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Chagas disease is a neglected tropical disease caused by Trypanosoma cruzi. Because current treatments present
several limitations, including long duration, variable efficacy and serious side effects, there is an urgent need to
explore new antitrypanosomal drugs. The present study describes the hit-to-lead optimization of a 2-aminoben-
zimidazole hit 1 identified through in vitro phenotypic screening of a chemical library against intracellular
Trypanosoma cruzi amastigotes, which focused on optimizing potency, selectivity, microsomal stability and lip-
ophilicity. Multiparametric Structure—Activity Relationships were investigated using a set of 277 derivatives.

Although the physicochemical and biological properties of the initial hits were improved, a combination of low
kinetic solubility and in vitro cytotoxicity against mammalian cells prevented progression of the best compounds
to an efficacy study using a mouse model of Chagas disease.

1. Introduction

Chagas disease, endemic in Latin America [1], is caused by the
protozoan parasite Trypanosoma cruzi (T. cruzi), which is transmitted
either by the faeces of infected triatomine bugs (vector transmission),
orally through contaminated food or drink, or from human-to-human
through congenital transmission or uncontrolled blood transfusion and
organ/tissue transplantation [2,3]. During the usually asymptomatic
and undiagnosed acute phase of the disease, trypomastigotes can be
observed in high numbers in the bloodstream [4]. The host immune
response usually controls this parasitemia, drastically reducing the
number of circulating trypomastigotes. Subsequently, intracellular
amastigotes lodge in deep organ tissues, particularly the heart and
digestive tract, and the infection enters a lifelong chronic phase [5,6].
While most remain in an asymptomatic or indeterminate phase, the
infection and associated inflammatory responses result in symptomatic
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cardiac and digestive manifestations, with significant morbidity and
mortality in 30-40% of patients [7,8]. More than 6 million people are
infected worldwide, with an estimated 14,000 deaths per year [9].
Treatment is based on eliminating the parasite from infected in-
dividuals. The nitroheterocycles nifurtimox and benznidazole are
currently the only drugs available [10,11]. These are prodrugs that exert
trypanocidal activity upon activation to produce reactive metabolites
and are effective against the trypomastigote and amastigote forms [12,
13]. Both can cure or significantly reduce the parasite burden in acute
cases, preventing tissue damage. However, they remain relatively inef-
fective in the chronic stage [14]. Long treatment courses (60-90 days),
variable efficacy and serious side effects, including allergic dermatitis,
pruritus, fever and gastrointestinal intolerance, result in discontinuation
of treatment in approximately 20-25% of patients [5,15]. Few new
chemical entities have progressed to clinical trials. In the past decade,
clinical trials evaluating posaconazole and ravuconazole, two CYP51

Received 25 September 2022; Received in revised form 2 November 2022; Accepted 8 November 2022

Available online 15 November 2022
0223-5234/© 2022 The Authors. Published by Elsevier

(http://creativecommons.org/licenses/by/4.0/).

Masson SAS.

This is an open access article under the CC BY license


mailto:ldias@unicamp.br
www.sciencedirect.com/science/journal/02235234
https://www.elsevier.com/locate/ejmech
https://doi.org/10.1016/j.ejmech.2022.114925
https://doi.org/10.1016/j.ejmech.2022.114925
https://doi.org/10.1016/j.ejmech.2022.114925
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejmech.2022.114925&domain=pdf
http://creativecommons.org/licenses/by/4.0/

C. de Oliveira Rezende Jiinior et al.

inhibitors, were unsuccessful. Despite an initial rapid and significant
reduction of parasitemia, follow-up revealed high relapse rates within
six months after treatment in both studies [16-19]. Thus, the need re-
mains for continued drug discovery efforts to find new chemotypes,
especially compounds with novel mechanisms of action [20,21].

The main goal of hit-to-lead optimization is to find an in vivo active
compound with a suitable drug-like profile and good absorption, dis-
tribution, metabolism, excretion and toxicity (ADME-Tox) properties
[21-24]. Acceptable and ideal criteria have been compiled to define
profiles of hits, leads, optimized leads, and preclinical candidates [21,
25].

The quality of initial hits is a key factor which increases the likeli-
hood of success in the lead optimization process and thus the identifi-
cation of clinical candidates [22,26,27]. Compound 1 was selected as
the initial hit from a high-throughput screening campaign performed by
GlaxoSmithKline (GSK), based on its potency (ICso 0.63 pM), high
selectivity over mammalian cells lines (SI of 159 relative to HepG2
cells), and chemical tractability (Fig. 1) [28]. Whilst the mechanism of
action of this compound is unknown, it was confirmed not to act via
CYP51 inhibition (ICsp > 100 pM).

We previously reported the hit-to-lead study of a 2-aminobenzimida-
zole series against leishmaniasis [29]. In this paper, we report the
structure-activity relationship (SAR) study and hit-to-lead campaign of
this same 2-aminobenzimidazole series against T. cruzi through
multi-parameter optimization. Recently, a SAR study against T. cruzi and
Trypanosoma brucei was performed and published using 1 as a reference
compound [30]. Here we report an alternative strategy to optimize
potency against T. cruzi and ADME properties, using a different set of
chemical modifications.

2. Results and discussion
2.1. Hit confirmation and initial profiling

Hit confirmation was performed after re-synthesis and in vitro reas-
sessment of potency against intracellular T. cruzi amastigotes and eval-
uation of preliminary ADME and physicochemical properties, such as
lipophilicity, permeability, and metabolic stability in mouse liver mi-
crosomes (MLM) (Fig. 1). Potency and selectivity were confirmed, and 1
showed good permeability, but revealed rapid in vitro intrinsic micro-
somal clearance and a high LogD [29].

2.2. Synthesis

Most final compounds were synthesized by the strategies reported in
Schemes 1 and 2. As few 2-aminobenzimidazoles were commercially
available, the simpler candidates were prepared via alkylaton of the 1-
nitrogen atom yielding the representative 2-aminobenzimidazole in-
termediates iii (route 1, Scheme 1). iii was also prepared from ortho-
fluoronitrobenzene derivatives i via aromatic nucleophilic substitution

Benzimidazole |
ring i

i+ Acyl
fragment

N-alkyl
chain

Biological data from reference work (28):
T. cruzilCgy: 0.63 uM

HepG2 CC3y: >100 uM

CYP51 IC5: >100 pM

Hit reconfirmation and initial profiling (29):
T. cruzilCgy: 1.89 uM

MRC-5 CCsq: >64 pM

PAMPA: 6.7 x 10" cm/s

elogD: 4.6

MLM Cling in vitro: 3094 pL/min/mg

Fig. 1. Chemical structure, biological data and early ADME-Tox properties of
hit 1 [28,29].
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(SnAr) with primary amines or ammonium chloride, followed by nitro
reduction and cyclization with cyanogen bromide (route 2, Scheme 1).
Alternatively, iii was prepared by SyAr reaction of ortho-fluoroni-
trobenzene with ammonia, followed by reductive amination with alde-
hydes, nitro reduction and cyclization (route 3, Scheme 1). The
aminopurine intermediates vii were prepared from nitropyrimidine
derivative iv by regioselective aromatic nucleophilic substitution with
primary amines, followed by reduction of the nitro group, cyclization
with 1,1’-thiocarbonyldiimidazole and reaction with bromine under
acidic conditions. The resulting bromide vi was then transformed into
the aminopurine vii by reaction with ammonia under microwave con-
ditions (route 4, Scheme 1). Subsequently, the intermediates iii and vii
were transformed into the final compounds by amide coupling with
commercial or previously prepared carboxylic acid derivatives (Scheme
2). Further details can be found in the Supporting Information.

2.3. Structure-activity and structure-properties relationships

Identification of the minimal pharmacophoric group necessary for
biological activity is an important step in the design of chemical modi-
fications in the hit-to-lead phase. In addition, the generation of
structure-properties relationship (SPR) information offers a rational
path to early-stage optimization of compounds.

We started this investigation by synthesizing several truncated ana-
logues to identify the minimal pharmacophore associated with accept-
able levels of in vitro potency (ICso < 5 pM) and by conducting a small hit
expansion campaign to identify regions in the scaffold that were
amenable to structural modifications (Table 1). The chlorine at the right-
hand side of 1 can be replaced by fluorine (compounds 2 and 3).
Removal of the hydrophobic moieties such as the benzene ring of the
benzimidazole fragment and N-propyl chain (compounds 4 and 5)
drastically reduced activity, as also observed by McNamara and co-
workers [30]. Loss of potency was also observed for the benzothiazole
analogue 6. Replacement of the amide functionality by sulfonamide and
urea, and addition of an ethyl linker between the benzimidazole ring and
amide functionality (compounds 7-9) also resulted in inactive com-
pounds or drops in potency. Removal of methylene or carbonyl groups in
the right-hand side (compounds 10 and 11) also reduced potency. The
N-alkyl-N'-acylaminobenzimidazole fragment seems to be the minimal
pharmacophore for this series so we then designed modifications in the
benzimidazole ring, N-alkyl chain and acyl fragment (Fig. 1).

Given the promising activity of 1 and the preliminary SAR data
described in Table 1, we started a hit-to-lead campaign with the initial
goal of improving potency and selectivity while reducing overall lip-
ophilicity. High lipophilicity (LogD >4) plays a crucial role in drug
discovery campaigns since it can impact the quality of in vitro data
generated in biological assays (poor specificity and promiscuity) and
likely decreases overall aqueous solubility and metabolic stability
[31-34]. The acceptable parameters of ADME-Tox properties we sought
at this stage were ICs9 < 5 pM, selectivity index (SI) > 30, MLM clear-
ance < 30 pL/min/mg and LogD close to 3.

McNamara and co-workers highlighted in their work with this
chemical class that aspects of the SAR were relatively shallow, and there
was a general lipophilic observed effect, suggesting that further opti-
mization could be relatively challenging [30]. However, our previous
work with this 2-aminobenzimidazole series indicated that multiple
strategies were suitable to reduce lipophilicity and consequently
improve in vitro metabolic stability, including the addition of electron
withdrawing groups (EWG) in the benzimidazole ring, bulky and/or
polar groups on the N-alkyl chain and heteroaromatic groups at the acyl
fragment [29]. Therefore, we initially explored the attachment of EWGs
to the aromatic ring of the benzimidazole fragment (Table 2). Positions 5
and/or 6 appeared to be the ideal sites for substitution since fluorine and
trifluoromethyl derivatives (12-16) showed equivalent potency to the
original hit with a slight reduction of LogD, while introduction of fluo-
rine at position 4 was inactive (compound 17). This same trend was



C. de Oliveira Rezende Jiinior et al.

1) ABZ comercially available

NN a)R,—Br N
R1{/\[ S—NH, B H—NH,
Z N K,COj3, DMF “ N
Rz
iii
2) SyAr / BrCN cyclization route:
a)R,—NH
2 Ha, Pd/C
NO, base, NO, c)
f i MeOH i
Ry—- solvent Ry—i Ri— P
T or l\‘jH d) BrCN
. DCM, MeOH
i b)R;—NH,CI i R i
DMSO, Et;N
3) Reductive amination / BrCN cyclization route:
NO e) NH3, MeOH NO, H,, Pd/C N
Ri— b ’ microwave _ Ri— = ©  MeoH Ri—7
1 SELULLLLSS —_— !
g o NH d) BICN
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. MeOH 2 .
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N

\>*NH2 a)R3—CO,H \ %Rs
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} Peptide

coupling reagents Rz
Final products

R2
iii and vii

Scheme 2. Synthesis of final products. Reagents and conditions: a) peptide
coupling reagents (EDC, HOBt, DMF, r.t. or HATU, DIPEA, DCM, r.t.).

previously observed against L. infantum [29].

Whilst a methyl ester in position 6 showed good potency (compound
18), the carboxylic acid analogue was inactive (compound 19). Given
that esters are readily hydrolysed both chemically and biologically, this
group was not pursued. Although greatly reducing lipophilicity and
MLM clearance, the amides, hydroxamic acids and nitrile (20-24),
showed reduced potency (ICsyp 8-35 pM). The better MLM clearance
values (< 70 pL/min/mg) observed for 20 and 22 can be attributed to
their lower lipophilicity (LogD 3.2 and 3.1, respectively) when
compared to the initial hit. Via the introduction of nitrogen in the
benzimidazole ring (compound 25), it was possible to maintain potency
with reduced lipophilicity, but MLM clearance increased, probably due
to the introduction of an additional metabolic soft spot.

Further reduction of overall lipophilicity could be achieved by
replacing the hydrophobic phenylacetic fragment on the right-hand side
of the scaffold (Table 3). Picolinic (26-29) and nicotinic acid derivatives
(30-34) showed acceptable potency (IC5o < 10 pM) and reduced lip-
ophilicity, especially compounds 26, 27, 31 and 32. The only exception
was the nitrile derivative 31 (IC5p 18 pM).

Metabolite identification (MetID) studies were conducted with
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Scheme 1. Synthesis of 2-aminobenzimidazole in-
termediates iii and vii. Reagents and conditions: a)
alkylamine, K,CO3, KF, DMF, 0 °C-r.t.; b) ammo-
nium chloride, DIPEA, DMSO, 80 °C; ¢) H, (1 bar),
Pd/C, EtOAc/MeOH, r.t.; d) BrCN (1 M in DCM),
MeOH, 60 °C; e) NH; (7.0 mol L~! in MeOH), 80 °C,
1h, microwave; f) aldehyde, NaBH(OAc)s;, TFA,
0 °C-r.t; g) alkylamine, DIPEA, DCM, —78 °C-r.t; h)
thio-CDI, THF, 70 °C; i) HBr (48%), bromine, AcOH,
0 °Cr.t; j) NHz (7 mol L™! in MeOH), 120 °C,

N microwave.

N
S—NH,
N

Rz

\%Br J) NH3, MeOH C\/E S—NH,

Rz

vii

isomers 26 and 33 to identify the influence of nitrogen position of the
pyridine fragment on metabolism (Fig. 2). These compounds showed
minor oxidation on the aromatic carbons and N-alkyl chain. Compound
26 suffered significant hydrolysis of the amide, suggesting that the po-
sition of the nitrogen atom in the pyridyl fragment has a strong effect on
metabolism via hydrolysis.

To minimize metabolism on the propyl chain, this region was
explored via the addition of different groups, varying the size, shape and
polarities of the alkyl chain (Table 3, compounds 35-45). Decreasing the
hydrophobicity of this fragment using polar groups and/or ionizable
centers, such as tetrahydropyran and piperidine (compounds 35-37)
resulted in much lower MLM clearance and lipophilicity but was
accompanied by a significant drop in potency. Cyclopropyl derivatives
(38-39) were less active while trifluoroethyl and neopentyl analogues
(40-45) presented a large variability with ICsg values ranging from 0.8
HM to > 64 pM. The substitution of fluorine for nitrile in the benz-
imidazole ring (44 vs 45) considerably improved potency, microsomal
stability, and reduced lipophilicity. Combining good potency and
selectivity (ICsg 2.6 pM; SI > 25), microsomal stability (MLM clearance
18 pL/min/mg) and LogD (3.1), nitrile derivative 45 was the compound
with the most balanced profile at this stage.

As the nitrile group and trifluoroethyl chain of 45 offered the best
combination of properties, we further explored the right-hand side of the
scaffold focusing on alternative heteroaromatic amides (Table 4 and
Table S1). The trifluoromethylpyridine isomer 46 was almost 10 times
more potent than 45 (ICs 0.28 vs 2.6 pM), with good selectivity over
mammalian cells, acceptable MLM clearance and lipophilicity. Despite
retaining good potency, substituted pyridine, pyrimidine, thiazole, and
pyrazole derivatives (47-52) generally did not display suitable micro-
somal metabolic stability and/or selectivity. However, compounds 53
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Table 1
Antitrypanosomal activities of analogues with modifications to determine the minimal pharmacophore group.

Compound Structure T. cruzi ICso” (SD) Compound Structure T. cruzi ICso” (SD)
b F N
2 2.1 7 ©: S nH >64
(0.08) N s )
Q do
N
Crid
N

3 R 2.2 8 cl >64
(0.15)

[”\%NH (0.22) (2.76)
N

5 Cl >64 10 [} . >64
N,
S—NH
. ﬁ QE? Y

25

\@[»@ ot
- B

@ 1Csp represented in pM. ICso of benznidazole (reference) was 2.1 pM.
b The antitrypanosomal activity of 2 has already been reported [30]. SD represents the standard deviation of the analyses.

Table 2
Antitrypanosomal activity, selectivity and initial ADME properties for analogues with modifications at the benzimidazole ring.

11 ~
Rﬁlx/

Compound R! R? X T. cruzi ICZ, (SD) SI MLM C18,; in vitro eLogD
12¢ 6-F 4.Cl CH 0.56 (0.08) 102 1590 4.3
13 5-F 4l CH 0.92 (0.92) >70 1510 4.3
14 5,6-di-F 4.F CH 0.53 (0.01) >121 399 4.0
15 5,6-di-F 2',5'-di-F CH 0.58 (0.06) 52 389 4.2
16 5-CF3 4-Cl CH 0.74 (0.28) 15 283 4.7
17 4-F 4.F CH >64 1 715 3.6
18 6-CO,Me 4F CH 0.53 (0.01) 35 1253 4.0
19 6-CO.H 4F CH >64 1 ND 2.4
20 6- HNHME 4.F CH 34 (0.31) 1 66 3.2

[¢]
21 6- 4F CH 8.5 (0.06) >8 ND 4.0

H@

o
22 6- (0\ 4F CH 35 (1.16) >2 23 3.1

N—

=

23 6- HNMeOMe 4.F CH 8.3 (0.54) 7 128 3.3

(e}
24 6-CN 4l CH 24 (38.8) >3 226 3.6
25 H 4.F N 1.3 (1.36) >49 1500 3.3

ND: not determined; SD represents the standard deviation of the analyses; SI: Selectivity index relative to MRC-5 cells (CCso/ICs0); MLM: Mouse Liver Microsome;  ICsq
represented in pM, ® Intrinsic clearance represented in pL/min/mg. ¢ The antitrypanosomal activity of 12 has already been reported [30].
ICsp of benznidazole (reference) was 2.1 uM.
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Table 3
Evaluation of antitrypanosomal activity, selectivity and initial ADME properties for compounds with pyridine groups at the acyl fragment.

Compound Structure T. cruzi IC3, (SD) SI MLM CLy in vitro eLogD

7 413 3.3

26 o, N= 1.1 (1.03)
F. N
Ty
N

27 0>_<“3 8.4 (0.29) >8 265 2.5
x—N
(L™
N7 TN

28 CF3 2.4 (0.20) >27 285 3.5

29 CF3 2.3 (0.02) >28 467 4.0

30 o} =N 2.1 (0.01) >30 446 3.9
NN
L
N
31 o@ 18 (18.2) >4 200 3.3
N
L
NC N
32 Q =N 4.4 (4.67) >15 275 3.0
N
PR
N N
33 Q =N 8.2 (5.60) >8 164 3.8
NP
T
N
34 o@ 3.2 (3.34) 15 ND 4.2
N N\ / CF3
PR
N N

35 O, =N 9.2 (3.46) 3 ND 1.1
Y,
T
N
36 O, —N 8.5 (0.15) 5 26 3.1
A,
T
N

37 . O@ 35 (0.16) >2 23 4.0
N CF,
\C[%NH \ 7/
N

38 O>—Ch> 34 (0.08) >2 160 3.2
N
IO Sa
F N

(continued on next page)
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Table 3 (continued)
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Compound Structure T. cruzi IC&, (SD) SI MLM Cy in vitro eLogD
39 O@ >64 1350 3.6°
N CF3
S ™
NC Nﬁ
40 0O, =N 0.80 (0.23) >80 131 4.5
ALY,
X
F N
tBu
M O>_<iN) 8.7 (0.16) >7 87 3.9
N
L
NC N
tBu
42 O>—®— 52 (15.4) >1 ND 4.8
N CF3
S ™
NC N
Bu
43 O>—<iN) 4.2 (3.56) 13 98 3.6
N
IO 6o
E N
FsC
44 O>—<iN)— 42 (1.59) >2 86 4.6
N CF3
OB
F N
F3C
2.6 (0.66) >25 18 3.1

45 0] =N
NC N

F3C

ND: not determined; SD: standard deviation of the analyses; SI: Selectivity index relative to MRC-5 cells (CCs/ICs0); MLM: Mouse Liver Microsome; ? ICs represented
in pM, ° Intrinsic clearance represented in pL/min/mg. ¢ Calculated LogD. ICso of benznidazole (reference) was 2.1 pM.

K@::\y:}_@
{

1.91% turnover (Mouse S9 cells)
0.69% oxidation 1.2% oxidation

O 1.13% oxidation ---62.8% hydrolysis
33 26

[o) =2
F NS
N

66.2% turnover (Mouse S9 cells)

Fig. 2. MetID of 26 and 33.

and 54, with trifluoromethyl attached to a pyrazole ring, showed good
potency (ICsp 0.23 and 1.5 pM, respectively) with SI > 30 and MLM
clearance < 30 pL/min/mg.

Secondary mechanistic in vitro studies using high-content screening
methods were performed to investigate additional aspects of the anti-
T. cruzi activity of selected compounds, such as the maximum activity
considering both reduction in the numbers of amastigotes per cell and
decrease of total infected cells, and the ability to prevent in vitro parasite
relapse in wash-out assays [18]. These secondary assays are critical for
Chagas disease drug discovery, which requires compounds that can
eliminate the parasites from infected cells and prevent disease
re-emergence. Upon treatment, low numbers of residual viable parasites
can recrudesce and potentially cause failure of clinical candidates. At 10
uM, 45, 46, 53 and 54 had maximal activities comparable to benzni-
dazole (> 95%) for reduction of intracellular amastigote populations
and infection rates in primary mouse macrophages (PMM) after 96 h
incubation (Table 5). When compounds were tested using an assay that
employs 3T3 cells and a shorter treatment duration (48 h), only ana-
logues 53 and 46 showed measurable ICsy values (0.99 and 1.32 pM,
respectively) (Benznidazole ICsg in this assay was around 4 pM). The

maximum activity values at 36.6 pM and 48 h of incubation were 60%
and 56% for 45 and 54, respectively. These data indicate that the
antiparasitic activity for this series is both concentration- and
time-dependent. The compounds might be slow killers that require more
cycles of parasite replication to exert antiparasitic activity (in compar-
ison with standard reactive drugs that are fast killers). However, an ef-
fect related to the different cell lines used in these assays cannot be
discarded.

We also tested compounds in a wash-out assay to assess their ability
to clear all parasites in vitro. Wash-out assays were performed using
PMM cells infected with T. cruzi and treated at different concentrations
for 4 days followed by a recovery period of 7 days. Under these condi-
tions, the tested compounds were unable to sterilize the cultures, indi-
cating a suppressive, rather than a curative, effect in vitro. Under the
same conditions, neither Benznidazole nor Posaconazole sterilized the in
vitro cultures.

ND: not determined; ? in vitro maximal activity in terms of reduction
of intracellular amastigote population and infection rate in PMM cells at
96 h of incubation when tested at 10 pM; b ICso and ICqy against
amastigote in PMM cells at 96 h of incubation; ¢ ICsy against amastigote
in 3T3 cells at 48 h of incubation.

Further in vitro ADME-Tox and physicochemical properties were
evaluated (Table 6). These compounds showed moderate to high
permeability; however, kinetic solubilities (KS) were poor at both pH 2.0
and pH 7.4. In vitro cytotoxicity against various mammalian cell lines
was assessed. Whilst cytotoxicity against the T. cruzi assay host cell line
(MRC-5) used in the first-tier screening was generally low, it was
significantly more pronounced against HepG2 and PMM cells, repre-
senting a major liability for this series. In contrast, screening against an
off-target panel covering key human targets showed little cause for
concern. The full dataset is presented in the Supporting Information.

The low solubility of this series is likely a result of a flat
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Table 4
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Antitrypanosomal activity, selectivity and initial ADME properties for the most active compounds with introduction of heteroaromatic groups at acyl fragment..

(0]

Bousa
)

F3C

Compound Substituent T. cruzi IC3, (SD) SI MLM CLy¢ in vitro eLogD
46 CF3 0.28 (0.30) >231 27 3.1
O
47 - 2.3 (2.22) >28 170 4.9
N\ 7 OMe
N
48 =N 0.24 (0.21) 8 ND 3.4¢
§—< )—CFs
N
49 Me 0.54 (0.01) 14 595 3.5¢
4
S Me
50 Me 1.6 (1.58) 8 20 2.7
N-N
U
51 q 0.99 (0.93) 3 ND 2.9¢
N~-N
U
52 {} 4.3 (1.19) >15 299 4.9
N~
s N
=
53 Me 0.23 (0.96) 34 28 3.0
N
N\ |
CF;
54 H 1.5(3.19) >42 25 2.9
N
N\

CF3

ND: not determined; SD: standard deviation of the analyses; SI: Selectivity index relative to MRC-5 cells (CCs0/ICs0); MLM: Mouse Liver Microsome;  ICs, represented
in pM, ® Intrinsic clearance represented in pL/min/mg; ¢ Calculated LogD. ICsq of benznidazole (reference) was 2.1 uM.

Table 5 ,{,
In vitro secondary parasitology for selected compounds. e v
Compound % Efficacy % Efficacy 1Cso 1Cyo 1Csg - S = F28 1
(amastigote (infection (uM) (1M) (M) [ @
population)® rate)? 96h° 96h° 48h¢ "’5‘02“ N11 !
N17 N1 i gl o
45 99 98 0.19 0.57 ND / N1 N12 gy \/\/ )L
54 99 97 0.57 0.88 ND \ ] ] **(
53 99 97 0.19 0.36 0.99 C}a\;/m L e N )
46 98 91 0.14 0.31 1.32 | 9014 e
Benznidazole 99 94 2.62 12.59 2.57 %7
Posaconazole 100 98 0.0007 0.002 0.002
: ; ; H H
conformation, as observed in the X-ray crystal structure of 54 (Fig. 3). o N Prototropic " o N‘N
This flat conformation is the result of a prototropic tautomerism in 54 N M tautomerism N W
generating the tautomer 54a, with contribution of probable hydrogen /C[NVNH CF,4 NG N =N CF;
bonds between the N-H moieties and carbonyl group. Decreasing crystal Ne ) . sa
. . . . . . . 5. a
packing energy by introducing out-of-plane substitution and increasing FsC FsC
the polarity are effective strategies to increase solubility for this series of .
p y s y Fig. 3. Crystal structure of 54.
Table 6
In vitro ADME-Tox and physicochemical properties of selected compounds.
Compound KS at pH 2.0 (pM) KS at pH 7.4 (pM) PAMPA (10° cm/s) CCso 3T3 CCso MRC-5 CCso PMM CCso L6 CCso HepG2
45 <1.0 <1.0 5.4 >40 >64 8.0 18 1.1
46 <1.0 <1.0 2.3 >40 >64 4.0 50 2.4
53 <1.0 <1.0 2.4 >40 8.0 1.0 19 1.1
54 <1.0 <1.0 2.0 >40 >64 25 12 1.8

KS: kinetic solubilities; PAMPA: Parallel Artificial Membrane Permeation Assay; 3T3: mouse embryonic fibroblasts; MRC-5: human lung fibroblasts; PMM: primary
peritoneal mouse macrophages; L6: rat skeletal muscle myoblast; HepG2: human hepatocyte carcinoma.



C. de Oliveira Rezende Jiinior et al.

A
6 . e g ICs: UM
E = 4 G 500 TH
S wh e .
=
o -
g“’ . ICs0: 5UM
a5 - - .
. IC50: 10uM
b .
-~ o B
4
0 2 4 6
logD
7
B
s . g
6 + + R ICsp: 1M
8 . at .,
S whd ¥
X .
Q,, * . > IC50: 5UM
a . = .
5 w * ICsy: 104M
wet, ‘e
4
0 1 2 4 5 6

3
logD
Fig. 4. Graphic of cLogD vs T. cruzi pICso. A) Green spots represent compounds

with MLM clearance < 50 pL/min/mg; B) Red spots represent compounds with
MRC-5 CCsp < 10 pM.
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Fig. 5. Summary of SAR and SPR analysis.

molecules [35].

A few additional structural modifications were explored through
inclusion of polar and/or ionizable groups or reduction of hydropho-
bicity in the benzimidazole ring and N-alkyl chain (Table S2) in an
attempt to generate candidates with a better combination of potency,
selectivity and in vitro pharmacokinetic properties. Despite significant
medicinal chemistry efforts, we were unable to identify further opti-
mized analogues. For this reason, and in combination with the toxic
effects observed in another study with this series [29], we decided to
terminate the hit-to-lead efforts without progressing a lead candidate
into animal models of T. cruzi infection.

In summary, a total of 277 compounds were synthesized and eval-
uated. An overview of the interplay between potency, lipophilicity,
cytotoxicity and microsomal metabolic stability is shown in Fig. 4. Good
levels of potency (ICso < 10 pM) were observed within a wide range of
lipophilicity values (LogD between 1.5 and 5), and the great majority of
compounds showed submicromolar ICsq values with LogDs between 1.7
and 3.5. The most metabolically stable compounds (MLM clearance <
50 pL/min/mg) had LogDs < 3.5, corroborating the assumption that
reducing lipophilicity is a useful strategy to lower overall in vitro
microsomal clearance. The hit-to-lead strategy to decrease LogD and
block metabolic soft spots was successful in generating compounds with
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satisfactory levels of in vitro potency, metabolic stability, and lip-
ophilicity (Fig. 4A). Unfortunately, some of the most potent compounds
(ICsp < 1 pM) also showed high cytotoxicity (MRC-5 CCsg < 10 pM),
which may be related to the mechanism of action. However, not all
active compounds were cytotoxic at this level (Fig. 4B).

The main SAR and SPR conclusions are reported in Fig. 5. The N-
alkyl-N'-acylaminobenzimidazole moiety seems to be the minimal
pharmacophore for anti-T. cruzi activity. Introduction of EWGs in the
benzimidazole ring and addition of nitrogen within the benzimidazole
ring were well tolerated in terms of potency and improved microsomal
stability. A hydrophobic group at the N-alkyl chain is essential for po-
tency, with a trifluoroethyl group showing the best balance between
anti-T. cruzi activity and microsomal stability. Reduction of lipophilicity
on the right-hand side with pyridine and pyrazole derivatives led to
analogues with low micromolar potency and suitable ADME properties.

3. Conclusion

Starting from a highly lipophilic and metabolically unstable benz-
imidazole hit 1, we identified multiple compounds with good potency
against intracellular T. cruzi amastigotes and much improved ADME
properties. Due to low kinetic solubility and in vitro cytotoxicity, a proof-
of-concept study in a Chagas disease animal model was not considered.
Ongoing research is currently trying to identify the mechanism of action
of this series to support additional drug discovery campaigns and eval-
uate the possibility of decoupling the observed cytotoxic effects from the
antitrypanosomal activity.

4. Materials and methods
4.1. Parasite and cell cultures

T. cruzi, Tulahuen CL2, beta-galactosidase strain was used for the
routine antiparasitic assay. The strain was maintained on MRC-5
(human lung fibroblast) cells in MEM medium, supplemented with
200 mM L-glutamine, 16.5 mM NaHCOg3, and 5% inactivated fetal calf
serum (FCS). All cultures and assays were conducted at 37 °C under an
atmosphere of 5% CO».

4.2. Compound solutions/dilutions

Compound stock solutions were prepared in 100% DMSO at 20 mM.
The compounds were serially pre-diluted (2-fold or 4-fold) in DMSO
followed by a further (intermediate) dilution in demineralized water to
assure a final in-test DMSO concentration of < 1%. The compounds were
tested at 4-fold compound dilutions covering a range of 64 down to
0.00024 pM.

4.3. Parasitology assays

Routine T. cruzi assays were performed in sterile 96-well microtiter
plates.Each well contained 10 pL of the compound dilutions together
with 190 pL of MRC-5gy- cell/parasite inoculum (4 x 103 cells/well + 4
x 10* parasites/well). Parasite growth was compared to untreated-
infected controls (100% growth) and non-infected controls (0%
growth) after 7 days incubation at 37 °C and 5% CO,. Parasite burdens
were assessed after adding the substrate CPRG (chlorophenol red $-D-
galactopyranoside): 50 pL/well of a stock solution containing 15.2 mg
CPRG + 250 pL Nonidet in 100 mL PBS. Change in color was measured
spectrophotometrically at 540 nm after 4 h incubation at 37 °C. The
results were expressed as % reduction in parasite burdens compared to
control wells, and an ICsy (50% inhibitory concentration) was calcu-
lated. Benznidazole was included as the reference drug (ICso ~2-5 pM).
The wash-out assay was performed as described by Kaiser et al. [36].
The 48 h incubation assay in 3T3 cells was performed as described by
Varghese et al. [36].
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4.4. Cytotoxicity assays

Assays were performed in sterile 96-well microtiter plates, each well
containing 10 pL of the watery compound dilutions together with 190 pL
of MRC-5 inoculum (1.5 x 10° cells/mL). Cell growth was compared to
untreated-control wells (100% cell growth) and medium-control wells
(0% cell growth). After 3 days incubation, cell viability was assessed
fluorometrically after addition of 50 pL resazurin per well. After 4 h at
37 °C, fluorescence was measured (lex 550 nm, ey, 590 nm). The results
were expressed as % reduction in cell growth/viability compared to
control wells and a CCsg (50% cytotoxic concentration) was determined.
Cytotoxic reference compounds included vinblastine or paclitaxel (CCsg
< 0.01 uM). Cytotoxicity assays using other cell lines were performed
using a similar colorimetric assay as previously described [36] or by
measuring the cell ratio values during high-content screening assays.

4.5. Off-target panel

The compounds were evaluated across a panel of 20 liability targets
(37 functional assays) which included functional cell-based GPCRs and
ion channels in both agonist and antagonist readout, measuring calcium
flux and biochemical functional assays for nuclear hormone receptors
and phosphodiesterases using TR-FRET format, in a 6 point 1:3 dilution
dose series (maximum final concentration of 10 pM).

4.6. Experimental determination of distribution coefficient (eLogD)

To determine the lipophilicity of the compounds, a methodology
based on the retention time of molecules in reverse stationary phase
(Supelco Ascentis express RP amide HPLC column 5 cm x 2.1 mm, 2.7
pM). was used. The chromatogram was obtained using liquid
chromatography-tandem mass spectrometry (LC-MS/MS). Test com-
pounds were prepared at 1.0 pg/mL by adding the stock solution at (1:1)
mobile phases A:B + internal standard at 200 nM (A: 5% methanol in 10
mM ammonium acetate pH 7.4/B: 100% methanol), with a DMSO
concentration lower than 2%. The lipophilicity of compounds was
assessed by individually injecting the test compounds and a series of
eight commercial drugs for which LogD values had already been
determined, covering a LogD range of —1.86 to 6.1. The retention time
(in minutes) of each of the eight standards was plotted against their
LogD values. The resulting equation for the calibration curve (y = mx +
b) was used to calculate the LogD values for the test compounds.

4.7. Mouse liver microsomal stability assay

The metabolic stability of the compounds was evaluated in mouse
liver microsomes (CD1 mouse, GIBCO). Test compounds were prepared
at a concentration of 0.5 pM and incubated with 0.25 mg/mL liver mi-
crosomes at pH 7.4 and 37 °C. The reaction started by addition of
NADPH at 0.5 pM. Samples were taken at 0, 5, 10, 20, 30 and 60 min.
The reaction was stopped by addition of acetonitrile:methanol (1:1)
containing an internal standard (tolbutamide at 50 nM). Compounds
were quantified by LC-MS/MS. Peak area ratios (analyte/internal stan-
dard) were converted to % remaining using the area ratio at time 0 as
100%. Half-life (t; /2 = In [2]/k) in minutes and intrinsic clearance (Cljy¢
= k x 1000/0.25) in pL/min/mg were calculated using a non-linear
regression from % remaining versus incubation time. From this plot,
the slope (k) was determined. The analysis conditions were: analytical
column (Supelco Ascentis express C18 column 3 cm x 2.1 mm, 5 pM).);
electrospray ionization source (ESI) in positive and negative mode;
mobile phase A (water + 0.1% formic acid) and B (acetonitrile + 0.1%
formic acid); flow rate of 0.7 mL/min.

4.8. Parallel artificial membrane permeability assays (PAMPA)

To determine the passive permeability of the compounds, a 96-well
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plate containing pre-coated membranes was used (Corning Gentest #
353015). The solutions of the compounds were prepared by diluting the
stock solutions (10 mM) in phosphate buffered saline (PBS) pH 6.5 at a
final concentration of 10 M. The solutions diluted in PBS pH 6.5 were
then added to the donor portion of the plate (300 pL/well), while in the
acceptor portion PBS pH 7.4 (200 pL/well) was added. The two portions
of the plate were then coupled, and the system was incubated for 5 h at
37 °C. Samples of the initial donor solution (TO) were collected and
stored at —20 °C. At the end of incubation, samples were collected from
the donor and acceptor plates, and then added to plates containing
Quench solution (10% water and 90% methanol: acetonitrile (50:50) +
50 nM tolbutamide); the TO samples were treated similarly. The final
concentrations of compounds in the donor, acceptor and TO wells were
quantified by LC-MS/MS. The results were used to calculate an effective
permeability (Pe) value. The PAMPA assay was performed in triplicate
(n = 3).

4.9. Kinetic solubility

To determine kinetic solubility, 10 mM samples of each compound
were transferred to a 96-well plate (incubation plate) in duplicate; for
each sample on the plate, 195 pL of PBS buffer pH 7.4 and 2.0 (final
concentration of 250 pM) was added, and DMSO concentration was
2.5%); the plate was sealed and shaken for 24 + 1 h (200 rpm, r.t.). The
precipitates on the incubation plate were removed by centrifugation (15
min, 3000 rpm, r.t.). The supernatant fractions were quantified by LC-
MS/MS. Calibration curves were prepared for each compound by
diluting 10 mM samples to reach the desired concentration of 50, 40, 20,
2, and 1 pM. The resulting equation for the calibration curve (y = mx +
b) was used to calculate the experimental concentration values.
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Synthetic Chemistry

Unless noted, all reactions were performed under an atmosphere of argon with
dry solvents and magnetic stirring. Dichloromethane (DCM) and triethylamine
(EtsN) were distilled from CaH2. Tetrahydrofuran (THF) was distilled from
sodium/benzophenone. Dimethyl formamide (DMF) was purchased from Aldrich
(anhydrous) and used without further purification. Yields refer to homogeneous
materials obtained after purification of reaction products by flash column
chromatography using silica gel (200-400 mesh), liquid-liquid extraction or
recrystallization. Analytical thin-layer chromatography was performed on silica-
gel 60 and GF (5-40 um thickness) plates, and visualization was accomplished
using UV light, basic potassium permanganate staining or ninhydride solution
followed by heating. *H and proton-decoupled 3C NMR spectra were acquired in
CDClz, CD3OD or de-DMSO at 250 MHz (*H) and 62.5 MHz (*3C) (Bruker
DPX250), at 400 MHz (*H) and 100 MHz (*3C) (Bruker Avance 400), at 500 MHz
(*H) and 125 MHz (*3C) (Varian Inova 500), or at 600 MHz (*H) and 150 MHz
(*3C) (Bruker Avance 600). Chemical shifts (d) are reported in ppm using residual
undeuterated solvent as an internal standard (CDCls at 7.26 ppm, CDsOD at 3.31
ppm, de-DMSO at 2.50 ppm, and TMS at 0.00 ppm for *H NMR spectra and CDCl3
at 77.16 ppm, CD30D at 49.0 ppm, de-DMSO at 39.52 ppm for 3C NMR spectra).
Multiplicity data are reported as follows: s = singlet, d = doublet, t = triplet, q =
quartet, br s = broad singlet, dd = doublet of doublets, dt = doublet of triplets, ddd
= doublet of doublet of doublets, tt = triplet of triplets, app d = apparent doublet,
app t = apparent triplet, m = multiplet, and br m = broad multiplet. The multiplicity
is followed by the coupling constant(s) in Hz and integration. High resolution mass

spectrometry (HRMS) was measured using electrospray ionization (ESI) (waters



xevo Q-tof, thermo LTQ-FT ultra, or thermos Q exactive) or using electron
ionization (El) (GCT premier waters). The synthesis and description of
compounds 2, 12-14, 16-24, 41, 45-48, 50, 51 and 53 were previously reported
(). All presented compounds were synthesized, characterized and tested within
the development of this work. Details of synthetic and characterization data

present only in the supporting information are available upon request.

Method A: Nucleophilic substitution reactions with amines

N NO2  R2—NH, e NO,
a0 —_— —
= |

F K,COs KF Z>NH

DMF, 0°C - r.t. Il?z

To a stirring solution of 2-fluoronitrobenzene derivatives in DMF (concentration of 0.5
mol.L) was added K>COs (1.0 equiv.), KF (1.0 equiv.) and corresponding primary
amines (1.1 equiv.) at 0°C. The reaction was stirred at room temperature until the
consumption of the 2-fluoronitrobenzene. Water (15-fold DMF amount) was added at
room temperature and the formed solid was filtered and washed with water. The solid
was dried in the high vacuum, generating the desired aniline. When a solid was not formed
after water addition, the solution was extracted with diethyl ether. The organic layer was

dried with magnesium sulfate, filtered and evaporated, giving the aniline product.

Method B: Reduction reaction of nitro groups

o N92 o, parc e
R 2T, g
- P

'}‘H EtOAc: MeOH ITIH

R? r.t. R2

To a stirring solution of nitrobenzene derivatives in mixture of EtOAc and MeOH (1:1,
concentration of 0.2 mol.L™?) was added 10% Pd/C (10 mol %) at room temperature.

3



Hydrogen gas (1 bar) was added until the consumption of the nitrobenzene derivative.
The solution was filtered through celite and evaporated under reduced pressure,

generating the phenylenediamine derivatives.

Method C: Construction of aminobenzimidazole fragment

NHz  BrCN (1 M in DCM) XN
— =

NH MeOH; 60°C
R? "

To a stirring solution of phenylenediamine derivatives in methanol (concentration of 1.0
mol.L?) in a sealed tube, was added a 1.0 mol.L™ fresh solution of cyanogen bromine
(1.5 equiv.) at room temperature. The reaction was stirred at 60°C until the consumption
of phenylenediamine derivative. The reaction was quenched at room temperature with a
solution of NaOH (2.0 mol.L™%). The organic layer was separated and washed with brine.
The DCM layer was dried with magnesium sulfate, filtered and evaporated under reduced

pressure, giving the desired aminobenzimidazole fragment.
Method D: EDC-coupling reaction
o)
R1©::\\>—NH2 R3—002H R1—:(>:N\>—N?_|;R3

o EDC, HOB, N
DMF, r+t. R?

To a stirring solution of aminobenzimidazole in a minimal possible amount of DMF was
added EDC (1.2 equiv.), HOBLt (1.0 equiv.) and the corresponding carboxylic acid (1.1
equiv.) at room temperature. The reaction was stirred until the consumption of
aminobenzimidazole. Excess of water was added and the mixture was stirred for 15

minutes at room temperature. The solid was filtered and washed with water and dried in



the high vacuum, generating the desired acyl aminobenzimidazole. A flash

chromatography column was performed for some final compounds.

2-(2,5-difluorophenyl)-N-(1-propyl-1H-benzo[d]imidazol-2-yl)acetamide (3)

CL i }
N \>—NH N F
I 2
o 2, Ch w20, i
N —_— F N
.
3

H
la KOH, acetone, Ib (
60 °C.

(67%)

Method D

(92%)
To a stirred solution of 2-aminobenzimidazole la (531 mg; 4 mmol) in acetone PA (20
mL), KOH (450 mg; 8 mmol) and then Pr-1 (0.39 mL; 4 mmol) were added. After 3 h at
60°C (oil bath temperature) the volatiles were removed, and water (1 mL) was added. The
product was extracted with EtOAc (4 x 8 mL), dried over Na2SO4 and purified by flash
column chromatography (DCM:MeOH 9:1) to yield 468 mg (67%) of the desired
alkylated compound Ib. The compound 3 was prepared in 92% yield using the method

D.

3; 'H NMR (500 MHz, CDCl3) § 7.30 — 7.17 (m, 4H), 7.09 (ddd, J = 8.8, 5.7, 3.2 Hz,
1H), 6.99 (td, J = 8.9, 4.6 Hz, 1H), 6.93 — 6.85 (m, 1H), 4.02 (t, J = 7.2 Hz, 2H), 3.81 (s,
2H), 1.94 — 1.62 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H).13C NMR (126 MHz, CDCls) & 181.71,
158.58 (d, J = 241.0 Hz), 157.48 (d, J = 243.5 Hz), 153,47, 129,61, 128,24, 126.65 (dd,
J=18.9, 8.2 Hz), 123,19, 123,08, 118.21 (dd, J = 24.0, 4.9 Hz), 115.90 (dd, J = 25.3, 8.8
Hz), 114.24 (dd, J = 24.0, 8.5 Hz), 111.32, 109.51, 43.82, 40.41, 21.77, 11.34. HRMS

m/z calculated for C1gH1gF2N3O™ [M+H]* 330.1412, found 330.1407.

2-(4-fluorophenyl)-N-(1-propyl-1H-imidazol-2-yl)acetamide (4)



OMe 1) ~_|

A tBUOK, DMF
MeO™ NMe, N/ NMez 400 16h
—_————

N
Ra | D—NH
rt., 14h [N 2) HCI (6M) [N>_ ’

H ja (98%) H b reflux, 3h ( lic

3) NaOH (6M)
0°C
(91%)

F )

-
>

N
Method D [ S—NH
(44%) |

A solution of l1a (3 mmol) in N,N-dimethylformamide dimethyl acetal (5 mL) was stirred
at room temperature for 14h. The mixture was evaporated under reduced pressure and the
residue was purified by flash chromatographic column (3 DCM : 1 EtzN) giving I1b in

98% vield (2).

To a solution of 11b (270 mg; 1.95 mmol) in DMF (10 mL) was added n-propyl iodide
(0.29 mL; 2.93 mmol) and potassium tert-butoxide (0.44 g; 3.91 mmol) at room
temperature. The mixture was stirred for 16 h at 40°C. Then, it was added water (15 mL)
at room temperature, and the mixture was extracted with EtOAc (3 x 30 mL), the organic
layer was dried with magnesium sulfate, filtered and evaporated under reduced pressure.
To the crude was added HCI (6 M) and the solution was stirred at reflux for 3h. Then,
NaOH (6 M) was added at 0°C until pH 7. The mixture was extracted with DCM (4 x 40
mL), the organic layer was dried with magnesium sulfate, filtered and evaporated under

reduced pressure giving llc in 91% yield.

The compound 4 was prepared in 44% yield from iic using the Method D.



4; *H NMR (500 MHz, DMSO) § 10.22 (s, 1H), 7.44 — 7.35 (m, 2H), 7.16 (t, J = 8.8 Hz,
2H), 7.06 (s, 1H), 6.76 (s, 1H), 3.60 (s, 2H), 3.56 (t, J = 7.6 Hz, 2H), 1.60 — 1.49 (m, H),
0.71 (t, J = 7.3 Hz, 3H). 3C NMR (126 MHz, DMSO) 5 162.55, 160.63, 132.67, 131.45,
131.41, 131.35, 119.16, 115.54, 115.37, 115.22, 46.89, 23.43, 11.27. HRMS m/z

calculated for C14H17FN3O* [M+H]" 262.1350, found 262.1351.

N-(1H-benzo[d]imidazol-2-yl)-2-(4-chlorophenyl)acetamide (5)

N cl
L = o 8
N Method D ©: Y nH
N
N 5

The compound 5 was prepared in 73% yield using the Method D.

Cl

5; 1H NMR (400 MHz, DMSO) 5 12.02 (s, 1H), 11.79 (s, 1H), 7.61 — 7.26 (m, 3H), 7.07
(dd, J = 6.0, 3.1 Hz, 1H), 3.79 (s, 2H). 3C NMR (101 MHz, DMSO) 5 170.05, 146.47,
134.20, 131.54, 131.17, 128.31, 123.72, 121.03, 115.14, 41.48.

N-(benzo[d]thiazol-2-yl)-2-(4-chlorophenyl)acetamide (6)

N
(L
S Method D

(72%)

(0]
0}
B0, e
g NH
o S
6

Cl

The compound 6 was prepared in 72% yield using the Method D.

6; 'H NMR (500 MHz, CDCls) & 9,99 (s, 1H), 7.84 (d, J = 7.9 Hz, 1H), 7.74 (d, J = 8.1
Hz, 1H), 7.49 — 7.39 (m, 1H), 7.32 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.3 Hz, 2H), 3,80 (s,
2H).13C NMR (126 MHz, CDCls) § 168.94, 158.50, 148.10, 134.26, 132.25, 131.25,

130.90, 129.57, 126.61, 124.40, 121.75, 120.89, 42.86.



4-bromo-N-(1-propyl-1H-benzo[d]imidazol-2-yl)benzenesulfonamide (7)

0 o
@[:\>—NH2 . O;/é';@—ar W @E:\>—Nﬁ4©73r
¢ A
To a solution of 1-propyl-1H-benzo[d]imidazol-2-amine (40 mg, 0.23 mmol) and DMAP
(5.6 mg; 0.046 mmol, 20 mmol%) in dichloromethane (1.18 mL), 4-
bromobenzenesulfonyl chloride (64 mg, 0.25 mmol, 1.1 eq) and triethylamine (0.095 mL,
0.69 mmol, 3.0 eq) were added at room temperature. The yellow reaction mixture was
stirred overnight and then 0.5 mL of water was added. The product was extracted with
DCM (3x3 mL) and the combined organic extracts were dried with MgSO4 and filtrated.
Removal of volatiles afforded 99.5 mg of white solid. The crude product was purified by
flash column chromatography (Hex:AcOEt 35%) to yield 37 mg (41%) of the desired

sulfonamide as a white solid.

7: 'H NMR (250 MHz, CDCl3) 5 & 10.36 (s, 1H), 7.83 (d, J = 8.6 Hz, 2H), 7.57 (d, J =
8.4 Hz, 2H), 7.33 — 7.10 (m, 4H), 3.96 (t, = 7.3 Hz, 2H), 1.86 — 1.65 (m, 2H), 0.88 (t, J
= 7.4 Hz, 3H).13C NMR (63 MHz, CDCls) § 149.66, 142.87, 132.04, 129.93, 128.32,

127.70, 126.46, 123.46, 123.32, 111.23, 109.44, 43.89, 21.58, 11.29.

1-(4-chlorophenyl)-3-(1-propyl-1H-benzo[d]imidazol-2-yl)urea (8)

o) 0o
N C N —NH
O~ (o 5O Ty
N

H KOH, acetone, DCM, r.t., 8h ( Cl
60 °C. (94%) 8

Ila
(67%)

To astirred solution of 2-aminobenzimidazole (531 mg; 4 mmol) in acetone PA (20 mL),
KOH (450 mg; 8 mmol) and then n-propyl iodide (0.39 mL; 4 mmol) were added. After

3 h at 60 °C the volatiles were removed and water (1 mL) was added. The product was

8



extracted with EtOAc (4 x 8 mL), dried over NaSO4 and purified by flash column
chromatography (DCM:MeOH 9:1) to yield 468 mg (67%) of the desired alkylated

compound Illa.

To a solution of Illa (85 mg; 0. 49 mmol) in DCM (3 mL) was added 1-chloro-4-
isocyanatobenzene (82 mg; 0.53 mmol) at room temperature. After 8h, the solution was
washed with water (2 x 3 mL), the organic layer was dried with magnesium sulfate,
filtered and evaporated under reduced pressure. The mixture was purified by flash column

chromatography (EtOAc:Hex 1:1) to yield 131 (94%).

8; 'H NMR (400 MHz, CDCls) § 11.60 (s, 1H), 7.49 (d, J = 8.4 Hz, 2H), 7.31— 7.08 (m,
7H), 4.00 (t, J = 7.3 Hz, 2H), 1.83 (m, 2H), 0.99 (t, J = 7.3 Hz, 3H). 3C NMR (101 MHz,
CDCls) & 162.57, 153.51, 148.29, 138.57, 129.94, 128.80, 128.63, 126.98, 122.40,
122.36, 119.77, 110.36, 108.77, 43.40, 40.04, 21.57, 11.37, 0.01. HRMS m/z calculated

for C17H18CIN4O" [M+H]" 329.1164, found 329.1171.

2-(4-chlorophenyl)-N-(2-(1-propyl-1H-benzo[d]imidazol-2-yl)ethyl)acetamide (9)

Cl

\ >

N EDC, HOB, N NH

Ho Et;N, DMF \>J Vb
a rt., 8h

Cl

(97%) N
cl
{BUtOK, DMF, N NH
rt, 18h ©: \>_f
(89%) N



To a stirring solution of amine 1Va (0.2 g; 0.85 mmol) in DMF (5 mL) were added EDC
(0.2 g; 1.02 mmol), HOBLt (0.14 g; 1.02 mmol), EtsN (0.35 mL) and the corresponding
carboxylic acid (0.16 g; 0.94 mmol) at room temperature. After 8h, excess of water (50
mL) was added, and the mixture was stirred for 15 minutes at room temperature. The
solid was filtered and washed with water and dried in the high vacuum, generating 1Vb
in 97% yield. To a stirring solution of Vb (0.05g; 0.16 mmol) in DMF (2 mL) were
added tBuOK (0.018 g; 0.16 mmol) and propyl iodide (0.041 g; 0.24 mmol) at room
temperature. After 18 h, water was added (8 mL) and the mixture was extracted with
EtOAc (3 x 6 mL). The organic layer was dried with magnesium sulfate, filtered and
evaporated under reduced pressure. The mixture was purified by flash column

chromatography (EtOAc:Hex 1:1) to give 9 in 89% vyield

9; 'H NMR (400 MHz, CDCl3) & 7.79 — 7.45 (m, 1H), 7.36 — 7.24 (m, 3H), 7.21 — 7.05
(m, 5H), 4.05 — 3.97 (t, J = 5.9 Hz, 2H), 3.83 (dd, J = 11.9, 6.0 Hz, 2H), 3.48 (s, 2H), 3.00
(t, J = 5.9 Hz, 2H), 1.90 — 1.71 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz,
CDCls) § 170.70, 152.54, 142.22, 134.91, 133.34, 133.01, 130.69, 128.86, 122.33,
122.04, 119.04, 109.47, 45.08, 43.11, 36.47, 26.75, 23.06, 11.37. HRMS m/z calculated

for C20H23CIN3O* [M+H]" 356.1524, found 356.1529.

4-fluoro-N-(6-fluoro-1-propyl-1H-benzo[d]imidazol-2-yl)benzamide (10)

10



1) ~NH2 NH, BrCN

/@NOQ Method A /@ Method C
—_— —
F F '\g

F 2) Hy; Pd/C (97%)
Method B
(84%)
0
T 2 (S
F N DCM, Et:N,  F N

T

The aminobenzimidazole V was prepared in 82% yield using the methods A, B and C.
To a solution of V (61 mg; 0.32 mmol) in anhydrous DCM (3 mL) was added EtsN (0.5
mL) and 4-fluorobenzoyl chloride (102 mg; 0.64 mmol) at 0°C. The solution was stirred
at room temperature for 3h. DCM (10 mL) was added at room temperature and the
mixture was washed with water (2 x 10 mL). The organic layer was dried with magnesium

sulfate, filtered and evaporated under reduced pressure. The mixture was purified by flash

column chromatography (EtOAc:Hex 1:1) to give 10 in 65% yield.

10; *H NMR (600 MHz, CDCls) & 12.38 (s, 1H), 8.45 — 8.28 (m, 2H), 7.23 (dd, J = 8.6,
4.4 Hz, 1H), 7.14 - 7.08 (m, 2H), 7.01 — 6.91 (m, 2H), 4.18 (t, J = 7.4 Hz, 2H), 1.98 —
1.88 (M, 2H), 1.04 (t, J = 7.4 Hz, 3H). 3C NMR (151 MHz, CDCls) & 175.52, 165.86,
164.19, 160.36, 158.76, 154.79, 134.14, 131.56, 131.50, 130.47, 130.39, 124.46, 114.89,
114.74, 111.72, 111.65, 110.22, 110.05, 97.28, 97.09, 44.05, 21.69, 11.45. HRMS m/z

calculated for C17H16F2N3O* [M+H]* 316.1256, found 316.1265.

5-fluoro-N-(4-fluorobenzyl)-1-propyl-1H-benzo[d]imidazol-2-amine (11)

11



1) S NH2

= £ F NH, BrCN
\@ Method A \Q Method C
NO, 2) Hy; Pd/C NH (84%)
Method B H

(83%)

H
1)
F
F N PTSA, Toluene, E F
N NH 100°C,14h N,
\Q,f— 2 >—NH

2) NaBH,4, MeOH N
VI 0°C-r.t., 2h 11
(30%)

The aminobenzimidazole VI was prepared in 68% yield using the methods A, B and C.
To a solution of VI (98 mg; 0.51 mmol) in anhydrous toluene (15 mL) was added PTSA
(18 mg; 0.1 mmol; 20 mol%). The solution was stirred at 100°C for 14h. EtOAc (25 mL)
was added at room temperature and the mixture was washed with water (20 mL). The
organic layer was dried with magnesium sulfate, filtered and evaporated under reduced
pressure. The mixture was purified by flash column chromatography (Et.O:DCM 1:5) to
give the corresponding imine (55 mg).

To a solution of this imine in MeOH (5 mL) was added NaBH4 (9 mg; 0.23 mmol) at 0°C.
After 2h at room temperature, water (5 mL) was added and the mixture was extracted

with EtOAc (2 x 10 mL), dried over Na;SO4 and evaporated giving 11 in 30% yield.

11; 'H NMR (500 MHz, CDCls) § 7.39 (dd, J = 8.5, 5.4 Hz, 2H), 7.20 (dd, J = 9.6, 2.4
Hz, 1H), 7.04 (t, J = 8.7 Hz, 2H), 6.97 (dd, J = 8.6, 4.5 Hz, 1H), 6.87 — 6.78 (m, 1H), 4.73
(s, 2H), 3.85 (t, J = 7.3 Hz, 2H), 1.79 (h, J = 7.3 Hz, 2H), 0.98 (t, J = 7.4 Hz, 3H). 13C
NMR (126 MHz, CDCl3) & 163.33, 161.37, 160.09, 158.22, 154.49, 134.25, 134.22,

130.81, 129.62, 129.55, 115.69, 115.52, 107.36, 107.27, 107.06, 106.86, 103.21, 103.01,

12



46.77, 44.09, 22.27, 11.44. HRMS m/z calculated for C17H16F2N3O* [M+H]* 316.1256,

found 316.1569.

N-(5,6-difluoro-1-propyl-1H-benzo[d]imidazol-2-yl)-2-(2,5-
difluorophenyl)acetamide (15)

1) Hy; Pd/C

Olk/ Methods B
0

F NO F NO, 2) BrCN
2 NaBH(OAc), j@[ Method G F N
DCE, r.t. E NH (70%) N N NH

F NH, -

= e 5
VII 15

F
Method D
(80%)

\
-

To a solution of nitroaniline (350 mg; 2 mmol) in DCE (2.4 mL), propanal (0.30 mL; 4.2
mmol) was added. After 10 min at rt, NaBH(OAc)3 (1189 mg; 5.6 mmol) was added in
five portions for 10 min. After stiring for 24 h at rt, DCE (4 mL), propanal (0.30 mL; 4.2
mmol) and NaBH(OAc)3 (1165 mg; 5.5 mmol) were added again. The reaction mixture
was allowed to stir additional 36 h and then quenched with NaOH 2 M (5 mL). The
product was extracted with DCM, dried over MgSQg4, concentrated and purified by flash
column chromatography (Hexanes:AcOEt 9:1) to yield 329 mg (76%) of the desired
compound V1I. The compound 15 was prepared in 56% yield using the methods B, C and
D.

15; IH NMR (500 MHz, CDCls) & 12.12 (s, 1H), 7.15 — 6.95 (m, 4H), 6.94 — 6.85 (m,
1H), 4.03 — 3.89 (m, 2H), 3.79 (s, 2H), 1.83 — 1.70 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H).13C
NMR (126 MHz, CDCls) 6 181.37, 158.58 (d, J = 241.2 Hz), 157.45 (d, J = 241.0 Hz),
154.16, 147.80 (dd, J = 243.2, 14.0 Hz), 147.51 (dd, J = 243.0, 14.1 Hz), 126.29, 125.42,
124.10, 118.18 (dd, J = 24.0, 4.8 Hz), 115.98 (dd, J = 25.2, 8.8 Hz), 114.43 (dd, J = 23.9,
8.2 Hz), 100.82 (d, J = 21.8 Hz), 98.68 (d, J = 23.9 Hz), 44.24, 40.30, 21.65, 11.29.

HRMS m/z calculated for C1gH16F4N3O™ [M+H]* 366.1224, found 366.1215.
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2-(4-fluorophenyl)-N-(3-propyl-3H-imidazo[4,5-b]pyridin-2-yl)acetamide (25)

NH
No, DR o NH2 BrCN
| ~ 2 Method A | Method C
—_— _ _
NT > F 2) Hy; Pd/C N™ "NH (47%)
Method B
(99%)
X N F
N o)
PR - X
N Method D | N S—NH
o —

The compound 25 was prepared in 40% yield using the methods A, B, C and D.

25; 'H NMR (500 MHz, CDCls) 6 12.14 (s, 1H), 8.27 (d, J = 4.9 Hz, 1H), 7.48 (d, J =
7.7 Hz, 1H), 7.38 (dd, J = 8.2, 5.6 Hz, 2H), 7.15 (dd, J = 7.8, 5.1 Hz, 1H), 7.03 (t, J = 8.7
Hz, 2H), 4.18 (t, J = 7.4 Hz, 2H), 3.80 (s, 2H), 1.89 (m, 2H), 0.99 (t, J = 7.4 Hz, 3H). 13C
NMR (126 MHz, CDCls) 6 183.98, 162.70, 160.76, 153.55, 143.51, 143.18, 132.83,
131.01, 122.10, 118.27, 117.69, 115.07, 114.90, 46.68, 42.69, 21.65, 11.23. HRMS m/z
calculated for C17H1sFN4O* [M+H]" 313.1459, found 313.1470.

N-(5-fluoro-1-propyl-1H-benzo[d]imidazol-2-yl)picolinamide (26)

N_-CO.H
| 0] N=
AN A S NV
) - Uk
N Method D N

Vi 6 (87%) ( 26

The aminobenzimidazole VI was prepared in 70% yield as reported in the synthesis of

11. The compound 26 was prepared in 87% yield using the method D.

14



26; 'H NMR (400 MHz, CDCls) & 8.73 (d, J = 4.3 Hz, 1H), 8.38 (d, J = 7.8 Hz, 1H),
7.87 (t, J = 7.6 Hz, 1H), 7.50 — 7.42 (m, 1H), 7.38 (d, J = 8.8 Hz, 1H), 7.23 (dd, J = 8.8,
4.3 Hz, 1H), 7.02 (td, J = 9.1, 2.3 Hz, 1H), 4.22 (t, J = 7.3 Hz, 2H), 1.99 — 1.80 (m, 2H),
0.99 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCl3) § 160.64, 158.27, 149.00, 137.07,
126.13, 123.86, 110.62, 110.37, 109.92, 109.83, 102.32, 45.55, 22.14, 11.39. HRMS m/z

calculated for C16H16FN4O* [M+H]" 299.1303, found 299.1312.

N-(3-propyl-3H-imidazo[4,5-b]pyridin-2-yl)picolinamide (27)

CO,H

o 3
(IN\>—NH2 (j: S—NH

N Method D

vm( (49%) (

The aminobenzimidazole VIII was prepared in 47% yield as reported in the synthesis of
25. The compound 27 was prepared in 49% yield from i, using the method D.
27;'H NMR (500 MHz, CDCls) & 10.54 (s, 1H), 8.74 (s, 3H), 8.40 (s, 1H), 8.34 (d, J =
4.5 Hz, 1H), 7.93 (s, 2H), 7.53 (s, 1H), 7.23 (dd, J = 7.7, 5.0 Hz, 1H), 4.38 (t, J = 7.3 Hz,

2H), 2.10 - 1.91 (m, 2H), 1.02 (t, J = 7.2 Hz, 3H). HRMS m/z calculated for C15H1sNsO*

[M+H]" 282.1349, found 282.1357.

N-(3-propyl-3H-imidazo[4,5-b]pyridin-2-yl)-6-(trifluoromethyl)picolinamide (28)

F4C CO,H CF3

N
N U 2 N=
S _ N
\ SN
EIN%NHZ > EI\>—NH \_7/
N Method D N~ N
vm( (40%) 6 28
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The aminobenzimidazole VIII was prepared in 47% yield as reported in the synthesis of
25. The compound 28 was prepared in 40% yield from i, using the method D.

28; 1H NMR (500 MHz, CDCls) & 12.69 (s, 1H), 8.62 (d, J = 5.7 Hz, 1H), 8.34 (d, J =
4.2 Hz, 1H), 8.10 (s, 1H), 8.03 (d, J = 6.9 Hz, 1H), 7.87 (s, 1H), 7.24 (s, 1H), 4.38 (t, J =
6.9 Hz, 1H), 2.13 — 1.95 (m, 1H), 1.05 (t, J = 7.3 Hz, 1H). HRMS m/z calculated for

Ci16H1sF3sNsO* [M+H]" 350.1223, found 350.1223.

N-(5-fluoro-1-propyl-1H-benzo[d]imidazol-2-yl)-6-(trifluoromethyl)picolinamide
(29)

F3C_Ng_-COH CF,

N U R N=
_ F
JORST U
F N Method D N
Vv ( (72%) ( 29

The aminobenzimidazole V was prepared in 82% yield as reported in the synthesis of 10.

Y

The compound 29 was prepared in 72% yield using the method D.

29: 1H NMR (500 MHz, CDCls) & 12.55 (s, 1H), 8.55 (d, J = 7.8 Hz, 1H), 8.03 (s, 1H),
7.80 (d, J = 6.9 Hz, 1H), 7.54 (dd, J = 7.0, 3.5 Hz, 1H), 7.13 — 6.73 (m, 2H), 4.19 (t, J =
7.2 Hz, 2H), 2.03 - 1.72 (m, 2H), 1.02 (t, J = 7.4 Hz, 3H). 3C NMR (126 MHz, CDCls)
0 160.68, 158.77, 148.06, 147.77, 138.26, 126.74, 122.50, 122.07, 120.32, 113.41,
110.83, 110.64, 97.19, 96.97, 44.62, 21.91, 11.40. HRMS m/z calculated for
Ci7H15F4N4O* [M+H]* 367.1177, found 367.1192.

N-(5,6-difluoro-1-propyl-1H-benzo[d]imidazol-2-yl)nicotinamide (30)

0
D—NH j@[\ NH =N
ch[,f_ 2 HO =N N>_
( Method D (30
IX (72%)
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The aminobenzimidazole IX was prepared in 53% yield as reported in the synthesis of
15. The compound 30 was prepared in 72% yield using the method D.

30; 'H NMR (600 MHz, CDCls) & 12.44 (s, 1H), 9.53 (d, J = 1.6 Hz, 1H), 8.71 (dd, J =
4.8,1.7 Hz, 1H), 8.51 (dt, J = 7.9, 1.9 Hz, 1H), 7.37 (dd, J = 7.9, 5.0 Hz, 1H), 7.17 (dd, J
=9.2, 6.7 Hz, 1H), 7.11 (dd, J = 9.4, 6.5 Hz, 1H), 4.19 (t, J = 7.2 Hz, 2H), 1.97 — 1.87
(m, 2H), 1.03 (t, J = 7.4 Hz, 3H).23C NMR (151 MHz, CDCls) § 175.08, 154.91, 152.03,
151.34 (d, J = 3.4 Hz), 147.96 (dd, J = 243.9, 14.0 Hz), 147.68 (dd, J = 243.9, 14.4 Hz),
136.64, 133.15, 125.45 (d, J = 10.2 Hz), 123.61 (d, J = 10.6 Hz), 123.13, 100.72 (d, J =
23.5 Hz), 98.89 (d, J = 23.8 Hz), 44.43, 21.84, 11.54. HRMS m/z calculated for

C16H15F2N4O* [M+H]* 317.1208, found 317.1194.

N-(6-cyano-1-propyl-1H-benzo[d]imidazol-2-yl)nicotinamide (31)
a)

o} =N
NO, HaN A~ NH, ¢) BrCN N w
Method C
Method A /CE ?93‘0’/) /@E S—NH
NC ° NC

NC F —_— NH N

—_———
b) Hy, Pd/C, \) d) N \) 31
Method B HO.C -
(99%) 2N\ /
Method D

(60%)
The compound 31 was prepared in 55% yield using the method A, followed by B, C and

D.

31; 'H NMR (500 MHz, DMSO ds) § 13.09 (s, 1H), 9.37 (s, 1H), 8.71 (d, J = 3.9 Hz,
1H), 8.48 (d, J = 7.8 Hz, 1H), 8.17 (s, 1H), 7.78 — 7.58 (m, 2H), 7.52 (dd, J = 7.5, 4.9 Hz,
1H), 4.26 (t, = 7.0 Hz, 2H), 1.84 (dd, J = 14.3, 7.2 Hz, 2H), 0.94 (t, J = 7.3 Hz, 3H).13C
NMR (126 MHz, DMSO ds) & 172.38, 152.99, 151.80, 150.20, 136.14, 132.85, 132.44,
129.65, 127.02, 123.36, 119.35, 113.91, 112.81, 104.73, 43.52, 21.20, 11.02. HRMS m/z

calculated for C17H16NsO* [M+H]" 306.1349, found 306.1326.

N-(3-propyl-3H-imidazo[4,5-b]pyridin-2-yl)nicotinamide (32)
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—
v

Method D N N

Vil ( (69%) ( 32

The aminobenzimidazole VII1 was prepared in 47% yield as reported in the synthesis of

’\©/002H N
N - W
(IN\>—NH2 | = SN \ 7
N

25. The compound 32 was prepared in 69% yield from i, using the method D.

32; 'H NMR (500 MHz, CDCls) & 12.42 (s, 1H), 9.58 (d, J = 1.1 Hz, 1H), 8.75 (dd, J =
4.7, 1.4 Hz, 1H), 8.57 (d, J = 7.9 Hz, 1H), 8.33 (d, J = 4.3 Hz, 1H), 7.59 (d, J = 7.8 Hz,
1H), 7.42 (dd, J = 7.8, 4.8 Hz, 1H), 7.22 (dd, J = 7.8, 5.1 Hz, 1H), 4.37 (t, J = 7.3 Hz,
2H), 2.14—1.91 (m, 2H), 1.07 (t, J = 7.4 Hz, 3H). 3C NMR (126 MHz, CDCl3) § 175.58,
154.12, 152.02, 151.30, 143.51, 136.64, 123.04, 118.58, 117.81, 42.92, 21.82, 11.41.

HRMS m/z calculated for C1sH16NsO* [M+H]* 282.1349, found 282.1360.

N-(5-fluoro-1-propyl-1H-benzo[d]imidazol-2-yl)nicotinamide (33)

H
F N -
c N
ﬁ\ywz . @\HH \_/
N Method D N
Vi 6 (80%) ( 33

The aminobenzimidazole VI was prepared in 70% yield as reported in the synthesis of
11. The compound 33 was prepared in 80% yield using the method D.

33;'H NMR (600 MHz, CDCl3) & 12.43 (s, 1H), 9.56 (d, J = 1.4 Hz, 1H), 8.72 (dd, J =
4.8,1.7 Hz, 1H), 8.54 (dt, J = 7.9, 1.9 Hz, 1H), 7.40 (dd, J = 7.9, 4.9 Hz, 1H), 7.22 (dd, J
= 8.7, 4.2 Hz, 1H), 7.09 (dd, J = 8.1, 2.4 Hz, 1H), 7.07 — 7.02 (m, 1H), 4.33 — 4.09 (m,
2H), 2.03—1.89 (m, 2H), 1.05 (t, J = 7.4 Hz, 3H). 3C NMR (151 MHz, CDCl3) 5 174.93,

160.30, 158.70, 154.37, 151.76, 151.21, 136.50, 133.20, 128.64, 128.56, 125.99, 122.97,
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110.73, 110.56, 110.01, 109.95, 99.17, 98.98, 44.07, 21.81, 11.43. HRMS m/z calculated

for C16H16FN4O* [M+H]* 299.1303, found 299.1305.

N-(3-propyl-3H-imidazo[4,5-b]pyridin-2-yl)-6-(trifluoromethyl)nicotinamide (34)

N Method D
34
vm( (78%) (

The aminobenzimidazole VI1II was prepared in 47% yield as reported in the synthesis of

XN > N >—<:)*CF3
[ e DRI
N NF N

25. The compound 34 was prepared in 78% yield from i, using the method D.

34;'H NMR (500 MHz, CDCls) & 12.36 (s, 1H), 9.66 (s, 1H), 8.72 (dd, J = 8.0, 1.3 Hz,
1H), 8.35 (dd, J = 5.0, 1.2 Hz, 1H), 7.80 (s, 1H), 7.63 (d, J = 1.2 Hz, 1H), 7.24 (dd, J =
7.9, 5.0 Hz, 1H), 4.49 — 4.26 (m, 2H), 2.15 — 1.90 (M, 2H), 1.06 (t, J = 7.4 Hz, 3H). 13C
NMR (126 MHz, CDCls) 6 173.93, 154.00, 151.39, 150.16, 149.89, 149.61, 149.34,
143.84, 143.27, 138.02, 135.54, 122.67, 121.57, 120.53, 119.88, 118.82, 118.10, 43.05,
21.83, 11.36. HRMS m/z calculated for CigH14F3sNsNaO* [M+Na]" 372.1043, found

372.1035.

N-(5-fluoro-1-(piperidin-4-yl)-1H-benzo[d]imidazol-2-yl)nicotinamide (35)
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NH,

1) ﬁNj F NH, F N\
Boc >_NH2
\©: Method A BrCN
. —_ =
F
N

Method C
2) H,, Pd/C _ (88%) ii
Method B i N Boc
(71%) Boc

HO,C o, /=N o =N
U N \_7 1yncroom F N
_ S—NH 1) HCI; DCM S NH \ /7
N EE——

rt., 3h N
—>
Method D
(73%) 2) NaOH
X (89%) 35

N
N

Boc H

The intermediate X was prepared in 46% yield by Method A, followed by B, C and D.
To a solution of X (45 mg; 0.14 mmol) in DCM 10 mL) was added HCI (2 M in EtOAc,
5mL) at room temperature. The solution was stirred for 3h, then the solvents were
removed under reduced pressure and the residual solid was solubilized in MeOH (1 mL).
To this solution was added NaOH (1.0 M, until pH 8) and the mixture was extracted with
EtOAC (2 x 10 mL). The organic layer was extracted with brine and dried with
magnesium sulfate. The solution was filtered and evaporated under reduced pressure,

generating 35 in 89% vyield.

35; IH NMR (500 MHz, DMSO) & 10.03 (d, J = 9.7 Hz, 1H), 9.70 (s, 1H), 9.44 (d, J =
9.8 Hz, 1H), 9.36 (d, J = 8.0 Hz, 1H), 9.01 (d, J = 5.3 Hz, 1H), 8.13 (dd, J = 7.8, 5.8 Hz,
1H), 8.02 (dd, J = 8.8, 4.2 Hz, 1H), 7.44 (dd, J = 8.7, 2.5 Hz, 1H), 7.22 (td, J = 9.4, 2.5
Hz, 1H), 5.26 (s, 1H), 3.47 (d, J = 12.0 Hz, 2H), 3.26 (dd, J = 23.7, 12.3 Hz, 2H), 3.00
(dd, J = 22.4, 12.4 Hz, 2H), 2.00 (d, J = 12.1 Hz, 2H). 3C NMR (126 MHz, DMSO) &
169.05, 160.11, 158.22, 152.61, 145.38, 144.65, 143.74, 136.43, 130.26, 127.30, 125.28,

112.89, 110.93, 110.73, 100.48, 100.25, 50.15, 43.15, 25.86.
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N-(5-fluoro-1-(tetrahydro-2H-pyran-4-yl)-1H-benzo[d]imidazol-2-yl)nicotinamide

Q/NHZ
1) © F NH, BrCN

(36)

F NO,
\@ Method A Method C
F 2) Hy; Pd/C NH (51%)
Method B
(83%)
o)
NN CO2H

F N _ F
N
\©: S—NH, > \©: S—NH \_7/
N Method D N
(52%)
Xl O <\> 36
0 o)

The compound 36 was prepared in 22% yield using the methods A, B, C and D.

36; 1H NMR (400 MHz, CDCls) 6 12.58 (sl, 1H), 9.54 (sl, 1H), 8.72 (d, J = 3.8 Hz, 1H),
8.52 (d, J = 7.8 Hz, 1H), 7.42 (m, 2H), 7.09 (dd, J = 8.1, 2.4 z, 1H), 7.02 (td, J = 9.1, 2.4
Hz, 1H), 5.15 (tt, J = 12.5, 4.3 Hz, 1H), 4.22 (dd, J = 11.6, 4.5 Hz, 2H), 3.66 (td, J =11.9,
1.5 Hz, 2H), 2.65 (qd, J = 12.6, 4.7 Hz, 2H), 1.89 (dd, J = 12.5, 2.7 Hz, 2H). 3C NMR
(100 MHZ, CDCls) 6 160.6, 158.2, 153.5 (d. J = 296.7 Hz), 151.9, 136.5, 133.0, 128.9,
124.6, 123.0, 111.7 (d. J = 9.5 Hz), 110.5 (d. J = 24.6 Hz), 99.2 (d. J = 27.9 Hz), 67.5,

51.5, 30.1. HRMS m/z calculated for C1sH17FN4O." [M+H]" 341.1408, found 341.1423.

N-(5-fluoro-1-(tetrahydro-2H-pyran-4-yl)-1H-benzo[d]imidazol-2-yl)-6-

(trifluoromethyl)nicotinamide (37)

)N\/j/COZH
| o} =N
O ™ Vs
N CFs
\©:\>_NH2 \©:\>—NH \_/
N

Method D N
o,
SO ok
o o)
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The aminobenzimidazole XI was prepared in 43% yield as reported in the synthesis of
36. The compound 37 was prepared in 83% yield using the method D.

37; 'H NMR (500 MHz, CDCl3) 6 12.52 (sl, 1H), 9.63 (s, 1H), 8.67 (dd, J = 8.1, 1.2 Hz,
1H), 7.78 (d, J = 8.0 Hz, 1H), 7.46 (dd, J = 8.9, 4.2 Hz, 1H), 7.12 (dd, J = 8.0, 2.4 Hz,
1H), 7.05 (td, J = 9.0, 2.5 Hz, 1H), 5.11 (tt, J = 12.5, 4.3 Hz, 1H), 4.22 (dd, J = 11.8, 4.6
Hz, 2H), 3.63 (m, 2H), 2.66 (qd, J = 12.5, 4.6 Hz, 2H), 1.89 (dd, J = 12.6, 2.7 Hz, 2H).
13C NMR (125 MHZ, CDCls) ¢ 173.3, 160.4, 158.5, 153.9, 151.3, 149.6 (q. J = 34.1
Hz), 137.9, 135.6, 128.9 (d. J = 13.1 Hz), 124.6, 121.5 (q. J = 274.0 Hz), 119.9, 111.9 (d.

J=9.0Hz), 110.9 (d. J = 25.1 Hz), 99.3 (d. J = 28.1 Hz), 67.5, 51.8, 30.1.

N-(1-cyclopropyl-6-fluoro-1H-benzo[d]imidazol-2-yl)picolinamide (38)

>—NH
NO, 1) 2 NH, BrCN
/@ Method A /@ Method C
F F 2) Hy; Pd/C F NH (95%)
Method B A
(96%)

N_-CO.H

. T
/@: \>_NH2 _ @) N=—
ﬁ Method D /©:>_NH \ 7

The compound 38 was prepared in 82% yield using the methods A, B, C and D.

38; 'H NMR (500 MHz, CDCls) & 12.42 (s, 1H), 9.59 (d, J = 1.5 Hz, 1H), 8.74 (dd, J =
4.8,1.6 Hz, 1H), 8.57 (dt, J = 7.9, 1.8 Hz, 1H), 7.41 (dd, J = 7.8, 4.8 Hz, 1H), 7.27 — 7.20
(m, 2H), 7.00 (td, J = 9.1, 2.4 Hz, 1H), 3.26 — 3.11 (m, 1H), 1.40 — 1.32 (m, 2H), 1.31 —
1.24 (m, 2H). 13C NMR (126 MHz, CDClIs) & 174.98, 160.55, 158.63, 155.70, 151.84,

151.21, 136.55, 133.21, 131.41, 131.31, 124.09, 123.02, 111.81, 111.73, 110.68, 110.49,
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98.46, 98.23, 24.12, 6.85. HRMS m/z calculated for C16H14FN4O* [M+H]" 297.1146,

found 297.1153.

N-(6-cyano-1-cyclopropyl-1H-benzo[d]imidazol-2-yl)-6-

(trifluoromethyl)nicotinamide (39)

‘NH,
NH, BrCN
/@ Method A Method C
2) Hy; Pd/C NC NH (40%)
Method B A
(97%)
N~ CO,H

I P o) =N
/©: Y—NH, - /@: S—NH \_/ 7
NC Nﬁ Method D NC N
(46%) ﬁ
XIll 39
The compound 39 was prepared in 19% yield using the methods A, B, C and D.
39; 'H NMR(500 MHz, DMSO) 6 13.03 (sl, 1H), 9.50 (s, 1H), 8.73 (sl, 1H), 8.03 (m,
2H), 7.66 (m, 2H), 3.25 (sl, 1H), 1.28 (sl, 2H), 1.16 (s, 1H). 3C NMR (125 MHZ,
DMSO) ¢ 171.1, 154.8, 150.9, 148.7 (q. J = 34.1 Hz), 138.6, 136.5, 133.8, 131.6, 127.5,

122.1 (q. J=274.1 Hz), 120.8, 118.9, 114.6, 114.0, 105.6, 25.1, 6.8.

N-(5,6-difluoro-1-neopentyl-1H-benzo[d]imidazol-2-yl)nicotinamide (40)

b) Ho, Pd/C,
Method B

a) pivalaldehyde O 7\
c) BrCN F N >—O
F NO2  NaBH(OAc);, j@[ Mc)athodC j@[\%NH =N
DCE rt. \H (50%) . N
F NH, >
(54%) Y I\ “

23



To a solution of nitroaniline (350 mg; 2 mmol) in DCE (2.4 mL), pivalaldehyde (4.2
mmol) was added. After 10 min at rt, NaBH(OACc)3 (1189 mg; 5.6 mmol) was added in
five portions for 10 min. After stirring for 24 h at rt, DCE (4 mL), pivalaldehyde (4.2
mmol) and NaBH(OAc)3 (1165 mg; 5.5 mmol) were added again. The reaction mixture
was allowed to stir additional 36 h and then quenched with NaOH 2 M (5 mL). The
product was extracted with DCM, dried over MgSQg4, concentrated and purified by flash
column chromatography (Hexanes:AcOEt 9:1) to yield 54% of the desired compound.
The compound 40 was prepared in 40% yield using the methods B, C and D.

40; 'H NMR (600 MHz, CDCls) & 12.65 (s, 1H), 9.52 (d, J = 1.2 Hz, 1H), 8.70 (dd, J =
4.7,1.4 Hz, 1H), 8.49 (dt,J=7.9, 1.8 Hz, 1H), 7.37 (dd, J = 7.7, 4.8 Hz, 1H), 7.14 (dt, J
= 9.7, 6.5 Hz, 2H), 4.02 (s, 2H), 1.11 (s, 9H).13C NMR (151 MHz, CDCls) & 174.80 ,
155.89, 151.96 , 151.27 , 147.71 (dd, J = 243.1, 13.6 Hz), 147.58 (dd, J = 243.9, 14.0
Hz), 136.60, 133.20, 126.68 (d, J = 10.3 Hz), 123.71 (d, J = 10.3 Hz), 123.15, 100.48 (d,
J =23.3 Hz), 100.10 (d, J = 24.1 Hz), 54.20 , 35.00 , 28.80 . HRMS m/z calculated for

C18H10F2N4O* [M+H]* 345.1521, found 345.1523.

N-(6-cyano-1-neopentyl-1H-benzo[d]imidazol-2-yl)-6-
(trifluoromethyl)nicotinamide (42)

a) HZN\)<
NO, NH, c) BrCN N @CF
Metnod A /@[ Method C Y—NH \_/ °
OO e NH (67%) N
NC F o NC
b) Hy, PIC >‘) » N % 42
Method B H0204<\:/)70F3

(99%)

Method D
(22%)

The compound 42 was prepared in 13% yield using the methods A, B, C and D.
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42; *H NMR (500 MHz, CDCls) & 12.65 (s, 1H), 9.63 (s, 1H), 8.67 (d, J = 7.9 Hz, 1H),
7.78 (d, J = 8.1 Hz, 1H), 7.62 (s, 1H), 7.59 (d, J = 8.3 Hz, 1H), 7.44 (d, J = 8.2 Hz, 1H),
4.09 (s, 2H), 1.14 (s, 9H).13C NMR (126 MHz, CDCls) & 173.96 (s), 155.95 (s), 151.48
(s), 150.06 (g, J = 34.3 Hz), 138.20 (s), 135.45 (s), 131.40 (s), 131.21 (s), 127.81 (s),
121.64 (q, J = 274.5 Hz), 120.12 (d, J = 2.1 Hz), 118.88 (s), 114.73 (s), 112.07 (s), 107.03

(s), 54.38 (s), 35.09 (s), 28.81 (s).

N-(6-fluoro-1-(2,2,2-trifluoroethyl)-1H-benzo[d]imidazol-2-yl)nicotinamide (43)

N
1) FaC” “NHCl

NH BrCN

NO, 2

/@ Method A Method C
F F 2) Hy; Pd/C F NH (85%)
Method B
(81%) FsC
CO,H
N CV
S—NH, \>—NH
F N Method D
XIV F,C (82%) FsC

The compound 43 was prepared in 57% yield using the methods A, B, C and D.

43;'H NMR (500 MHz, CDCl3) § 12.34 (s, 1H), 9.53 (d, J = 1.2 Hz, 1H), 8.75 (dd, J =
4.7, 1.4 Hz, 1H), 8.53 (d, J = 7.9 Hz, 1H), 7.41 (dd, J = 7.8, 4.9 Hz, 1H), 7.31 (dd, J =
8.6, 4.3 Hz, 1H), 7.14 — 7.04 (m, 2H), 4.88 (g, J = 8.4 Hz, 2H). 3C NMR (126 MHz,
CDClI3) & 175.26, 160.86, 158.93, 155.02, 152.13, 151.14, 136.68, 132.57, 129.70,
129.60, 126.70, 124.56, 124.47, 123.07, 122.32, 120.14, 112.29, 112.22, 111.68, 111.49,
98.06, 97.83, 44.01, 43.72, 43.42, 43.13. HRMS m/z calculated for CisH11FsN4sO*

[M+H]* 339.0864, found 339.0872.

N-(6-fluoro-1-(2,2,2-trifluoroethyl)-1H-benzo[d]imidazol-2-yl)-6-
(trifluoromethyl)nicotinamide (44)
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NS o =N

N _ N >—<:)—CF3
/©: D—NH, s - /©: H—NH \_/

F N T OF

Method D
XIV FyC (99%) FsC 44
The aminobenzimidazole X1V was prepared in 69% vyield as reported in the synthesis of
43. The compound 44 was prepared in quantitative yield using the method D.
44;'H NMR (400 MHz, DMSO) 5 13.07 (s, 1H), 9.55 (s, 1H), 8.80 — 8.72 (m, 1H), 8.04
(d, J = 8.1 Hz, 1H), 7.64 (dd, J = 9.0, 2.0 Hz, 1H), 7.57 (dd, J = 8.8, 4.7 Hz, 1H), 7.18

(td, J = 9.8, 2.4 Hz, 1H), 5.32 (q, J = 9.0 Hz, 2H).

N-(6-cyano-1-(2,2,2-trifluoroethyl)-1H-benzo[d]imidazol-2-yl)-2,4-
dimethylthiazole-5-carboxamide (49)

F3C NH,ClI
NH, BrCN
/@ _ Method A Method C
—_—
H2 pdic  NC NH (87%)
Method B )
(68%) FsC

N HOQC{L »_(&
T Q S
NC N Method D

XV FaC (53%)

3

The compound 49 was prepared in 31% yield using the methods A, B, C and D.

49;1H NMR (500 MHz, DMSO) § 13.10 (s, 1H), 8.15 (s, 1H), 7.72 (dd, J = 8.3, 1.4 Hz,
1H), 7.63 (d, J = 8.3 Hz, 1H), 5.09 (g, J = 9.0 Hz, 2H), 2.70 (s, 3H), 2.60 (s, 3H). 13C
NMR (126 MHz, DMSO) & 170.05, 167.77, 156.38, 153.07, 133.29, 131.98, 130.81,
129.67, 128.40, 127.89, 125.74, 123.48, 121.18, 119.56, 114.42, 113.43, 105.45, 43.64,
43.37, 43.09, 42.81, 19.37, 17.52. HRMS m/z calculated for C1sH13F3sNsOS+ [M+H]*

380.0787, found 380.0807.
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N-(6-cyano-1-(2,2,2-trifluoroethyl)-1H-benzo[d]imidazol-2-yl)-1-cyclopropyl-1H-

pyrazole-3-carboxamide (52)

Ho,c— ) A
2 \N’N 0 N\N
N
DS T
N

52

!74

N
S
NC N Method D NC

XV FaC (96%) e

The aminobenzimidazole XV was prepared in 59% yield as reported in the synthesis of
49. The compound 52 was prepared in 96% yield using the method D.

52; 1H NMR (500 MHz, DMSO) 6 12.81 (sl, 1H), 8.18 (s, 1H), 7.85 (s, 1H), 7.70 (m,
2H), 6.84 (d, J = 2.4 Hz, 1H), 5.22 (m, 2H), 3.84 (m, 1H), 1.12 (m, 2H), 1.03 (m, 2H).
13C NMR (125 MHZ, DMSO) ¢ 131.5, 127.9, 125.7, 123.5, 119.8, 114.7, 108.5, 105.1,

33.8, 7.0. HRMS m/z calculated for C17H14NsO" [M+Na]* 397.0995, found 397.0983.

N-(6-cyano-1-(2,2,2-trifluoroethyl)-1H-benzo[d]imidazol-2-yl)-3-(trifluoromethyl)-

1H-pyrazole-5-carboxamide (54)

N
N
HOL—\ I o N

N
N \
PR - L e,

NC N N

Method D NC

XV F,C (81%) Fgc) 54

The aminobenzimidazole XV was prepared in 59% yield as reported in the synthesis of
49. The compound 54 was prepared in 81% yield using the method D.

54; 1H NMR (500 MHz, DMSO) & 14.38 (s, 1H), 13.17 (s, 1H), 8.16 (s, 1H), 7.75 (d, J
= 8.3 Hz, 1H), 7.68 (d, J = 8.3 Hz, 1H), 7.23 (s, 1H), 5.40 (g, J = 8.9 Hz, 2H). 13C NMR
(126 MHz, DMSO) & 165.61, 153.51, 143.35, 141.96 (g, J = 37.6 Hz), 133.31, 129.74,

128.45, 128.10, 125.87, 125.16, 123.63, 123.02, 121.40, 120.89, 119.51, 118.76, 114.89,
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113.76, 106.09, 105.69, 79.88, 79.42, 79.16, 42.92 (q, J = 34.1 Hz). HRMS m/z

calculated for C1sHgFsNsO* [M+H]" 403.0737, found 403.0754.

Table S1 Evaluation of antitrypanosomal activity, selectivity and initial ADME properties for

additional compounds with introduction of heteroaromatic groups at acyl fragment.

(0]
N
o
NC N
F3;C
Code Substituent T. cruzi ICso? MLM eLogD
Sl
(S D) Clintin vitrob
55 =
@NMGZ 8.6 (7.23) >7 ND 6.1
56 \7N/ Me 64 1 ND 3.0°
F
57 \*/ . 17 (18.2) 3 253 4.4
N
58 M= 9.3(0.47 7 236 3.9
. . > .
\ (0.47)
N
59 N 36 (0.52) 1 ND 4.7
N\
WMQ
(COZH
60 N-N 64 1 ND 0.9¢
\ |
CF,4
61 % 64 1 73 4.2
_Me
62 ‘_C',“ 64 1 ND 2.5¢
=N
N\N,Me
63 { 64 1 77 5.2
WCFS
N\N,Me
64 HCL 64 1 181 43

=
©
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N~
65 WE 24 (39.1)
66 WN' 64
=N

H
NN
67 \_N 64
Me
N
68 &Ni - 11 (4.92)
N
&N'N\N
69 =N 50 (17.3)

70 ”’iNﬁ 6.6 (3.69)
N

9

ND

ND

141

25

23

36

4.0

2.1°

4.0

2.8

2.6

3.0

ND: not determined; SD: standard deviation of the analyses; Sl: Selectivity index relative to MRC-5 cells (CCsq/ ICsp);
MLM: Mouse Liver Microsome;  ICs, represented in uM, ® Intrinsic clearance represented in pL/min/mg; ¢calculated logD.

ICso of Benznidazole (reference validation) was 2.1 puM.

Table S2 Evaluation of antitrypanosomal activity, selectivity and initial ADME properties for

additional compounds.

Code Compound IC-:rslogr(uSZIiD) Sl CIMtLN: ) eLogD
71 Me” \C[:\%NW 2.2 (ND) 6 ND 2.1¢
FsC
2P o /=
~ N
72 M C[:\*N'*QCH 0.55 (0.03) 5 23 2.9°
F3C
o Moy
73 @Nﬁ:%NW 8.1(0.18) 2 23 1.8°
F3C)
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74

75

76

77

78

79

80

81

82

8.3 (0.25)

64

38 (0.81)

3.9 (2.62)

2.2(0.13)

0.84 (0.44)

0.15 (0.01)

0.57 (0.03)

0.50 (0.01)

(6]

20

23

ND

52.7

119

222

44

113

37

31

3.4

1.9¢

3.0¢

1.9¢

4.0

2.0°

2.7°

3.2°

2.2°
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83

84

85

86

87

88

89

90

91

H
(@] N\N
NG L
STy e,
NC N

1.5 (8.68)

8.2 (0.17)

051 (0.02)

1.1 (1.15)

7.5(0.43)

0.59 (0.06)

2.4(0.73)

0.51 (ND)

0.49 (0.01)

24

11

23

24

ND

ND

ND

ND

383

ND

70

4.6

1.8¢

2.7°

2.7°

2.2°

2.7°

1.9¢

3.0°

2.4°
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92

93

94

95

96

97

98

99

LN

LN

[0) =N
NC

8.4(0.39)

2.1 (ND)

49 (18.6)

13 (8.55)

37 (1.26)

8.8 (0.13)

64

34 (1.71)

11

>5

>7

154

39

ND

23

23

98

ND

72

1.3°

1.9¢

2.5°

1.7¢

2.9°

1.3¢

2.6¢

1.0¢
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100

23 1.6°

ND: not determined; SD: standard deviation of the analyses; Sl: Selectivity index relative to MRC-5 cells (CCso/ ICsp);
MLM: Mouse Liver Microsome; 2 ICs, represented in uM, ® Intrinsic clearance represented in pL/min/mg; ¢calculated logD.
ICso of Benznidazole (reference validation) was 2.1 uM.

Metabolite ID data for compound 26

Metabolite 1D report
Metabolic soft spot ID

property value
Concentration 10pM
Incubation Date 20170419
Incubation Time (h) 1hr
Matrix 59 Fraction
Species human, mouse
Project Meglected Tropical Diseazes

DNDi_GEN

N
S—NH \_7/
N
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Species=human

100 1 M4 -105
801
©
< 601
T
=)
w404 2
3
3
201 P )
Fra] (et
= 0y )
0ll— = = [\ , —
0 2 3 4 5 5] 7 B 9 o 11 12 13 14 15
Time
Species=mouse
ll“."]-.
’|_J:-!
201 -
=
e
=} &0 1 1)
B &
E.’ w
W ap g
20 { g
+
ﬂ C |
ol _ - S —
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time
Table S3. Metabolite ID data for compound 26
Peak Proposed Structure Retention m/z Area (%)
Name Time Mouse | Human
(min)
M4 (- F N 8.25 194.1089 | 62.84 | 80.61
Ly
105) N

(
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Substrate

26

299.1303

33.84

17.22

M2 (+71)

7.58

370.1414

2.10

0.22

M1 (-89)

6.85

210.1039

1.32

M3 (+16)

8.20

315.1255

1.02

M5 (+16)

9.34

315.1262

0.2

0.63
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Metabolite ID data for compound 33

Metabolite 1D report
Metabolic soft spot ID

property value
Concentration 10pM
Incubation Date 20170419
Incubation Time (h) 1hr
Matrix 59 Fraction
Species human, mouse
Project MNeglected Tropical Diseases

DHDi_GEN

Species=human

100 4
30 1
it
At
m
2 I
S 60 g
[a=] ]
c
=
[T
20 4 ] . T
. Z @ B
b ++ i
= o H
0- . = = 3
0 1 2 3 4 3 B 7 8 9 10
Time
Species=mouse
100 + Subs
801
b~
=] (<20
T
o
=
[T Ty

201

-

|M1 +19
RITEEEE

n
i
w4
o

L

=
=
m

E

T



Table S4.

Metabolite ID data for compound 33

Peak Proposed Structure Retention m/z Area (%)
Name Time Mouse | Human
(min)
Substrate 0 =N 299.1297 | 98.09 94.29
F N \ /
33 \@ >—NH
g
M4 (+16) o@ 9.87 315.1245 | 0.69 3.93
F N
T
?
R1 = @—OH
M5 (+16) o@ 10.02 315.1246 | 0.44 1.23
F N
T
?
R1 = @—OH
M1 o@ 7.18 491.1563 | 0.09 0.46
F N
(+192) \©: S—£NH
g
R1 = ( *—Gluc
R2 = @OG|UC
R3 = ®~OH
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M2 (+16) o@ 8.44 315.1249 0.36 0.04
F N
L
%
R1 = @OH
M3 (+16) =Y 8.63 | 3151248 | 033 | 0.04
\ 7/
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X-ray crystallographic data of 54

The crystals were obtained by solubilizing 8 mg of the compound 54 in 2 ml of
DMSO, followed by refrigeration at 2 degrees for 72 h.

Summary of Data CCDC 1870932

Formula: C15 H8 F6 N6 O1 C2 H6 O1 S1

Unit Cell Parameters: a 35.724(4) b 4.8349(5) ¢ 24.352(3) C2/c

Bond precision: C-C = 0.0030 A Wavelength=1.54178
Cell: a=35.724 (4) b=4.8349(5) c=24 _.352(3)
alpha=90 beta=112.773(5) gamma=290
Temperature: 150 K
Calculated Reported
Volume 3878.2(8) IBTE.I(T)
Space group C 2/c C1l2/c1
Hall group : -C 2ye -C 2vyc
Moiety formula C1k H8 FE N6 O, C2 H6E 0O 5 (15 HB FE N6 O, C2 HE O 5
Eum formula C17 H14 Fe N& 02 5 C17 H14 F& He 02 £
Mr 480.40 4B0.40
Dx,g cm-3 1.64¢ 1.645
A 8 B
Mu (mm-1) 2.298 2.298
FOODO 1952.0 1962.9
Fooo’ 1962.50
h,k, lmax 42 5,29 41,5,28
Nref 3572 3470
Tmin, Tmax 0.811,0.938 0.527,0.753
Tmin' 0.326

Correction method= # Reported T Limits: Tmin=0.527 Tmax=0.753
AbsCorr = MULTI-SCAN

Data completeness= 0.971 Theta (max)= 6B.&70
Rireflections)= 0.0472( 3099) wRZ (reflecticons)= 0.13B6( 3470)
S =1.047 Npar= 321

p. I Prob = 50

Temp = 150

8)

TON-Sep 23 13:41:44 2018 - (7031

FLA

4
a
(73]

CAJG3IY o C 1 Z/c | f = 0.0% AES= o] 52 K
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