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Breakpoint cluster region-Abelson (Bcr-Abl) kinase is a key driver in the pathophysiology of chronic
myelogenous leukemia (CML). Broadening the chemical diversity of Bcr-Abl kinase inhibitors with novel
chemical entities possessing favorable target potency and cellular efficacy is a current medical demand
for CML treatment. In this respect, a new series of ethynyl bearing 3-aminoindazole based Bcr-Abl in-
hibitors has been designed, synthesized, and biologically evaluated. The target compounds were
designed based on introducing the key structural features of ponatinib, alkyne spacer and diarylamide,
into the previously reported indazole II to improve its Bcr-Abl inhibitory activity and overcome its poor
cellular potency. All target compounds elicited potent activity against Bcr-AblWT with sub-micromolar
IC50 values ranging 4.6e667 nM. In addition, certain derivatives exhibited promising potency over the
clinically imatinib-resistant Bcr-AblT315I. Among the target molecules, compounds 9c, 9h and 10c stood as
the most potent derivatives with IC50 values of 15.4 nM, 4.6 nM, and 25.8 nM, respectively, against Bcr-
AblWT. Interestingly, 9h showed 2 folds and 3.6 times superior potency to the lead indazole II and 10c,
respectively, against Bcr-AblT315I. Molecular docking of 9h pointed out its possibility to be a type II kinase
inhibitor. Furthermore, all compounds, except 9b, showed highly potent antiproliferative activity against
the Bcr-Abl positive leukemia K562 cell (MTT assay) surpassing the modest activity of lead indazole II.
Moreover, the most potent members 9h and 10c exerted potent antileukemic activity against NCI leu-
kemia panel, particularly K562 cell (SRB assay) with GI50 less than 10 nM, being superior to the FDA
approved drug imatinib. Further biochemical hERG and cellular toxicity, phosphorylation assay, and
NanoBRET target engagement of 9h underscored its merits as a promising candidate for CML therapy.

© 2020 Elsevier Masson SAS. All rights reserved.
1. Introduction

Chronic myelogenous leukemia (CML) is a hematological cancer
characterized by uncontrolled growth of myeloid cells [1]. A hall-
mark of CML is the appearance of a Philadelphia (Ph) chromosome,
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served.
which results from reciprocal translocation between the Abelson
(ABL) gene on chromosome 9 and the break-point cluster region
(Bcr) gene on chromosome 22 [2,3]. This chimeric Bcr-Abl gene
encodes the generation of Bcr-Abl fusion protein, a constitutively
active tyrosine kinase which triggers the unchecked myeloid cell
proliferation [4]. Therefore, the development of Bcr-Abl kinase in-
hibitors has been emerged as a legitimate approach for CML
therapy.

Imatinib (STI-571, Fig. 1), a pyridopyrimidine inhibitor of Bcr-
Abl, was approved by FDA in 2001 for the treatment of CML [5,6].
Crystal structures of imatinib-Bcr-Abl complex revealed that ima-
tinib is a type II kinase inhibitor, which binds to the ATP binding site
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Fig. 1. Chemical structures of representative first and second generation Bcr-Abl kinase inhibitors.
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as well as to a hydrophobic allosteric pocket that was only exposed
upon flipping out of the conserved DFG motif [7,8]. Despite the
initial therapeutic benefits of imatinib, the emergence of point
mutations within the Abl kinase domain hampered imatinib effi-
cacy in many patients with advanced phases of CML [9,10]. The
gatekeeper T315I mutation in Bcr-Abl accounts for approximately
20% of all clinically relevant CML mutations [11,12]. T315I mutation
represents a major pitfall for design of Bcr-Abl inhibitors, as it can
change the geometry of the ATP-binding pocket to hinder several
essential protein�ligand interaction sites and eliminate a crucial
hydrogen bond needed for tight binding of the inhibitors [13]. A
number of second-generation Bcr-Abl kinase inhibitors like niloti-
nib [14], bafetinib [15], dasatinib [16], and bosutinib [17] (Fig. 1)
have been developed to circumvent the imatinib resistance in CML.
Nevertheless, these drugs are effective against most of imatinib-
resistant forms of Bcr-Abl excluding the gatekeeper T315I mutation.

Recently, several Bcr-Abl inhibitors capable of inhibiting both
native Bcr-Abl and its clinically resistant T315I mutant were iden-
tified [18e22]. Among them, ponatinib (AP24534, Fig. 2) [20,23]
was of special interest. Ponatinib contains an ethynyl linker
bridging its hinge bindingmotif, imidazo[1,2-b]pyridazine, with the
diarylamide side chain [20]. The slim acetylene spacer contributed
to the success of ponatinib by avoiding steric clash with a bulky
isoleucine residue at the gatekeeper region [24]. Also, the terminal
substituted 3-trifluoromethylphenyl appendage served as an allo-
steric site binding moiety for optimum Bcr-Abl inhibitory activity.
Further structural modifications of ponatinib were conducted
applying scaffold hopping approach for variation of the imidazo
[1,2-b]pyridazine head, while conserving the other key structural
features (the ethynyl bridge and diarylamide fragment) [22,25].
Such endeavors resulted in identification of equipotent ponatinib
congeners with different heterocycle scaffolds, GZD824 [22] and
pyrazolopyrimidine derivative (I) [25] (Fig. 2). Accordingly, it could
be emphasized that tethering appropriate hinge binding head to
the proper diarylamide fragment through alkyne bridge would
generate diverse new chemical entities as potent Bcr-Abl kinase
inhibitors.

On the other hand, 3-aminoindazole represents one of the
substantial hinge binding motifs, which was exploited for devel-
opment of several kinase inhibitors as anticancer agents. Linifanib
(ABT-869), is one of the earlier 3-aminoindazole members, which
was identified as an orally active multikinase inhibitor (KDR, FLT3
and c-KIT) with considerable antitumor activity in various pre-
clinical animal xenograft models [26]. Its privileged 3-
aminoindazole was further utilized as a hinge binder in a number
of small molecules targeting various oncogenic kinases, including
Aurora B [27], VEGFR2 [28,29], c-Met [30]. Interestingly, Shan et al.
reported a series of aminoindazole based Bcr-Abl inhibitors [31].
Few derivatives of this series, particularly the most active member
II (Fig. 3), elicited reasonable Bcr-Abl inhibitory activity, however
with modest cellular antileukemic activity over the Bcr-Abl
dependent K562 cell line (GI50 ¼ 6500 nM) [31], which might
need further optimization. In view of the success of ponatinib and
its analogues in inhibiting both Bcr-AblWT and Bcr-AblT315I with
remarkable cellular potency, we hypothesized that incorporation of
the key structural domains of ponatinib into the lead indazole II
would generate new chemotypes of Bcr-Abl inhibitors with
improved activity (Fig. 3). In this regard, a multidimensional
campaign of structural modifications based on II was performed
(Fig. 3). An ethynyl linker was introduced to tether both indazole
and diarylamide moieties, and amide or reversed amide was uti-
lized to bridge the central and terminal phenyl rings instead of the
dicarbonylpiperazine in II. In addition, the terminal dichlorophenyl
ring of II was modified to various substituted 3-
trifluoromethylphenyl derivatives in attempt to achieve better
Bcr-Abl inhibitory and cellular potencies.

In terms of the binding interactions with Bcr-Abl kinase, new
ethynyl-containing indazoles were designed so that the 3-
aminoindazole could serve as a hinge binding motif with Met318
and Glu316 residues. In addition, the ethynyl linker would allow the



Fig. 2. Chemical structures of ponatinib and alkyne containing Bcr-Abl kinase inhibitors. The blue color refers to the head motif, and the orange colored nitrogen atoms are involved
in binding interactions with hinge region. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Fig. 3. Rational design of the target compounds.

A.K. El-Damasy et al. / European Journal of Medicinal Chemistry 207 (2020) 112710 3
compound to traverse the gatekeeper T315 and bypass its corre-
sponding bulky I315. Moreover, the terminal substituted-
trifluoromethyl ring could efficiently approach the hydrophobic
allosteric pocket of Bcr-Abl kinase domain (Fig. 4). To the best of our
Fig. 4. Schematic representations illustrating the putative binding of the designed
knowledge, this set of structural modifications for compound II has
not been investigated before for its Bcr-Abl inhibitory activity. In
view of the aforementioned considerations, and in continuation to
our ongoing efforts to identify new potent kinase inhibitors [32,33],
compounds with Bcr-AblWT (left panel) and Bcr-AblT315I (right panel) kinase.
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we herein report for the first time a new series of ethynyl con-
taining indazoles as potent Bcr-Abl kinase inhibitors.

2. Results and discussion

2.1. Chemistry

In order to prepare the target compounds, the key intermediate
acetylenes 2aeh and 7aegwere synthesized from 3-ethynylaniline
1 and 3-ethynylbenzoic acid 6, respectively, as shown in Scheme 1.
Treatment of 3-ethynylaniline 1 with acid chloride in either Et3N/
DCM at room temperature or pyridine at 90 �C afforded the dia-
rylbenzamides 2a and 2b, respectively. Compounds 2ceh were
obtained through coupling of 1 with different carboxylic acids us-
ing 2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HATU) as a coupling agent and DIPEA as a
base in anhydrous DMF. Esterification of 3-iodobenzoic acid 3 with
methanol, followed by silylationwith trimethylsilylacetylene (TMS)
produced the silylated ester 5. Subsequent desilylation and alkaline
hydrolysis of 5 generated 3-ethynylbenzoic acid 6. Amide coupling
of 6 with different anilines was accomplished adopting the same
conditions for compounds 2ceh, however at 60 �C, to furnish the
reversed amides 7aeg.

The diarylamide containing indazoles 9aeh and 10aeg were
synthesized as depicted in Scheme 2. Cyclization of 2-fluoro-6-
iodobenzonitrile with hydrazine hydrate in n-butanol afforded
the 4-iodoindazol-3-yl amine 8 [26] as the main building block for
the target compounds. Sonogashira coupling of 8 with the proper
acetylene derivatives 2aeh or 7aeg was performed utilizing
PdCl2(PPh3)2 and CuI as catalysts in Et3N/DMF (1:1) at 90 �C under
argon atmosphere to provide the desired final compounds 9aeh
and 10aeg.

2.2. In vitro biochemical kinase screening

2.2.1. Bcr-AblWT and Bcr-AblT315I kinase evaluations
All final compounds were tested to determine their IC50 values

against both the native Bcr-AblWT and its imatinib-resistant mutant
Bcr-AblT315I at Reaction Biology Corporation (RBC, Malvern, PA,
USA) [34], using imatinib as a reference compound and
Scheme 1. Reaction conditions and yields a) For 2a; acid chloride, Et3N, DCM, rt, 2 h, 54.4%
HATU, DIPEA, DMF, rt, 18 h, 41.8e97.2%; b) MeOH, conc. H2SO4 (cata.), reflux, 2.5 h, 99%; c) Tr
MeOH, 0 �C to rt, 1 h, ii) 2 N Aq. HCl, 84.3%; e) Appropriate aniline, HATU, DIPEA, DMF, 60
staurosporine, a pan kinase inhibitor, as a positive control (Table 1).
As revealed from the data, all compounds elicited potent activity
against Bcr-AblWT with sub-micromolar IC50 values spanning in the
range of 4.6e667 nM. In addition, certain derivatives displayed
promising potency towards Bcr-AblT315I with IC50 values of
227e2550 nM. Upon inspection of the activity of amides 9aec and
their corresponding reversed amides 10aec, it is noted that
reversed amide linker is relatively more favorable for Bcr-AblWT

inhibitory activity. For example, 3,5-bis-trifluoromethyl derivative
10b with reversed amide spacer showed superior activity (Bcr-
AblWT IC50 ¼ 0.186 mM, Bcr-AblT315I IC50 ¼ 1.480 mM) than its amide
congener 9b (Bcr-AblWT IC50 ¼ 0.667 mM, Bcr-AblT315I

IC50 > 20.0 mM).
Concerning the activity of amide derivatives 9aeh, it was found

that introduction of additional trifluoromethyl group, as in 9b, at
meta position of 3-trifluoromethyl derivative 9a led to two times
drop in Bcr-AblWT activity (9b, Bcr-AblWT IC50 ¼ 0.667 mM; 9a, Bcr-
AblWT IC50 ¼ 0.313 mM) and dramatic loss of activity towards Bcr-
AblT315I (9b, Bcr- AblT315I IC50 > 20.0 mM). In contrast, replacing m-
trifluoromethyl group in 9bwith fluorine 9d significantly improved
the Bcr-AblWT inhibitory activity (9d, Bcr-AblWT IC50 ¼ 0.172 mM).
Similarly, the methyl derivative 9f (Bcr-AblWT IC50 ¼ 0.104 mM) was
of promising activity, which may point out that incorporation of
small lipophilic group like fluorine or methyl at meta or ortho po-
sition of 9a is tolerable for Bcr-AblWT inhibitory activity. Intrigu-
ingly, insertion of hydrophilic 4-methylimidazole 9c or morpholine
9h at meta or ortho position of 9a, respectively, resulted in sub-
stantial improvement of activity (9c, Bcr-AblWT IC50 ¼ 0.0154 mM,
Bcr-AblT315I IC50 ¼ 1.44 mM; 9h, Bcr-AblWT IC50 ¼ 0.0046 mM, Bcr-
AblT315I IC50 ¼ 0.227 mM). Unexpectedly, shifting the morpholine
moiety of 9h from ortho to meta position, 9e, was deleterious for
activity (9e, Bcr-AblWT IC50 ¼ 0.637 mM, Bcr-AblT315I

IC50 ¼ 4.84 mM). Moreover, replacing morpholine in 9h with 4-
methylpiperazine 9g was associated with 33 folds drop in activity
(9g, Bcr-AblWT IC50 ¼ 0.151 mM). Such biochemical outcomes indi-
cate that the Bcr-Abl inhibitory activity of target compounds is
greatlymodulated by the substitution pattern (nature and position)
of 3-trifluoromethylphenyl ring as the allosteric pocket binding
domain. Furthermore, it could be concluded that installing hydro-
philic moieties (morpholine and methyl-imidazole) neighboring to
, for 2b; acid chloride, pyridine, 90 �C, 1 h, 53%, for 2ceh; appropriate carboxylic acid,
imethylsilylacetylene, PdCl2(PPh3)2, CuI, Et3N, THF, rt, 18 h, 96%; d) i) 2 N Aq. NaOH, 0 �C,
�C, 4 h, 23.8e73.6%.



Scheme 2. Reaction conditions and yields a) NH2NH2$H2O, n-BuOH, 110 �C, 2 h, 98%; b) 2aeh or 7aeg, PdCl2(PPh3)2, CuI, Et3N/DMF (1:1), 90 �C, 18 h, 11e76.2%.
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trifluoromethyl group of distal phenyl is advantageous than lipo-
philic groups (methyl and trifluoromethyl) for achieving optimal
Bcr-Abl inhibitory activity. This might be attributed to the orien-
tation of the introduced hydrophilic fragments to a solvent-
exposed region close to the allosteric pocket, which consequently
improves the inhibitor’s binding affinity with Bcr-Abl kinase.

Referring to the activity of reversed amides 10aeg, it was found
that insertion of lipophilic trifluoromethyl (10b) or chlorine (10f)
on 3-trifluoromethylphenyl derivative 10a had a marginal impact
on both Bcr-AblWT and Bcr-AblT315I inhibitory activity. For instance,
compound 10f exhibited IC50 values of 0.255 mM and 1.420 mM over
Bcr-AblWT and Bcr-AblT315I, respectively. On the other hand, com-
pounds 10c, and 10d with water solubilizing groups at meta posi-
tion of 10a manifested the best activity in this series. For example,
the imidazole derivative 10c (Bcr-AblWT IC50 ¼ 0.0258 mM) is 8
times more potent than 3-trifluoromethylphenyl analog 10a (Bcr-
AblWT IC50 ¼ 0.210 mM). Similar to amide series, compound 10g
with morpholinomethyl group at ortho position to 3-
trifluoromethylphenyl ring (Bcr-AblWT IC50 ¼ 0.1945 mM, Bcr-
AblT315I IC50 ¼ 1.605 mM) manifested superior potency to its posi-
tional isomer 10e (Bcr-AblWT IC50 ¼ 0.571 mM, Bcr-AblT315I

IC50 ¼ 2.510 mM). Interestingly, compounds 9c, 9d, 9feh, 10c and
10d outperformed imatinib activity against both Bcr-AblWT and Bcr-
AblT315I kinases. Upon comparison with the reported indazole lead
II, the morpholine amide 9h elicited superior potency towards Bcr-
AblWT and Bcr-AblT315I than compound II. Overall, both amide 9h
(Bcr-AblWT IC50 ¼ 4.6 nM, Bcr-AblT315I IC50 ¼ 227 nM) and reversed
amide 10c (Bcr-AblWT IC50 ¼ 25.8 nM, Bcr-AblT315I IC50 ¼ 824 nM)
arise as the most potent members in this series of 3-
aminoindazoles. Further structural amendments of 9h are
currently underway to achieve optimal potency towards Bcr-
AblT315I and other clinically relevant mutants.
2.2.2. Kinase profile of 9h
Furthermore, in order to get insights about the kinase selectivity

of this novel set of indazoles, the most potent candidate 9h was
tested, at 1 mM concentration, over a panel of 20 oncogenic kinases.
As shown in Fig. 5, compound 9h has elicited considerable inhibi-
tory activity against four kinases; BRAF, c-Src, FLT3 and FMS with %
inhibition of 87.75e100. Meanwhile, compound 9h displayed
moderate inhibitory effects (% inhibition ¼ 43.36e65.50) over
Aurora A, c-Met, and EGFR kinases, and exerted modest activity
against the other examined kinases with % inhibitions < 30.

In view of the obtained outcomes, 9h was further tested for
determination of its IC50 over BRAF, c-Src, FLT3 and FMS kinases
(Table 2). Compound 9h showed IC50 value of 66 nM against c-Src, a
closely related kinase domain of Bcr-Abl, being 14.3 folds more
selective for Bcr-AblWT. Of great significance, compound 9h elicited
exceptional selectivity towards FMS (IC50 ¼ 16.2 nM) over its highly
homologous FLT3 kinase (IC50 ¼ 535 nM). Since FMS and FLT3 are
key drivers in the pathogenesis of hematopoietic malignancies,
particularly acute myeloid leukemia (AML) and acute lymphocytic
leukemia (ALL) [35,36], 9hmight have beneficial therapeutic effects
for treatment of AML and ALL, beside its activity against CML. In
terms of differential activity, the amide member 9h displayed 3.5
and 26.5 folds selectivity for Bcr-AblWT over FMS and RAF kinases,
respectively.
2.3. In vitro cell-based evaluations of the antileukemic activities

2.3.1. Appraisal of the antiproliferative activity by MTT assay
Encouraged by the findings of cell free assay, we investigated the

antiproliferative activity of target compounds against the Bcr-Abl
positive leukemia K562 cells using MTT method (Table 3). The
majority of the tested compounds displayed moderate to potent
growth inhibitory activities. In agreement with the obtained
biochemical data, the most active three compounds 9c, 9h and 10c
exerted the best cellular activity with GI50 values less than 160 nM.
Furthermore, amide compounds 9c and 9h, as well as reversed
amides 10bed and 10g exerted superior cellular potencies to
imatinib (GI50¼ 0.80 ± 0.14 mM). Compounds 9c and 10c possessing
4-methylimidazole moiety exhibited GI50 values of 0.07 ± 0.05 mM
and 0.15 ± 0.04 mM, respectively. The amide 9h
(GI50 ¼ 0.02 ± 0.02 mM) with 4-morpholine motif was found to be
the best member in this set of compounds. These findings may
reveal that the potent antiproliferative effects of those compounds
are derived mainly via inhibition of Bcr-Abl kinase. Next in the
cellular activity order are the reversed amides 10d
(GI50 ¼ 0.30 ± 0.05 mM) and 10g (GI50 ¼ 0.57 ± 0.19 mM). As dis-
closed from the results, the presence of proper hydrophilic moiety
such as morpholine or 4-methylpiperazine on the terminal 3-
trifluoromethylphenyl ring may contribute in significant improve-
ment of compounds’ physicochemical properties, water solubility,
and hence the cellular potency. While comparing 9h
(GI50¼ 0.02 ± 0.02 mM) and 9e (GI50¼ 2.21 ± 0.43 mM), it was noted
that shifting the morpholine moiety from ortho to meta position of
3-trifluoromethylphenyl ring is unfavorable for antileukemic ac-
tivity. The same conclusion is applicable for compounds 10g and
10e.

While inspecting the activity of disubstituted derivatives lacking
water solubilizing groups 9b, 9d, and 9f, it was found that incor-
poration of lipophilic trifluoromethyl, fluorine, or methyl at either



Table 1
In vitro kinase inhibitory activity (IC50, mM)a of the target compounds against Bcr-AblWT and Bcr-AblT315I.

Compound No. X R
IC50 (mM)

Bcr-AblWT Bcr-AblT315I

9a 0.313 2550

9b 0.667 >20

9c 0.0154 ± 0.002 1.44 ± 0.15

9d 0.172 5.280

9e 0.637 4.840

9f 0.104 2.960

9g 0.151 1.120

9h 0.0046 ± 0.0006 0.227 ± 0.044

10a 0.210 2.260

10b 0.186 1.480

10c 0.0258 ± 0.010 0.824 ± 0.237

10d 0.0567 ± 0.004 1.635 ± 0.485

10e 0.571 2.510

A.K. El-Damasy et al. / European Journal of Medicinal Chemistry 207 (2020) 1127106



Table 1 (continued )

Compound No. X R
IC50 (mM)

Bcr-AblWT Bcr-AblT315I

10f 0.255 1.420

10g 0.1945 ± 0.092 1.605 ± 0.245

Imatinib 0.176 ± 0.0175 >100.0
Staurosporine 0.0787 0.0557
Indazole IIb 0.014 0.450

a All compounds were tested in a 10-dose singlicate or duplicate IC50 mode with 3-fold serial dilution starting at 20 mM, and the reactions were carried out at 10 mM ATP.
Bold figures refer to the most potent members.

b Reported data [31].

Fig. 5. % Enzyme inhibition (relative to DMSO controls) of compound 9h (1 mM) against a 20-kinase panel.

Table 2
IC50 of 9h over BRAF, c-Src, FLT3 and FMS kinases.

Compound No. IC50 (mM)a

BRAF c-Src FLT3 FMS

9h 0.122 ± 0.0115 0.066 ± 0.0071 0.535 ± 0.0125 0.0162 ± 0.0001
GW5074 0.0128 e e e

Staurosporine e 0.00312 0.00344 0.00124

a Compound 9h and reference compounds (GW5074 and Staurosporine, positive controls) were tested in a 10-dose singlicate or duplicate IC50 mode with 3-fold serial
dilution starting at 20 mM, and the reactions were carried out at 10 mM ATP.
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ortho or meta-position of 3-trifluoromethylphenyl ring is detri-
mental for cellular activity. For instance, compound 9d with fluo-
rine group showed GI50 value of 2.14 ± 0.07 mM, being 31 times less
potent than its corresponding analog 9c with 4-methylimidazole
moiety (GI50 ¼ 0.07 ± 0.05 mM). Based on the presented cellular
outcomes and considering the poor cellular activity of the previ-
ously reported indazole II (GI50 values ¼ 6.5 mM), it could be
concluded that the currently presented compounds possess distinct
improved cellular effects, being more potent than the initially
identified indazole II. Furthermore, all tested compounds exerted
weak cytotoxic effects against the normal cell L132, as indicated by
their high GI50 values (>10 mM). Only compound 9h was an
exception, with GI50 value of 9.27 ± 0.09 mM. However, it still has
great selectivity while comparing its GI50 value against K562 cell
line (9h, GI50 ¼ 0.02 ± 0.02 mM). Based on the aforementioned
results, it is obvious that all examined indazoles exhibit differential
antiproliferative activity towards leukemia cell K562 rather normal
cell L132.
2.3.2. Broader assessment of antileukemic activity by
sulforhodamine B (SRB) assay

Intrigued by the promising antiproliferative activity of the target
compounds over K562 cell line, the most active members 9h and
10c were selected for further broad screening against a panel of six



Table 3
In vitro antiproliferative activity (GI50, mM) of the target compounds against K562
human leukemia cell line and L132 normal cell.

Compound No.
GI50 (mM)

K562a L132a

9a 1.54 ± 0.47 >100
9b >10 NDb

9c 0.07 ± 0.05 10.89 ± 1.79
9d 2.14 ± 0.07 >100
9e 2.21 ± 0.43 >100
9f 2.35 ± 1.01 >100
9g 1.48 ± 0.30 >10
9h 0.02 ± 0.02 9.27 ± 0.09
10a 3.47 ± 0.63 15.34 ± 0.32
10b 0.52 ± 0.16 >100
10c 0.15 ± 0.04 12.91 ± 0.71
10d 0.30 ± 0.05 >100
10e 0.83 ± 0.35 16.67 ± 0.46
10f 3.81 ± 0.95 >100
10g 0.57 ± 0.19 >100
Imatinib 0.80 ± 0.14 >10
Indazole IIb 6.50 e

a GI50 were obtained after incubation for 72 h, and the presented values are the
average of at least two independent measurements.

b Reported data [31].

Table 4
The antiproliferative effects (% Growth inhibition (GI) at 10 mMa and GI50, mMb) of
compounds 9h, 10c and imatinib over a panel of human leukemia cell lines.

Cell line
9h 10c Imatinib

% GI GI50 % GI GI50 % GI GI50

CCRF-CEM 89.49 1.36 85.04 4.88 6.60 16.98
K562 99.01 < 0.01 96.83 < 0.01 NT 0.02
HL60(TB) 97.96 1.40 87.50 3.22 NI 13.49
MOLT-4 92.33 1.31 79.28 3.84 18.00 5.13
RPMI-8226 L 1.98 86.19 4.54 12.60 6.05
SR 87.42 2.40 71.72 5.06 14.60 7.14

a L: lethal effect (% GI > 100), NT; not tested, NI; no inhibition.
b Bold figures refer to GI50 less than 10 nM.
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human leukemia cell lines at National Cancer Institute (NCI,
Developmental Therapeutics Program, Bethesda, MD, USA).
Applying the highly sensitive sulforhodamine B (SRB) assay [37],
both compoundswere tested initially at a single dose concentration
of 10 mM, and GI50 values were further assessed by advancing 9h
and 10c to five dose testing mode (Fig. 6), and compared with the
FDA approved drug imatinib (Table 4).

Inspection of the single dose screening data revealed the pro-
nounced antiproliferative activity of both compounds 9h and 10c
(Growth inhibition (GI) > 80%), being superior to imatinib over all
tested leukemia cells. For example, compound 9h exerted strong
cytostatic activity against K562 and HL60(TB) cell lines with GI
values of 99.01% and 97.96%, respectively. Moreover, it evinced
sound lethal effect (GI > 100%) over PRMI-8226 cell line. However,
the five dose testing results underscored the exceptional selective
antiproliferative effects of 9h and 10c towards the Bcr-Abl positive
Fig. 6. Dose-response curves of compounds 9h and 10c
leukemia cell K562 with GI50 values of less than 10 nM, being more
potent than imatinib (GI50 ¼ 20 nM). Over other leukemia cells,
both 9h and 10c displayed GI50 values of 1.31e2.40 mM and
3.22e5.06 mM, respectively. In this regard, compounds 9h and 10c
are approximately 140 and 322 times more potent towards K562
than HL60(TB). Such finding of selective cellular potency of 9h and
10cmay point out their prospective enzymatic selectivity regarding
Bcr-Abl rather the other oncogenic kinases.

2.4. NanoBRET target engagement assay

With the purpose to confirm the ability of the most potent
target compound 9h to inhibit Bcr-Abl kinase inside the cells, we
performed this assay against HEK293 cells with NanoLuc®-ABL1
Fusion Vector. The NanoBRET™ Target Engagement (TE) intracel-
lular kinase assay measures compound binding at selected target
kinase in intact cells, without perturbation of cellular membrane
integrity. The assay is relied on the NanoBRET™ System, an energy
transfer technique designed to measure molecular proximity in
living cells, where it measures the apparent affinity of the test
compound by competitive displacement of the cell-permeable
NanoBRET™ tracer reversibly bound to a NanoLuc® fusion pro-
tein in cells [38]. Compound 9h elicited comparable potency to that
of the reference compound, dasatinib with EC50 as small as 14.6 nM
(Fig. 7). This study affirmed that compound 9h is able to cross the
cell membrane and can inhibit Bcr-Abl kinase with strong affinity
against a panel of six human leukemia cell lines.



Fig. 7. NanoBRET target engagement assay of compound 9h and dasatinib using K562 cell line.
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inside the cells.
2.5. In vitro cellular phosphorylation assay

Furthermore, the effect of compound 9h on the phosphorylation
status of Bcr-Abl kinasewas examined using the K562 leukemia cell
line harboring Bcr-AblWT. The K562 cell was treated with five
different concentrations (0.003, 0.01, 0.03, 0.1, and 0.3 mM) of
compound 9h, and its inhibitory activity was compared with that of
negative control (DMSO) and dasatinib as a positive control (Fig. 8).
As expected, compound 9h showed a dose-dependent suppression
of Bcr-Abl phosphorylation.
2.6. Molecular docking study

To acquire insights about the binding mode of the alkyne-
containing indazoles, in silico modeling for the most potent mem-
ber 9h was conducted using the cocrystal structures of ponatinib-
Bcr-AblWT kinase (PDB 3OXZ) [24] and ponatinib-Bcr-AblT315I kinase
(PDB 3OY3) [24] using Discovery Studio (Fig. 9). As depicted in Fig. 9,
compound 9h adopted a typical type II binding mode (DFG out
conformation) to both Bcr-AblWT and Bcr-AblT315I kinases, which was
illustrated by two canonical hydrogen bonds formed by Glu286,
located in the c-Helix, and Asp381, located in the DFGmotif, with the
amide bond (eNHCOe) of the 9h. In agreement with our expecta-
tions, the NH and nitrogen of 3-aminoindazole moiety of compound
9h were engaged in multiple hydrogen bonding interactions with
the hinge region residues Glu316 and Met318, which are crucial for
Bcr-Abl kinase inhibitory activity. Moreover, the 4-morpholino-3-
trifluoromethyl phenyl ring was deeply buried into the hydropho-
bic allosteric pocket, created by DFG shifting. Furthermore, the 3D-
binding models revealed that the alkyne linker in compound 9h
made favorable van der Waals interactions with the bulky gate-
keeper residue Ile315 avoiding steric clash, which might justify its
potent inhibition against Bcr-AblT315I.
Fig. 8. The effect of compound 9h on the phosphorylation status of Bcr-Abl kinase in
K562 cell line.
2.7. Human ether-a-go-go related gene (hERG) assay

hERG gene encodes the inward rectifying potassium ion chan-
nels in the heart, which is involved in cardiac repolarization. Inhi-
bition of the hERG current is known to result in prolongation of the
QT interval leading to a serious cardiac disorder called Torsade de
Pointes [39,40]. Compound 9h was tested in a 10-dose duplicate
assay against hERG, and E�4031 was used as a positive control. The
IC50 values are listed in Table 5. The results revealed that compound
9h is 233 times more selective towards HEK293 cells (nanoBRET
assay) than hERG. Also, compound 9h is 310 folds less potent than
E�4031 against hERG. Based on these outcomes, compound 9h is
associated with low risk of QT prolongation.

2.8. In vivo pharmacokinetic (PK) profile of 9h

Furthermore, the in vivo pharmacokinetic (PK) properties of
compound 9h were evaluated (Table 6). The AUClast values of
compound 9h are 14018.7 ng h/mL and 174.7 ng h/mL following
intravenous and oral administration, respectively. 9h took 0.6 h to
reach the maximum concentration (Cmax) which was 113.0 ng/mL.
The low oral exposure of 9h as indicated by Cmax along with poor
oral bioavailability reveal its unfavorable oral administration. In
contrast, intravenous administration of 9h showed slow clearance
and acceptable AUClast and t1/2 values to exert its therapeutic effect.
Therefore, compound 9h is better administered as intravenous in-
jection. Design of more orally bioavailable analogues of 9h and
administration of a water-soluble salt of those derivatives are rec-
ommended to ameliorate the oral bioavailability.

3. Conclusion

In the current study, we report the design and synthesis of the
first series of ethynyl containing 3-aminoindazole as potent Bcr-Abl
inhibitors. In vitro cell-free and cell-based biological evaluations
were performed for all target compounds, and a detailed SAR study
has been made. Accordingly, it was evident that the terminal
substituted-3-trifluoromethylphenyl ring has a substantial role for
achieving favorable Bcr-Abl kinase inhibitory and cellular antileu-
kemic activities. Compounds 9c, 9h and 10c displayed the best
potencies outperforming imatinib in both biochemical and cell
based assays, with sub-micromolar GI50 values against K562 cell
line. Extensive cellular screening of 9h and 10c over a panel of six
human leukemia cell lines, at NCI, revealed their superior distinct
and selective potency towards K562 cell line to imatinib, with GI50



Fig. 9. (A) The putative binding mode of compound 9h in the kinase domain of Bcr-AblWT. Carbon atoms of the protein and the ligand are indicated in gray and cyan, respectively.
Each dotted line represents a hydrogen bond. (B) The putative binding mode of compound 9h in the kinase domain of Bcr-AblT315I. Carbon atoms of the protein and the ligand are
indicated in gray and green, respectively. Each red dotted line represents a hydrogen bond. (For interpretation of the references to color in this figure legend, the reader is referred to
the Web version of this article.)

Table 5
IC50 of compound 9h in biochemical hERG assay.

Compound No. IC50 (mM)a

9h 3.405 ± 0.519
E-4031 0.011 ± 0.002

a Compounds 9h and E-4031 (positive compound) were
tested in 10-dose duplicate IC50 mode with a 3-fold serial
dilution.

Table 6
In vivo PK parameters of compound 9h following intravenous (iv) or oral (po) dosing
in mice.a

PK Parameters IV, 5 mg/kg PO, 10 mg/kg

Tmax (h) -b 0.6 ± 0.3
Cmax (ng/mL) -b 113.0 ± 24.9
T1/2 (h) 3.5 ± 1.3 0.7 ± 0.0
AUClast (ng.h/mL) 14018.7 ± 2433.3 174.7 ± 54.1
CL (mL/min/kg) 5.0 ± 1.2 -b

MRTinf (h) 4.7 ± 1.3 1.3 ± 0.1
Vss (L/kg) 1.4 ± 0.2 -b

F (%) 0.6

a Values are presented as mean ± SD (n ¼ 3). AUC: area under plasma concen-
tration time curve; Cmax: peak plasma concentration; Tmax: time to reach Cmax; CL:
body clearance; MRTinf: mean residence time; Vss: volume of distribution; F: oral
bioavailability.

b Not determined.
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less than 10 nM. Out of the 15 target compounds, the morpholine
amide derivative 9h emerged as the most potent member with
nanomolar IC50s against Bcr-AblWT, Bcr-AblT315I kinases, and their
respective K562 cell line overcoming the poor cellular potency of
previously reported indazole II. The postulated binding mode of 9h
in kinase domain of Bcr-AblWTand Bcr-AblT315I disclosed the
favorable role of ethynyl linker in avoiding steric repulsion with
Ile315 gatekeeper residue. Furthermore, hERG channel inhibition
assay for compound 9h pointed out its low possibility to induce QT
prolongation. Taken together, compound 9h might serve as a
promising candidate for further development of potent Bcr-Abl
inhibitors for CML therapy.
4. Experimental

4.1. General

All reactions and manipulations were conducted utilizing
standard Schlenk techniques. All solvents and reagents were ob-
tained from commercial suppliers and were used without further
purification. The reaction progress was monitored on TLC plate
(Merck, silica gel 60 F254). Flash column chromatography was car-
ried out using silica gel (Merck, 230e400 mesh) and the mobile
phase solvents are indicated as a mixed solvent with either given
volume-to-volume ratios or as a percentage. 1H and 13C NMR
spectra were recorded on a Bruker Avance 400 MHz spectrometer,
using appropriate deuterated solvents, as noted. Chemical shifts (d)
are given in parts per million (ppm) upfield from tetramethylsilane
(TMS) as internal standard, and br.s, s, d, t, and m are designated as
broad singlet, singlet, doublet, triplet and multiplet, respectively.
Coupling constants (J) are reported in hertz (Hz). High resolution
mass spectra were recorded on Waters Acquity UPLC/Synapt G2
QTOF MS or JMS 700 (Jeol, Japan) mass spectrometer. The purity of
all final compounds was >95%, as indicated by 1H NMR spectra.
4.2. N-(3-Ethynylphenyl)-3-(trifluoromethyl)benzamide (2a)

Triethylamine (346 mg, 3.42 mmol) was added slowly to a
stirred suspension of 3-ethynylaniline 1 (134mg,1.14mmol) and 3-
(trifluoromethyl)benzoyl chloride (286 mg, 1.37 mmol) in
dichloromethane (10 mL), and the reaction mixture was stirred at
room temperature for 2 h. The solvent was evaporated under
reduced pressure and the residue was purified by flash column
chromatography on silica gel using (Ethyl acetate-hexane, 1:3 v/v)
to afford the title compound as pure yellow solid; 179.4 mg (yield
54.4%); 1H NMR (400MHz, CDCl3) d 8.55 (s, 1H), 8.09 (s,1H), 8.01 (d,
J ¼ 8.0 Hz, 1H), 7.77e7.74 (m, 2H), 7.66e7.63 (m, 1H), 7.54 (t,
J ¼ 7.6 Hz, 1H), 7.29e7.27 (m, 2H), 3.08 (s, 1H); 13C NMR (100 MHz,
CDCl3) d 164.88, 137.52, 135.38, 131.17 (q, J ¼ 33 Hz), 130.48, 129.35,
129.06, 128.70, 128.46 (q, J ¼ 4 Hz), 124.24, 124.17 (q, J ¼ 4 Hz),
123.95 (q, J ¼ 271 Hz), 122.96, 121.34, 82.96, 77.73.
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4.3. N-(3-Ethynylphenyl)-3,5-bis(trifluoromethyl)benzamide (2b)

A stirred suspension of compound 1 (56.6 mg, 0.484 mmol) and
3,5-Bis(trifluoromethyl)benzoyl chloride (161 mg, 0.581 mmol) in
pyridine (1 mL) was heated at 90 �C for 1 h. The solvent was
evaporated under reduced pressure and the residuewas purified by
flash column chromatography on silica gel using (Ethyl acetate-
hexane, 1:2 v/v) to afford the title compound as pure yellow
solid; 91.6 mg (yield 53%); 1H NMR (400 MHz, Acetone-d6) d 10.07
(br.s, 1H), 8.64 (s, 2H), 8.29 (s, 1H), 8.04 (s, 1H), 7.85 (d, J ¼ 8.2 Hz,
1H), 7.41 (t, J ¼ 7.6 Hz, 1H), 7.31 (d, J ¼ 7.6 Hz, 1H), 3.68 (s, 1H); 13C
NMR (100 MHz, Acetone-d6) d 162.75, 138.88, 137.44, 131.47 (q,
J ¼ 33 Hz), 129.05, 128.30 (q, J ¼ 3 Hz), 127.81, 125.02 (q, J ¼ 4 Hz),
123.60, 123.32 (q, J ¼ 270 Hz), 122.80, 120.89, 82.97, 78.38; HRMS
(ESI-TOF) m/z calcd for C17H10F6NO [MþH]þ: 358.0667, found:
358.0662.

4.4. General procedure for synthesis of compounds 2ceh

To a mixture of compound 1 (109 mg, 0.93 mmol) and the
appropriate aromatic carboxylic acid (1.21 mmol) in anhydrous
DMF (5mL) under argon atmosphere, DIPEA (3.72mmol) and HATU
(1.21 mmol) were added. The reaction mixture was stirred at rt for
18 h, and then quenched with saturated NaHCO3 solution (30 mL).
The aqueous layer was extracted with ethyl acetate (3� 20mL) and
the combined organic layers were washed with water and brine,
dried over anhydrous Na2SO4, filtered, and the solvent was
removed under reduced pressure. The resultant residue was puri-
fied by flash column chromatography on silica gel using the proper
elution system to furnish compounds 2ceh in pure form.

4.4.1. N-(3-Ethynylphenyl)-3-(4-methyl-1H-imidazole-1-yl)-5-
(trifluoromethyl)benzamide (2c)

Flash column chromatography was carried out using a mixture
of hexane and ethyl acetate (1:1 v/v, then switching to 100% ethyl
acetate). Yield 41.8%; 1H NMR (400 MHz, CDCl3) d 10.45 (s, 1H), 8.20
(s, 1H), 8.15 (s, 1H), 7.77 (s, 2H), 7.74e7.71 (m, 1H), 7.69 (s, 1H),
7.25e7.24 (m, 2H), 7.03 (s, 1H), 3.04 (s, 1H), 2.09 (s, 3H); 13C NMR
(100 MHz, CDCl3) d 163.88, 140.11, 137.95, 137.66, 137.59, 134.42,
132.79 (q, J ¼ 33 Hz), 128.99, 128.70, 124.46, 123.48 (q, J ¼ 4 Hz),
123.32, 122.96 (q, J ¼ 271 Hz), 122.79, 121.66, 120.23 (q, J ¼ 4 Hz),
114.78, 82.97, 77.73, 13.16.

4.4.2. N-(3-Ethynylphenyl)-3-fluoro-5-(trifluoromethyl)benzamide
(2d)

Flash column chromatography was carried out using (Ethyl
acetate-hexane, 1:3 v/v). Yield 93.3%; 1H NMR (400 MHz, CDCl3)
d 8.06 (s, 1H), 7.91 (s, 1H), 7.80 (d, J ¼ 8.4 Hz, 1H), 7.75 (s, 1H), 7.67
(dt, J¼ 6.7 Hz, 2.1 Hz,1H), 7.54 (d, J¼ 8.0 Hz,1H), 7.37e7.32 (m, 2H),
3.12 (s, 1H); 13C NMR (100 MHz, CDCl3) d 163.83, 162.24 (q,
J ¼ 183 Hz), 137.99, 137.92, 137.14, 129.11 (q, J ¼ 22 Hz), 124.02,
123.15, 121.10, 119.58, 119.54, 118.16 (q, J ¼ 22 Hz), 116.41, 116.16,
82.79, 77.91.

4.4.3. N-(3-Ethynylphenyl)-3-morpholino-5-(trifluoromethyl)
benzamide (2e)

Flash column chromatography was carried out using (Ethyl
acetate-hexane, 1:3 v/v). Yield 84.8%; 1H NMR (400 MHz, CDCl3)
d 8.26 (br.s, 1H), 7.77 (s, 1H), 7.71 (dt, J ¼ 7.6 Hz, 2.0 Hz, 1H), 7.59 (s,
1H), 7.46 (s, 1H), 7.36e7.29 (m, 2H), 7.24 (s, 1H), 3.88 (t, J ¼ 4.8 Hz,
4H), 3.27 (t, J ¼ 4.8 Hz, 4H), 3.11 (s, 1H); 13C NMR (100 MHz, CDCl3)
d 165.11, 151.78, 137.70, 136.50, 131.95 (q, J ¼ 32 Hz), 129.13, 128.55,
123.87, 123.77 (q, J ¼ 271 Hz), 122.97, 121.01, 117.21, 114.47 (q,
J¼ 4 Hz), 113.33 (q, J¼ 4 Hz), 83.00, 77.71, 66.52, 48.25; HRMS (ESI-
TOF) m/z calcd for C20H18F3N2O2 [MþH]þ: 375.1320, found:
375.1311.

4.4.4. N-(3-Ethynylphenyl)-4-methyl-3-(trifluoromethyl)
benzamide (2f)

Flash column chromatography was carried out using (Ethyl
acetate-hexane, 1:3 v/v). Yield 95.2%; 1H NMR (400 MHz, CDCl3)
d 8.10 (d, J ¼ 1.3 Hz, 1H), 7.99 (br.s, 1H), 7.92 (dd, J ¼ 7.9 Hz, 1.8 Hz,
1H), 7.77e7.76 (m, 1H), 7.70 (dt, J ¼ 7.6 Hz, 2.0 Hz, 1H), 7.41 (d,
J ¼ 7.9 Hz, 1H), 7.36e7.31 (m, 2H), 3.10 (s, 1H), 2.57 (s, 3H); 13C NMR
(100 MHz, CDCl3) d 164.49, 141.11, 137.65, 132.52, 132.46, 130.17,
129.15, 128.55, 125.34, 124.55, 124.60, 123.82, 123.02, 120.95, 82.99,
77.69, 19.44; HRMS (ESI-TOF) m/z calcd for C17H13F3NO [MþH]þ:
304.0949, found: 304.0946.

4.4.5. N-(3-Ethynylphenyl)-4-(4-methylpiperazin-1-yl)-3-
(trifluoromethyl)benzamide (2g)

Flash column chromatography was carried out using (Ethyl
acetate-hexane,1:1 v/v, then switching to 100% ethyl acetate). Yield
64%; 1H NMR (400MHz, CDCl3) d 8.29 (s,1H), 8.10 (d, J¼ 1.6 Hz,1H),
7.97 (dd, J ¼ 8.4 Hz, 1.6 Hz, 1H), 7.73 (s, 1H), 7.66 (dt, J ¼ 7.0 Hz,
2.0 Hz, 1H), 7.31e7.25 (m, 2H), 3.07 (s, 1H), 3.03 (t, J ¼ 4.6 Hz, 4H),
2.59 (br.s, 4H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) d 164.53,
155.40, 137.77, 131.63, 129.81, 129.05, 128.43, 126.94 (q, J ¼ 5 Hz),
125.76 (q, J ¼ 29 Hz), 124.0 (q, J ¼ 272 Hz), 123.97, 123.23, 122.91,
121.11, 83.04, 77.66, 55.15, 53.01, 46.03.

4.4.6. N-(3-Ethynylphenyl)-4-morpholino-3-(trifluoromethyl)
benzamide (2h)

Flash column chromatography was carried out using (Ethyl
acetate-hexane, 1:3 v/v). Yield 97.2%; 1H NMR (400 MHz, CDCl3)
d 8.42 (s, 1H), 8.12 (d, J¼ 1.6 Hz, 1H), 8.01 (dd, J¼ 8.4 Hz, 1.6 Hz, 1H),
7.73 (s, 1H), 7.66 (dt, J ¼ 6.6 Hz, 2.2 Hz, 1H) 7.32e7.28 (m, 3H), 3.85
(t, J ¼ 4.5 Hz, 4H), 3.08 (s, 1H), 2.99 (t, J ¼ 4.4 Hz, 4H); 13C NMR
(100 MHz, CDCl3) d 164.53, 154.97, 137.74, 131.86, 130.23, 129.06,
128.49, 126.95 (q, J ¼ 6 Hz), 126.17 (q, J ¼ 30 Hz), 124.05, 123.62 (q,
J ¼ 272 Hz), 123.26, 122.91, 121.20, 83.04, 77.71, 67.06, 53.38.

4.5. Methyl-3-iodobenzoate (4)

To a stirring solution of 3-iodobenzoic acid 3 (3.00 g, 12.1 mmol)
in methanol (75 mL), was added cautiously concentrated H2SO4
(3.0 mL), and the resulting solution was refluxed under nitrogen
atmosphere for 2.5 h and allowed to cool down to rt. The reaction
mixture was then diluted with diethyl ether (75 mL) and washed
with H2O (2� 75mL), saturated NaHCO3 solution (75mL), and then
brine (75 mL). The organic layer was dried over anhydrous Na2SO4,
filtered, and the solvent was removed under reduced pressure to
afford compound 4 as a white solid (3.17 g, 99%); 1H NMR
(400MHz, CDCl3) d 8.35 (t, J¼ 1.6 Hz,1H), 7.98 (m,1H), 7.86 (m,1H),
7.16 (t, J ¼ 7.8 Hz, 1H), 3.89 (s, 3H).

4.6. Methyl 3-((trimethylsilyl)ethynyl)benzoate (5)

A stirring mixture of compound 4 (3.22 g, 12.29 mmol), trime-
thylsilylacetylene (1.811 g, 18.4 mmol), PdCl2(PPh3)2 (86 mg,
0.123 mmol) and Et3N (20 mL) was dissolved in anhydrous THF
(40 mL). The reaction mixture was degassed and stirred under
argon atmosphere for 15 min before the addition of CuI (36 mg,
0.184 mmol). The reaction was stirred at rt for 18 h, and then was
diluted with diethyl ether (75 mL), washed with 0.1 M HCl solution
(2� 100mL), H2O (75 mL) and brine (75 mL). The organic layer was
dried over anhydrous Na2SO4, filtered, and the solvent was
removed under reduced pressure to afford 5 as an orange oil (3.41 g,
96%); 1 H NMR (400 MHz, CDCl3) d 8.16 (t, J ¼ 1.5 Hz, 1H), 7.98 (dt,
J¼ 7.8, 1.2 Hz,1H), 7.65 (dt, J¼ 7.7, 1.2 Hz,1H), 7.39 (t, J¼ 7.8 Hz,1H),
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3.93 (s, 3H), 0.28 (s, 9H); 13C NMR (100 MHz, CDCl3) d 166.33, 136.0,
133.10, 130.30, 129.42, 128.36, 123.59, 103.86, 95.35, 52.23, 0.13.
4.7. 3-Ethynylbenzoic acid (6)

Sodium hydroxide (2 N aqueous solution, 15 mL, 28 mmol) was
added to a cold solution of compound 5 (3.23 g, 13.9 mmol) in
MeOH (75 mL) at 0 �C, and the solutionwas stirred for 1 h at rt. The
reaction mixture was concentrated under reduced pressure, acidi-
fied with HCl (2 N aqueous solution), diluted with EtOAc and then
washed with water and saturated brine. The organic layer was
dried over anhydrous Na2SO4, filtered, and the solvent was
removed under reduced pressure to afford 6 as a light brown solid
(1.712 g, 84.3%); 1H NMR (400 MHz, DMSO‑d6) d 13.0 (br.s, 1H),
7.98e7.96 (m, 2H), 7.73 (dt, J ¼ 7.8 Hz, 1.4 Hz, 1H), 7.54 (t, J ¼ 7.8 Hz,
1H), 4.30 (s, 1H); 13C NMR (100 MHz, CDCl3) d 166.91, 136.23,
132.69, 131.79, 130.13, 129.66, 122.57, 82.93, 82.12.
4.8. General procedure for synthesis of compounds 7aeg

To a mixture of 3-ethynylbenzoic acid 6 (100 mg, 0.684 mmol)
and the appropriate aniline derivative (0.684 mmol) in anhydrous
DMF (1 mL) under argon atmosphere, DIPEA (0.45 mL, 2.737 mmol)
and HATU (520.3 mg, 1.368 mmol) were added. The reaction
mixture was stirred at 60 �C for 4 h, and then quenched with
saturated NaHCO3 solution (10 mL). The aqueous layer was
extracted with ethyl acetate (3 � 10 mL) and the combined organic
layers were washed with water and brine, dried over anhydrous
Na2SO4, filtered, and the solvent was removed under reduced
pressure. The resultant oily residue was purified by flash column
chromatography on silica gel using the proper elution system to
afford compounds 7aeg in pure form.
4.8.1. 3-Ethynyl-N-(3-(trifluoromethyl)phenyl)benzamide (7a)
Flash column chromatography was carried out using (Ethyl

acetate-hexane, 1:3 v/v). Yield 73.6%; 1H NMR (400 MHz, CDCl3)
d 8.34 (s, 1H), 7.94 (m, 2H), 7.87e7.83 (m, 2H), 7.64 (d, J ¼ 7.6 Hz,
1H), 7.48e7.39 (m, 3H), 3.15 (s, 1H); 13C NMR (100 MHz, CDCl3)
d 165.34, 138.24, 135.47, 134.64, 131.60, 131.28, 130.57, 129.62,
128.96, 127.54, 123.52, 122.96, 121.33 (q, J ¼ 3.9 Hz), 117.18 (q,
J ¼ 4.1 Hz), 82.36, 78.67.
4.8.2. N-(3,5-Bis(trifluoromethyl)phenyl)-3-ethynylbenzamide (7b)
Flash column chromatography was carried out using (Ethyl

acetate-hexane, 1:4 v/v). Yield 23.8%; 1H NMR (400 MHz, CDCl3)
d 8.35 (br.s, 1H), 8.19 (s, 2H), 7.97 (s, 1H), 7.88 (d, J ¼ 7.6 Hz, 1H),
7.71e7.67 (m, 2H), 7.48 (t, J ¼ 7.6 Hz, 1H), 3.18 (s, 1H); 13C NMR
(100 MHz, CDCl3) d 165.29, 139.11, 135.89, 134.02, 132.49 (q,
J ¼ 33 Hz), 130.47, 129.16, 127.54, 123.19, 123.00 (q, J ¼ 271 Hz),
119.98, 118.05, 82.13, 78.91.
4.8.3. 3-Ethynyl-N-(3-(4-methyl-1H-imidazole-1-yl)-5-
(trifluoromethyl)phenyl)benzamide (7c)

Flash column chromatography was carried out using (Ethyl
acetate-hexane,1:2 v/v, then switching to 100% ethyl acetate). yield
52.3%; 1H NMR (400 MHz, CDCl3) d 9.62 (s, 1H), 8.16 (t, J ¼ 1.8 Hz,
1H), 8.00 (t, J ¼ 1.5 Hz, 1H), 7.93 (s, 1H), 7.89 (dt, J ¼ 8.0 Hz, 1.5 Hz,
1H), 7.86 (d, J ¼ 1.1 Hz, 1H), 7.60 (dt, J ¼ 7.7 Hz, 1.2 Hz, 1H), 7.39 (t,
J ¼ 7.8 Hz, 1H), 7.32 (s, 1H), 7.06 (s, 1H), 3.10 (s, 1H), 2.22 (s, 3H); 13C
NMR (100 MHz, CDCl3) d 165.76, 140.73, 138.33, 138.03, 135.60,
134.41,134.25,132.87 (q, J¼ 33Hz),131.00,128.89,127.85,123.18 (q,
J ¼ 271 Hz), 122.84, 120.54, 115.57 (q, J ¼ 3 Hz), 114.80, 112.88 (q,
J ¼ 4 Hz), 82.32, 78.67, 13.21.
4.8.4. 3-Ethynyl-N-(3-((4-methylpiperazin-1-yl)methyl)-5-
(trifluoromethyl)phenyl)benzamide (7d)

Flash column chromatography was carried out using (5%meth-
anol in ethyl acetate). Yield 67.7%; 1H NMR (400 MHz, CDCl3) d 8.04
(br.s, 1H), 7.97 (t, J ¼ 1.5 Hz, 1H), 7.93 (s, 1H), 7.87 (dt, J ¼ 7.9 Hz,
1.5 Hz, 1H), 7.76 (s, 1H), 7.66 (dt, J ¼ 7.7 Hz, 1.3 Hz, 1H), 7.46 (t,
J ¼ 7.8 Hz, 1H), 7.37 (s, 1H), 3.55 (s, 2H), 3.16 (s, 1H), 2.54 (br.s, 8H),
2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) d 164.92, 140.66, 138.34,
135.54, 134.69, 131.52 (q, J ¼ 34 Hz), 130.50, 129.08, 127.54, 125.39,
123.55, 123.06, 121.67 (q, J ¼ 4 Hz), 115.93 (q, J ¼ 17 Hz), 82.36,
78.72, 62.11, 54.95, 52.60, 45.70.
4.8.5. 3-Ethynyl-N-(3-(morpholinomethyl)-5-(trifluoromethyl)
phenyl)benzamide (7e)

Flash column chromatography was carried out using (Ethyl
acetate-hexane,1:1 v/v, then switching to 100% ethyl acetate). Yield
44.7%; 1H NMR (400 MHz, CDCl3) d 8.10 (s, 1H), 7.97 (s, 1H), 7.93 (s,
1H), 7.88e7.86 (m, 2H), 7.67 (d, J ¼ 7.5 Hz, 1H), 7.46 (t, J ¼ 7.7 Hz,
1H), 7.39 (s,1H), 3.75 (t, J¼ 4.2 Hz, 4H), 3.59 (s, 2H), 3.16 (s,1H), 2.51
(t, J ¼ 4.3 Hz, 4H); 13C NMR (100 MHz, CDCl3) d 164.94, 138.50,
135.56, 134.67, 131.61 (q, J ¼ 33 Hz), 130.49, 129.08, 127.57, 125.14,
124.21,123.76, 123.06, 121.82 (q, J¼ 4 Hz), 116.19 (q, J¼ 3 Hz), 82.36,
78.73, 66.67, 62.58, 53.47.
4.8.6. N-(4-Chloro-3-(trifluoromethyl)phenyl)-3-ethynylbenzamide
(7f)

Flash column chromatography was carried out using (Ethyl
acetate-hexane, 1:3 v/v). Yield 38.3%; 1H NMR (400 MHz, CDCl3)
d 8.63 (br.s, 1H), 7.96 (d, J ¼ 2.4 Hz, 1H), 7.91 (s, 1H), 7.85e7.80 (m,
2H), 7.63 (d, J¼ 7.6 Hz, 1H), 7.44e7.37 (m, 2H), 3.15 (s, 1H); 13C NMR
(100 MHz, CDCl3) d 165.58, 136.55, 135.60, 134.27, 131.97, 130.61,
128.91 (q, J ¼ 5 Hz), 128.58, 127.53, 127.43, 124.54, 122.48 (q,
J ¼ 272 Hz), 122.96, 119.56 (q, J ¼ 5 Hz), 82.26, 78.75.
4.8.7. 3-Ethynyl-N-(4-(morpholinomethyl)-3-(trifluoromethyl)
phenyl)benzamide (7g)

Flash column chromatography was carried out using (Ethyl
acetate-hexane,1:2 then 1:1 v/v, and finally switching to 100% ethyl
acetate). Yield 43.5%; 1H NMR (400 MHz, CDCl3) d 8.24 (s, 1H), 7.98
(s, 1H), 7.91e7.87 (m, 3H), 7.79 (d, J ¼ 8.4 Hz, 1H), 7.68 (d, J ¼ 7.6 Hz,
1H), 7.46 (t, J ¼ 8.0 Hz, 1H), 3.75 (t, J ¼ 4.6 Hz, 4H), 3.65 (s, 2H), 3.18
(s, 1H), 2.50 (t, J ¼ 4.2 Hz, 4H); 13C NMR (100 MHz, CDCl3) d 165.11,
136.60, 135.45, 134.71, 133.40, 131.46, 130.51, 129.38 (q, J ¼ 31 Hz),
128.98, 128.09, 127.59, 123.52 (q, J ¼ 271 Hz), 122.64, 117.75 (q,
J ¼ 6 Hz), 82.40, 78.67, 67.07, 58.25, 53.59; HRMS (ESI-TOF) m/z
calcd for C21H20F3N2O2 [MþH]þ: 389.1477, found: 389.1473.
4.9. 4-Iodo-1H-indazol-3-amine (8) [26]

A mixture of 2-fluoro-6-iodobenzonitrile (3.0 g, 12.145 mmol)
and hydrazine monohydrate (8 mL) in n-butanol (40 mL) was
stirred and heated at 110 �C for 2 h. The reaction mixture was
cooled to room temperature and quenched with a mixture of ethyl
acetate and water. The aqueous layer was extracted with ethyl ac-
etate (3 � 50 mL) and the combined organic layers were washed
with water and brine, dried over anhydrous Na2SO4, filtered, and
the solvent was removed under reduced pressure to afford the title
compound as pure brown solid; 3.084 g (yield 98%); 1H NMR
(400 MHz, DMSO‑d6) d 11.80 (s, 1H), 7.35 (d, J ¼ 7.2 Hz, 1H), 7.30 (d,
J ¼ 8.4 Hz, 1H), 6.94 (t, J ¼ 7.6 Hz, 1H), 5.06 (s, 2H); 13C NMR
(100 MHz, DMSO‑d6) d 148.98, 141.90, 128.74, 128.10, 115.02, 110.52,
86.35.
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4.10. General procedure for synthesis of compounds 9aeh and
10aeg

To a stirred solution of compound 8 (75 mg, 0.29 mmol) and the
appropriate acetylene derivative 2aeh or 7aeg (0.29 mmol) in
DMF/Et3N, 1:1 (4 mL) was added PdCl2(PPh3)2 (4.2 mg,
0.006 mmol) and CuI (2.3 mg, 0.012 mmol). The solution was
purged with argon for 15 min, sealed, and heated at 85e90 �C for
18 h. The solvents were evaporated under reduced pressure and to
the residue was added H2O and ethyl acetate (10 mL each). The
organic layer was separated, and the aqueous layer was repeatedly
extracted with ethyl acetate (3 � 10 mL). The combined organic
layers were washed with brine solution, dried over anhydrous
Na2SO4, and filtered. The solvent was evaporated under reduced
pressure, and the resulting residue was purified by flash column
chromatography on silica gel using the proper elution system to
yield compounds 9aeh and 10aeg in pure form.

4.10.1. N-(3-((3-Amino-1H-indazol-4-yl)ethynyl)phenyl)-3-
(trifluoromethyl)benzamide (9a)

Flash column chromatography was carried out using (Ethyl
acetate-hexane, 1:1 then switching to 2:1, v/v). Yield 56%; 1H NMR
(400 MHz, Acetone-d6) d 11.14 (br. s, 1H), 10.00 (s, 1H), 8.37e8.34
(m, 2H), 8.18 (s, 1H), 7.97e7.94 (m, 2H), 7.81 (t, J ¼ 7.7 Hz, 1H),
7.50e7.41 (m, 3H), 7.32 (t, J ¼ 8.2 Hz, 1H), 7.22 (d, J ¼ 7.0 Hz, 1H),
5.04 (d, J ¼ 7.3 Hz, 2H); 13C NMR (100 MHz, Acetone-d6) d 164.29,
139.40 (d, J¼ 9 Hz), 136.07 (d, J¼ 3 Hz), 131.45,130.26 (q, J¼ 32 Hz),
129.64, 129.20, 128.16 (q, J ¼ 4 Hz), 127.17, 127.05, 126.46, 126.34,
124.87, 124.31 (q, J ¼ 4 Hz), 124.15 (q, J ¼ 270 Hz), 123.17, 123.09,
122.94, 122.84, 120.89, 120.79, 92.91, 87.08; HRMS (FABþ)m/z calcd
for C23H16F3N4O [MþH]þ: 421.1276, found: 421.1277.

4.10.2. N-(3-((3-Amino-1H-indazol-4-yl)ethynyl)phenyl)-3,5-
bis(trifluoromethyl)benzamide (9b)

Flash column chromatography was carried out using (Ethyl
acetate-hexane, 1:1 then switching to 2:1, v/v). Yield 62.3%; 1H
NMR (400 MHz, Acetone-d6) d 10.99 (br. s, 1H), 10.14 (s, 1H), 8.64 (s,
2H), 8.29 (s, 1H), 8.11 (s, 1H), 7.89 (d, J ¼ 5.6 Hz, 1H), 7.43e7.33 (m,
4H), 7.20 (d, J ¼ 6.0 Hz, 1H), 5.35 (br.s, 2H); 13C NMR (100 MHz,
Acetone-d6) d 162.76, 139.04, 137.41, 131.95, 131.62, 131.29, 130.95,
129.24, 128.34,127.45,127.36,125.07,124.68, 123.65,123.08,123.02,
121.98, 120.98, 111.09, 93.25, 86.83; HRMS (FABþ) m/z calcd for
C24H15F6N4O [MþH]þ: 489.1150, found: 489.1153.

4.10.3. N-(3-((3-Amino-1H-indazol-4-yl)ethynyl)phenyl)-3-(4-
methyl-1H-imidazole-1-yl)-5-(trifluoromethyl) benzamide (9c)

Flash column chromatography was carried out using (2e5%
Methanol in dichloromethane). Yield 33%; 1H NMR (400 MHz,
Acetone-d6) d 11.10 (br.s, 1H), 10.10 (s, 1H), 8.51 (s, 1H), 8.28 (s, 2H),
8.18 (s, 1H), 8.15 (s, 1H), 7.95 (d, J ¼ 8.0 Hz, 1H), 7.57 (s, 1H),
7.52e7.41 (m, 3H), 7.32 (t, J ¼ 7.6 Hz, 1H), 7.21 (d, J ¼ 6.8 Hz, 1H),
4.98 (br.s, 2H), 2.24 (s, 3H); 13C NMR (100 MHz, Acetone-d6)
d 163.39, 149.02, 141.97, 139.95, 139.27, 138.49, 137.96, 134.99,
132.08, 131.76, 129.29, 127.29, 126.36, 124.97, 123.90, 123.24, 122.99,
120.85, 120.00, 115.17, 114.54, 114.12, 112.98, 110.83, 92.75, 87.19;
12.91; HRMS (ESI-TOF) m/z calcd for C27H20F3N6O [MþH]þ:
501.1651, found: 501.1650.

4.10.4. N-(3-((3-Amino-1H-indazol-4-yl)ethynyl)phenyl)-3-fluoro-
5-(trifluoromethyl)benzamide (9d)

Flash column chromatography was carried out using (Ethyl
acetate-hexane,1:1, v/v then switching to 100% ethyl acetate). Yield
11.3%; 1H NMR (400MHz, Acetone-d6) d 11.02 (br.s, 1H), 9.97 (s, 1H),
8.23 (s, 1H), 8.14e8.11 (m, 2H), 7.92 (d, J ¼ 8.0 Hz, 1H), 7.80 (d,
J ¼ 8.4 Hz, 1H), 7.51e7.40 (m, 3H), 7.31 (t, J ¼ 8.0 Hz, 1H), 7.21 (d,
J¼ 7.2 Hz,1H), 4.96 (d, J¼ 2.5 Hz, 2H); 13C NMR (100MHz, Acetone-
d6) d 163.75, 162.88, 161.28, 139.19, 129.26, 127.27, 126.37, 123.25,
123.07, 122.94, 122.85, 120.88, 120.78, 120.46, 120.42, 118.80, 118.57,
115.83 (q, J ¼ 4 Hz), 115.58 (q, J ¼ 4 Hz), 114.56, 110.84, 92.73, 87.17;
HRMS (FABþ)m/z calcd for C23H15F4N4O [MþH]þ: 439.1182, found:
439.1178.
4.10.5. N-(3-((3-Amino-1H-indazol-4-yl)ethynyl)phenyl)-3-
morpholino-5-(trifluoromethyl)benzamide (9e)

Flash column chromatography was carried out using (Ethyl
acetate-hexane, 2:1, v/v then switching to 100% ethyl acetate). Yield
58.6%; 1H NMR (400 MHz, DMSO‑d6) d 11.82 (br.s, 1H), 10.50 (s, 1H),
8.04 (s, 1H), 7.87 (d, J ¼ 8.4 Hz, 1H), 7.75 (s, 1H), 7.69 (s, 1H), 7.48 (t,
J ¼ 7.6 Hz, 1H), 7.41e7.39 (m, 2H), 7.35 (d, J ¼ 8.0 Hz, 1H), 7.28 (t,
J¼ 8.4 Hz, 1H), 7.16 (d, J¼ 7.2 Hz, 1H), 5.16 (s, 2H), 3.79 (t, J¼ 4.8 Hz,
4H), 3.32e3.31 (m, 4H); 13C NMR (100 MHz, DMSO‑d6) d 165.12,
151.95, 141.75, 139.68, 136.90, 130.83, 130.51, 129.79, 127.35, 126.85,
125.95, 123.43, 123.24, 122.78, 121.74, 120.48, 117.70, 114.40, 114.29,
113.98,111.53, 93.33, 87.59, 66.36, 48.16; HRMS (FABþ)m/z calcd for
C27H23F3N5O2 [MþH]þ: 506.1804, found: 506.1806.
4.10.6. N-(3-((3-Amino-1H-indazol-4-yl)ethynyl)phenyl)-4-
methyl-3-(trifluoromethyl)benzamide (9f)

Flash column chromatography was carried out using (Ethyl
acetate-hexane, 1:1 then switching to 3:1, v/v). Yield 55.2%; 1H
NMR (400 MHz, DMSO‑d6) d 11.83 (s, 1H), 10.55 (s, 1H), 8.28 (s, 1H),
8.19 (d, J ¼ 7.6 Hz, 1H), 8.07 (s, 1H), 7.87 (d, J ¼ 8.0 Hz, 1H), 7.64 (d,
J ¼ 7.6 Hz, 1H), 7.48 (t, J ¼ 8.0 Hz, 1H), 7.41e7.34 (m, 2H), 7.28 (t,
J ¼ 8.0 Hz, 1H), 7.16 (d, J ¼ 6.8 Hz, 1H), 5.17 (s, 2H), 2.54 (s, 3H); 13C
NMR (100 MHz, DMSO‑d6) d 164.65, 149.20, 141.77, 140.54, 139.75,
137.00, 133.06, 132.97, 132.06, 129.77, 128.00 (q, J ¼ 30 Hz), 127.29,
126.84, 125.45 (q, J ¼ 6 Hz), 124.67, 123.38, 123.27 (q, J ¼ 6 Hz),
122.74, 121.63, 114.31, 111.52, 93.38, 87.57, 19.27; HRMS (FABþ) m/z
calcd for C24H18F3N4O [MþH]þ: 435.1432, found: 435.1436.
4.10.7. N-(3-((3-Amino-1H-indazol-4-yl)ethynyl)phenyl)-4-(4-
methylpiperazin-1-yl)-3-(trifluoromethyl)benzamide (9g)

Flash column chromatography was carried out using (2e5%
Methanol, 1% NH4OH in dichloromethane). Yield 24.7%; 1H NMR
(400MHz, Acetone-d6) d 11.04 (br. s, 1H), 9.85 (s, 1H), 8.32e8.28 (m,
2H), 8.16 (s, 1H), 7.92 (d, J ¼ 8.0 Hz, 1H), 7.61 (d, J ¼ 8.4 Hz, 1H), 7.47
(t, J ¼ 7.9 Hz, 1H), 7.43e7.40 (m, 2H), 7.31 (t, J ¼ 8.4 Hz, 1H), 7.20 (d,
J ¼ 7.0 Hz, 1H), 4.98 (br. s, 2H), 3.06 (t, J ¼ 4.7 Hz, 4H), 2.57 (t,
J ¼ 4.6 Hz, 4H), 2.31 (s, 3H); 13C NMR (100 MHz, Acetone-d6)
d 164.07, 155.48, 149.06, 139.64, 132.46, 130.63, 129.16, 127.13,
127.07, 127.03, 126.84, 126.36, 125.51, 125.10, 123.62, 123.13, 123.02,
122.80, 120.77, 114.61, 110.79, 92.91, 87.03, 55.07, 53.01, 45.37;
HRMS (ESI-TOF) m/z calcd for C28H26F3N6O [MþH]þ: 519.2120,
found: 519.2134.
4.10.8. N-(3-((3-Amino-1H-indazol-4-yl)ethynyl)phenyl)-4-
morpholino-3-(trifluoromethyl)benzamide (9h)

Flash column chromatography was carried out using (Ethyl
acetate-hexane, 2:1, v/v then switching to 100% ethyl acetate). Yield
67.7%; 1H NMR (400MHz, Acetone-d6) d 11.01 (br.s, 1H), 9.84 (s, 1H),
8.34e8.30 (m, 2H), 8.15 (s, 1H), 7.92 (d, J ¼ 7.5 Hz, 1H), 7.66 (d,
J ¼ 8.3 Hz, 1H), 7.49e7.40 (m, 3H), 7.31 (t, J ¼ 8.2 Hz, 1H), 7.21 (d,
J ¼ 7.0 Hz, 1H), 4.97 (br.s, 2H), 3.81 (t, J ¼ 4.4 Hz, 4H), 3.04 (t,
J ¼ 4.3 Hz, 4H); 13C NMR (100 MHz, DMSO‑d6) d 164.50, 155.03,
149.05, 141.74, 139.80, 133.47, 130.80, 129.78, 127.50 (q, J ¼ 6 Hz),
127.24,126.83, 124.91, 124.63, 124.33,123.24,123.02, 122.73, 121.59,
114.29, 112.72, 111.52, 93.37, 87.56, 66.89, 53.57; HRMS (ESI-TOF)m/
z calcd for C27H23F3N5O2 [MþH]þ: 506.1804, found: 506.1807.



A.K. El-Damasy et al. / European Journal of Medicinal Chemistry 207 (2020) 11271014
4.10.9. 3-((3-Amino-1H-indazol-4-yl)ethynyl)-N-(3-
(trifluoromethyl)phenyl)benzamide (10a)

Flash column chromatography was carried out using (Ethyl
acetate-hexane, 1:1 then 2:1, v/v). Yield 43.7%; 1H NMR (400 MHz,
Acetone-d6) d 11.09 (br. s, 1H), 9.98 (s, 1H), 8.36 (s, 1H), 8.28 (s, 1H),
8.14 (d, J¼ 8.0 Hz,1H), 8.09 (d, J¼ 7.6 Hz,1H), 7.87 (d, J¼ 7.6 Hz,1H),
7.66e7.61 (m, 2H), 7.49 (d, J ¼ 7.6 Hz, 1H), 7.42 (d, J ¼ 8.4 Hz, 1H),
7.33 (t, J ¼ 8.0 Hz, 1H), 7.23 (d, J ¼ 6.8 Hz, 1H), 5.01 (s, 2H); 13C NMR
(100 MHz, Acetone-d6) d 164.99, 161.06, 140.08, 135.46, 134.47,
130.61,130.28, 129.74, 129.07,128.00, 126.42,125.76,123.69,123.54,
123.46, 123.27, 123.18, 123.05, 120.19 (q, J ¼ 4 Hz), 116.56 (q,
J ¼ 4 Hz), 111.10, 92.14, 87.98; HRMS (FABþ) m/z calcd for
C23H16F3N4O [MþH]þ: 421.1276, found: 421.1272.

4.10.10. 3-((3-Amino-1H-indazol-4-yl)ethynyl)-N-(3,5-
bis(trifluoromethyl)phenyl)benzamide (10b)

Flash column chromatography was carried out using (Ethyl
acetate-hexane, 1:1 v/v). Yield 12.8%; 1H NMR (400 MHz, Acetone-
d6) d 11.12 (br. s, 1H), 10.27 (s, 1H), 8.61 (s, 2H), 8.32 (s, 1H), 8.12 (d,
J¼ 8.0 Hz, 1H), 7.88 (d, J¼ 7.6 Hz, 1H), 7.79 (s, 1H), 7.64 (t, J¼ 8.0 Hz,
1H), 7.43 (d, J¼ 8.4 Hz,1H), 7.32 (t, J¼ 8.4 Hz,1H), 7.22 (d, J¼ 7.2 Hz,
1H), 5.03 (s, 2H); 13C NMR (100 MHz, Acetone-d6) d 165.34, 149.07,
142.02, 141.18, 134.84, 134.81, 131.62 (q, J ¼ 33 Hz), 130.33, 129.15,
128.07, 126.41, 124.90, 123.28, 122.20, 120.01 (q, J ¼ 4 Hz), 116.65 (q,
J¼ 4 Hz),114.28,112.96,111.11, 92.05, 88.13; HRMS (FABþ)m/z calcd
for C24H15F6N4O [MþH]þ: 489.1150, found: 489.1148.

4.10.11. 3-((3-Amino-1H-indazol-4-yl)ethynyl)-N-(3-(4-methyl-
1H-imidazole-1-yl)-5-(trifluoromethyl)phenyl) benzamide (10c)

Flash column chromatography was carried out using (5%
Methanol in dichloromethane). Yield 11%; 1H NMR (400 MHz,
Acetone-d6) d 11.08 (br. s, 1H), 10.16 (s, 1H), 8.42 (s, 1H), 8.30 (s, 1H),
8.25 (s, 1H), 8.12e8.10 (m, 2H), 7.89 (d, J¼ 7.6 Hz,1H), 7.70e7.65 (m,
2H), 7.44e7.41 (m, 2H), 7.33 (t, J ¼ 8.4 Hz, 1H), 7.23 (d, J ¼ 6.8 Hz,
1H), 4.98 (s, 2H), 2.24 (s, 3H); 13C NMR (100 MHz, Acetone-d6)
d 165.18, 165.11, 148.94, 141.51, 141.42, 139.83, 138.68, 135.09 (q,
J¼ 4 Hz), 134.70, 131.94 (q, J¼ 33 Hz), 130.27, 129.18, 128.03, 126.35,
123.29, 123.22, 122.49, 114.97, 114.88, 114.33, 114.09, 112.97, 112.04
(q, J¼ 4 Hz),111.07, 92.01, 88.11,12.93; HRMS (ESI-TOF)m/z calcd for
C27H20F3N6O [MþH]þ: 501.1651, found: 501.1650.

4.10.12. 3-((3-Amino-1H-indazol-4-yl)ethynyl)-N-(3-((4-
methylpiperazin-1-yl)methyl)-5-(trifluoromethyl)phenyl)
benzamide (10d)

Flash column chromatography was carried out using (5e10%
Methanol, 1% NH4OH in dichloromethane). Yield 15.6%; 1H NMR
(400 MHz, Acetone-d6) d 11.06 (br.s, 1H), 9.94 (s, 1H), 8.09e8.08 (m,
2H), 8.11e8.08 (m, 2H), 7.88 (d, J ¼ 7.6 Hz, 1H), 7.65 (t, J ¼ 8.0, 1H),
7.44 (s, 1H), 7.42 (s, 1H), 7.33 (t, J¼ 8.4, 1H), 7.23 (d, J¼ 6.8, 1H), 4.96
(d, J ¼ 10.0 Hz, 1H), 3.61 (s, 2H), 2.49e2.40 (m, 8H), 2.21 (s, 3H); 13C
NMR (100 MHz, Acetone-d6) d 164.93, 141.44, 140.05, 139.96, 135.48
(q, J ¼ 31 Hz), 134.44, 131.38, 130.48, 130.28, 130.16, 129.24, 129.07,
129.00,128.00,126.35,125.80,123.68,123.60,123.20,120.38,115.20
(q, J ¼ 4 Hz), 114.31, 111.03, 92.11, 87.98, 61.93, 55.04, 52.98, 45.42;
HRMS (ESI-TOF) m/z calcd for C29H28F3N6O [MþH]þ: 533.2277,
found: 533.2277.

4.10.13. 3-((3-Amino-1H-indazol-4-yl)ethynyl)-N-(3-
(morpholinomethyl)-5-(trifluoromethyl)phenyl)benzamide (10e)

Flash column chromatography was carried out using (2e5%
Methanol in dichloromethane). Yield 41%; 1H NMR (400 MHz,
CDCl3) d 8.85 (br.s, 1H), 8.05 (s, 1H), 8.01 (s, 1H), 7.87 (s, 1H), 7.84 (d,
J ¼ 7.8 Hz, 1H), 7.60 (d, J ¼ 7.6 Hz, 1H), 7.37 (t, J¼ 7.7 Hz, 1H), 7.31 (s,
1H), 7.20 (d, J ¼ 3.7 Hz, 2H), 7.10 (t, J ¼ 4.0 Hz, 1H), 4.96 (br.s, 2H),
3.71 (t, J ¼ 4.2 Hz, 4H), 3.56 (s, 2H), 2.51 (s, 4H); 13C NMR (100 MHz,
CDCl3) d 165.32, 149.15, 141.94, 138.84, 138.61, 138.44, 134.76,
134.65, 131.43 (q, J ¼ 32 Hz), 129.90, 129.04, 127.77, 127.33, 124.17,
123.78 (q, J ¼ 271 Hz), 123.14, 121.76 (q, J ¼ 4 Hz), 116.53 (q,
J ¼ 3 Hz), 114.57, 113.20, 110.91, 92.64, 87.93, 66.38, 62.35, 53.26;
HRMS (ESI-TOF) m/z calcd for C28H25F3N5O2 [MþH]þ: 520.1960,
found: 520.1960.

4.10.14. 3-((3-Amino-1H-indazol-4-yl)ethynyl)-N-(4-chloro-3-
(trifluoromethyl)phenyl)benzamide (10f)

Flash column chromatography was carried out using (Ethyl
acetate-hexane,1:1, v/v then switching to 100% ethyl acetate). Yield
76.2%; 1H NMR (400 MHz, Acetone-d6) d 11.11 (br.s, 1H), 10.11 (s,
1H), 8.46 (s, 1H), 8.28 (s, 1H), 8.21 (d, J ¼ 8.7 Hz, 1H), 8.09 (d,
J ¼ 7.8 Hz, 1H), 7.89 (d, J ¼ 7.7 Hz, 1H), 7.71e7.64 (m, 2H), 7.44 (d,
J¼ 8.3 Hz,1H), 7.34 (t, J¼ 8.3 Hz,1H), 7.24 (d, J¼ 7.0 Hz,1H), 4.98 (d,
J ¼ 10.0 H, 1H); 13C NMR (100 MHz, Acetone-d6) d 165.02, 148.97,
142.01, 138.71, 135.19, 134.61, 131.99, 130.27, 129.12, 128.00, 127.07
(q, J ¼ 31 Hz), 126.35, 125.36, 124.67, 124.59, 123.22, 123.04 (q,
J ¼ 271 Hz), 119.08 (q, J ¼ 6 Hz), 114.27, 112.96, 111.06, 92.03, 88.06;
HRMS (FABþ) m/z calcd for C23H15ClF3N4O [MþH]þ: 455.0886,
found: 455.0889.

4.10.15. 3-((3-Amino-1H-indazol-4-yl)ethynyl)-N-(4-
(morpholinomethyl)-3-(trifluoromethyl)phenyl)benzamide (10g)

Flash column chromatography was carried out using (0e2%
Methanol in ethyl acetate). Yield 63.4%; 1H NMR (400 MHz,
DMSO‑d6) d 11.84 (br.s, 1H), 10.65 (s, 1H), 8.24 (s, 2H), 8.08 (d,
J ¼ 8.4 Hz, 1H), 8.03 (d, J ¼ 8.0 Hz, 1H), 7.87 (d, J ¼ 7.6 Hz, 1H), 7.75
(d, J¼ 8.4 Hz,1H), 7.65 (t, J¼ 7.6 Hz,1H), 7.37 (d, J¼ 8.4 Hz,1H), 7.30
(t, J ¼ 8.4 Hz, 1H), 7.19 (d, J ¼ 6.8 Hz, 1H), 5.16 (s, 2H), 3.60e3.59 (m,
6H), 2.40 (s, 4H); 13C NMR (100 MHz, DMSO‑d6) d 165.39, 149.06,
141.77, 138.65, 135.50, 134.94, 132.20, 131.88, 130.75, 129.63, 128.78,
128.02 (q, J ¼ 33 Hz), 126.81, 126.15, 123.99, 123.38, 122.80, 117.79
(q, J ¼ 6 Hz), 114.10, 112.75, 111.70, 92.72, 88.51, 66.70, 58.34, 53.76;
HRMS (ESI-TOF) m/z calcd for C28H25F3N5O2 [MþH]þ: 520.1960,
found: 520.1955.

4.11. In vitro kinase screening

Reaction Biology Corp. Kinase HotSpot℠ service was used for
biochemical evaluation of compounds 9aeh and 10aeg according
to the reported assay protocol [34,41].

4.12. In vitro evaluations of antiproliferative activity

4.12.1. Preliminary MTT evaluation of antiproliferative activity
The antiproliferative activity of the target compounds was

evaluated against human leukemia K562 cancer cell and L132
normal cell line using the MTT assay following the reported assay
procedure [41].

4.12.2. NCI antileukemic screening
The cancer cell screening of compounds 9h and 10c over a panel

of six human leukemia cell lines was applied using SRB assay at the
National Cancer Institute (NCI), Bethesda, Maryland, USA adopting
the standard protocol [42].

4.13. NanoBRET target engagement assay

To HEK293 cells transiently transfectedwith 1 mg ABL1-NanoLuc
fusion vector, the test compounds (9h and dasatinib as reference)
were added. The compounds were tested in a 10-dose testing assay
starting with 10 mM (9h) or 1 mM (dasatinib) at 3-fold serial dilu-
tion. The medium was removed from the dish by aspiration, and
trypsin was neutralized using medium containing serum and
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centrifuge at 200�g for 5 min to pellet the cells. The cells were
prepared with NanoBRET™ Tracer K-4 reagent. The cell suspension
was dispensed into white, 384-well NBS plates, and the plate was
incubated at 37 C, 5% CO2 for 1 h. For optional background
correction steps, a separate set of samples without tracer was
prepared. After removing the plate from the incubator, it was
equilibrated to room temperature for 15min 3X complete substrate
plus inhibitor solution in assay medium (OptiMEMR I reduced
serummedium, no phenol red) was prepared just beforemeasuring
BRET. 10 mL of 3X complete substrate plus inhibitor solution was
added to each well of the 384-well plate, and was incubated for
2e3 min at room temperature. Donor emission wavelength
(460 nm) and acceptor emission wavelength (600 nm) were
measured in the EnVison plate reader.

4.14. Western blot assay for compound 9h

This assay was performed at RBC according to the following
method. Compound 9h was dissolved in DMSO at 10 mM stock.
1 � 106 cells/well of K562 cells were seeded in 24-well plates with
complete culture media overnight. The cells were treated with test
compound 9h or reference compound dasatinib for 1 h, then cells
were collected by centrifugation at 4 �C and resuspended in ice cold
PBS. The cells were lysed with 1X Cell Signaling Lysis Buffer plus 1X
proteinase/phosphotase inhibitor cocktail and 1 mM PMSF. The
lysate samples were centrifuged at 12000 rpm for 10 min at 4 �C.
The supernatants were transferred to a new set of Eppendorf tubes.
4X LDS Sample Buffer with DTT was added to the cell lysates. The
protein samples were heated at 95 �C for 5 min. Cell lysate samples
were subjected to SDS-PAGE with 7% Tris-Acetate gel and trans-
ferred onto nitrocellulose membranes by iBlot Dry Blotting System.
The membranes were blocked with LI-COR TBS Blocking Buffer for
1 h and then probed with phospho-Abl overnight at 4 �C, washed in
TBS Tween, and re-probed with a-tubulin antibody overnight at
4 �C. Anti-rabbit IgG IRDye 680RD and anti-mouse IgG IRDye
800CW secondary antibodies were used to detect the primary an-
tibodies as recommended by the manufacturer. The membranes
were scanned with LI-COR Odyssey Fc Imaging System.

4.15. Molecular docking

The docking model of compound 9h was constructed using the
X-ray co-crystal structure of Bcr-AblWT (PDB: 3OXZ) [24] or Bcr-
AblT315I (PDB: 3OY3) [24], in its DFG-out conformation, with
ponatinib. The protein was treated with protein preparation tool
applying the default values as implemented in Discovery Studio
2017 R2 client software [43], and conserving water molecules. The
binding site was defined based on contacts of ponatinib with Bcr-
Abl kinase domain. The ligand was prepared by Ligand Prepara-
tion tool implemented in Discovery Studio 2017 R2, and CDOCKER
algorithm was used to perform docking of the ligand into the
defined binding site. The ligand pose with the best score was
selected for analysis of binding mode. The results were visualized
and analyzed using tools implemented in Discovery Studio 2017 R2.

4.16. hERG channel assay

The assay is relied on the competition of fluorescently labeled
tracer binding to the membrane preparation containing hERG. The
used buffer is composed of 25 mM Hepes, pH 7.5, 15 mM KCl, 1 mM
MgCl2, 0.05% PF-127, and 1% DMSO. Solutions of the test com-
pounds in DMSO were added in the test concentration into the
membrane mixture (1X Predictor™ hERG Membrane) by using
Acoustic Technology. The tracer (1 nM Predictor™ hERG Tracer Red)
was added and gently mixed in dark. The fluorescence was
measured at 531 nm after 4 h incubation at room temperature and
the membrane potential was calculated. The background was
established by the average FP signal in the presence of 30 mME4031.
The IC50 values of the test compounds were estimated using
GraphPad Prism software.

4.17. In vivo pharmacokinetic (PK) profile of 9h

The pharmacokinetic (PK) studies were conducted in accor-
dance with the Animal Ethics Committee (IACUC) of the experi-
mental animal center of Daegu-Gyeongbuk Medical Innovation
Foundation (DGMIF) based on the animal protection act. In phar-
macokinetic assays, male ICR mice (SPF, ORIENTBIO INC. Korea,
25e30 g, n ¼ 4 (iv) and 4 (po) animals) were treated with a dose of
5 mg/kg and 10 mg/kg of compound 9h through iv and po,
respectively. The formulation of vehicle was 10% DMSO, 10% cre-
mophor EL and 80% saline in both iv and po. The mice were fol-
lowed 7 days acclimation to the vivarium. Blood samples (each
0.3 mL) were collected at 0, 0.08, 0.25, 0.5, 1, 2, 4, 6 and 8 h (iv), and
0, 0.25, 0.5, 1, 2, 4, 6 and 8 h (po) into microtubes (QSP, 1.5 mL).
Following centrifugation at 4 �C, the plasma was stored
at�70 ± 10 �C for LC-MS analysis. Compound levels in plasmawere
quantitatively analyzed by LC-MS/MS (Triple Quad 5500, Applied
Biosystems, USA) following protein precipitation with acetonitrile
including an internal standard. PK parameters were calculated from
the normalized LC-MS/MS peak areas using a non-compartmental
analysis model with WinNonlin 6.4 version (Pharsight, USA).
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