3, 152.7, 143.9, 143.2,
139.1, 137.6, 132.6, 129.6, 127.8, 126.7, 123.6, 122.0, 119.5,
118.0, 117.3, 115.9, 113.5, 113.0, 112.5, 56.2, 55.7. HRMS
(APCI): m/z calcd for C,sH,,N;0," [M + H]* 428.1605,
found 428.1615.

4.2.2.5 | (E)-N-(4-(3-(4-Bromophenyl)acryloyl)
phenyDimidazo[1,2-a]pyridine-2-carboxamide (7e)
Off-white solid, 184 mg (77% yield), mp: 204-205°C, 'H
NMR (600 MHz, DMSO-d,) 5 10.68 (s, 1H), 8.64 (d, J=6.6
Hz, 1H), 8.58 (d, J=7.5 Hz, 1H), 8.20 (d, J=8.8 Hz, 2H),
8.15 (d, J=8.7 Hz, 2H), 8.02 (d, J=15.6 Hz, 1H), 7.87 (d,
J=8.4 Hz, 2H), 7.73-7.64 (m, 4H), 7.43-7.38 (m, 1H), 7.04
(dd, J=8.3, 4.8 Hz, 1H). °C NMR (150 MHz, DMSO-d,) 6
187.5,161.2, 143.9, 143.3, 141.9, 139.1, 134.1, 132.4, 131.8,
130.7,129.7,129.2, 127.8, 126.7, 123.7, 122.9, 119.5, 117.3,
115.9, 113.5. HRMS (APCI): m/z caled for C,3H;,BrN;0,"
[M + H]* 446.0499, found 446.0506.

4.2.2.6 | (E)-N-(4-(3-(2-Chlorophenylacryloyl)
phenyDimidazo[1,2-a]pyridine-2-carboxamide (7f)
Off-white solid, 170 mg (79% yield), mp: 210-211°C, 'H
NMR (600 MHz, DMSO-d,) 5 10.70 (s, 1H), 8.64 (d, J=6.8
Hz, 1H), 8.59 (s, 1H), 8.24 (dd, J=7.4, 1.9 Hz, 1H), 8.21 (d,
J=8.8 Hz, 2H), 8.16 (d, J=8.8 Hz, 2H), 8.04 (s, 2H), 7.68
(d, J=9.1 Hz, 1H), 7.58 (dd, J=7.6, 1.5 Hz, 1H), 7.50-7.45
(m, 2H), 7.41 (dd, J=8.5, 7.4 Hz, 1H), 7.04 (t, J=6.7 Hz,
1H). *C NMR (150 MHz, DMSO-d,) & 187.4, 161.3, 143.9,
143.5,139.1, 137.9, 134.3, 132.4, 132.2, 131.9, 130.0, 129.8,
128.6,127.8,127.7, 126.8, 124.8, 119.5, 117.4, 116.0, 113.5.
HRMS (APCI): m/z caled for C,3H;,CIN;0,* [M + H]*
402.1004, found 402.1004.

4.2.2.7 | (E)-N-(4-(3-(3-Chlorophenyl)acryloyl)
phenyDimidazo[1,2-a[pyridine-2-carboxamide (7 g)
Off-white solid, 164 mg (76% yield), mp: 208-209°C, 'H
NMR (600 MHz, DMSO-d,) 5 10.68 (s, 1H), 8.64 (d, J=6.8
Hz, 1H), 8.59 (s, 1H), 8.22 (d, J=8.7 Hz, 2H), 8.15 (d,
J=8.8 Hz, 2H), 8.12-8.04 (m, 2H), 7.83 (d, J=6.7 Hz, 1H),
7.74-7.65 (m, 2H), 7.52-7.46 (m, 2H), 7.43-7.37 (m, 1H),
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7.04 (t, J=6.6 Hz, 1H). *C NMR (150 MHz, DMSO-d,) 6
187.4,161.3, 143.9, 143.4, 141.6, 139.1, 137.1, 133.8, 132.3,
130.7, 130.0, 129.8, 127.9, 127.8, 126.8, 123.6, 119.5, 117.4,
116.0, 113.5. HRMS (APCI): m/z calcd for C,3H;,CIN;0,*
[M + H]* 402.1004, found 402.0999.

4.2.2.8 | (E)-N-(4-(3-(4-Chlorophenyl)acryloyl)
phenyl)imidazo[1,2-a]pyridine-2-carboxamide (7 h)
Off-white solid, 168 mg (78% yield), mp: 280-281°C, 'H
NMR (600 MHz, DMSO-d,) & 10.68 (s, 1H), 8.64 (d, J=6.5
Hz, 1H), 8.59 (s, 1H), 8.20 (d, J=8.6 Hz, 2H), 8.14 (d,
J=8.5 Hz, 2H), 8.01 (d, J=15.6 Hz, 1H), 7.95 (d, J=8.1
Hz, 2H), 7.75-7.65 (m, 2H), 7.53 (d, J=8.2 Hz, 2H), 7.43-
7.39 (m, 1H), 7.04 (t, J=6.5 Hz, 1H)."*C NMR (150 MHz,
DMSO-d) § 187.5, 161.3, 143.4, 141.9, 139.1, 134.9, 132.4,
130.5, 129.7, 128.9, 127.8, 126.8, 122.8, 119.5, 117.4, 116.0,
113.6. HRMS (APCI): m/z caled for C,;H;,CIN;0," [M +
H]Jr 402.1004, found 402.1007.

4229 | (E)-N-(4-(3-(3-Fluorophenyl)acryloyl)
phenylimidazo[1,2-a]pyridine-2-carboxamide (7i)
Off-white solid, 159 mg (77% yield), mp: 236-237°C, 'H
NMR (600 MHz, DMSO-d,) 5 10.68 (s, 1H), 8.64 (d, J=6.5
Hz, 1H), 8.59 (s, 1H), 8.21 (d, J=8.4 Hz, 2H), 8.15 (d,
J=8.4 Hz, 2H), 8.05 (d, J=15.6 Hz, 1H), 7.86 (d, J=10.0
Hz, 1H), 7.75-7.65 (m, 3H), 7.50 (dd, J=14.0, 7.4 Hz, 1H),
7.43-7.38 (m, 1H), 7.28 (t, J=7.5 Hz, 1H), 7.04 (t, J=6.4
Hz, 1H). '*C NMR (150 MHz, DMSO-d,) & 187.5, 163.3,
161.7, 161.3, 143.9, 143.4, 141.8, 139.1, 137.40 (d, J=8.0
Hz), 132.3, 130.8 (d, J=8.5 Hz), 129.8, 127.8, 126.8, 125.5,
123.5,119.5,117.4,116.0, 113.5. HRMS (APCI): m/z calcd
for Cp3H;,FN;0," [M + H]* 386.1299, found 386.1313.

4.2.2.10 | (E)-N-(4-(3-(4-Fluorophenyl)acryloyl)
phenyl)imidazo[1,2-a[pyridine-2-carboxamide (7j)
Off-white solid, 165 mg (80% yield), mp: 372-373°C, 'H
NMR (600 MHz, DMSO-d,) 5 10.67 (s, 1H), 8.64 (d, J=6.7
Hz, 1H), 8.59 (s, 1H), 8.19 (d, J=8.6 Hz, 2H), 8.14 (d,
J=8.6 Hz, 2H), 8.00-7.93 (m, 3H), 7.74 (d, J=15.6 Hz, 1H),
7.68 (d, J=9.1 Hz, 1H), 7.43-7.38 (m, 1H), 7.31 (t, J=8.6
Hz, 2H), 7.04 (t, J=6.6 Hz, 1H). *C NMR (150 MHz,
DMSO-dy) 6 187.7, 161.5, 144.1, 143.5, 142.3, 139.3, 132.7,
131.4,131.3,129.9, 128.0, 127.0, 122.1, 119.7, 117.6, 116.2,
116.0, 113.7. HRMS (APCI): m/z calcd for Cp;H;,FN;0,*
[M + H]* 386.1299, found 386.1308.

4.2.2.11 | (E)-N-(4-(3-(3,4-Dichlorophenyl)acryloyl)
phenyl)imidazo[1,2-a[pyridine-2-carboxamide (7 k)
Off-white solid, 187 mg (81% yield), mp: 269-270°C, 'H
NMR (600 MHz, DMSO-d,) 5 10.69 (s, 1H), 8.64 (d, J=6.4
Hz, 1H), 8.59 (s, 1H), 8.30 (s, 1H), 8.22 (d, J=8.3 Hz, 2H),
8.15 (d, J=8.2 Hz, 2H), 8.09 (d, J=15.5 Hz, 1H), 7.88 (d,
J=7.8 Hz, 1H), 7.78-7.63 (m, 3H), 7.44-7.38 (m, 1H), 7.04

(t, J=6.3 Hz, 1H)."*C NMR (150 MHz, DMSO-d,) 6 187.5,
161.3, 143.9, 141.9, 139.1, 134.1, 132.4, 131.8, 130.7, 129.7,
129.2,127.8,126.8, 123.8, 122.8, 119.5, 119.4, 117.4, 116.0,
113.5. HRMS (APCI): m/z calcd for C,3H,CLLN,0," [M +
H]* 436.0614, found 436.0620.

4.2.2.12 | (E)-N-(4-(3-(4-Nitrophenylacryloyl)
phenyl)imidazo[1,2-a[pyridine-2-carboxamide (7 L)
Off-white solid, 159 mg (72% yield), mp: 305-306°C, 'H
NMR (600 MHz, DMSO-d,) 5 10.70 (s, 1H), 8.64 (d, J=6.2
Hz, 1H), 8.59 (s, 1H), 8.29 (d, J=8.0 Hz, 2H), 8.24-8.15
(m, 6H), 7.81 (d, J=15.7 Hz, 1H), 7.68 (d, J=9.1 Hz, 1H),
7.44-7.38 (m, 1H), 7.05 (t, J=6.1 Hz, 1H).*C NMR (150
MHz, DMSO-d,) 187.4, 161.3, 148.0, 143.9, 143.6, 141.4,
129.9,129.8, 127.8, 126.8, 126.1, 123.9, 119.5, 117.4, 116.0,
113.6. HRMS (APCI): m/z caled for CpH,,N,0,* [M +
H]* 413.1244, found 413.1261.

4.3 | Biology

4.3.1 | Invitro anti-parasitic assay
Anti-parasitic assays were performed as described in the
earlier literature (Bouton et al., 2021). Briefly, to evalu-
ate anti-Leishmania activity, L. infantum [MHOM/MA
(BE)/67] was used with primary peritoneal mouse mac-
rophages as host cell. 3x10* macrophages were infected
with 4.5%10° parasites per well. Compound dilutions
were added after 2 h of infection. After 5days of incuba-
tion, parasite burdens (mean number of amastigotes/
macrophage) were assessed microscopically after staining
with a 10% Giemsa solution. For T. cruzi, the Tulahuen
CL2, p-galactosidase strain (nifurtimox-sensitive) was
used maintained on MRC-5,, (human lung fibroblast).
4x10° cells were infected with 4 x 10* parasites per well.
Parasite burdens were assessed after adding the substrate
CPRG (chlorophenol red f3-d-galactopyranoside). The
change in colour was measured spectrophotometrically
at 540 nm after 4 h incubation at 37°C. Drug susceptibil-
ity tests for T. b. brucei were performed using a resazurin
assay. Susceptibility assays were performed with T. b. bru-
cei Squib 427 or T. b. rhodesiense STIB-90050. T. b. brucei
Squib 427 was seeded at 1.5 x 10* parasites/well and T. b.
rhodesiense at 4 x10° parasites per well, followed by the
addition of resazurin after 72 h. Incubation with resazurin
was for 24h (T. b. brucei) or 6 h (T. b. rhodesiense) followed
by fluorescence detection.

In all assays, parasite growth was compared to un-
treated-infected controls (100% growth) and noninfected
controls (0% growth). Results were expressed as % parasite
reduction at the different drug concentrations and used to
calculate IC, values from the dose-response curves.

85U80|7 SUOWLWIOD dAeaID 8|qedl|dde ays Aq peusenob a1e Ssplife YO ‘@SN JO S9N 10 A%eiqi]8UlIUO /8|1 UO (SUORIPUOD-pUe-SW.eI W0 A3 1M AReIq Ul |UO//SANY) SUORIPUOD pue Swie | 8u1 88S *[720z/T0/TT] uo Arigi]auluo Ae|im ‘uediemuy 1B1SBAIIN AT 001HT PPAY/TTTT OT/I0p/W00 A3 1M AReiq 1 jeul|uo//Sdny WwoJy pepeojumod ‘T ‘vZ0Z ‘G820LYLT



AGARWAL ET AL.

of
2-WILEY-™

4.3.2 | In-vitro cytotoxicity assay

MRC-5g4y, cell cytotoxicity was evaluated as described in
the earlier literature (Bouton et al., 2021). Briefly, 1.5 X 10°
cells/mL cells were cultured with compound dilutions
at 37°C and with 5% CO,. Cell growth was compared to
untreated-control wells (100% cell growth) and medium-
control wells (0% cell growth). After 3days of incubation,
cell viability was assessed fluorometrically after addition
of 50-pL resazurin per well. After 4h at 37°C, fluorescence
was measured (4., 550 nm, 4., 590 nm). The results were
expressed as % reduction in cell growth/viability com-
pared to control wells and an ICs, value was determined.
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