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Abstract
Although, there are a great number of anticancer therapies currently used, the serious toxicities associated with their administra-

tion, and the rapid appearance of drug resistance, have emphasized the pressing necessity to solve their deficiency and discovery
new technique for malignancy tumor treatment.

The checkpoint kinases (Chk) are central multifunctional players involved in DNA repair, apoptosis and the induction of cell cycle

arrest. As a tumor suppressor, Chk play critical roles in maintaining the genomic integrity. Studies have demonstrated that the activated Chk represent as survival factors for malignancy cells.

The rationale of development Chk inhibitors can be summarized as follow: DNA is the main target of traditional cancer therapies

(chemo/radiotherapy) and this treatment usually causes a genomic instability and consequently afford activation of Chk which extremely restricted the effect of chemo and/or radiotherapy. This shortage can be addressed by selective inhibition of Chk in cancer
cells. Second, inhibition of Chk in normal cells stimulates DNA-repair and protects them.

Hence, the checkpoint kinases have been identified as promising targets in modern cancer therapies. There are limited number of

Chk inhibitors in clinical trials such as AZD7762, XL-844, PF-473336, CCT244747, UNC-01 and VRX0466617. All of them are selective

kinase inhibitors that exhibit activity against both Chk1 and Chk2, but to varying degrees. This mini-review describes and discusses
briefly different classes of checkpoint kinases 1 and 2 (Chk1 and Chk2) inhibitors, as reported in the literature including their chemical structures, syntheses and biological evaluation.
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Abbreviations and Definitions
•

•

PK s: Protein kinases (PK s) are enzymes that regulate the
biological activity of proteins by phosphorylation process
of certain amino acids with ATP that lead to conformational
change from an inactive to an active form of the protein. PKs
are classified according to the amino acid side chain that they
phosphorylate.
Protein phosphorylation: It is one of the most significant signal transduction mechanisms by which inter-cellular signals
regulate crucial intra-cellular processes such as hormone responses, ion transport, and cellular proliferation and differentiation

•

•

Ser/Thr: Serine-threonine kinases: Phosphorylate the hydroxy group of these two amino acids.

•

repair.

•

Cell cycle checkpoints: They represent the restriction points
between each phase of the cell cycle whereby the complete
process can be delayed/stopped its progress to enable the
proper sequential coordination of the process ensuring that
each stage take place in order manner or to allow time for DNA
UV: Ultraviolet.

ATM: Ataxia telangiectasia-mutated protein kinase. ATM is
a serine/threonine protein kinase that is recruited and acti-
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•

•
•
•
•
•

•

•

•

vated by DNA double-strand breaks. It phosphorylates several
key proteins that initiate activation of the DNA damage checkpoint, leading to cell cycle arrest, DNA repair or apoptosis.

ATR: ATM and Rad3-related protein kinase. ATR is a serine/
threonine-specific protein kinase that is involved in sensing
DNA damage and activating the DNA damage checkpoint,
leading to cell cycle arrest

•

•

Chk1: Checkpoint kinase 1.
Chk2: Checkpoint kinase 2.

Chk: Checkpoint kinases 1 and 2.
IR: Ionizing Radiation

IC50: The half maximal inhibitory concentration. It is a measure of the effectiveness of a compound in inhibiting biological
or biochemical function. This quantitative measure indicates
how much of a particular drug or other substance (inhibitor)
is needed to inhibit a given biological process (or component
of a process, i.e. an enzyme, cell, cell receptor or microorganism) by half.
The cell cycle or cell division cycle (cdc): It is a series of events
that takes place in a cell leading to its division and duplication
(replication). In cells without a nucleus (prokaryotic), the cell
cycle occurs via a process termed binary fission. In cells with a
nucleus (eukaryotes), the cell cycle can be divided in two brief
periods: interphase-during which the cell grows, accumulating nutrients needed for mitosis and duplicating its DNA.

M-phase: Mitosis phase. The cell splits itself into two distinct
cells, often called “daughter cells”.

•

G0 phase: G zero phase. It is a period in the cell cycle in which
cells exist in a quiescent state. G0 phase is viewed as either
an extended G1 phase, where the cell is neither dividing nor
preparing to divide, or a distinct quiescent stage that occurs
outside of the cell cycle.

•

this phase is the major period of cell growth during its lifespan before the S phase.

G1 phase: It is the first period in the cell cycle. For many cells,

S-phase: Synthesis phase. It is the second part of the cell cycle
in which DNA is replicated, occurring between G1 phase and
G2 phase. Precise and accurate DNA replication is necessary
to prevent genetic abnormalities which often lead to cell death
or disease

•
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G2/M phase: It is the third and final subphase of interphase in
the cell cycle directly preceding mitosis.

Cdc25: Its name refers to “cell division cycle”. Dual-specificity
phosphatases are considered a sub-class of protein tyrosine
phosphatases. By removing inhibitory phosphate residues
from target cyclin-dependent kinases (Cdks), Cdc25 proteins
control entry into and progression through various phases of
the cell cycle, including mitosis and S (“Synthesis”) phase. The
Cdc25s, and in particular Cdc25A and Cdc25B, are proto-oncogenes in humans and have been shown to be overexpressed in
a number of cancers.

•

Glioblastoma: Also known as glioblastoma multiforme (GBM),
is the most aggressive cancer that begins within the brain.

•

genomic stability, and programmed cell death.

•

•

•

•

•

•

PARP: Poly (ADP-ribose) polymerase, it is a family of proteins
involved in a number of cellular processes such as DNA repair,
PARP inhibitors: They are a group of pharmacological inhibitors of the enzyme poly ADP ribose polymerase (PARP). They
are developed for multiple indications; the most important is
the treatment of cancer.
Asbestos: It is a set of six naturally occurring silicate minerals.
Prolonged inhalation of asbestos fibers can cause serious and
fatal illnesses including lung cancer.

Aflatoxins: They are poisonous carcinogens that are produced
by certain molds (Aspergillus flavus and Aspergillus parasiticus) which grow in soil, decaying vegetation, hay, and grains.
AZD7762: Thiophene carboxamide urea derivative;
5-(3-Fluorophenyl)-3-ureidothiophene-2-carboxylic acid N[(S)-piperidin-3-yl] amide hydrochloride,

PF477736: Diazapenoindolone derivative; (2R)-2-Amino-2cyclohexyl-N-[2-(1-methyl-1H-pyrazol-4-yl)-6-oxo-5,6-dihydro-1H-[1,2]diazepino[4,5,6-cd]indol-8-yl]-acetamide.
XL844: Aminopyrazine carboxamide; the structure is not disclosed.

CCT244747:
Aminopyrazine
derivative;
(R)-3-((1(dimethylamino)propan-2-yl)oxy)-5-((4-methoxy-5-(1-methyl-1H-pyrazol-4-yl)pyridin-2-yl)amino)pyrazine-2-carbonitrile.
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UNC-01: Natural product of pyrrolo[3,4-c]carbazole motif;
7-Hydroxystaurosporine, Staurosporine, 7β-Hydroxy Streptomyces.

VRX0466617:
Thiazole
carboximidamide
derivative;
5-[4-(4-Bromoanilino)anilino]-N’-(1-hydroxypropan-2-yl)3-oxo-1,2-thiazole-4-carboximidamide.

Introduction

Cancer is a global health problem representing the second lead-

ing cause of death worldwide [1,2].
Factors responsible for cancer

Converting a normal cell into a tumor cell is a multistage pro-

cess; it develops from the pre-cancer lesion to malignant tumors.
These changes are due to the interaction of a person's genetic factors and external factors such as physical, chemical and biological
carcinogens [3].

Types of treatment
The main objective of cancer treatment is to cure cancer or to

improve and prolong the life of patients. Early diagnosis of cancer
is necessary for safe and effective treatment that constitutes one
or more treatment procedures such as surgery, radiation therapy
and/or chemotherapy [4].

Protein kinases (PK s) and cell cycle
Intra- or inter-cellular communication disorders are a major

cause of pathogenic mechanisms. Therefore, recent drug research-

es are focused on transduction-related macromolecules, especially
kinases.

The principal function of the cell cycle is to ensure the exact

transmission and duplication of the genetic material to progeny
cells. The harmful effects of chemical exposure, ionizing radiation,

or errors in transcription usually damage the DNA of living organisms. To prevent subsequent death of the normal cell as a result of

this DNA damage, biological systems have adopted several DNArepair mechanisms, and an elaborate checkpoint control system

Figure 1: DNA damage response.
Checkpoint kinases
The targets of ATM and ATR phosphorylation are the effectors

checkpoint kinases 1 and 2 (Chk1 and Chk2) that phosphorylate
them partially to enable DNA repair and to induce cell cycle arrest

[8-10]. Cdc25A and Cdc25C are the targets of checkpoint kinases 1
and 2 that on phosphorylation pass to proteolysis and cytoplasmic

re-localization, respectively then induce cell cycle arrest [8-10]. P53

is also an important target of Chk2 where the phosphorylation of
Chk2 on Ser20 causing regulation of p53 transcriptional activation
[11-14] (Figures 2 and 3). Since most cancers have lost G1 checkpoint through the loss of p53 or a variety of other mechanisms,
the only option for repairing damaged DNA is at checkpoint G2/M

checkpoint, which is basically regulated by Chk2. Therefore, in the

presence of a DNA-damaging agent, an inhibitor of Chk2 would let a

cancer cell to withdraw this checkpoint and pass into mitosis, with
DNA damage leading to mitotic catastrophe and cell death. In con-

trast to the cancer cells, normal cells have a functioning G1 checkpoint where the cell cycle can halt and DNA repair can take place

[15-21]. Moreover, studies proved that inhibition of Chk2 remove
the resistance of glioblastoma cells to radiotherapy [22 -25] (Figures 4).

The substrates of Chk2 have an influence on both cell cycle

for regulating the cell cycle during this process (Figure 1). Tradi-

checkpoint and apoptosis. [A] In a p53-deficient tumor, Chk2 act

treatments are effective in tumor shrinkage or eradication in many

py. [B] In contrast, in normal tissues, Chk2 may act as a proapop-

tional chemotherapy or radiotherapy operates by damaging the
DNA of cells, resulting in the death of cancer cells. Although these
cases, the DNA damage from chemotherapy affects every cell in the

body and consequently leads to the well-known toxic side effects
produced by such therapies [5-7].

as a cell cycle checkpoint inducer. Therefore, Chk2 inhibition could
sensitize the tumor to DNA-damaging agents used in chemothera-

totic effectors. Therefore, Chk2 inhibitors could protect healthy tissues and sensitize the tumor to chemotherapy [26].

Citation: Shadia A Galal. “Checkpoint Kinases Inhibitors; Synthesis and Biological Evaluation Products”. Acta Scientific Cancer Biology 3.2 (2019): 21-39.

Checkpoint Kinases Inhibitors; Synthesis and Biological Evaluation Products
24

Synthesis and Biological Evaluation of Checkpoint kinases
(Chk) Inhibitors
Bisaryl ureas

Bisaryl ureas (Figure 5) are the earliest and the most abundant

reported Chk inhibitors [29-31]. This series characterized by high

enzymatic potency and selectivity to Checkpoint kinases 1 and 2

(Chk) such as AZD7762 (Figure 6). AZD7762was synthesized at

AstraZeneca R&D (Scheme 1) [31] as potent inhibitor of Chk1 (IC50

= 5 nM) and Chk2 (IC50 > 10 nM). AZD7762 potentiated the effect of

DNA-damaging agents with the precise degree controlled by both
the studied cell line and the DNA-damaging agent [27,28].
Dibenzoazepinones

Dibenzoazepinones scaffolds of general formulae 13 and 14

Figure 2: Chk1 and Chk2 downstream effectors indicated

Chk1 is activated by ATR, whereas Chk2 is activated by ATM [8].

(Figure 7A) are potent inhibitors of Chk such as Pfizer diazapinoindolones, PF-394691 and PF477736 (Figure 7B). PF-394691 is a

potent ATP-competitive inhibitor of Chk1 with moderate selectivity over Chk2 and potentiated antitumor activity of gemcitabine,

irinotecan and cisplatin as well as abrogated the cell cycle arrest
induced by DNA damage [32-40].

Dibenzoazepinone derivative 19 has been synthesized (Scheme

2) on the basis of docking study and it showed potent and selective
properties against Chk1 [41].

Reagents and conditions: (i) (a) SOCl2; (b) TMSCHN2; (c) silver

benzoate, Et3N, MeOH; (ii) K2CO3, DMA, methyl 4-chloro-2-hydrox-

yl- benzoate, 80 C; (iii) (a) Pt/C, H2, MeOH; (b) p-TsOH‚ H2O, PhCH3,
Dean- Stark trap; (iv) Pd(OAc)2, Cy-Map, MeOH/DME (1:2), CsF, pi-

Figure 3: Chk2 downstream effectors [12].

nacol arylboronate.

Aminopyrazines, and pyrrolo[3,4-c]carbazoles
Aminopyrazines scaffolds as XL-844 (EXEL-9844; Exelixis Inc)

and compounds 20 and 21 were initiated as anticancer active agents
(Figure 8A). XL-844 is an orally bioavailable inhibitor against wide
range of kinases including Chk1 (IC50 = 2.2 nM) and Chk2 (IC50 =

0.2 nM). Also, XL-844 exhibited high potency against lymphocytic
leukemia and potentiated antitumor activity of gemcitabine and

daunorubicin in combined treatment and was demonstrated pre-

clinically to abrogate the S-phase checkpoint [42]. The structure of
XL-844 is not disclosed [43]. On the other hand, CCT244747 (Fig-

ure 8B) is an example of aminopyrazines series and it represented

Figure 4: Rationale for using Chk2 inhibitors
as chemotherapeutic agents.

the first disclosed compound that exhibited high potency against
Chk1 (IC50 = 7.7 nM) with high selectivity over Chk2 (IC50 >10 µM)

as well as potentiated activity of several anticancer therapies with

an oral bioactivity. CCT244747 can be used in monotherapy treat-

ment and in combined treatment with different genotoxic anticancer drugs [44].
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A

B

Figure 5A and 5B: Examples of different formulae of bisarylurea-based Chk inhibitors. A. Six of different general
formulae of bisarylurea. B. Examples of W and R6 of bisarylureas of formula 3.
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Figure 6: AZD7762.

Scheme 1: First-Generation Manufacturing Route to AZD7762.

Citation: Shadia A Galal. “Checkpoint Kinases Inhibitors; Synthesis and Biological Evaluation Products”. Acta Scientific Cancer Biology 3.2 (2019): 21-39.

Checkpoint Kinases Inhibitors; Synthesis and Biological Evaluation Products
27

Figure 7A and 7B: Diazapinoindolones inhibitors of Chk1. A: Generic structures of dibenzoazepinones.
B: Structure of PF-477736 and PF-394691.

Scheme 2: The synthesis of Methyl 2-(3-(3-Methoxy-4-nitrophenyl)-11-oxo-10,
11-dihydrodibenzo[b,f][1,4]oxazepin-8-yl)acetate [19].
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Figure 8A and 8B: Aminopyrazines scaffold. A: selected examples of aminopyrazines. B: CCT244747 is ATP-competitive
selective inhibitor (IC50 for Chk1= 7.7 nM) with anticancer properties and potentiation effect against several anticancer agents.
On the other hand, (pyrrolo[3,4-c]carbazole) derivatives is an

effective motif against Chk1 such as UNC-01 and SB-218078 (Fig-

ure 9). UNC-01 is a natural product in Phase II clinical trials [45].
Compound 31 (IC50 = 2.8 nM for Chk1) was developed as an analogue of UNC-01 on the basis of docking studies and it exhibited

more potency than UNC-01 [45]. The synthesis of compounds 2832) is displayed in scheme 3.

Indoles, indazoles and benzimidazoles
Several biaryl aromatic ring systems such as indoles, indazoles,

and benzimidazoles (33-36) scaffolds exhibited selective inhibitory potency against Chk1 (Figure 10) [46-54]. The synthesis of

indolylquinolinone derivative 49 as Chk1 inhibitors is represented
in scheme 4.

Guanylhydrazones Series
A series of guanylhydrazones derivatives showed selective in-

hibitory properties against Chk2 with anticancer activity and radio

sensitization effects [26,55] such as (NSC 109555), (Figure 11A)

[26] and PV1019 (NSC 744039) (Figure 11B) [55]. Figure 12 illustrated the bounding of PV1019 into Chk2 [55].

A, coordinates of PV1019 superimposed on the final 2Fo _ Fc

electron density maps at 2.07 Å resolutions contoured at the level.

Atoms are colored as carbon (gray), nitrogen (blue), and oxygen

(red). B, crystal structure of the catalytic domain of Chk2 in com-

plex with PV1019. The protein is illustrated in ribbons, and the inhibitor is shown in space-filling spheres. C, schematic diagram of
the molecular interactions of PV1019 with the ATP-binding pocket

of Chk2. Residues involved in hydrogen bonding to the ligand are
illustrated in stick format, water molecules are shown as cyan

spheres, and hydrogen bonds are shown as green dashes. The “halfsuns” represent hydrophobic interactions between the protein and

ligand. D, superposition of the Chk2-PV1019 [red sticks, Protein
Data Bank (PDB) code: 2w7x] complex with Chk2-NSC 109555

(green sticks, PDB code: 2w0j), and Chk2-ADP (cyan sticks, PDB
code: 2cn5) complexes illustrating the binding conformations of
the two inhibitors and ADP [55].
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Figure 9: Pyrrolo[3,4-c]carbazoles scaffolds as Chk1 inhibitors.

Scheme 3: The synthesis of compounds 28-32 [45].
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Figure 10: Generic structures of indole, indazole, and benzimidazole Chk1 inhibitors 33-36 [46-54].

Scheme 4: The synthesis of series of indolylquinolinone derivative 49 [50].
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Figure 11A and 11B: Guanylhydrazones derivatives; selective potent inhibitors of Chk2 [26,55].

Figure 12: Cocrystal structure of PV1019 bound in the ATP-binding pocket of the catalytic domain of Chk2.
of Chk2. Residues involved in hydrogen bonding to the ligand

are illustrated in stick format, water molecules are shown as cyan

spheres, and hydrogen bonds are shown as green dashes. The

“half-suns” represent hydrophobic interactions between the protein and ligand. D, superposition of the Chk2-PV1019 [red sticks,

Protein Data Bank (PDB) code: 2w7x] complex with Chk2-NSC
109555 (green sticks, PDB code: 2w0j), and Chk2-ADP (cyan sticks,

PDB code: 2cn5) complexes illustrating the binding conformations
of the two inhibitors and ADP [55].
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2-Arylbenzimidazole series
2-Arylbenzimidazole derivatives of general formulae 50 (Figure

13A) represented one of the most selective class of Chk2 inhibitors
such as compound 51 (Figure 13B). This series of inhibitors exhibited radioprotective properties [56-58].

A series of pyrazole-benzimidazole conjugates (52) (Figure

13C) was developed by Galal., et al. on the basis of structure based

design. They characterized by high potency as Chk2 inhibitors
with potential anticancer activity. They also potentiated antican-

cer activity of cisplatin and doxorubicin. Moreover, they induced

the cell cycle arrest such as compound 53 (Figure 13D) [59] and
compound 54 [60] (Figure 13E). Also, pyrimidine-benzimidazole
conjugates (55) (Figure 13F) inhibited Chk2 activity with remark-

32

able potency. They exhibited significant antitumor activity against

MCF-7 (Figure 13E) such as compound 61 [61]. The synthesis of
compound 61 is represented in scheme 5.
2-(quinazolin-2-yl)phenols

A series of 2-(quinazolin-2-yl)phenols scaffolds was opti-

mized of to generate potent and selective ATP-competitive inhibitors of Chk2 (Figure 15) on the basis Structure-based design. XBJ

(CCT241533) has potent and selective activity for Chk2 (IC50 = 3
nM) over Chk1 (IC50 = 190 nM) [62]. XBJ (CCT241533) potentiated

cytotoxicity of PARP inhibitors [63]. Molecular details for the bind-

ing of XBJ (CCT241533) to Chk2 are represented in figure 14A-C.
The synthesis of XBJ exhibited in scheme 6.

Figure 13: 2-Arylbenzimidazole derivatives as potent and selective inhibitors of Chk2.
A: General formula of 2-Arylbenzimidazoles.
B: 2-(4-(4-hydroxyphenylthio)phenyl)-1H-benzo[d]imidazole-5-carboxamide [51].
C: General formula of pyrazole-benzimidazole conjugates 52.
D: Compound, N-isopropyl-2-(4-(3-methyl-4-nitro-1-phenyl-1H-pyrazol-5-yloxy)phenyl)-1H-benzo[d]imidazole-5-carboxamide [53].
E: Compound, 2-(4-(4-((2-carbamoylhydrazono)methyl)-3-methyl-1-phenyl-1H-pyrazol-5-yloxy)phenyl)-5-nitro-1H-benzo[d]imidazole [54].
F: Compound, 2-(4-(5-cyano-2-(2-ethoxy-2-oxoethylthio)-6-(4-fluorophenyl)pyrimidin-4-yloxy)phenyl)-1H-benzo[d]imidazole-5-carboxamide [55].
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Scheme 5: Synthetic route of 61.

A

Figure 14A-14C: A: XBJ (CCT241533) in PDB 2XBJ to Chk2 (gray, C-R backbone “tube”).
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Figure 15: Selected structure of 2-(quinazolin-2-yl)phenols.
Nitrogen, oxygen, and fluorine atoms are colored blue, red, and

gray, respectively. Blue spheres represent water molecules, and

magenta spheres a magnesium ion. Residues of the glycine-rich

3-Hydroxyisothiazole-4-carboxymidines
3-Hydroxyisothiazole-4-carboxymidines of general formulae

loop, when ordered, are indicated by the transparent blue section

72 and 73 have been reported as a class of small groups of selective

Image. C: 3D View.

matic activity of recombinant Chk2 and induced the phosphoryla-

of backbone “tube”. Ligands, in each case, are shown in “stick” representation, with carbon atoms colored orange [62]. B: Pose-view
Reagents and conditions: (i) POCl3, reflux; (ii) 67, Et3N, CH2Cl2,

reflux; (iii) 68, Pd(PPh3)4, Na2CO3, toluene, H2O; (iv) MeMgBr, THF;

(v) 4 M HCl in dioxane, MeOH.

potent ATP-competitive inhibitors for Chk2 (Figure 16A) such as
VRX0466617 (Figure 16B) [64-67]. VRX0466617 blocks the enzytion of Chk2 Thr68 even in the absence of DNA damage. The prepa-

ration of compounds having the general formula 73 is represented
in the following scheme 7.
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Scheme 6: Synthetic route of XBJ.

Figure 16A and 16B: 3-Hydroxyisothiazole-4-carboxymidines Chk2 inhibitors. A: Generic structures of
3-Hydroxyisothiazole-4-carboxymidines. B : VRX0466617.
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Scheme 7: The synthesis of compounds of general formula 73.
Reagents and conditions: (a) 1-K2CO3, DMF, 2-Pd/C. (b) CSCl2,

aq K2CO3, CHCl3, rt, 2h; (c) cyanoacetamide, KOH, DMF, rt, 16h; (d)
Br2, EtOAc, rt, 1-2 h; (e) R1NH2, EtOH, 90C, 16h.

Conclusion

In conclusion, checkpoint kinases inhibit the effects of DNA

damage and sensitize cancer cells to chemotherapy or radiation

ties and potentiating the cytotoxicity of cisplatin and doxorubicin

in animals bearing cancer. Prominently these compounds induced
cell cycle arrest as well as they can be used in combined and monotherapy treatment [59-61]. Further investigations have to be con-

tinued for pre-clinical and clinical phases.

On the other hand, the complexity of the cellular response to

therapy without further adding to the side effects associated with

DNA damage must be considered at each step of the investiga-

Future Directions

tracted times associated with drug development require a detailed

these treatments. That's why; it would be momentous to design
and develop effective novel Chk inhibitors.

In Egypt, Advanced investigations have been performed by Ga-

lal., et al. and effective Chk2 inhibitors were produced showing

high activity as Chk2 inhibitors with promising anticancer proper-

tion, starting with the identification of the primary objective of the

design and organization of clinical trials. The high cost and pro-

understanding of the biology that underlies the investigation of the
drug to allow pre-clinical trials and clinical tests on combinations

of drugs that benefit well-defined functions in response to DNA

damage. We are ready for the rapid expansion of target DNA repair
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agents from laboratory to clinic. They will have the ability to deal

with a variety of conditions and take advantage of many discoveries and will ultimately affect positively on human health.
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