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Abstract

Haspin and Clk4 are both understudied protein kinases (PKs), offering potential
targets for the development of new anticancer agents. Thus, the identification
of new inhibitors targeting these PKs is of high interest. However, the inhibitors
targeting haspin or Clk4 developed to date show a poor selectivity profile over
other closely related PKs, increasing the risk of side effects. Herein, we present
two newly developed N;-benzyolated 5-(4-pyridinyl)indazole-based inhibitors
(18 and 19), derived from a newly identified indazole hit. These inhibitors
exhibit an exceptional inhibitory profile toward haspin and/or Clk4. Compound
18 (2-acetyl benzoyl) showed a preference to inhibit Clk4 and haspin over a
panel of closely related kinases, with sixfold selectivity for Clk4 (ICso=0.088
and 0.542 uM, respectively). Compound 19 (4-acetyl benzoyl) showed high
selectivity against haspin over the common off-target kinases (Dyrks and Clks)
with an ICsq of 0.155 uM for haspin. Molecular docking studies explained the
remarkable selectivity of 18 and 19, elucidating how the new scaffold can be
modified to toggle between inhibition of haspin or Clk4, despite the high
homology of the ATP-binding sites. Their distinguished profile allows these
compounds to be marked as interesting chemical probes to assess the selective
inhibition of haspin and/or Clk4.
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Protein kinases (PKs) play a crucial role in cellular signaling and
regulation, serving as key modulators of various physiological
processes. These enzymes are responsible for the phosphorylation of
target proteins, thereby triggering a cascade of molecular events that
regulate cellular functions such as growth, differentiation, metabolism,
and apoptosis.? The two largest groups of PKs are serine/threonine
kinases and tyrosine kinases.®! PKs have become the primary focus in
the development of anticancer drugs[4] as their deregulation is one the
major mechanisms by which cancer cells surpass normal physiological
constraints on growth and survival.® There are 74 small molecule
kinase inhibitor drugs approved by the FDA until May 2023, 65 of
them are approved for the management of neoplasms.[!

Haspin is classified among the atypical serine/threonine kinases as
its domain sequence is different from other PKs in the eukaryotic PK
super-family.”#" Haspin is known to phosphorylate histone H3 at
threonine 3! and it is responsible for chromosome alignment,
centromeric cohesion, and spindle stability during cell division including
mitosis and meiosis. It is highly upregulated in a variety of cancer cells
such as Burkitt's lymphoma, chronic lymphocytic leukemias, bladder
cancer, ovarian cancer, breast cancer and colorectal cancer.[*0-%3
Inhibition of haspin leads to improper arrangement and separation of
sister chromatids during the cell division resulting in an arrest in G2/M

phase and subsequently mitotic catastrophe leading to cell apoptosis.

Hence, inhibitors targeting haspin exhibit strong antitumor effects.*¥

Considering that haspin mainly phosphorylates threonine 3 of histone

3, inhibiting haspin may have fewer side effects compared to other

anticancer agents. There are a few reported haspin inhibitors!*¢!
(Figure 1): 5-iodotubercidin which was originally an ADK inhibitor, was
the first discovered compound that inhibits haspin along with members
of the Clks (Cdc2-like kinases), the Dyrks (dual-specificity tyrosine
phosphorylation-regulated kinases), CK1/2, and PKC.[***%) |n addition
to the tricyclic fused compounds: LDN-0192960, also co-inhibits
Dyrk1A, Dyrk2, Dyrk3, Clk1, and Pim1; LDN-209929 which co-inhibits
Dyrk2.[1629-221 Moreover, the imidazopyridazine derivative CHR-6494
which was found active both in vitro on tumor cells and in vivo in nude
mice xenografts of HCT-116 cells, however, the compound displays
poor selectivity against other kinases as it co-inhibits Clk1, Dyrk1A,
CDK?9, GSK3, CK1, CDK5, PIM1, ABL1, and JAK3.11420231 Al of these
inhibitors lack selectivity for haspin as they cross-react majorly with
the Clk family and/or the Dyrk family, both of which belong to the
CMGC group of eukaryotic PKs, along with other off-target kinases.
Therefore, the development of selective inhibitors that specifically
target haspin is necessary to achieve a safe and effective therapeutic
effect.

Clk4, a member of the Clk family, is notably one of the least
investigated members within this group. Clk family belongs to dual-
specificity PKs and is composed of four closely related isoforms: Clk1,

Clk2, Clk3, and Clk4. These kinases primarily play a role in alternative
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Clk4 ICsy = 0.136 uM
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CIk2 ICs, = 1.648 M

FIGURE 1 Some examples of reported haspin
and Clk1/Clk4 inhibitors.
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splicing.?472¢! CIk4 is involved in alternative splicing and RNA
processing in Duchenne muscular dystrophy, Alzheimer's disease,
HIV-1, influenza virus.””! Furthermore, its expression is correlated
with poor patient survival in triple-negative breast cancer (TNBC)
patients, also highly overexpressed in many types of cancer including
lung, larynx, colon, rectum, melanomas, glioblastomas, and sarco-
mas.26282%] Despite the importance of Clk4 in neurodegenerative
diseases and cancer, it seems that no selective inhibitors targeting
Clk4 have been reported.[24’3°] Consequently, the specific functions
of Clk4 have remained largely unexplored, as all compounds that
were able to exhibit activity against Clk4 were initially designed as
Clk1 inhibitors due to their very high sequence similarity in their ATP
binding pockets by 100%.243%21 Among prominent Clk1/4 inhibi-
tors are: TG003, CX-4945, T-025, SM08502, indazolel, and several
5-benzothiophene derivatives (Figure 1).125.80-3¢6] Only ML167 was
able to exhibit a superior preference toward Clk4 over the other Clk
isoforms.[24:371

To address this gap, it is essential to focus on the development of
selective Clk4 inhibitors. Previous studies have shown that pan
inhibition of all four isoforms of Clks leads to significant side effects,
including genotoxicity. Therefore, the endeavor to discover specific
Clk4 inhibitors holds great promise in understanding the underlying
mechanisms of Clk4's involvement in various diseases, particularly
cancer.[2>3%1

In this study, we describe the development of new haspin and/or
Clk4 inhibitors demonstrating high selectivity against the frequently
reported and key off-target kinases like the Dyrks and Clk1/2/3.

2 | RESULTS AND DISCUSSION
2.1 | Compound design

An unpublished hit (compound X) having N;-benzoylated
5-pyridin-4-yl-1H-indazol-3-yl amine scaffold was identified in our
lab during synthesis of PK inhibitors. Compound X showed promising
effects on haspin (IC5o=0.580 uM) and Clk4 (% inhibition =45% at
1 uM) (Figure 2) without showing activity on Clk1/2 and Dyrk1A/B
(Supporting Information S2: Table S1). In this study, we focused on
developing potent and selective haspin and/or Clk4 inhibitors based
on compound X. Accordingly, we chose some structural modifications
on X which include monosubstitution of the benzoyl ring by different
electron withdrawing and electron donating groups (EDGs) as well as
di and tri substitution with different or identical groups at variable
positions of the benzoyl. Additionally, in compound 1, we investi-

gated the optimum position of the pyridine nitrogen.

2.2 | Chemistry

All the planned final compounds were synthesized using a 2-step
reaction illustrated in Scheme 1. For compound 1; the first step is Suzuki-
Miyaura cross-coupling reaction between 5-bromo-1H-indazol-3-amine
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Haspin ICs¢= 0.580 uM
Clk4 % inhibition at 1 pM= 45 %

FIGURE 2 Activity of hit compound X on haspin and Clk4.

and pyridine-3-boronic acid using [Pd(dppf)Cl,] as a catalyst and Cs,CO3
as a base in refluxing dioxane/water overnight to yield compound A.
Compound A was then subjected to an amide coupling reaction with
benzoic acid in the presence of EDC as a coupling agent and DMAP as a
base in DCM to get compound 1. Similarity, 5-bromo-1H-indazol-3-
amine and pyridine-4-boronic acid were coupled to get compound B,
which was then coupled with different benzoic acid derivatives to yield
compounds 2-30. The methoxy derivatives (23-24) were converted to
their corresponding hydroxy derivatives (23a-24a) by O-dealkylation
reaction using BBr53 in dry DCM under cooling (Scheme 2).

2.3 | Biological evaluation
2.3.1 | In vitro kinase assay

All of the synthesized compounds were evaluated for their ability to
inhibit haspin and Clk4 by screening at 1uM, ICso values were

measured for compounds showing more than 60% inhibition (Table 1).

Structure-activity-relationships (SAR)

Shifting the nitrogen in the 4-pyridyl ring (compound 1): When we did
this modification the activity against haspin and Clk4 was greatly
reduced (Table 1). This confirmed the importance of the 4-pyridyl
nitrogen and its potential role in binding to the kinase active site (see
the docking part). At this point, we decided that the N;-benzoyl
modifications will be explored while adopting the 4-pyridyl indazole
scaffold.

Benzoyl monosubstitution with electron withdrawing groups (EWG):
Initially, monosubstitution of the phenyl ring with different halogens at
ortho, meta and para positions was investigated. Despite their variable size
and lipophilicity, the fluorinated (2-4), chlorinated (5-7), and brominated
(8-10) analogs exhibited low activity against haspin and Clk4. Interest-
ingly, the ortho substitution (compounds 2, 5, 8) showed higher inhibition
toward haspin than the respective meta and para analogs, with o-chloro
(5) showing the highest potency in these analogs against haspin, while
o-bromo (8) showed the highest activity against Clk4. Derivatives with
other EWG were further synthesized; incorporating nitro groups at the
ortho and meta positions of phenyl ring yielded compounds 13 and 14
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2-30
Cpd no. R Cpd no. R
2 2-fluorophenyl 17 4-cyanophenyl
3 3-fluorophenyl 18 2-acetylphenyl
4 4-fluorophenyl 19 4-acetylphenyl
5 2-chlorophenyl 20 2-methylphenyl
6 3-chlorophenyl 21 3-methylphenyl
7 4-chlorophenyl 22 4-methylphenyl
8 2-bromophenyl 23 2-methoxyphenyl
9 3-bromophenyl 24 3-methoxyphenyl
10 4-bromophenyl 25 4-methoxyphenyl
11 3-trifluoromethylphenyl 26 3-hydroxymethylphenyl
12 4-trifluoromethylphenyl 27 3,5-difluorophenyl
13 2-nitrophenyl 28 3,4,5-trifluorophenyl
14 3-nitrophenyl 29 2,4-dichlorophenyl
15 2-cyanophenyl 30 2-hydroxy-4-methoxyphenyl
16 3-cyanophenyl

SCHEME 1 Synthesis of compounds 1-30. Reagents and conditions: (i) 2 equiv of Cs,CO3, 0.1 equiv of [Pd(dppf)Cl,] in dioxane/water,
reflux at 150°C, 24 h, yield 70%-80%; (ii) 2 equiv of DMAP, 2 equiv of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide and 2 equiv of
the appropriate benzoic acid in dichloromethane, room temperature, overnight, yield 16%-42%.

N/
U

23:2
24: 3

SCHEME 2 Synthesis of compounds 23a-24a. Reagents and
conditions: (i) 5 equiv of 1 M BBr3 in dichloromethane, room
temperature, overnight, yield 18%, and 27%, respectively.

NH,
\
N
N
6}
o}

: CHs

-methoxyphenyl
-methoxyphenyl

—

23a: 2-hydroxyphenyl
24a: 3-hydroxyphenyl

N7 NH,
X \
N
N
Cf O
OH

respectively. Likewise, ortho substitution (13) exhibited higher activity
against haspin and Clk4 with an ICsq of 0.388 and 0.690 uM respectively,
which is more potent than hit compound X. However, using the cyano
group at the ortho position shifted the activity toward Clk4, with
compound 15 having an ICsg value of 0.615 uM. The m- and p-cyano (16
and 17) showed weak inhibitory activity toward both targets. Trying
trifluoromethyl at meta and para positions in 11 and 12 also showed weak
inhibitory activity against both targets. Finally, acetyl substitution at ortho
position (18) was active against haspin with an ICsq of 0.542 uM and with
a remarkable sixfold higher potency against Clk4 with an ICsq value of
0.088 uM. Interestingly, the para substitution with the acetyl group (19)
inverted the profile toward haspin with an ICsy of 0.155uM and the
potency against Clk4 was almost abolished.
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TABLE 1 Inhibition by the synthesized indazole derivatives.? TABLE 1 (Continued)
N Z N
7 N
| NH, | NH; - | NH,
Se A X
\ \ N
/N / N
N N N’
H )~o H =
2-30 0o
1 R 1 2-30 R
Haspin Clk4 Haspin Clk4
% Inhibition at % Inhibition at % Inhibition at % Inhibition at
Compund R 1uM (ICs50 [uM])  1pM (ICso [MMI) Compund R 1uM (ICso [uM]) 1M (ICsp [UM])
1 - 14 26 11 5 22
F
CF3
12 3 14
3 30 12
. e & 13 71 (0.388) 62 (0.690)
NO,
£ 14 17 22
5 A 54 40
Cl
NO,
15 Rl 39 60 (0.615)
6 A 49 30 CN
16 31 18
Cl
7 36 51
CN
17 12 19
Cl
8 35 56
Br
CN
18 66 (0.542) 93 (0.088)
19 Rl 68 (0.155) 14
Br
10 Rl 7 11
(@)
Br (Continues)
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TABLE 1 (Continued) TABLE 1 (Continued)
/N Z
| NH, | NH,
X N\ = \
/N /N
N N
)=o =0
1 2-30 R 1 2-30 R
Haspin Clk4 Haspin Clk4
% Inhibition at % Inhibition at % Inhibition at % Inhibition at
Compund R 1uM (ICso [uM]) 1 pM (ICs0 [1M]) Compund R 1pM (ICso [uM]) 1M (IC50 [1M])
20 - 37 24 97 MINANS 6 17
3
21 21 45 A
28 1 5
CHj
AnnAnn F F
22 22 34
E
29 i 42 21
Cl
CH;
23 i 15 31
OCH, e
30 23 49
OH
24 13 8
OCH,
OCH3 ?Reported values represent the means obtained from at least two
25 39 28 experiments; standard deviation <10%; the assay was carried out at ATP
conc of 25 pM.
Benzoyl monosubstitution with EDG: The use of methyl and
OCHj methoxy substitution at ortho, meta, and para positions was tried
- YV VOV = 81 (0.250) (compounds 20-25). All of them possessed weak inhibitory activity
a )

OH against the two kinases. Moreover, substitution with hydroxy group
at ortho and meta positions was tried (compounds 23a-24a). The
0-OH (23a) shifted the potency toward Clk4 with an ICsq value of

24a bbb 72 51 0.250 uM. However, m-OH (24a) shifted the activity toward haspin
(0.478) with an ICso of 0.478 uM. Also, substitution with meta hydroxy-
methyl group was tried (26) and it showed weak inhibitory activity

OH toward both kinases. Benzoyl di- and trisubstitution of the phenyl

2 b 18 31 ring with different or identical groups at variable positions: We
examined the disubstitution with fluoro groups at the three and five
positions (27) and the 3,4,5-trifluorosubstitution (28). Both com-
pounds elicited low activity toward haspin and Clk4. Furthermore,

OH the 2,4-dichloro (compound 29) also showed reduced activity. Finally,

disubstitution with 2-OH-,4-OCHs (30) displayed a weak activity.
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Kinase selectivity profiling

As previously discussed in the introduction, significant inhibition of
the Dyrks and the Clks has consistently been observed with the
majority of reported inhibitors targeting haspin and Clk4. Accord-
ingly, the most potent compounds on either haspin and/or Clk4
(compounds 18, 19, and 23a) were subjected to an extended
selectivity profiling. For this purpose, we employed a carefully
selected panel of kinases known for their recurrent co-inhibition
by chemically diverse classes of haspin or Clk4 inhibitors (Table 2).
Notably, compound 18, which was sixfold more active against Clk4
than against haspin, did not show significant activity on the tested
related kinases except Clk1, however with 11-fold lower potency.
Furthermore, compound 19 did not exhibit activity on the tested
kinases presented in Table 2 making it the most potent and
selective haspin inhibitor in our set of compounds. In addition, in
contrast to all previously reported potent inhibitors of Clk4, which
demonstrated considerable co-inhibition of the highly homologous
Clk1, compound 23a exhibited an unprecedented level of

selectivity over Clk1 as well as the other related kinases.

2.3.2 | Anticancer NCI cell-based screening

As haspin and Clk4 are overexpressed in many cancer cells,

compounds that showed activity against haspin and/or Clk4 were

TABLE 2 Selectivity profile of 18, 19, and 23a versus frequently
reported off-target kinases.?

% Inhibition at 1 uM (ICsq [UM])

Kinase Compound 18 Compound 19 Compound 23a
Haspin 66 (0.542) 68 (0.155) 51
Clk4 93 (0.088) 14 81 (0.250)
Dyrk1A 16 5 12
Dyrk1B 18 4 3
Dyrk2 30 -1 14
Clk1 50 7 17
Clk2 31 12 13
Clk3 13 8 8
CSNK2A1 7 5 16

(CK2 alpha 1)
GSK3B 2 2 3

(GSK3 beta)
HIPK2 3 -1 -1
PIM1 7 -4 10
CDK5/p25 11 4 6
GSK3B 2 16 10

@Reported values represent the means obtained from at least two
experiments; standard deviation <10%; screening was done at an ATP
concentration equivalent to the K, value of the corresponding enzyme.
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screened for their in vitro anticancer activity at the Developmental
Therapeutic Program (DTP) of the National Cancer Institute
(NCI).1%8! The indazole derivatives were examined in vitro at one
dose for anticancer activity against total NCI 60 cancer cell line
panels that include nine different types of cancers; leukemia, NSC
lung cancer, colon cancer, CNS cancer, melanoma, ovarian cancer,
renal cancer, prostate cancer, and breast cancer (Supporting
Information S2: Table S2). The tested compounds are X, 5, 18,
19, 23a, 24a. They showed weak inhibitory activity against the
tested cell lines, reporting a Gl % mean of less than 10% and this
can be attributed to different reasons like cell permeability issues
or possible plasma protein binding.

24 | Insilico docking simulation and ADME-Tox
profiling

2.4.1 | Prediction of the binding mode by molecular
docking

The potential binding modes of the most potent and selective
compound on haspin compound 19 (Figure 3), and the most
potent compound against Clk4 compound 18 (Figure 4) were
analyzed. Our aim was to elucidate the distinct potencies of
19 and 18 using molecular docking. As for 19, we chose the
3D coordinates of a haspin that were originally cocrystallized
with a pyridoquinazoline-based inhibitor as a ligand (PDB entry
70PS). While for 18, the 3D coordinates of Clk4 co-crystallized
with a naphthyridine-based inhibitor (PDB entry 6FYV) were
selected.

Compound 19 was predicted to interact with the ATP-binding
site of haspin through multiple CH-mt contacts and through key
H-bonds with the hinge region and the conserved catalytic lysine
residue 511 (Figure 3), creating a basal binding affinity. However,
a charge-assisted H-bond with Lys584 (2.49 A distance) through
the para acetyl group was also observed, which does not occur in
Clk4 (Supporting Information S2: Figure S1), because there is no
such lysine. Thus, it can be assumed that this interaction is
boosting the binding affinity and selectivity toward haspin. In
contrast, the presence of the acetyl group in ortho position
in 18 failed to reach Lys584 or any other polar residue close by in
haspin (Supporting Information S2: Figure S2), thus the binding
affinity is reduced when compared with 19.

On the other hand, 18 was very potent against Clk4, which is also
well supported by the docking pose (Figure 4). It makes optimal
contacts through several H-bonds and CH-mt interaction, enhanced
by an additional H-bond of the 2-acetyl group with the backbone NH
of Ser247 at the pocket border. Because the 2-acetyl substituent
cannot form an equivalent interaction in the ATP pocket of haspin,
the additional H-bond might explain the sixfold higher potency of 18
toward Clk4 compared to haspin.

Altogether, the results of our docking study were in full

agreement with the observed experimental SAR.
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(@)

FIGURE 3 Predicted binding mode of compound 19 in the ATP pocket of haspin. Compound 19 docked in the active site of haspin
(PDB: 70PS). Residues interacting directly or indirectly with the ligand are labeled. H-bonds and CH-rt interactions are indicated by black and
red dotted lines, respectively. (a) In the binding model, 19 is anchored through: a hydrogen bond between the nitrogen of the pyridine ring and
the conserved Lys511; another H-bond between the oxygen of the acetyl group and the non conserved Lys584 was observed, in addition to a
double H-bond between the Gly609 carbonyl in the hinge region and the primary amine and the imine-like ring nitrogen (bridged by water).
CH-mt interactions were predicted between the indazole ring and Gly491 and 11e490, respectively, and between the phenyl ring and GIn614.
Also, two CH-rt interactions were observed between the pyridine ring and 11le686/Val498. (b) In the color code representing the ATP binding
pocket surface, green indicates the most lipophilic areas, while magenta highlights the most hydrophilic areas. Some residues in the front were
omitted for clarity.

FIGURE 4 Predicted binding mode of compound 18 in the ATP pocket of Clk4. Compound 18 docked in the active site of Clk4 (PDB: 6FYV).
Residues interacting directly or indirectly with the ligand are labeled. H-bonds and CH-7t interactions are indicated by black and red dotted lines,
respectively. (a) In the binding model, 18 is anchored through several H-bonds and CH-1t interactions. We detected an H-bond between

the nitrogen of the pyridine ring and the conserved Lys191, another one was observed between the amine group and the Leu244 backbone.
Water-mediated H-bonds were observed between the carbonyl group and Asp250 as well as between the amine group and Glu242. In addition
to an another H-bond between the 2-acetyl group and the backbone NH of Ser247. Double CH-m interactions were detected between the
indazole ring and Leu167 as well as another one between the indazole ring and Val175, in addition to another CH-t interaction between
the pyridine ring and Phe241. (b) In the color code representing the ATP binding pocket surface, green indicates the most lipophilic areas, while
magenta highlights the most hydrophilic areas. Some residues in the front were omitted for clarity.
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TABLE 3 Physicochemical descriptors and predicted ADME properties of active compounds.

Compound F-Csp3 HBA HBD MR

X 0 3 1 93.54
13 0 5 1 102.36
15 0 4 1 98.25
18 0.05 4 1 103.73
19 0.05 4 1 103.73
23a 0 4 2 95.56
24a 0 4 2 95.56

Abbreviations: F-Csp3, the fraction of spg-hybridized carbon atoms; HBA,

TPSA XLOGP3 logS log K, Bioavailability score
73.8 3.32 -4.33 -5.86 0.55
119.62 3.15 -4.36 -6.26 0.55
97.59 3.04 -4.26 -6.21 0.55
90.87 3 -4.25 -6.34 0.55
90.87 3 -4.25 -6.34 0.55
94.03 3.52 -4.53 -5.82 0.55
94.03 2.96 -4.18 -6.21 0.55

the number of hydrogen bond acceptors; HBD, the number of hydrogen bond

donors; logS, solubility estimate and log K, (cm/s): skin permeation estimate; MR, molar refractivity; TPSA, topological polar surface area; XLOGP3,

lipophilicity estimate.

X

18-19
_ 13
0% 15 o
23a-24a

FIGURE 5 BOILED-Egg representation for the predicted blood-brain barrier penetration (egg-yolk area), and human intestinal absorption

(egg area) of synthesized molecules X, 13, 15, 18, 19, 23a, and 24a.

2.4.2 | ADME-Tox profiling through the
SWISSADME online platform

The physicochemical properties, human intestinal absorption (HIA),
blood-brain barrier (BBB) penetration, drug-likeness, and medicinal
chemistry properties of the active compounds X, 13, 15, 18, 19, 23a,
and 24a were assessed using SwissADME online tool.*”! The results
are shown in Table 3 and Figure 5.

According to the in silico ADME results, all compounds
possessed drug-like candidate qualities and did not violate any of
the drug-likeness requirements. All compounds are predicted to

have high to moderate water solubility, as indicated by the logS
value higher than -6 (LogS should be in the range from -0.6 to
+6.0).3%1 All derivatives are predicted to have high gastrointestinal
absorption with an oral bioavailability score of 0.55. All derivatives
are drug-like with zero rule violation, according to the Lipinski,
Ghose, Veber, Muegge, and Egan rules. None of the derivatives
gave any alerts in the pan-assay interference compounds (PAINS)
filter. One Brenk structural alert (13) for all molecules was
returned in calculation, having a nitro group and possessing
heteroatoms (N and O) outside a ring.[4°] The polarity estimate,
topological polar surface area (TPSA) lays between the accepted
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To predict the passive human gastrointestinal absorption and
brain access of our molecules, the BOILED-Egg (Brain Or Intestinal
EstimateD permeation predictive model) plot of WLOGP (the log P

1391 versus TPSA was

method developed by Wildman and Crippen)
retrieved from the Swiss-ADME platform for X, 13, 15, 18, 19, 23a,
and 24a (Figure 2). The BOILED-Egg analysis indicates that all
derivatives fell within the permissible range of standard drugs.
All derivatives are predicted to fill within the white area of the egg,
indicating good human intestinal absorption. Only compound
X laid in the yellow egg yolk area, which indicate that it has
also BBB permeability (white and yolk areas are not mutually

exclusive).[*?!

3 | CONCLUSIONS

In the present study, novel indazole derivatives were synthesized as
haspin/Clk4 inhibitors. Out of these compounds, compound 19 was
the most potent against haspin with IC5o=0.155 uM and exhibited
unprecedented selectivity over the tested related and common
off-target kinases like Clk and Dyrk kinases. Therefore, compound
19 was identified as a new lead structure for the development of
selective haspin inhibitors; these are needed to evaluate the impact
of selective haspin inhibition in diverse diseases. Compounds which
carry ortho oxygenated substituents (acetyl and hydroxy) could show
preferential inhibition for Clk4: compounds 18 (IC5o = 0.088 uM) and
23a (IC50=0.250 uM), respectively. 18 displayed a sixfold lower
inhibition of haspin as an off-target. Compound 23a showed
interesting selectivity for Clk4 versus other Clk isoforms. These
results indicate that the new scaffold is also suitable for the
development of probe compounds for the selective inhibition of
Clk4 in disease models. In contrast to the more studies Clk1-3
isoforms, little is known regarding the pathogenic roles of Clk4 in
cancer and further disorders that show aberrant pre-mRNA
splicing.[24+43!

Altogether, a new scaffold with a benzamide extension was
discovered, which is placed at a favorable position in the binding site
where it is able to target non conserved residues at the border of the
ATP binding pocket. This allowed us to modulate the inhibitory profile
of benzamide derivatives toward the frequently co-inhibited kinases
haspin and Clk4 through suitable substituents. While a basal binding
affinity of the scaffold seems to be created by interactions in the ATP
binding pocket, the experimental SAR together with the docking
results clearly suggest that a strong potency against either of the
target kinases strongly depends on additional interactions of substitu-
ents at the benzamide moiety. Since the latter interactions concern
amino acid residues that are non conserved between Clk4, haspin and
related kinases, this particular property of the scaffold is prerequisite
to achieve selectivity within the Clk family of kinases and haspin, which
all possess ATP binding pockets lined by mostly identical amino acid
residues.

4 | EXPERIMENTAL
41 | Chemistry
411 | General

All solvents and reagents used were obtained from commercial suppliers
and were used without further purification. The solvents used in chemical
synthesis were of HPLC grade. Purification of intermediates and products
was carried out using column chromatography using silica gel 60
(40-63 uM). Reaction progress was monitored by TLC using fluorescent
precoated silica gel plates and detection of the components was made by
short UV light (A = 254 nm). All final compounds had a percentage purity
of at least 95%, and this could be verified by means of HPLC coupled
with mass spectrometry. Mass spectrometric analysis (UHPLC-ESI-MS)
was performed using the Waters ACQUITY Xevo TQD system, which
consisted of an ACQUITY UPLC H-Class system and Xevo™ TQD triple-
quadrupole tandem mass spectrometer with an electrospray ionization
(ESI) interface (Waters Corp.). Acquity BEH C18 100 x 2.1 mm column
(particle size, 1.7 um) was used to separate analytes (Waters). The solvent
system consisted of water containing 0.1% formic acid (A) and 0.1%
formic acid in acetonitrile (B). HPLC method: flow rate 200 puL/min. The
percentage of B started at an initial of 5% and maintained for 1 min, then
increased up to 100% during 10 min, kept at 100% for 2 min, and flushed
back to 5% in 3 min then kept at 5% for 1 min. The MS scan was carried
out at the following conditions: capillary voltage 3.5kV, cone voltage
20V, radio frequency (RF) lens voltage 2.5V, source temperature 150°C
and desolvation gas temperature 500°C. Nitrogen was used as the
desolvation and cone gas at a flow rate of 1000 and 20 L/h, respectively.
System operation and data acquisition were controlled using Mass Lynx
4.1 software (Waters). HRMS was performed as previously reported in
ElHady et al* NMR data (see the Supporting Information) were
recorded using a Bruker Avance Neo 500 MHz (*H at 500.0 MHz; *3C at
126.0 MHz), equipped with a Prodigy Cryo-probe. The chemical shifts are
referenced to the residual protonated solvent signals.

The InChl codes of the investigated compounds, together with

some biological activity data, are provided as Supporting Information.

412 | Procedure A, procedure for the synthesis
of 5-(pyridin-3-yl)-1H-indazol-3-amine (A)

A stirred mixture of 5-bromo-1H-indazol-3-amine (2.5 mmol, 1
equiv), pyridine-3-boronic acid (10 mmol, 4 equiv), cesium carbonate
(10 mmol, 4 equiv), and [Pd(dppf)Cl,] (0. 25 mmol, 0.1 equiv) in 60 mL
dioxane and 15mL water was refluxed at 150°C for 24 h. After
completion, the solvent was removed under vacuum and the residue
was partitioned between ethyl acetate (50 mL) and brine solution
(30 mL). Then, re-extraction of the aqueous layer using ethyl acetate
(4 x50 mL) was performed, and the organic layers were combined
and dried over anhydrous MgSO,4 and evaporated under reduced
pressure. This was followed by purification of the desired compound
A using recrystallization by adding hot dichloromethane to reach
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complete dissolution, then hexane was added till the solution showed
persistent turbidity. The mixture was left to cool at 0°C for 10 min.
The pure 1H-indazol-3-amine derivative was obtained as a faint
brown powder in a yield of 80%; mp 200-204°C; *H NMR 500 MHz,
DMSO-dg) 6 11.55 (s, 1H), 8.93 (s, 1H), 8.51 (d, J =4.0 Hz, 1H), 8.11
(s, 1H), 8.04 (d, J=7.8Hz, 1H), 7.61 (d, J=8.5Hz, 1H), 7.47 (dd,
J=7.5, 48Hz, 1H), 7.35 (d, J=8.6 Hz, 1H), 5.48 (s, 2H); °C NMR
(126 MHz, DMSO-d¢) 6 150.20, 147.83, 141.48, 136.95, 134.03,
126.92, 125.77, 124.30, 119.28, 115.25, 110.61; (ESI-MS)
m/z=211.09 [M+H]".

41.3 | Procedure B, procedure for the amide
coupling reaction to give compound 1 using
compound A

A mixture of the 1H-indazol-3-amine derivative (A) (0.5 mmol, 1 equiv),
unsubstituted benzoic acid (1 mmol, 2 equiv), 4-dimethylaminopyridine
(1 mmol, 2 equiv), and 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
(1 mmol, 2 equiv) was stirred in 50 mL dichloromethane overnight at
room temperature. Afterwards, the mixture was concentrated under
vacuum, water was added and then extracted using dichloromethane
(1x50mL). The organic layer was collected, dried over anhydrous
MgSO, and evaporated under reduced pressure. This was followed by
purification of compound 1 using CC. Compound 1 was obtained as a
white powder in a yield of 75%; mp 200-204°C; 1H NMR (500 MHz,
DMSO-dg) 6 8.97 (d, J=1.7 Hz, 1H), 8.61 (d, J=3.7 Hz, 1H), 8.45 (d,
J=8.6Hz 1H), 8.36 (d, J=1.0Hz, 1H), 8.17-8.12 (m, 1H), 8.02-7.99
(m, 1H), 7.98-7.95 (m, 2H), 7.55 (ddd, J = 17.6, 14.6, 7.3 Hz, 4H), 6.60
(s, 2H); 3C NMR (126 MHz, DMSO-d,) & 166.50, 153.47, 148.53,
147.68, 139.82, 135.19, 134.28, 134.13, 133.12, 131.23, 130.05,
128.67, 127.74, 123.98, 121.13, 119.11, 116.24. (ESI-MS)
m/z=315.12 [M+H]*. HRMS (ESI+) m/z calcd. for Cy9H15N4O*
[M+H]*: 315.1240 found 315.1237.

414 | Procedure C, procedure for the synthesis
of 5-(pyridine-4-yl)-1H-indazol-3-amine (B)

A stirred mixture of 5-bromo-1H-indazol-3-amine (2.5 mmol, 1 equiv),
pyridine-4-boronic acid (10 mmol,4 equiv), cesium carbonate (10 mmol,
4 equiv), and [Pd(dppf)Cl,] (0.25 mmol, 0.1 equiv) in 60 mL dioxane and
15 mL water was refluxed at 150°C for 24 h. When finished, the solvent
was removed under vacuum and the residue was partitioned between
ethyl acetate (50 mL) and brine solution (30 mL). Extraction was then
done using ethyl acetate (4 x 50 mL) and the combined organic layers
were dried over anhydrous MgSQO, and evaporated under reduced
pressure. This was followed by purification of the desired compound B
using recrystallization by adding hot dichloromethane to reach complete
dissolution, then hexane was added till the solution showed persistent
turbidity. The mixture was left to cool at 0°C for 10 min. The pure 1H-
indazol-3-amine derivative was obtained as a brown powder in a yield
of 70%-80% and used in the next step without further purification; mp
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190-191°C; *H NMR (500 MHz, DMSO-dg) & 11.61 (s, 1H), 8.60 (d,
J=40Hz, 2H), 8.26 (s, 1H), 7.72-7.66 (m, 3H), 7.35 (d, J = 8.7 Hz, 1H),
5.55 (s, 2H); 13C NMR (126 MHz, DMSO-d,) 6 150.55, 150.46, 148.26,
141.96, 126.80, 125.43, 121.10, 119.69, 115.23, 110.60; (ESI-MS)
m/z=211.09 [M+H]".

415 | Procedure D, general procedure for the
amide coupling reaction to give compounds
2-30 using compound B

A mixture of the 1H-indazol-3-amine derivative (B) (0.5 mmol, 1 equiv),
the appropriate benzoic acid (1 mmol, 2 equiv), 4-dimethylaminopyridine
(1 mmol, 2 equiv), and 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
(I mmol, 2 equiv) was stirred in 50mL dichloromethane overnight
at room temperature. Afterward, the solvent was removed under
vacuum, water was added, and the aqueous layer was extracted using
dichloromethane (1 x 50 mL). The organic layer was collected, dried over
anhydrous MgSO,4 and evaporated under reduced pressure. This was
followed by purification of the final compounds using CC.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(2-fluorophenyl)
methanone (2): The title compound was prepared following proce-
dure D using 2-fluorobenzoic acid to give a yellow solid: yield (39%).
The product was purified by CC (DCM/MeOH 95:5); mp 175-176°C;
1H NMR (500 MHz, DMSO-d,) & 8.87 (t, J = 9.1 Hz, 2H), 8.61 (s, 1H),
8.52 (d, J=8.5Hz, 1H), 8.26 (dd, J=9.0, 7.5Hz, 1H), 8.05 (d,
J=55Hz, 2H), 7.73 (dd, J=10.5, 3.5Hz, 1H), 7.66 (dd, J=13.9,
5.7 Hz, 1H), 7.45-7.40 (m, 2H), 6.77 (s, 2H); *3C NMR (126 MHz,
acetone-dg) & 163.95, 159.40 (d, e _r = 283.8 Hz), 153.25, 147.70,
140.65, 133.31, 132.21 (d, Jc_r = 8.2 Hz), 130.02 (d, “Jc_f = 2.6 Hz),
128.85, 123.97 (d, ®Jc_r=3.5Hz), 122.81, 122.31, 121.63, 120.64,
119.63, 116.24, 115.53 (d, %Jc_r =21.4Hz); (ESI-MS) m/z=333.3
[M+H]*. HRMS (ESI+) m/z calcd. for C19H14FN,O" [M+H]*: 333.1146
found 333.1143 4.2.7.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(3-fluorophenyl)
methanone (3): The title compound was prepared following proce-
dure D using 3-fluorobenzoic acid to give a white solid: yield (42%).
The product was purified by CC (DCM/MeOH 95:5); mp 180-181°C;
1H NMR (500 MHz, acetone-d,) & 8.55 (dd, J = 4.6, 1.4 Hz, 2H), 8.44
(d, J=8.6 Hz, 1H), 8.27 (d, J=1.5Hz, 1H), 7.95 (dd, J=8.6, 1.7 Hz,
1H), 7.82-7.77 (m, 2H), 7.62 (dd, J = 4.6, 1.5 Hz, 2H), 7.47-7.42 (m,
1H), 7.28-7.23 (m, 1H), 5.97 (s, 2H); *3C NMR (126 MHz, acetone-dy)
5 165.87, 162.68 (d, YJc_g=243.6Hz), 154.28, 151.37, 148.05,
142.06,137.47 (d, 3Jc_g = 7.2 Hz), 135.11, 130.54 (d, 3Jc_¢ = 8.0 Hz),
129.48,127.51 (d, *Je_g = 2.6 Hz), 122.24, 121.98, 119.77, 119.02 (d,
2Je_p=21.2Hz), 118.45 (d, %Jc_g=24.0Hz), 117.56; (ESI-MS)
m/z=333.3 [M+H]". HRMS (ESI+) m/z calcd. for Ci9H14FN,O"
[M+H]*: 333.1146 found 333.1145.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(4-fluorophenyl)
methanone (4): The title compound was prepared following procedure
D using 4-fluorobenzoic acid to give a yellow solid: yield (38%). The
product was purified by CC (DCM/MeOH 95:5); mp 169-170°C; *H
NMR (500 MHz, DMSO-dy) 6 8.73-8.68 (m, 2H), 8.47 (dd, J=8.8,
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5.0 Hz, 2H), 8.15-8.08 (m, 3H), 7.77 (dd, J = 4.6, 1.5 Hz, 2H), 7.40-7.35
(m, 2H), 6.67 (s, 2H); 3C NMR (126 MHz, DMSO-d,) 6 165.58, 164.30
(d, Yer=249.9Hz), 153.89, 150.86, 146.96, 140.96, 133.59 (d,
3Je_r=9.3Hz), 130.98 (d, *Jc_r=2.9Hz), 129.04, 121.63, 121.50,
119.84, 116.71, 115.30 (d, ?Jc_g=21.6Hz); (ESI-MS) m/z
=333.3 [M+H]". HRMS (ESI+) m/z calcd. for C19H4FN,O" [M+H]":
333.1146 found 333.1144.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(2-chlorophenyl)

Archiv der Pharmazie

methanone (5): The title compound was prepared following proce-
dure D using 2-chlorobenzoic acid to give a yellow solid: yield (17%).
The product was purified by CC (DCM/MeOH 95:5); mp 188-189°C;
H NMR (500 MHz, DMSO-ds) 6 8.72-8.67 (m, 2H), 8.46 (d,
J=9.4Hz, 2H), 8.11 (d, J=9.0Hz, 1H), 7.77 (dd, J = 4.6, 1.6 Hz, 2H),
7.62 (d, J=7.4Hz, 1H), 7.57 (d, J=7.7Hz, 1H), 7.52 (td, J=7.7,
1.6 Hz, 1H), 7.49-7.45 (m, 1H), 6.70 (s, 2H); 3C NMR (126 MHz,
DMSO-ds) 6 167.25, 154.19, 150.87, 146.95, 139.91, 136.34,
132.94, 131.97, 131.21, 131.04, 130.25, 129.64, 129.26, 127.68,
122.15, 121.70, 120.01; (ESI-MS) m/z=349.12 [M+H]*, 351.12
[M+2+H]*. HRMS (ESI+) m/z calcd. for Cy9H14CIN4O* [M+H]":
349.0851 found 349.0849.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(3-chlorophenyl)
methanone (6): The title compound was prepared following proce-
dure D using 3-chlorobenzoic acid to give a white solid: yield (35%).
The product was purified by CC (DCM/MeOH 95:5); mp 191-192°C;
1H NMR (500 MHz, DMSO-dy) & 8.70 (d, J=5.9 Hz, 2H), 8.47 (dd,
J=183.3, 4.8 Hz, 2H), 8.10 (dd, J=8.6, 1.6 Hz, 1H), 8.03 (s, 1H), 7.92
(d, J=7.7Hz, 1H), 7.77 (d, J = 6.0 Hz, 2H), 7.70-7.65 (m, 1H), 7.57 (t,
J=7.9 Hz, 1H), 6.72 (s, 2H); *3C NMR (126 MHz, DMSO-d,) § 165.23,
154.06, 150.85, 146.93, 140.81, 136.69, 133.83, 132.89, 131.55,
130.31, 130.17, 129.11, 129.09, 121.71, 121.64, 119.88, 116.69;
(ESI-MS) m/z =349.12 [M+H]", 351.12 [M+2+H]". HRMS (ESI+) m/z
calcd. for C19H14CIN4O" [M+H]*: 349.0851 found 349.0848.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl)]-(4-chlorophenyl)
methanone (7): The title compound was prepared following proce-
dure D using 4-chlorobenzoic acid to give a white solid: yield (32%).
The product was purified by CC (DCM/MeOH 95:5); mp 185-186°C;
1H NMR (500 MHz, DMSO-d,) 6 8.70 (dd, J = 4.6, 1.5 Hz, 2H), 8.46
(dd, J=11.1, 5.0 Hz, 2H), 8.09 (dd, J= 8.7, 1.7 Hz, 1H), 8.05-8.01 (m,
2H), 7.77 (dd, J = 4.6, 1.6 Hz, 2H), 7.64-7.60 (m, 2H), 6.68 (s, 2H); 13C
NMR (126 MHz, DMSO-ds) 6 165.62, 153.95, 150.86, 146.93,
140.87, 136.70, 133.73, 133.36, 132.57, 129.07, 128.37, 121.63,
121.59, 119.86, 116.69; (ESI-MS) m/z=349.12 [M+H]*, 351.12
[M+2+H]*. HRMS (ESI+) m/z calcd. for Cy9H14CIN4O* [M+H]":
349.0851 found 349.0849.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(2-bromophenyl)
methanone (8): The title compound was prepared following proce-
dure D using 2-bromobenzoic acid to give a yellow solid: yield (17%).
The product was purified by CC (DCM/MeOH 95:5); mp 233-234°C;
1H NMR (500 MHz, DMSO-d) 6 8.71 (d, J= 6.0 Hz, 2H), 8.47-8.42
(m, 2H), 8.11 (d, J=9.4Hz, 1H), 7.77 (d, J=6.0Hz, 2H), 7.72
(d, J=8.0Hz, 1H), 7.60 (dd, J=7.5, 1.4 Hz, 1H), 7.52 (t, J=7.4 Hz,
1H), 7.44 (t, J = 7.7 Hz, 1H), 6.70 (s, 2H); *3C NMR (126 MHz, DMSO-
de) 6 166.08, 154.16, 150.87, 146.97, 139.95, 138.51, 134.03,

132.65, 131.53, 129.24, 127.92, 123.18, 122.16, 121.71, 120.01,
119.39, 116.25; (ESI-MS) m/z =393.25 [M+H]*, 395.25 [M+2+H]".
HRMS (ESI+) m/z calcd. for C19H14BrN,O" [M+H]*: 393.0346 found
393.0344.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(3-bromophenyl)
methanone (9): The title compound was prepared following proce-
dure D using 3-bromobenzoic acid to give a yellow solid: yield (33%).
The product was purified by CC (DCM/MeOH 95:5); mp 250-251°C;
1H NMR (500 MHz, DMSO-dy) & 8.70 (d, J = 6.0 Hz, 2H), 8.47 (dd,
J=14.4, 50Hz, 2H), 8.14 (t, J= 1.6 Hz, 1H), 8.10 (dd, J=8.6, 1.7 Hz,
1H), 7.96 (d, J=7.8 Hz, 1H), 7.83-7.79 (m, 1H), 7.79-7.77 (m, 2H),
7.51(t, J=7.9 Hz, 1H), 6.72 (s, 2H); **C NMR (126 MHz, DMSO-d,) §
165.16, 154.06, 150.87, 146.92, 140.80, 136.92, 134.43, 133.84,
132.91, 130.56, 129.44, 129.12, 121.71, 121.64, 121.32, 119.88,
116.70; (ESI-MS) m/z=393.25 [M+H]*, 395.25 [M+2+H]*. HRMS
(ESI+) m/z calcd. for Ci9H14BrN4O" [M+H]": 393.0346 found
393.0344.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(4-bromophenyl)
methanone (10): The title compound was prepared following
procedure D using 4-bromobenzoic acid to give a white solid: yield
(34%). The product was purified by CC (DCM/MeOH 95:5); mp
240-241°C; *H NMR (500 MHz, DMSO-dg) 6 8.70 (d, J = 6.0 Hz, 2H),
8.47 (dd, J=10.1, 4.9 Hz, 2H), 8.10 (dd, J = 8.6, 1.6 Hz, 1H), 7.95 (d,
J=8.5Hz, 2H), 7.80-7.71 (m, 4H), 6.67 (s, 2H); 3C NMR (126 MHz,
DMSO-dy) 6 165.78, 153.96, 150.85, 146.94, 140.85, 133.75,
132.67, 131.31, 129.08, 125.64, 121.63, 121.60, 119.86, 116.69;
(ESI-MS) m/z =393.25 [M+H]", 395.25 [M+2+H]*. HRMS (ESI+) m/z
calcd. for C19H14BrN,O" [M+H]": 393.0346 found 393.0344.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-[3-(trifluoromethyl)
phenyl]lmethanone (11): The title compound was prepared following
procedure D using 3-(trifluoromethyl)benzoic acid to give a yellow
solid: yield (21%). The product was purified by CC (DCM/MeOH
95:5); mp 205-206°C; *H NMR (500 MHz, DMSO-ds) & 8.69 (d,
J=14.4Hz, 2H), 8.50-8.46 (m, 2H), 8.31-8.22 (m, 3H), 8.18 (s, 1H),
8.11 (dd, J=8.6, 1.5Hz, 1H), 7.99 (dd, J=19.1, 7.7 Hz, 2H), 6.72 (s,
2H); 3C NMR (126 MHz, DMSO-d,) & 165.27, 154.14, 150.88,
146.91, 140.80, 135.78, 134.49, 133.90, 130.56, 129.37 (d, ZJc_¢=
32.2 Hz), 128.24 (d, 3Jc_g = 3.6 Hz), 126.96 (d, ®Jc_¢ = 3.7 Hz), 124.36
(9, Ye_p=272.5Hz), 121.76, 121.64, 119.91, 119.63, 116.70; (ESI-
MS) m/z = 383.38 [M+H]". HRMS (ESI+) m/z calcd. for CooH14F3N,O*
[M+H]*: 383.1114 found 383.1112.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-[4-(trifluoromethyl)
phenyl]lmethanone (12): The title compound was prepared following
procedure D using 4-(trifluoromethyl)benzoic acid to give a yellow
solid: yield (19%). The product was purified by CC (DCM/MeOH
95:5); mp 199-200°C; *H NMR (500 MHz, DMSO-d¢) & 8.71 (dd,
J=4.6, 1.5Hz, 2H), 8.50-8.46 (m, 2H), 8.15-8.11 (m, 3H), 7.91 (d,
J=8.3Hz, 2H), 7.78 (dd, J=4.6, 1.5 Hz, 2H), 6.71 (s, 2H); °C NMR
(126 MHz, DMSO-d,) 6 163.60, 152.00, 148.76, 144.78, 138.56,
136.68, 131.84, 129.20 (d, 2Jc_¢ = 32.0 Hz), 128.90, 127.08, 123.10
(d, ®Je_p=3.7Hz), 119.68, 119.53, 117.81, 116.44, 114.53; (ESI-MS)
m/z=383.38 [M+H]". HRMS (ESI+) m/z calcd. for CyoH14F3N4O"
[M+H]*: 383.1114 found 383.1113.
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[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(2-nitrophenyl)
methanone (13): The title compound was prepared following
procedure D using 2-nitrobenzoic acid to give a yellow solid: yield
(16%). The product was purified by CC (DCM/MeOH 95:5); mp
180-181°C; H NMR (500 MHz, acetone-dg) & 8.55 (dd, J=4.6,
1.5Hz, 2H), 8.43 (d, J=8.6 Hz, 1H), 8.23 (d, J=1.5Hz, 1H), 8.13 (d,
J=8.2Hz, 1H), 7.97 (dd, J=8.6, 1.6 Hz, 1H), 7.83 (t, J=7.5Hz, 1H),
7.74-7.68 (m, 2H), 7.63-7.60 (m, 2H), 5.87 (s, 2H); 3C NMR
(126 MHz, acetone-ds) &6 164.58, 153.48, 150.39, 147.18, 146.94,
140.16, 134.44, 134.21, 131.96, 131.23, 130.82, 129.73, 128.81,
123.69, 121.40, 119.11, 115.94; (ESI-MS) m/z=360.16 [M+H]".
HRMS (ESI+) m/z calcd. for C19H14N505" [M+H]*: 360.1091 found
360.1090.

[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(3-nitrophenyl)
methanone (14): The title compound was prepared following
procedure D using 3-nitrobenzoic acid to give a white solid: yield
(22%). The product was purified by CC (DCM/MeOH 95:5); mp
180-181°C; H NMR (500 MHz, DMSO-d,) 6 8.80 (s, 1H), 8.71
(d, J=5.9 Hz, 2H), 8.52-8.41 (m, 4H), 8.13 (dd, J= 8.6, 1.4 Hz, 1H),
7.85 (t, J=8.0 Hz, 1H), 7.78 (d, J = 6.0 Hz, 2H), 6.76 (s, 2H); 1°C NMR
(126 MHz, DMSO-d,) 6 164.41, 154.26, 150.89, 147.60, 146.87,
140.77, 136.90, 136.14, 134.04, 130.10, 129.26, 126.32, 125.33,
121.83, 121.65, 119.95, 116.75; (ESI-MS) m/z=360.16 [M+H]".
HRMS (ESI+) m/z calcd. for C19H14N505" [M+H]*: 360.1091 found
360.1091.

2-[3-Amino-5-(pyridin-4-yl)-1H-indazole-1-carbonyl]benzonitrile
(15): The title compound was prepared following procedure D using
2-cyanobenzoic acid to give a yellow solid: yield (32%). The product
was purified by CC (DCM/MeOH 95:5); mp 186-187°C; 1H NMR
(500 MHz, DMSO-d¢) 6 8.59 (d, J=5Hz 2H), 8.41 (dd, J=16.1,
7.8Hz, 3H), 8.26 (d, J=7.7 Hz, 1H), 8.12 (d, J = 8.8 Hz, 1H), 8.07 (d,
J=6.9Hz, 1H), 7.77 (m, 3H), 6.67 (s, 2H); *3C NMR (126 MHz,
DMSO-d,) 6 165, 154.34, 150.81, 147.37, 139.91, 138.36, 134.43,
132.67, 131.55, 128.89, 127.5, 123.18, 122.24, 121.75, 120.17,
118.92,116.49, 112.97; (ESI-MS) m/z = 340.34 [M+H]". HRMS (ESI+)
m/z calcd. for CooH14N5O* [M+H]*: 340.1193 found 340.1191.

3-[3-Amino-5-(pyridin-4-yl)-1H-indazole-1-carbonyl]benzonitrile
(16): The title compound was prepared following procedure D using
3-cyanobenzoic acid to give a white solid: yield (38%). The product
was purified by CC (DCM/MeOH 95:5); mp 191-192°C; *H NMR
(500 MHz, DMSO-d¢) 6 8.70 (d, J=4.7 Hz, 2H), 8.46 (dd, J=17.2,
8.2 Hz, 3H), 8.26 (d, J=7.7 Hz, 1H), 8.15 (d, J = 8.4 Hz, 1H), 8.07 (d,
J=7.2Hz, 1H), 7.77 (dd, J = 13.2, 6.0 Hz, 3H), 6.75 (s, 2H); 1°C NMR
(126 MHz, DMSO-ds) 6 164.77, 154.19, 150.87, 146.89, 140.72,
135.87, 135.15, 134.98, 134.18, 133.99, 129.75, 129.23, 121.79,
121.66, 119.92, 118.85, 116.70, 111.40; (ESI-MS) m/z=340.34
[M+H]*. HRMS (ESI+) m/z calcd. for CooH14N50" [M+H]": 340.1193
found 340.1192.

4-[3-Amino-5-(pyridin-4-yl)-1H-indazole-1-carbonyl]benzonitrile
(17): The title compound was prepared following procedure D using
4-cyanobenzoic acid to give a white solid: yield (40%). The product
was purified by CC (DCM/MeOH 95:5); mp 188-189°C; 'H NMR
(500 MHz, DMSO-d,) 6 8.76 (d, J=6.0Hz, 2H), 8.53 (dd, J=10.2,
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4.8Hz, 2H), 8.19-8.14 (m, 3H), 8.07 (d, J=8.3Hz, 2H), 7.83 (d,
J=6.1Hz, 2H), 6.79 (s, 2H); 13C NMR (126 MHz, DMSO-dy) § 165.40,
154.19, 150.87, 146.89, 140.65, 139.09, 134.04, 132.29, 130.96,
129.23, 121.83, 121.66, 119.93, 118.84, 116.66, 113.85; (ESI-MS)
m/z=340.34 [M+H]*. HRMS (ESI+) m/z calcd. for CyoH14N5O"
[M+H]*: 340.1193 found 340.1193.
1-{2-[3-Amino-5-(pyridin-4-yl)-1H-indazole-1-carbonyl]phenyl}
ethan-1-one (18): The title compound was prepared following
procedure D using 2-acetylbenzoic acid to give a yellow solid: yield
(20%). The product was purified by CC (DCM/MeOH 95:5); mp
218-219°C; *H NMR (500 MHz, DMSO-d) 6 8.67 (d, J = 6.1 Hz, 2H),
8.40 (dd, J = 16.1, 4.9 Hz, 2H), 8.08-8.04 (m, 1H), 7.99 (d, J = 7.4 Hz,
1H), 7.75-7.73 (m, 1H), 7.68 (d, J=7.2Hz, 2H), 7.62 (dd, J=10.4,
7.4 Hz, 2H), 6.49 (s, 2H), 2.53 (s, 3H); 3C NMR (126 MHz, DMSO-d,)
§ 199.34, 168.12, 153.37, 150.76, 147.13, 140.25, 138.19, 135.45,
133.34, 132.25, 130.23, 129.00, 124.91, 121.64, 121.40, 121.09,
119.85, 116.09, 27.80; (ESI-MS) m/z = 357.34 [M+H]*. HRMS (ESI+)
m/z calcd. for Co1H17N405" [M+H]*: 357.1346 found 357.1344.
1-{4-[3-Amino-5-(pyridin-4-yl)-1H-indazole-1-carbonyl]phenyl}
ethan-1-one (19): The title compound was prepared following
procedure D using 4-acetylbenzoic acid to give a yellow solid: yield
(36%). The product was purified by CC (DCM/MeOH 95:5); mp
232-233°C; *H NMR (500 MHz, DMSO-d) 6 8.71 (d, J = 6.0 Hz, 2H),
8.48 (dd, J=8.6, 4.9 Hz, 2H), 8.12 (dd, J=8.6, 1.7 Hz, 1H), 8.07 (q,
J=8.4Hz 4H),7.78 (dd, J=4.7, 1.4 Hz, 2H), 6.69 (s, 2H), 2.67 (s, 3H);
13C NMR (126 MHz, DMSO-d,) & 198.23, 166.22, 154.04, 150.88,
146.92, 140.74, 138.83, 133.87, 130.52,130.11, 129.14, 127.98,
121.74, 121.65, 119.91, 116.65, 27.50; (ESI-MS) m/z
=357.34 [M+H]*. HRMS (ESI+) m/z calcd. for CyiHy7N4O5*
[M+H]*: 357.1346 found 357.1343.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(o-tolyl)methanone
(20): The title compound was prepared following procedure D using
2-methylbenzoic acid to give a yellow solid: yield (32%). The product
was purified by CC (DCM/MeOH 95:5); mp 165-166°C; 'H NMR
(500 MHz, DMSO-dg) 6 8.66 (d, J=5.9 Hz, 2H), 8.42 (d, J= 15.5 Hz,
2H), 8.08 (d, J = 8.7 Hz, 1H), 7.77 (d, J = 6.1 Hz, 2H), 7.39 (dd, J = 11.0,
7.5Hz, 2H), 7.28 (dd, J = 20.3, 12.3 Hz, 2H), 6.55 (s, 2H), 2.22 (s, 3H);
13C NMR (126 MHz, DMSO-d,) & 168.54, 153.98, 150.65, 147.16,
141.39, 140.17, 136.42, 135.09, 133.79, 130.37, 129.99, 129.07,
127.78, 125.75, 121.74, 119.76, 116.36, 19.39; (ESI-MS)
m/z=329.34 [M+H]*. HRMS (ESI+) m/z calcd. for CyoH17N4O"
[M+H]*: 329.1397 found 329.1394.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(m-tolyl)methanone
(21): The title compound was prepared following procedure D using
3-methylbenzoic acid to give a yellow solid: yield (40%). The product
was purified by CC (DCM/MeOH 95:5); mp 171-172°C; *H NMR
(500 MHz, DMSO-d¢) 6 8.70 (d, J=4.6 Hz, 2H), 8.46 (dd, J=9.2,
3.5Hz, 2H), 8.12-8.06 (m, 1H), 7.77 (d, J = 6.8 Hz, 4H), 7.41 (s, 2H),
6.62 (s, 2H), 2.41 (s, 3H); 13C NMR (126 MHz, DMSO-d,) § 167.08,
153.76, 150.85, 146.99, 140.91, 137.49, 134.74, 133.52, 132.34,
130.73, 128.94, 128.13, 127.72, 121.63, 121.49, 119.79, 116.65,
21.44; (ESI-MS) m/z =329.34 [M+H]*. HRMS (ESI+) m/z calcd. for
CoH17N40" [M+H]"™: 329.1397 found 329.1393.
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[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(p-tolyl)methanone
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(22): The title compound was prepared following procedure D using 4-
methylbenzoic acid to give a white solid: yield (28%). The product was
purified by CC (DCM/MeOH 95:5); mp 155-156°C; H NMR
(500 MHz, DMSO-dg) 6 8.70 (d, J= 6.0 Hz, 2H), 8.48-8.43 (m, 2H),
8.08 (dd, J=8.7,1.6 Hz, 1H), 7.93 (d, J = 8.1 Hz, 2H), 7.77 (d, J = 6.0 Hz,
2H), 7.34 (d, J=8.0Hz, 2H), 6.61 (s, 2H), 2.41 (s, 3H); *C NMR
(126 MHz, DMSO-d¢) 6 166.70, 153.69, 150.85, 147.00, 142.01,
141.01, 13342, 131.68, 130.86, 128.89, 128.79, 121.61, 121.37,
119.78, 116.68, 21.59; (ESI-MS) m/z =329.34 [M+H]*. HRMS (ESI+)
m/z caled. for CooH17N40" [M+H]": 329.1397 found 329.1395.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(2-methoxyphenyl)
methanone (23): The title compound was prepared following
procedure D using 2-methoxybenzoic acid to give a white solid:
yield (23%). The product was purified by CC (DCM/MeOH 95:5); mp
211-212°C; *H NMR (500 MHz, DMSO-dg) 6 8.70 (d, J = 5.8 Hz, 2H),
8.44 (s, 2H), 8.08 (d, J=8.2Hz, 1H), 7.77 (d, J=5.4Hz, 2H), 7.47
(t, J=7.8Hz, 1H), 7.39 (d, J=7.0Hz, 1H), 7.15 (d, J = 8.4 Hz, 1H), 7.05
(t, J=7.4Hz 1H), 654 (s, 2H), 3.76 (s, 3H); *C NMR (126 MHz,
DMSO-dg) 6 156.41, 153.58, 150.78, 147.07, 140.07, 133.55, 133.51,
131.30, 128.79, 128.46, 126.52, 121.86, 121.58, 120.45, 119.78,
116.10, 112.10, 55.98; (ESI-MS) m/z = 345.34 [M+H]". HRMS (ESI+) m/z
calcd. for CooH17N405" [M+H]*: 345.1346 found 345.1345.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(3-methoxyphenyl)
methanone (24): The title compound was prepared following procedure
D using 3-methoxybenzoic acid to give a white solid: yield (30%). The
product was purified by CC (DCM/MeOH 95:5); mp 196-197°C; *H
NMR (500 MHz, DMSO-d,) 6 8.70 (d, J=5.8 Hz, 2H), 8.49-8.44 (m,
2H), 8.09 (dd, J=8.6, 1.5Hz, 1H), 7.77 (d, J=5.9 Hz, 2H), 7.54 (dd,
J=10.1, 49Hz, 2H), 745 (t, J=7.9Hz, 1H), 7.17 (dd, J=8.2, 2.4 Hz,
1H), 6.65 (s, 2H), 3.83 (s, 3H); *C NMR (126 MHz, DMSO-dy) &
166.56, 158.97, 153.81, 150.86, 146.97, 140.93, 135.92, 133.59,
129.42, 128.97, 122.76, 121.62, 121.55, 119.81, 117.27, 116.66,
116.05, 55.78; (ESI-MS) m/z = 345.34 [M+H]". HRMS (ESI+) m/z calcd.
for CooH17N40," [M+H]": 345.1346 found 345.1344.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(4-methoxyphenyl)
methanone (25): The title compound was prepared following
procedure D using 4-methoxybenzoic acid to give a white solid:
yield (24%). The product was purified by CC (DCM/MeOH 95:5); mp
205-206°C; *H NMR (500 MHz, DMSO-d¢) & 8.71-8.69 (m, 2H),
8.49-8.44 (m, 2H), 8.11 (t, J=5.8 Hz, 2H), 8.07 (dd, J=8.7, 1.7 Hz,
1H), 7.77 (dd, J = 4.7, 1.5 Hz, 2H), 7.08 (t, J = 5.8 Hz, 2H), 6.60 (s, 2H),
3.87 (s, 3H); ¥C NMR (126 MHz, DMSO-dy) & 165.94, 162.40,
153.61, 150.85, 147.03, 141.18, 133.33, 133.27, 128.84, 126.31,
121.60, 121.18, 119.74, 116.72, 113.61, 55.94; (ESI-MS)
m/z=345.34 [M+H]". HRMS (ESI+) m/z calcd. for CyoH17N405"
[M+H]*: 345.1346 found 345.1344.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-[3-(hydroxymethyl)
phenyl]methanone (26): The title compound was prepared following
procedure D using 3-(hydroxymethyl)benzoic acid to give a white solid:
yield (17%). The product was purified by CC (DCM/MeOH 95:5); mp
188-189°C; *H NMR (500 MHz, DMSO-dg) 6 8.70 (d, J = 6.0 Hz, 2H),
8.46(d,J=8.8Hz, 2H),8.09 (dd, J = 8.6, 1.6 Hz, 1H), 7.89-7.85 (m, 2H),

7.78 (d, J= 6.1 Hz, 2H), 7.50 (dt, J = 15.1, 7.6 Hz, 2H), 6.62 (s, 2H), 5.35
(s, 1H), 4.59 (d, J=5.4Hz 2H); *3C NMR (126 MHz, DMSO-d,) &
167.12, 153.78, 150.85, 147.00, 142.69, 140.92, 134.57, 133.55,
129.74, 128.98, 128.96, 128.18, 127.97, 121.63, 121.50, 119.80,
116.67, 63.03; (ESI-MS) m/z = 345.34 [M+H]". HRMS (ESI+) m/z calcd.
for CooH17N405" [M+H]': 345.1346 found 345.1344.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(3,5-difluorophenyl)
methanone (27): The title compound was prepared following
procedure D using 3,5-difluorobenzoic acid to give a white solid:
yield (36%). The product was purified by CC (DCM/MeOH 95:5); mp
200-201°C; *H NMR (500 MHz, DMSO-d,) 6 8.70 (d, J = 5.6 Hz, 2H),
8.47 (d, J=9.0Hz, 1H), 845 (d, J=8.6Hz, 1H), 8.11 (dd, J=8.6,
1.3Hz, 1H),7.77 (d, J = 5.9 Hz, 2H), 7.72 (d, J = 5.9 Hz, 2H), 7.56-7.50
(m, 1H), 6.77 (s, 2H); ¥C NMR (126 MHz, DMSO-dy) 6 163.93,
162.07 (d, Yc_g=246.5Hz), 161.97 (d, Yc_r=246.7Hz), 154.21,
150.87, 146.87, 140.77, 137.87 (t, 3Jc_r = 9.4 Hz), 134.03, 129.24,
121.83, 121.65, 119.93, 116.71, 113.93 (d, 3Jc_F = 14.3 Hz), 113.93
(d, 2Je_F =27.5Hz), 107.21 (t, *Je_r = 25.7 H2); (ESI-MS) m/z = 351.34
[M+H]*. HRMS (ESI+) m/z calcd. for Cy9Hqi3FoN4O" [M+H]™:
351.1052 found 351.1048.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(3,4,5-trifluorophenyl)
methanone (28): The title compound was prepared following procedure
D using 3,4,5-trifluorobenzoic acid to give a white solid: yield (38%).
The product was purified by CC (DCM/MeOH 95:5); mp 169-170°C;
IH NMR (500 MHz, DMSO-dg) & 8.70 (d, J=3.5Hz, 2H), 8.48 (d,
J=113Hz, 1H), 844 (d, J=8.3Hz, 1H), 8.11 (d, J=8.4Hz, 1H),
8.06-8.00 (m, 2H), 7.77 (d, J=3.6Hz, 2H), 6.79 (s, 2H); 3C NMR
(126 MHz, DMSO-dy) § 162.95, 154.27, 150.87, 149.02 (d, “Jc_¢ = 3.2
Hz), 148.95, 146.84, 140.83, 134.07, 130.11, 129.30, 121.78, 121.65,
119.95, 116.75, 116.05 (d, 2Jc_r = 23.0 Hz), 116.05 (d, 3Jc_ = 12.9 Hz);
(ESI-MS) m/z=369.34 [M+H]*. HRMS (ESI+) m/z calcd. for
C19H12F3N4O" [M+H]': 369.0958 found 369.0958.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(2,4-dichlorophenyl)
methanone (29): The title compound was prepared following
procedure D using 2,4-dichlorobenzoic acid to give a white solid:
yield (37%). The product was purified by CC (DCM/MeOH 95:5); mp
164-165°C; *H NMR (500 MHz, DMSO-dy) 6 8.70 (d, J = 5.8 Hz, 2H),
8.44 (d, J=10.7 Hz, 2H), 8.11 (d, J=8.5Hz, 1H), 7.77 (dd, J=9.5,
3.7Hz, 3H),7.70 (d, J = 8.2 Hz, 1H), 7.58 (dd, J = 8.2, 1.6 Hz, 1H), 6.73
(s, 2H); 3C NMR (126 MHz, DMSO-d,) 6 164.36, 154.30, 150.87,
146.91, 139.85, 135.32, 135.24, 134.27, 131.55, 130.71, 129.33,
129.30, 127.80, 122.23, 121.70, 120.06, 116.22; (ESI-MS)
m/z=383.12 [M+H]*, 385.13 [M+2+H]". HRMS (ESI+) m/z calcd.
for C49H13CIL,N,O" [M+H]": 383.0461 found 383.0460.
[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(2-hydroxy-4-
methoxyphenyl)methanone (30): The title compound was prepared
following procedure D using 2-hydroxy-4-methoxybenzoic acid to
give a white solid: yield (34%). The product was purified by CC
(DCM/MeOH 94:6); mp 167-168°C; *H NMR (500 MHz, DMSO-d,)
§9.51 (s, 1H), 8.67 (d, J = 5.9 Hz, 2H), 8.44 (s, 1H), 8.38 (d, J = 8.7 Hz,
1H), 8.05 (dd, J=8.7, 1.5Hz, 1H), 7.83 (d, J=8.7Hz, 1H), 7.74
(d, J=6.0Hz, 2H), 6.65 (s, 2H), 6.50 (dd, J=8.7, 2.4 Hz, 1H), 6.46
(d, J=2.3Hz, 1H), 3.78 (s, 3H); °C NMR (126 MHz, DMSO-d) &
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166.99, 163.19, 159.46, 153.74, 150.81, 146.93, 140.74, 133.36,
132.66, 128.92, 121.56, 121.33, 119.78, 116.63, 114.11, 105.77,
101.83, 55.77; (ESI-MS) m/z=361.41 [M+H]*. HRMS (ESI+) m/z
caled. for CooH17N403" [M+H]*: 361.1295 found 361.1294.

41.6 | Procedure E, general procedure for the
dealkylation reaction to give 23a and 24a

The corresponding methoxy derivative (23 or 24) (0.3 mmol, 1 equiv)
was dissolved in 50 mL dichloromethane and allowed to stir on ice for
10 min then 1M borontribromide (1.5 mmol, 5 equiv) were added
dropwise via syringe to the reaction flask and left at room
temperature overnight. A mixture of methanol and distilled water
(3:1) was added to quench the reaction till no fumes appeared, and
the solvents were concentrated under reduced pressure until dried.
The product was precipitated as pure crystals collected by filtration.

[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(2-hydroxyphenyl)
methanone (23a): The title compound was prepared following
procedure E using compound 23 to give a white solid: yield (18%).
The product was purified by CC (DCM/MeOH 94:6); mp 240-241°C;
1H NMR (500 MHz, DMSO-dg) 6 9.96 (s, 1H), 8.91 (d, J = 6.0 Hz, 2H),
8.63 (s, 1H), 8.44 (d, J=7.6 Hz, 1H), 8.23-8.17 (m, 3H), 7.41 (dd,
J=75,14Hz 1H), 7.32 (t, J= 7.1 Hz, 1H), 6.95-6.87 (m, 2H), 6.71 (s,
J=67.7Hz, 2H); 1¥C NMR (126 MHz, DMSO-d,) & 167.40, 155.11,
153.60, 152.50, 145.84, 140.93, 131.62, 131.34, 129.41, 129.25,
124.04, 123.07, 121.82, 121.17, 118.93, 116.52, 116.41; (ESI-MS)
m/z=331.21 [M+H]*. HRMS (ESI+) m/z calcd. for CyoH15N4O5"
[M+H]*: 331.1190 found 331.1186.

[3-Amino-5-(pyridin-4-yl)-1H-indazol-1-yl]-(3-hydroxyphenyl)
methanone (24a): The title compound was prepared following
procedure E using compound 24 to give a yellow solid: yield (27%).
The product was purified by CC (DCM/MeOH 94:6); mp 217-218°C;
1H NMR (500 MHz, DMSO-ds) & 8.91 (d, J=6.6Hz, 2H), 8.67 (d,
J=1.0Hz 1H),8.48(t, J=7.6 Hz, 1H), 8.36 (d, J = 6.7 Hz, 2H), 8.24 (dd,
J=8.8, 1.6 Hz, 1H), 7.41-7.26 (m, 3H), 6.99 (dd, J=8.0, 1.6 Hz, 1H);
13C NMR (126 MHz, DMSO-ds) & 167.16, 157.03, 154.98, 153.68,
143.36, 141.96, 135.42, 130.63, 129.72, 129.47, 123.85, 121.61,
121.49, 121.35, 119.03, 117.21, 116.97; (ESI-MS) m/z=331.21
[M+H]*. HRMS (ESI+) m/z calcd. for C19H15N4O5" [M+H]": 331.1190
found 331.11854.2.31.

4.2 | Biological assays
421 | PKs and inhibition assays

Haspin kinase assay

The kinase assay was done at (Thermo Fisher Scientific) through a
fluorescence-based immunoassay known as the “Adapta Universal
Kinase Assay”, which detects the ADP produced by kinases utilizing
the TR-FRET technology. The final 10 uL kinase reaction consists of
0.25-1ng GSG2 (haspin) and 100 uM of the substrate (histone H3
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(1-20) peptide) in 32.5mM HEPES pH 7.5, 0.005% BRIJ-35, 5 mM
MgCl,, 0.5mM EGTA, in the presence of 25uM ATP. After an
incubation time of 1h at RT, 5uL of a detection mix was added.
Staurosporine (ICso=7.7nM) was used as a positive control. To
determine the half maximal inhibitory concentration (ICsp), the assays
were performed in duplicate in the absence or presence of increasing

doses of the tested compounds.

Clk4 kinase assay

The Kinase assay was done at (Thermo Fisher Scientific) through
a LanthaScreen Eu Kinase Binding Assay which employs the
Binding of an Alexa Fluor™ conjugate or “tracer” to a kinase
detected by addition of a Eu-labeled anti-tag antibody. Binding of
the tracer and antibody to a kinase results in a high degree of
FRET, whereas displacement of the tracer with a kinase inhibitor
results in a loss of FRET. Unlike many kinase activity assays, this
assay is a simple mix-and-read assay, with no development steps.
The test was performed in a bar-coded, low volume, white 384-
well plate that constitue of: 160 nL—100X test compound in
100% DMSO, 3.84 uL—Kinase Buffer (50 mM HEPES pH 7.5,
0.01% BRIJ-35, 10 mM MgCl,, 1 mM EGTA), 8.0 uL—2X Kinase/
Antibody mixture, 4.0 uL—4X Tracer then subjected to 30-s plate
shake and 60-min incubation at RT. Finally, it was put on a
fluorescence plate reader and analyze the data. Staurosporine
(IC50 = 7.02 nM) was used as a positive control. To determine the
half maximal I1Csq, the assays were performed in duplicate in the
absence or presence of increasing doses of the tested

compounds.

SelectScreen kinase profiling (Thermo Fisher Scientific)

This screen utilized three different assays appropriate to each kinase,
its substrate, and its activity: a binding assay (LanthaScreen TR-FRET
technology) and two activity assays (ZO-LYTE or Adapta). The
LanthaScreen Eu Kinase Binding Assay utilizes an Alexa Fluor
conjugated “tracer” and a Eu-labeled anti-tag antibody to measure
binding of a compound to the kinase target. The ZO-LYTE Kinase
Assay determines the differential sensitivity of phosphorylated and
nonphosphorylated peptide substrates using a FRET-based readout.
The Adapta Universal Kinase Assay is a fluorescence-based immuno-
assay for the detection of ADP produced by kinases utilizing the
TR-FRET technology. For the activity assays, the used ATP
concentrations were set at the approximative K,, for each kinase.
For more information, see the SelectScreen Kinase Profiling Services

on ThermoFisher website.

422 | Anticancer NCI cell-based screening

Compounds X, 5, 13, 17, 18, 19, 23a, and 24a were submitted for
anticancer activity screening against 60 different cell lines,
representing nine different human tissues, by the Developmental
Therapeutics Program of the United States National Cancer
Institute, Bethesda, MD.*® The NCI-60 screen was done by
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employing the SRB assay. The results provided are growth
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percentages relative to the no-drug control and relative to the
time zero number of cells. Values of percentage growth inhibition
(% GIl) were calculated from the values of mean growth
percentages as (100 - growth %).

4.3 | In silico studies

4.3.1 | In silico physicochemical properties and
ADME prediction

Molecular structures of the compounds were converted into
SMILES using ChemDraw12.0. The SMILES were used as an input
in the web-based Swiss-ADME tool, http://www.Swissadme.ch/
index.php, to calculate the physicochemical descriptors to
evaluate pharmacokinetics and drug-likeness and medicinal
chemistry friendliness. Furthermore, the Swiss-ADME tool was
used for prediction of permeability through the human gastro-
intestinal tract and BBB.

4.3.2 | Molecular docking simulation

Docking studies were carried out essentially as described in Elhady
et al®®) All procedures were performed using the molecular
operating environment (MOE) software package (version 2014.
Chemical Computing Group). PDB entry: 70PS for haspin and
6FYV for Clk4 were used for docking simulations. Molecular docking
simulations employing compounds 18 and 19 as ligands were
conducted using the MMFF9%4x force field and the “alpha pmi”
method with the number of return poses set to 100 and “Forcefield”
as refinement. A pharmacophore was defined based on a suitable
pose after energy minimization using the MOE LigX routine (settings:
receptor strength =1, ligand strength = 30). Within the pharmaco-
phore definition window, the radius of the pharmacophore points
was increased to 1.6 A. Subsequently, compounds 18 and 19 were
docked in the ATP binding pocket of haspin and Clk4, respectively
was performed using the pharmacophore-supported placement. The
number of retained poses was set to 100 each time. Only the poses
with the top 10 scoring values underwent additional evaluation for
plausibility. The final selected poses were optimized again using the
LigX routine.
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