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ABSTRACT

Indazole is a significant class of heterocyclic compounds with a wide range of biological activity. We display here
the synthesis and biological evaluation of a novel series of indazole derivatives 6a-v, which are differently
substituted at the 6-position of the indazole moiety. The antiproliferative activity of compounds 6a-v was tested
against four human cancer cell lines, using the MTT assay and doxorubicin as the reference drug. Compounds 6f,
6i, 6, 6 s, and 6n were the most effective synthesized derivatives, with Glso values of 0.77, 0.86, 1.05, 1.05, and
1.07 pM, respectively, against the 4 cell lines, in comparison to the control doxorubicin (Gls0 = 1.10 pM).
Compounds 6f, 6i, 6j, and 6 s the most potent derivatives as antiproliferative agents, displayed the utmost
inhibitory activity against EGFR, and CDK2 and c-Met. Compounds 6f, 6n, and 6 s induced apoptosis through
cytochrome C overexpression and activation of the intrinsic apoptotic pathway generated by the investigated
compounds.

1. Introduction

The cancer is one of the major diseases that cause death world-wide;

thus, the world has been paying close attention to its treatment. In

comparison to biological therapy, radiotherapy, and chemotherapy

continue the basis of modern treatment. Nonetheless, the wide range of

these suggested medications are constrained by a bound therapeutic

index and commonly obtained resistance. As a result, the expansion of

innovative anticancer medicines with minimal toxicity and significant

efficacy remains critical [1,2].

Recently, a single-aim treatment strategy has been extensively

documented that leads to chemotherapy resistance [3]. This issue

addressed by combination treatment has been approved for clinical

usage [4]. Although combination therapy has the potential for additional

and even synergistic advantages, it frequently outcome unforeseen

adverse effects such as higher toxicity. Dual or multiple target

medications having a minimum risk of drug interactions. Further, the

alternate options for combination therapy are the enhanced pharmacokinetics

(PK), and safety profiles. A dual or multiple target kinase also

assist to avoid poor patient adherence, negative off-target effects, drug

interactions, and high manufacturing costs [5].

An indazole motif can be used as both a functional substituent and a

scaffold for small molecule medicines. Bioactive compounds containing

indazole have pharmacological effects on a variety of disorders [6-8],

including infectious, inflammatory, neurodegenerative and cancer diseases

[9-11]. Some indazole compounds discovered as kinase inhibitors,

in particular, have strong anti-cancer action in vitro and in vivo. Pazopanib

| (multi-kinase inhibitor), merestinib Il (c-Met inhibitor),

entrectinib Il and axitinib IV (multi-kinase-inhibitors) are indazolebased

compounds approved for the treatment of different cancer types

[12—19]. Furthermore, Y2874455 V and CFI-400945 VI are two

indazole-based kinase inhibitors investigated in clinical trials in form of
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combination therapy for treatment of acute myeloid leukemia and

breast cancer [20-26], Fig. 1.

Moreover, compound VII (Fig. 1) is an indazole inhibitor of several
kinases; however, not only did it have an immense impact on NSCLCrelated
kinases, but it also had a big impact on NCI-H1581 NSCLC xenografts
(TGI = 66.1%) and a promising pharmacokinetic profile.

Compound VIII, an indazole-based derivative, demonstrated significant
EGFR inhibitory activity with 1Cso values of 0.50, 0.07, and 1.70 uyM for
L858R, L858R/T790M, and wild-type EGFR, respectively. This

analogue, in particular, demonstrated a significantly higher inhibitory
impact on the drug-resistant mutation of EGFR [27].

Recently, we identified compounds IX-XI (Fig. 2) as dual-targeted

kinase inhibitors with anticipative antiproliferative activity [28—30].
Compounds IX and X showed promising dual inhibition of EGFR and
BRAF, while compound Xl inhibited both BRAF and p38a. Compound XI|
inhibited proliferation in the NCI-60 5-dose experiment, with Glso

values less than 2 yM against 33 cell lines, essentially for ovarian
IGROV1 cells (Glso = 0.46 pM), leukemia SR cells (Glso = 0.28 pM),
renal ACHN cells (Glso = 0.38 uM), and melanoma LOX IMV1 cells (Glso
=0.17 uM).

Given the promising properties of indazole derivatives as potent anticancer
agents, and as a follow-up to our work on the synthesis of dual or
multi-targeted kinase inhibitors, we display here the synthesis and
biological valuation of a recent series of indazole derivatives 6a-v

(Fig. 2), which are differently substituted at the 6-position of the indazole
moiety. The novel compounds have been tested for antiproliferative
activity against a panel of cancer cell lines in vitro. Furthermore, the
most active compounds were evaluated against EGFR, c-Met, and CDK2
TKs as prospective targets for mechanistic action (These targets were
chosen based on published outcomes for indazole derivatives I-VIII).

2. Results and discussion

2.1. Chemistry

Synthesis of compounds 6a-v was outlined in Scheme 1. Aryl nitriles
2a-v were synthesized by adding aqueous ammonia solution to aldehydes
la-v in THF, followed by sublimed iodine, and stirring the

Fig. 1. Structure of indazole-based compounds as kinase inhibitors.
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reaction mixture for 3 h [31]. Without additional purification processes
directly, aryl nitrile 2a-v is added to the mixture of Hydroxylamine
Hydrochloride in MeOH as the solvent, with anhydrous NaHCO3 as the
basic catalyst, for 30 min, and then the mixture is refluxed for 5-8 h to
obtain amidoximes 3a-v [32]. 1H-indazole-6-carboxylic acid 5 was obtained
from hydrolyzing methyl 1H-indazole-6-carboxylate 4 with

NaOH in MeOH to give carboxylic acid in quantitative yield [33]. At
room temperature, the esterification reaction takes place by stirring a
mixture of the 1H-indazole-6-carboxylic acid in DMF, adding EDC and
HOAt as coupling agents. The reaction mixture was stirred for 30 min at
room temperature; thereafter, the amidoximes 3a-v were added. For 24
h, the mixture was stirred at room temperature to ensure that the reaction
had completed. Following extraction, the formed products were

purified by column chromatography, yielding compounds 6a-v with
50-70% yields.

Reagent and reaction conditions: i) NH3, THF, I2, r.t. 3 h, 65-80;

if) NH20H, methanol, NaHCOg3, reflux 3-5 h, 80—90%; iii) NaOH, MeOH,
r.t. 1 h.; iv) EDCI, DMF, HOAT, r.t. 24 h.

Comp. No. R Comp. No. R

1a, 2a, 3a,

and 6a

1i, 2i, 3i,

and 6i

1b, 2b, 3b,

and 6b

1j, 2j, 3j,

and 6j

1c, 2c, 3c,

and 6¢

1k, 2k, 3

k, and 6 k

1d, 2d, 3d,



and 6d

11,21,31,

and 6|

le, 2e, 3e,

and 6e

1m,2m,3

m,and 6 m

(continued on next page)

Fig. 2. Structure of compounds IX-XI and new indazole-based compounds 6a-v.
Scheme 1. Synthesis of compounds 6a-v.
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(continued)

Comp. No. R Comp. No. R

1f, 2f, 3f,

and 6f

1n, 2n, 3n,

and 6n

19,29,3

g,and 6

g9

10, 20, 30,

and 60

1h,2h,3

h,and 6

h

1p, 2p, 3p,

and 6p

1q, 29, 3q,

and 6q

1r, 2r, 3r,

and 6r

1s,25s,3s,

and 6 s

1u, 2u, 3u,

and 6u

1t,2t,3t,

and 6t

1v, 2v, 3v,

and 6v

The structure of novel compounds 6a-v was determined using boiling
point, mass spectral analysis and NMR spectroscopy. According to 1H
and 13C NMR spectra, the products were distinguished by the presence of
extra peaks not present in the carboxylic acid starting material 5. In the
1H NMR spectrum of 6 s, the absence of the carboxylic acid OH signal
and the appearance of two sets of doublets at 7.74 and 7.68 ppm suggest
aromatic p-substitution. The spectrum also revealed the acetamido
group’s distinctive signals in the form of a singlet signal of three protons
at 2.08 ppm of methyl protons (NHCOCHS3) and a singlet signal of one
proton at 10.16 ppm (NHCOCHS3). The spectrum also showed a singlet
signal of the NH2 group (2H) at 6.93 ppm, a singlet signal of the NH
group of indazole (1H), and aromatic protons. The 13C NMR spectrum of
6 s revealed two signals at 168.62 and 164.09 ppm corresponding to two
carbonyl groups (NHCO and COO), four additional carbon signals in the
aromatic, and a methyl carbon signal at 24.05 ppm (CH3CO). HRMS
yielded a peak for [M + Na]+ at m/z 360.1073 that was compatible with
the chemical formula C17H15NsNaOs.

2.2. Biology

2.2.1. In vitro antiproliferative assay

2.2.1.1. Cell viability assay. In the cell viability experiment [34], the
human mammary gland epithelial cell line (MCF-10A) was used. The

cell viability of compounds 6a-v was tested using the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay after 4

days of culture with MCF-10A cells [35]. There were no cytotoxic effects
encountered in any of the compounds tested, and the majority of the
compounds tested at 50 uM had cell viability of more than 85%.

2.2.1.2. Antiproliferative assay. The antiproliferative activity of compounds
6a-v was tested against four human cancer cell lines, including

HT-29 (colon cancer cell line), A-549 (epithelial cancer cell line), Panc-1
(pancreas cancer cell line), and MCF-7 (breast cancer cell line), using the
MTT assay [36,37] and doxorubicin as the reference drug. Further, the
median inhibitory concentration (ICs0) was calculated for each compound.
The findings are shown in Table 1.

Compounds 6f, 6i, 6j, 6 s, and 6n (R = 3,5-dimethoxyphenyl, 2-

Table 1

ICsos of antiproliferative assay of compounds 6a-v and Doxorubicin.

Comp. Cell



viability
%
Antiproliferative activity ICso+ SEM (uM)
A-549 MCF-7 Panc-1 HT-29 Average
6a 85 1.50
+

0.50

1.90
+0.50
1.70
+0.40
1.10

+

0.10

1.55

6b 86 3.20
+

0.50

3.40
+0.40
3.20
+0.20
3.10

+

0.20

3.25

6¢c 87 3.90
+

0.50

3.10
+0.40
3.70
+0.70
3.70

+

0.50

3.60

6d 91 4.90
*

0.70

4.70
+0.40
4.70
+0.40
4.10

*

0.20

4.60

6e 87 3.90
+

0.60

3.70
+0.40
3.10
+0.30
3.20

+

0.30

3.50

6f 89 0.80
+

0.10

0.60
+0.10
0.80
+0.10
0.90

+

0.10

0.77
6991160
+

0.40

1.30
+0.30
1.25
+0.30
1.60

+

0.50

1.45

6 h 852.30
+

0.40

2.10
+0.30



2.75
+0.40
2.80

+

0.40

2.50

6i 90 0.90
+

0.10

0.80
+0.10
0.80
+0.10
0.95

+

0.20

0.86

6] 87 1.20
+

0.20
0.90
+0.20
1.00
+0.30
1.10
*
0.20
1.05
6k 90 1.40
+
0.40
1.10
+0.30
1.70
+0.40
1.10
+
0.20
1.30
61897.20
+
1.00
6.90
+1.00
7.50
+1.00
7.10
+
1.20
7.20
6 m 87 2.90
*
0.50
2.10
+0.40
2.70
+0.70
2.70
*
0.50
2.60
6n 91 1.20
+
0.20
1.00
+0.30
1.00
+0.20
1.10
+
0.20
1.07
60 86 5.90
*
0.70
5.70
+0.60
6.10
+0.70
6.15
*
0.70
6.00
6p 87 5.10
+

0.60



4.90
+0.50
5.20
+0.60
5.30

+

0.40

5.15

6q 89 1.80
.

0.40
1.50
+0.30
1.40
+0.40
2.10
+
0.50
1.70
6r 90 1.90
+
0.40
1.60
+0.30
1.90
+0.40
2.20
+
0.40
1.90
65911.10
+
0.20
1.00
+0.30
1.05
+0.20
1.10
+
0.20
1.05
61t895.40
+
0.60
5.20
+0.50
5.50
+0.70
5.60
+
0.70
5.40
6u 86 4.30
+
0.60
4.00
+0.50
4.20
+0.60
4.10
+
0.60
4.15
6v 89 7.90
+
1.20
7.80
+1.00
8.30
+1.20
8.20
+
1.20
8.05
Doxorubicin —1.40
+
0.58
0.90
+0.62
1.00
+0.82
1.20
+
0.80
1.10
F. Obaid Arhema Frejat et al.
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naphthyl, 4-chlorophenyl, 4-acetamidophenyl, and 4-methoxy-3-pyridyl,
respectively) were the most effective synthesized derivatives,

with Glso values of 0.77, 0.86, 1.05, 1.05, and 1.07 uM, respectively,
against the 4 cell lines, in comparison to the control doxorubicin (Glso =
1.10 pM). These five derivatives inhibited A-549 and HT-29 cancer cell
lines more effectively than doxorubicin.

The 3,5-dimethoxyphenyl derivative 6f (R = 3,4-dimethoxyphenyl)

was the most effective of all the synthesized derivatives against the four
cell lines, with a Glso value of 0.77 uM, in relative to the control doxorubicin
(Glso = 1.10 pM) and was found to be more potent than doxorubicin
against the four tested cell lines. The unsubstituted derivative 6q

(R = phenyl) was about 2 times less potent than 6f, with a Glso value of
1.70 yM. Moreover, the antiproliferative action was reduced when the
3,4-dimethoxyphenyl moiety in 6f was replaced by 4-pyridine, 2-
hydroxymethyl furan, 2-pyridine, 3-thiophene, pyrazole, 1-oxo-1,3-
dihydroisobenzofuran, and furan in compounds 6b-e, 60, 6p, and 6 t,
respectively, pointing to the fact that the pattern of substitution and/or

the position of the phenyl moiety are critical for antiproliferative

activity.

Compound 6i (R = 2-naphthyl) was the second most potent derivative,
with a Glso value of 0.86 uM against the four cell lines, in comparison

to doxorubicin (Glso = 1.10 yM), and it was more effective than
doxorubicin against all cancer cell lines examined. The 1-naphthyl derivative
6v (R = 1-naphthyl) was almost ten times less active than 6i,

with a Glso = 8.05 pM.

Compound 6j (R = 4-chlorophenyl) ranks third in terms of activity

behind compounds 6f and 6i, with a Glso of 1.05 pM, but it is still more
active than doxorubicin (Glso = 1.10 pM), also investigated substituting
halogen atoms for the 4-chlorophenyl in 6. The findings showed that
replacement of the chlorine atom in compound 6j with bromine, fluorine,
and iodine atoms as in compounds 6 k, 6 I, and 6 m, respectively,
resulted in a decrease in antiproliferative activity, with the 4-fluorophenyl
derivative, 6 |, being the least active with a Glso of 7.20 uM,

which is approximately 7-fold less active than 6j.

2.2.2. Multi-kinase (CDK-2, EGFR, and c-Met) inhibitory assays

2.2.2.1. CDK2 inhibitory assay. Cyclin-dependent kinase 2 (CDK2)
regulates cell cycle progression into the S- and M phases. CDK2 activity
is mainly unnecessary for normal development, but it is strongly linked

to tumor growth in a variety of cancers. Although the significance of
CDK?2 in carcinogenesis has been debated, new evidence suggests that
selective CDK2 inhibition may provide a therapeutic benefit against

some malignancies, and it remains appealing as an approach to pursue in
anticancer drug development. A number of small-molecule CDK2 inhibitors
have advanced to clinical studies. A CDK2-selective inhibitor,

on the other hand, has yet to be found [38].

The CDK2 potential inhibitory activity of compounds 6a, 6f, 6 g, 6i,

6j, 6 k, 6n, and 6 s was investigated [39]. In Table 2, the ICso values
show that all compounds inhibited CDK2 with ICso values ranging from

14 nM to 27 nM, with compounds 6f, 6i, and 6j (ICso = 14, 16, and 19

nM, respectively), which were more potent than the control dinaciclib
(ICs0 =20 nM). Compounds 6a, 6 g, 6 k, 6n, and 6 s demonstrated good
anti-CDK2 activity with 1Cso values of 30, 27, 25, 22, and 21 nM,
respectively. Compounds 6f, 6i, 6j, and 6 s the most potent derivatives
as antiproliferative agents, displayed the utmost inhibitory activity

against CDK2. The outcomes of the assay indicate that these compounds
may act as potential targets for CDK2.

2.2.2.2. EGFR inhibitory assay. Numerous previous studies demonstrated
that various indazole-based derivatives are effective EGFR inhibitors
[40,41]. Compounds 6a, 6f, 6 g, 6i, 6], 6 k, 6n, and 6 s were

further studied for their ability to inhibit the EGFR-TK enzyme [42].

Table 2 displays the ICso values. The findings indicate that for each
compounds inhibited EGFR with ICso values extending from 80 nM to

275 nM. Throughout, the investigated compounds were at least 1.2-fold
less potent than the reference erlotinib (ICs0 = 70 nM). Compounds 6n
and 6 s evidenced the most potent EGFR inhibitory activity with 1Cso
values of 80, and 85 nM respectively. Moreover, compounds 6f, 6i, and
6j the most potent derivatives as antiproliferative agents, exhibited
moderate activity against EGFR (ICso0 = 89, 130, and 275 nM).



2.2.2.3. c-Met inhibitory assay. Compounds 6a, 6f, 6 g, 6i, 6j, 6 k, 6n,
and 6 s were evaluated [43] for their capacity to inhibit the c-Met
enzyme based on the existing literature demonstrating the c-Met
inhibitory efficacy of the indazole-based drug merestinib [13]. Table 2
displays the ICso values. According to the findings, all compounds
showed potent inhibition of c-Met with ICso values extending from 3.10
nM to 6.30 nM in comparison to the reference foretinib (ICso = 2.5 nM).
Once again, compounds 6n and 6 s demonstrated the most potent c-Met
inhibitory activity with ICso values of 3.10, and 3.50 nM, respectively.

On the other hand, compounds 6f, 6i, and 6j the most potent derivatives
as antiproliferative agents, exhibited promising activity against c-Met
(ICs0 = 4.10, 5.50, and 6.30 nM).

Based on the outcomes of this study, we may infer that CDK2, EGFR,
and c-Met are promising targets for compounds 6f, 6n, and 6 s. More indepth
mechanistic exploration may be necessary in the future.

2.2.3. Apoptosis assay

Previous study has shown that indazole compounds can trigger
apoptosis [44]. To determine the proapoptotic potential of our new
compounds, the most active compounds (6f, 6n, and 6 s) were examined
for their capacity to initiate the apoptosis flow in the MCF-7 breast
cancer cell line.

2.2.3.1. Activation of proteolytic caspases cascade. Caspases play a critical
role in initiating and terminating the apoptotic process [45].

Caspase-3 is an important caspase that cleaves numerous proteins in
cells, resulting in apoptotic cell death [46]. The effect of 6f, 6n, and 6 s
on caspase 3 was studied and compared to the reference drug doxorubicin.
The results showed that the tested compounds increased the level

of active caspase 3 by 7.7-9 folds when compared to control cells, and
that 6f, 6n, and 6 s possessed remarkable overexpression of caspase-3
protein level (602.40 + 4.5, 505.30 + 4.0 and 510.50 + 4.5 pg/mL,
respectively) when compared to doxorubicin (503.2 + 4.20 pg/mL). All

of the compound examined exhibited a larger increase in active caspase
3 than the control doxorubicin, Fig. 3.

To further emphasize the role of intrinsic and extrinsic apoptotic
pathways in the antiproliferative activity of compounds 6f, 6n, and 6 s,
their effect on caspases 8 and 9 was also examined. The results indicate
that compound 6f increases caspase 8 and 9 levels by 11.5 and 20 folds,
respectively, whereas compounds 6n and 6 s increase caspase 8 and 9
levels by 10.5-11 folds and 18-18.5 folds, respectively. Comparing with
the control cells, the caspase 9 levels were increased because of the effect
of activating both intrinsic and extrinsic pathways was more

Table 2

ICsos of multi-kinase assays of compounds 6a, 6f, 6 g, 6i, 6j, 6 k, 6n, and 6 s.
Code No. CDK2

ICs0+ SEM (nM)

EGFR

ICs0+ SEM (nM)

c-Met

ICs0 £ SEM (nM)

6a 30 + 3100+ 5 4.50 + 0.30

6f14+189+34.10%0.10

6927+2110+55.10 £ 0.30

6i 16 + 2130 + 5 5.50 + 0.20

6j19+2 275+ 10 6.30 £ 0.20

6k25+2145+74.80+0.20

6n22+280+33.10+0.20

6521285463502 0.20

Dinaciclib 20 + 2 ND ND

Erlotinib ND 70 + 3 ND

Foretinib ND ND 2.5 + 0.10

ND: Not Determined.

F. Obaid Arhema Frejat et al.
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significant on the intrinsic pathway [47], Table 3. Once again, all of the
compound examined exhibited a larger increase in active caspases 8 and
9 levels than the control doxorubicin.

2.2.3.2. Cytochrome C assay. Cytochrome C levels within the cell are
critical for activating caspases and conducting the apoptotic process

[47]. Table 3 shows the findings of testing indazole derivatives 6f, 6n,
and 6 s as cytochrome C activators in the MCF-7 human breast cancer
cell line. Indazoles 6f, 6n, and 6 s increased cytochrome C levels in the
MCF-7 human breast cancer cell line by approximately 18, 16.5, and 17
times, respectively, compared to untreated control cells. The findings



add to the evidence that apoptosis can be attributed to cytochrome C
overexpression and activation of the intrinsic apoptotic pathway
generated by the investigated compounds.

2.2.3.3. Bax and Bcl-2 levels assay. The effects of the indazole derivatives
6f, 6n, and 6 s on Bax and Bacl-2 levels in a breast cancer cell

line (MCF-7) were investigated further using PCR approach and doxorubicin
as a control [48]. Table 4 shows that the investigated compounds
induced a considerable rise in Bax levels when compared to doxorubicin.
Compound 6f revealed a 35-fold increase in Bax level (297 pg/mL)
compared to doxorubicin (276 pg/mL, 32-fold increase), followed by
compound 6n (281 pg/mL and 33-fold change) and at last 6 s (279 pg/
mL and 33-fold change). Finally, compound 6f reduced Bcl-2 protein
levels in MCF-7 cells to 0.840 ng/mL, followed by compounds 6n (0.940
ng/mL) and 6 s (0.960 ng/mL) compared to doxorubicin (0.985 ng/mL).
2.3. Molecular docking studies

As shown in the enzymatic assays run against CDK2, EGFR, and c-
Met, that compounds 6f, 6n, and 6 s were the most potent inhibitors for
such enzymes, so we explored their binding interactions within crystal
structure of previous targets. Molecular docking studies were run using
MOE software within crystal structure of CDK2 (PDB ID: 1PYE), EGFR
(PDB ID: 1 M17), and c-Met (PDB ID: 3DKF); respectively, and their
binding interactions energy and root-mean square deviations were
reported in Table 5 [49,50]. Interestingly, all tested compounds (6f, 6n,
and 6 s) showed higher binding energy over co-crystallized ligand
within CDK2 active site, while on the contrary on EGFR and c-Met was
seen, even their binding score energy still of high value to explain their
inhibitory activity against such enzymes.

2D binding interactions of test compounds showed their efficient
occupancy of active sites of 3 used crystal structures with number of
binding interactions (varying from H- and pi-H bonding), as shown in
supporting information file. Visual inspection of compound 6f interaction
diagram within 1PYE active site showed its perfect overlay with cocrystallized
ligand (as shown in Fig. 4), in addition to a number of Hbonding

and pi-H binding interactions (as listed in Table 5) with key

amino acids lining 1PYE active site.

On the other hand, exploring the binding interactions within EGFR
active site (PDB ID: 1 M17) of all test compounds 6f, 6n, and 6 s,
revealed the strong interactions exhibited by 6n with key amino acids
lining EGFR active site compared with that of co-crystallized ligand (as
shown in Fig. 5).

Finally, examining the molecular docking simulations of compounds

6f, 6n, and 6 s within c-Met crystal structure (PDB ID: 3DKF) revealed
interesting observations: a common pi-pi interaction with TYR1230, in
addition to a H-acceptor interaction with MET 1160 amino acid residue
similar to these shown with co-crystallized ligand (as shown in Fig. 6).
The best overlay with co-crystallized ligand was found with compounds
6n and 6 s (as shown in Fig. 6). In conclusion, molecular dynamic
simulations of compounds 6f, 6n, and 6 s completely coincided with the
observed actions against CDK2, EGFR, and c-Met target proteins, and
this might be used to further investigate their mechanistic investigations
as prospective anti-cancer therapy agents.

3. Conclusion

A series of new indazole derivatives 6a-v, which are differently
substituted at the 6-position of the indazole moiety have been developed.
Twenty two target compounds were synthesized and tested in vitro
against a panel of cancer cell lines and three different targets namely
CDK-2, EGFR, and c-Met. The majority of the compounds examined had
improved antiproliferative inhibitory activity. The most potent compounds
were 6f, 6i, 6j, 6 s, and 6n. Compounds 6j, 6n, and 6 s

demonstrated doxorubicin-like activity against the four cell lines and
effectively inhibited these three targets. Compounds 6j, 6n and 6 s also

induced apoptosis. Molecular docking experiments were carried out to
Fig. 3. Caspase-3 level for compounds 6f, 6n, 6 s and doxorubicin in human
breast cancer cell line (MCF-7).

Table 3

Effects of compounds 6f, 6n, 6 s and doxorubicin on active Caspases 3, 8, 9 and Cytochrome C in MCF-7 breast cancer cell line.
Comp. Code Caspase-3 Caspase-8 Caspase-9 Cytochrome C

Conc

(pg/ml)

Fold

change

Conc (ng/ml) Fold change Conc (ng/ml) Fold change Conc (ng/ml) Fold change



6f 602.40 +6.59 1.95 + 0.10 11.5 18.8 + 1.50 20 0.825 + 0.08 18

6n 505.30 + 4.0 7.70 1.80 + 0.10 10.5 16.9 + 1.50 18 0.765 + 0.06 16.5
65510.50+4.57.801.87£0.10 11 17.1 + 1.50 18.5 0.795 + 0.07 17.3

Doxorubicin 503.20 + 4.2 7.65 1.75 + 0.10 10.0 16.2 + 1.50 17.4 0.604 + 0.05 13.1

Control 65.6010.1710.9310.046 1

Table 4

Bax and Bcl-2 levels for compounds 6f, 6n, 6 s and Doxorubicin in MCF-7 breast
cancer cell line.

Comp. Code Bax Bcl-2

Conc (pg/

ml)

Fold

change

Conc (ng/

ml)

Fold

reduction

6f 297.50 + 30 35 0.840 + 0.05 6

6n 281.40 + 27 33 0.940 + 0.07 5.5

6's 278.90 + 25 32.8 0.960 + 0.07 5.3

Doxorubicin 276.50 + 25 32.5 0.985 + 0.07 5.1

Cont. 8.50 1 5.080 1.00
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Table 5

Binding Interactions of 6f, 6n, & 6 s within CDK2, EGFR, & c-Met active site (PDB ID: 1PYE, 1 M17, & 3DKF; respectively).
CDK2 (PDB ID: 1PYE) EGFR (PDB ID: 1 M17) c-Met (PDB ID: 3DKF)

# Sb RMSDc Ligand Interactions S RMSD Ligand Interactions S RMSD Ligand Interactions
a. a. Type Length a. a. Type Length a. a. Type Length

-a[15.91.84 GLU H(d)d 3.05 (1 7.3 1.3 GLN 767 H(d) 3.15 [1 8.4 0.73 ARG 1208 H(d) 3.39
ARG 1208 H(d) 3.41

ASP 1222 H(a) 2.91

LEU 83 H(a)e 3.07 MET 769 H(a) 2.7 MET 1160 H(a) 2.93

TYR 1230 pi-pi 3.80

6f 1 6.43 2.04 LEU 83 H(a) 3.11 [J 6.34 1.15 MET 769 H(d) 3.47 (1 7.1 1.61 MET 1160 H(a) 3
LEU 83 H(d) 3.33 TYR 1230 pi-pi 3.83

ALA 144 pi-H 4.03 TYR 1230 pi-pi 3.7

6n (1 6.2 1.73 LEU 83 H(d) 2.9 [] 6.44 1.96 MET 742 H(d) 3.43 [] 6.04 1.41 MET 1160 H(a) 3.04
GLU 738 H(d) 3.35

GLN 131 H(d) 3.09 LYS 721 H(a) 3.46 TYR 1230 pi-pi 3.72

LYS 721 pi-H 3.7

6s []6.342.02 LEU 83 H(a) 3.28 (1 5.4 2.01 MET 769 H(a) 3.45 (] 6.75 1.9 ASN 1209 H(a) 3.68
ILE 1084 pi-H 4.33

TYR 1230 pi-pi 3.95

TYR 1230 pi-pi 3.55

a co-crystallized ligand; b docking score (Kcal/mol); c root-mean square deviation (A); ¢ H-donor; e H-acceptor.
Fig. 4. Schematic diagram of binding interactions of compound 6f (purple) and co-crystallized ligand (yellow) within CDK2 active site (PDB ID: 1PYE).
Fig. 5. Schematic Diagram of binding Interactions of compound 6n within EGFR active site (PDB ID: 1 M17) showing H-bonds (yellow-colored) and pi-
H bonds

(orange-colored).
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explore the novel compounds’ binding mechanisms, affinities, and interactions
with target receptors. The results demonstrated that the novel

compounds fit nicely to the active sites of these targets, with high

binding scores.

4. Experimental

4.1. Chemistry

4.1.1. General procedures for the synthesis of amidoximes 6a-v

To a solution of 1H-indazole-6-carboxylic acid 5 (1 mmol) in DMF (5

mL), EDC (1.3 mmol) and HOAt (1 mmol) were added. The amidoximes

3a-v (1 mmol) were added after 30 min of stirring at room temperature.

The resulting mixture was stirred for 24 h at room temperature. The

mixture was extracted with EtOAc after adding 30 mL of water, washed

three times with water, and once with brine. The mixed organic layer

was dried with Na2SO4 and then evaporated at reduced pressure.

Finally, using silica gel column chromatography, the resulting compounds
6a-v were purified and isolated as white powders in 50-70%

yields.

4.1.2. (Z2)-N’-[(1H-indazole-6-carbonyl) oxy]benzo[d][1,3]dioxole-
5-carboximidamide (6a)

Yield 55%, white solid, m.p. 223-225 -C. 1H NMR (400 MHz,

DMSO-ds) 6 13.47 (s, 1H), 8.38 (s, 1H), 8.21 (s, 1H), 7.89 (s, 2H), 7.35

(dd, J=8.1, 1.5 Hz, 1H), 7.31 (d, J = 1.4 Hz, 1H), 7.03 (d, J = 8.1 Hz,

1H), 6.92 (s, 2H), 6.11 (s, 2H). 13C NMR (101 MHz, DMSO-ds) 6 164.05,
156.59, 149.08, 147.24, 139.24, 133.70, 126.96, 125.39, 125.22,

121.25, 120.69, 120.51, 112.46, 108.10, 107.00, 101.53. HRMS (EI):



calcd. for C16H12N4NaO4 [M + Na]+: m/z 347.0756; found: m/z
347.0761.

4.1.3. (2)-N-[(1H-indazole-6-carbonyl)oxyJisonicotinimidamide (6b)
Yield 53%, white solid, m.p. 230-232 -C. 1H NMR (400 MHz,
DMSO-ds) & 13.50 (s, 1H), 8.73 (d, J = 5.9 Hz, 2H), 8.42 (s, 1H), 8.23 (s,
1H), 7.91 (s, 2H), 7.78 (d, J = 6.0 Hz, 2H), 7.26 (s, 2H). 13C NMR (101
MHz, DMSO-ds) 6 163.90, 155.14, 150.05, 139.23, 133.73, 126.57,
125.32,121.12, 120.72, 120.61, 112.64. HRMS (El): calcd. for
C14H12Ns02 [M + H]+: m/z 282.0991; found: m/z 282.0996.

4.1.4. (Z2)-N*[(1H-indazole-6-carbonyl)oxy]-5-(hydroxymethyl)furan-3-
carboximidamide (6c)

Yield 50 %, white solid, m.p. 139-142 -C. 1H NMR (400 MHz,
DMSO-ds) & 13.48 (s, 1H), 8.40 (s, 1H), 8.22 (s, 1H), 7.90 (s, 2H), 7.07
(d, 3 =3.3 Hz, 1H), 6.94 (s, 2H), 6.46 (d, J = 3.2 Hz, 1H), 5.42 (t, J=5.3
Hz, 1H), 4.47 (d, J = 4.6 Hz, 2H). 13C NMR (101 MHz, DMSO-ds) 0
163.86, 157.19, 149.57, 143.87, 139.27, 133.74, 126.69, 125.24,
120.70, 120.56, 112.57, 112.23, 108.49, 55.65. HRMS (El): calcd. for
C14H12N4aNaO4 [M + Nal+: m/z 323.0756; found: m/z 323.0759.

4.1.5. (2)-N*-[(1H-indazole-6-carbonyl)oxy]picolinimidamide (6d)

Yield 58%, beige solid, m.p. 175-176 -C. 1H NMR (400 MHz,
DMSO-ds) & 13.50 (s, 1H), 8.70 (d, J = 4.5 Hz, 1H), 8.46 (s, 1H), 8.23 (s,
1H), 8.06 (d, J = 7.9 Hz, 1H), 7.94 (dt, J = 11.4, 8.1 Hz, 1H), 7.70-7.50
(m, 1H), 7.18 (s, 1H). 13C NMR (101 MHz, DMSO-ds) 6 163.88, 154.41,
148.73, 148.27, 139.23, 137.33, 133.72, 126.62, 125.75, 125.31,
121.11, 120.74, 120.56, 112.66. HRMS (EI): calcd. for C14H11NsNaO2
[M + Na]+: m/z 304.0810; found: m/z 304.0809.

4.1.6. (2)-N*[(1H-indazole-6-carbonyl) oxy]thiophene-3-
carboximidamide (6e)

Yield 60%, white solid, m.p. 198-202 -C. 1H NMR (400 MHz,

DMSO-ds) & 13.47 (s, 1H), 8.39 (s, 1H), 8.22 (s, 1H), 8.13 (d, J = 1.8 Hz,
1H), 7.93-7.83 (m, 1H), 7.65 (dd, J = 5.0, 2.9 Hz, 1H), 7.49 (dd, J = 5.0,
0.9 Hz, 1H), 6.96 (s, 1H). 13C NMR (101 MHz, DMSO-ds) 6 164.00,
153.26, 139.24, 133.71, 132.98, 126.92, 126.75, 126.09, 125.91,
125.23, 120.68, 120.55, 112.47. HRMS (El): calcd. for C13H10N4NaO2S
[M + Na]+: m/z 309.0422; found: m/z 309.0418.

4.1.7. (2)-N*[(1H-indazole-6-carbonyl)oxy]-3,5-
dimethoxybenzimidamide (6f)

Yield 56%, white solid, m.p. 223-225 -C. 1H NMR (400 MHz,

DMSO-ds) & 13.47 (s, 1H), 8.39 (s, 1H), 8.22 (s, 1H), 7.90 (s, 2H), 7.00
(s, 2H), 6.95 (d, J = 2.2 Hz, 2H), 6.66 (t, J = 2.1 Hz, 1H), 3.81 (s, 6H).
13C NMR (101 MHz, DMSO-ds) 6 164.06, 160.27, 156.90, 139.23,
133.71, 133.66, 126.91, 125.24, 120.70, 120.54, 112.49, 104.91,
102.40, 55.40. HRMS (EI): calcd. for C17H16N4NaO4[M + Nal]+: m/z
363.1069; found: m/z 363.1072.

4.1.8. (2)-N*-[(1H-indazole-6-carbonyl)oxy]-4-nitrobenzimidamide (6 g)
Yield 50%, white solid, m.p. 204—206 -C. 1H NMR (400 MHz,

DMSO-ds) 6 13.50 (s, 1H), 8.43 (s, 1H), 8.36 (d, J = 8.8 Hz, 2H), 8.23 (s,
1H), 8.08 (d, J = 8.8 Hz, 2H), 7.91 (s, 2H), 7.31 (s, 2H). 13C NMR (101
MHz, DMSO-ds) 6 163.91, 155.45, 148.66, 139.23, 137.89, 133.74,
128.35, 126.57, 125.33, 123.56, 120.73, 120.61, 112.65. HRMS (EI):
calcd. for C1sH11N5NaO4 [M + NaJ+: m/z 348.0709; found: m/z
348.0712.

Fig. 6. Schematic diagram of binding interactions of compound 6n (yellow), 6 s (green) and co-crystallized ligand (purple) within c-Met active site (PDB
ID: 3DKF).
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4.1.9. (Z2)-N*[(1H-indazole-6-carbonyl)oxy]-3,4,5-
trimethoxybenzimidamide (6 h)

Yield 52%, white solid, m.p. 210-213 -C. 1H NMR (400 MHz,
DMSO-ds) 6 13.47 (s, 1H), 8.38 (s, 1H), 8.22 (s, 1H), 7.89 (q, J = 8.6 Hz,
2H), 7.09 (s, 2H), 6.98 (s, 2H), 3.85 (s, 6H), 3.72 (s, 3H). 13C NMR (101
MHz, DMSO-ds) 6 164.10, 156.96, 152.65, 147.81, 139.31, 139.24,
133.70, 127.00, 125.23, 120.67, 120.55, 112.44, 104.40, 60.09, 56.01.
HRMS (EI): calcd. for C18H18N4NaOs [M + Nal+: m/z 393.1175; found:
m/z 393.1179.

4.1.10. (2)-N*-[(1H-indazole-6-carbonyl)oxy]-2-naphthimidamide (6i)
Yield 54%, white solid, m.p. 210-212 -C. 1H NMR (400 MHz,
DMSO-ds) & 13.49 (s, 1H), 8.43 (d, J = 11.2 Hz, 1H), 8.23 (s, 1H), 8.02



(dt, 3 =9.6, 5.8 Hz, 2H), 7.92 (dd, J = 7.6, 3.1 Hz, 2H), 7.67-7.56 (m,
1H), 7.16 (s, 1H). 13C NMR (101 MHz, DMSO-de) & 164.08, 156.90,
133.80, 132.30, 129.12, 128.48, 127.87, 127.61, 127.24, 126.91,
126.69, 126.65, 125.26, 124.13, 120.74, 120.57, 112.55. HRMS (El):
calcd. for C19H14N4NaO2 [M + NaJ+: m/z 353.1014; found: m/z
353.1014.

4.1.11. (Z2)-N*-[(1H-indazole-6-carbonyl)oxy]-4-chlorobenzimidamide
(6)

Yield 56%, white solid, m.p. 220-222 -C. 1H NMR (400 MHz,
DMSO-ds) & 13.51 (s, 1H), 8.41 (s, 1H), 8.22 (s, 1H), 7.90 (s, 2H), 7.83
(d, 3 =8.5Hz, 2H), 7.57 (d, J = 8.5 Hz, 2H), 7.10 (s, 2H). 13C NMR (101
MHz, DMSO-ds) 6 163.99, 156.06, 139.28, 135.21, 133.66, 130.58,
128.73, 128.46, 126.79, 125.24, 120.70, 120.54, 112.62. HRMS (El):
calcd. for C15H11CIN4NaO2 [M + Nal+: m/z 337.0468; found: m/z
337.0470.

4.1.12. (Z2)-N*-[(1H-indazole-6-carbonyl)oxy]-4-bromobenzimidamide (6
Kk

Yield 60%, white solid, m.p. 252—-255 -C. 1H NMR (400 MHz,
DMSO-ds) 6 13.48 (s, 1H), 8.40 (s, 1H), 8.22 (s, 1H), 7.90 (s, 1H), 7.73
(dd, J =19.3, 8.6 Hz, 2H), 7.10 (s, 1H). 13C NMR (101 MHz, DMSO-ds) &
163.99, 156.16, 139.23, 133.71, 131.40, 130.95, 128.96, 126.79,
125.27, 123.97, 120.71, 120.56, 112.54. HRMS (El): calcd. for
C15H11BrN4NaO2 [M + Na]+: m/z 380.9963; found: m/z 380.9967.
4.1.13. (2)-N*-[(1H-indazole-6-carbonyl)oxy]-4-fluorobenzimidamide (6
)

Yield 50%, white solid, m.p. 206—209 -C. 1H NMR (400 MHz,
DMSO-ds) 6 13.48 (s, 1H), 8.40 (s, 1H), 8.22 (s, 1H), 7.90 (s, 1H), 7.86
(dd, J=8.7,5.5 Hz, 1H), 7.34 (t, J = 8.9 Hz, 1H), 7.06 (s, 1H). 13C NMR
(101 MHz, DMSO-ds) 6 164.04, 156.21, 139.24, 133.71, 129.34, 129.26,
128.15, 126.86, 125.25, 120.70, 120.55, 115.46, 115.24. HRMS (EI):
calcd. for CisH11FN4NaOz2 [M + Na]+: m/z 321.0764; found: m/z
321.0765.

4.1.14. (Z2)-N*-[(1H-indazole-6-carbonyl)oxy]-4-iodobenzimidamide (6
m)

Yield 58%, white solid, m.p. 254-255 -C. 1H NMR (400 MHz,
DMSO-ds) 6 13.48 (s, 1H), 8.40 (s, 1H), 8.22 (s, 1H), 7.94—7.77 (m, 2H),
7.59 (d, J = 8.4 Hz, 1H), 7.07 (s, 1H). 13C NMR (101 MHz, DMSO-ds) &
163.98, 156.35, 139.23, 137.23, 133.71, 131.26, 128.85, 126.80,
125.26, 120.70, 120.55, 112.53, 97.50. HRMS (El): calcd. for
C15H11IN4NaOz2 [M + Na]+: m/z 428.9824; found: m/z 428.9827.

4.1.15. (Z)-N*-[(1H-indazole-6-carbonyl)oxy]-6-
methoxynicotinimidamide (6n)

Yield 50%, white solid, m.p. 219-223 -C. 1H NMR (400 MHz,
DMSO-ds) 0 13.48 (s, 1H), 8.59 (d, J = 1.7 Hz, 1H), 8.39 (s, 1H), 8.22 (s,
1H), 8.07 (dd, J = 8.6, 2.0 Hz, 1H), 7.90 (s, 2H), 7.08 (s, 2H), 6.94 (d, J
= 8.7 Hz, 1H), 3.92 (s, 3H). 13C NMR (101 MHz, DMSO-ds) & 164.87,
164.03, 155.11, 145.67, 139.23, 137.73, 133.71, 126.85, 125.26,
121.20, 120.69, 120.56, 112.49, 110.25, 53.55. HRMS (El): calcd. for
C15H13NsNaO3 [M + Na]+: m/z 334.0916; found: m/z 334.0913.

4.1.16. (Z2)-N*-[(1H-indazole-6-carbonyl)oxy]-1H-pyrazole-3-
carboximidamide (60)

Yield 50%, white solid, m.p. 230-233 -C. 1H NMR (400 MHz,
DMSO-ds) 6 13.37 (d, J = 79.2 Hz, 1H), 8.52-8.05 (m, 1H), 7.99-7.71
(m, 1H), 6.71 (d, J = 64.5 Hz, 1H). 13C NMR (101 MHz, DMSO-ds) &
164.00, 153.26, 139.24, 133.71, 132.98, 126.92, 126.75, 126.09,
125.91, 125.23, 120.68, 120.55, 112.47. HRMS (EI): calcd. for
Ci2H10NeNaOz2 [M + Nal+: m/z 293.0763; found: m/z 293.0759.

4.1.17. (Z2)-N*-[(1H-indazole-6-carbonyl)oxy]-1-0x0-1,3-
dihydroisobenzofuran-5-carboximidamide (6p)

Yield 55%, white solid, m.p. 243-245 -C. 1H NMR (400 MHz,
DMSO-ds) § 13.49 (s, 1H), 8.43 (s, 1H), 8.23 (s, 1H), 8.09 (s, 1H), 7.99
(d, 3 =3.2 Hz, 2H), 7.91 (s, 2H), 7.26 (s, 2H), 5.50 (s, 2H). 13C NMR
(101 MHz, DMSO-ds) 6 170.08, 163.93, 156.28, 147.43, 139.23, 137.28,
133.73, 127.80, 126.64, 125.32, 124.98, 121.59, 120.73, 120.59,
112.62, 69.96. HRMS (El): calcd. for C17H12N4NaO4 [M + NaJ+: m/z
359.0756; found: m/z 359.3175.

4.1.18. (2)-N*-[(1H-indazole-6-carbonyl)oxy]benzimidamide (6q)

Yield 58%, white solid, m.p. 196-198 -C. 1H NMR (400 MHz,



DMSO-ds) 6 13.49 (s, 1H), 8.43 (d, J = 10.5 Hz, 1H), 8.23 (s, 1H), 8.02
(dt, 3 =9.5, 5.7 Hz, 2H), 7.92 (dd, J = 6.4, 1.6 Hz, 1H), 7.67-7.56 (m,
1H), 7.16 (s, 1H). 13C NMR (101 MHz, DMSO-ds) & 163.99, 156.16,
139.23, 133.71, 131.40, 130.95, 128.96, 126.79, 125.27, 123.97,
120.71, 120.56, 112.54. HRMS (El): calcd. for C15H13N402 [M + H]+:
m/z 281.1039; found: m/z 281.0835.

4.1.19. (Z2)-N*-[(1H-indazole-6-carbonyl)oxy]-4-methylbenzimidamide
(6r)

Yield 60%, white solid, m.p. 186-189 -C. 1H NMR (400 MHz,
DMSO-ds) & 13.47 (s, 1H), 8.40 (s, 1H), 8.22 (s, 1H), 7.89 (s, 2H), 7.70
(d, 3 =8.1Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 6.95 (s, 2H), 2.37 (s, 3H).
13C NMR (101 MHz, DMSO-ds) 6 164.08, 156.94, 140.22, 139.25,
133.70, 128.89, 128.85, 126.99, 126.76, 125.21, 120.70, 120.52,
112.47, 20.89. HRMS (EI): calcd. for C16H14N4NaO2 [M + Na]+: m/z
317.1014; found: m/z 317.1012.

4.1.20. (Z)-N-(4-(N-[(1H-indazole-6-carbonyl)oxy]carbamimidoyl)
phenyl)acetamide (6 s)

Yield 54%, white solid, m.p. 194-197 -C. 1H NMR (400 MHz,
DMSO-ds) & 13.47 (s, 1H), 10.16 (s, 1H), 8.39 (s, 1H), 8.22 (s, 1H), 7.89
(s, 2H), 7.74 (d, J = 8.7 Hz, 2H), 7.68 (d, J = 8.7 Hz, 2H), 6.93 (s, 2H),
2.08 (s, 3H). 13C NMR (101 MHz, DMSO-ds) 6 168.62, 164.09, 156.66,
141.28, 133.68, 127.45, 127.00, 125.95, 125.19, 124.50, 120.69,
120.53, 118.34, 112.50, 24.05. HRMS (EI): calcd. for C17H15NsNaO3 [M
+ Naj+: m/z 360.1073; found: m/z 360.1073.

4.1.21. (Z)-N*-[(1H-indazole-6-carbonyl)oxy]furan-2-carboximidamide
(61

Yield 50%, white solid, m.p. 187-189 -C. 1H NMR (400 MHz,
DMSO-ds) 6 13.48 (s, 1H), 8.40 (s, 1H), 8.22 (s, 1H), 7.88 (d, J =10.1
Hz, 3H), 7.10 (d, J = 3.4 Hz, 1H), 7.00 (s, 2H), 6.66 (dd, J = 3.3, 1.7 Hz,
1H). 13C NMR (101 MHz, DMSO-ds) 0 163.87, 149.64, 144.82, 144.61,
139.26, 133.75, 126.68, 125.25, 120.70, 120.57, 112.57, 111.56,
111.37. HRMS (El): calcd. for C13H10N4NaO3 [M + Na]+: m/z 293.0651,
found: m/z 293.0651.

4.1.22. (Z2)-N*-[(1H-indazole-6-carbonyl)oxy]cinnamimidamide (6u)
Yield 52%, white solid, m.p. 198-201 -C. 1H NMR (400 MHz,
DMSO-ds) & 13.48 (s, 1H), 8.40 (s, 1H), 8.22 (s, 1H), 7.89 (s, 2H), 7.61
(d, 3 = 7.3 Hz, 2H), 7.50-7.33 (m, 4H), 6.81 (s, 1H), 6.60 (d, J = 16.7 Hz,
1H). 13C NMR (101 MHz, DMSO-ds) 6 163.82, 155.83, 139.24, 135.40,
134.70, 133.71, 128.97, 128.91, 127.06, 126.78, 125.27, 120.69,
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120.57, 119.33, 112.53. HRMS (El): calcd. for C17H14N4NaO2 [M +
Na]+: m/z 329.1014; found: m/z 329.1016.

4.1.23. (2)-N*-[(1H-indazole-6-carbonyl)oxy]-1-naphthimidamide (6v)
Yield 50%, white solid, m.p. 152-156 -C. 1H NMR (400 MHz,
DMSO-ds) 6 13.51 (s, 1H), 8.45 (s, 1H), 8.36 (d, J = 8.1 Hz, 1H), 8.23 (s,
1H), 8.08 (d, J = 8.1 Hz, 1H), 8.02 (d, J = 7.4 Hz, 1H), 7.93 (s, 2H), 7.69
(d, J=6.5Hz, 2H), 7.62 (dd, J = 14.2, 6.4 Hz, 4H), 7.23 (s, 2H). 13C
NMR (101 MHz, DMSO-ds) 6 164.26, 157.84, 133.71, 133.05, 130.83,
130.22, 129.84, 128.11, 127.06, 126.74, 126.25, 125.46, 125.22,
125.13, 120.76, 120.57, 112.58. HRMS (EI): calcd. for C190H14N4NaO2
[M + Na]+: m/z 353.1014; found: m/z 353.1015.

4.2. Biology

All experimental techniques for the MTT assay, in vitro enzymatic
assays of CDK-2, EGFR, and c-Met, and Apoptosis are detailed in Appendix
A.
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