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ABSTRACT

Cancer is caused by the uncontrolled development of abnormal cells, a severe
and life-threatening health problem globally. It is a collection of various diseases
kept referring to as perhaps the deadliest after cardiovascular disease in terms of
lives lost. Despite large and innovative effective innovations to cancer issues,
there are still gaps in cancer treatment; it is predicted to be the leading cause of
death in the new millennium. Today, pharmaceutical manufacturing costs billions
of dollars to discover effective, safe, and reliable cancer drugs in particular
pyrazole derivatives. Pyrazole is a heterocyclic heterogeneous ring containing five
adjacent atoms of nitrogen C3H3N2H. Interestingly, these scaffolds are present in
the pharmacokinetics of various therapeutic classes, such as pyrazole pyrimidines,
Known as adenine biotic, which is essential for all aspects of cell survival.
Pyrazolo[1,5-a] pyrimidine have been investigated for their inhibitory potential
against a diverse array of protein kinase enzymes and with their part as an
anticancer drug. This study primarily addresses the artificial and anticancer
activity of various pyrazole scaffolds, in particular pyrazole pyrimidine scaffolds.

INTRODUCTION
Heterogeneous cycles are a vital and unique class of

compounds; they constitute more than half of all
recognized natural compounds and have a wide
range of physical, chemical and  biological

interactions that seem to endurea broad range of
interactions and stability.(1). Heterogeneous cycles
are frequently available in nature and exertan
important role in metabolism due to their unique
structural units available in  several natural
commodities, as well as vitamins, hormones,
antibiotics and alkalis similar to prescription
medications, agrochemicals, dyes and many others
(2). In addition to the existing compounds, a
growing number of synthetic heterocyclic
compounds containing
physiological characteristics and deterministic
drugs are already well recognized (3). These
compounds provide scaffolding that pharmacies
can arrange to produce newer efficient and
competitive drugs amongst heterocyclic
compounds. Heterogeneous nitrogen-containing
cycles are the core structures of various natural
dynamic compounds and provide potential usagein
chemistry, biology and other sciences (4). These are
building blocks of life due to their widespread
presence in nature and the core parts of chemical
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membered ring harvesting two nitrogen atoms and three
carbon atoms tied together (6, 7). The nitrogen atom 1
(N1) is a "pyrrol type” referring to its undivided
electrons' unique aromatic system. The nitrogen 2 (N2)
atom is "pyridine type" because of its non-resonance

electrons are not exchanged like residual pyridine.

Pyrazole reacts with acids and the base (8) due to
Primary

the contrast between nitrogen atoms.
tautomerism is another significant primary feature
of pyrazole. In non-replaceable pyrazole,
faucets can be visualized, while in

substituted pyrazole, five pinenuclei can

because they maintain odors (9, 10).

email-address:

three
single-
occur
(Figure 2). Structures 1la, 2a and 2b are applicable
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reactions that occur across life. , besides;
heterogeneous nitrogen-containing rings play a
crucial role in the coordination of chemistry (5).
_N
Figure 1: Structure of Pyrazole.
Pyrazole (Figure 1) is a heterogeneous aromatic
system included in the azole class. It is a five-
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Figure 2: Tautomers of Pyrazole.
Pyrazole scaffold is a traditional nucleus of

several pharmaceutical formulations and implies a
broad variety of pharmacological activities (Figure
3). Anti-inflammatory drugs such as pheylbutazone
3 (11), antibacterial, antifungal and hypoglycemic
(12), anti-hyperlipidemia (13), cyclooxygenase-2
inhibitors such as celecoxib 4 and anti-obesity
drugs such as rimonabant 5 and Anti-obesity
anticoagulant,  antipsychotic,  anti-depressant H2
agonist receptors such as Betazol 7 and anti-anxiety
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products such as Zaleplon 8 and anti-cancer drugs such
as CDK2 / CyclinA (14), but they are also an elegant
starting point for the synthesis of
pharmaceutical ingredients with specific activities and

strong safety profiles (15). In the laboratory, various
pyrazole compounds should be tested for their activity
as a reproductive inhibitor and anti-tumor action in vivo,
which contributes to promising drug targets.

Cl

Figure 3: Drug molecules containing Pyrazole scaffold.

1. Synthetic strategies of pyrazole

Conventional pyrazole synthesis techniques include
methodology based on either hydrazine
condensation with 1,3-dicarbonyl or 1,3-
dielectropiles, such as Knorr synthesis and [3 + 2]
cycloadditions, and compounds that contain 1,3-
dipoles and alkenes; For instance, the Pechmann

aggregation (10, 16). Pyrazoles are found between two
nitrogen molecules, also known as 1,2-diazole. Knorr
provided the basis for the construction of the inverted
base compound of pyrazole in 1883. Hydrazine
condensation with 1,3-dicarbonyl compounds is the
traditional pyrazole mixture technique (Figure 4).

Rq<,,-NH;

AMR + N

R

0.5 eq.HCI (10M in H20) AY&
>\

DMAc, 24h “N
R4

Figure 4: pyrazole syntheses in the classical technique.

Latest developments in pyrazole synthesis have
indeed been presented in the literature (17). In
particular, Rollas obtained pyrazole reductase with
a division of hydrazine hydrate for azo compounds
[A] and [B] (Figure 5). Creationof new small

pyrazolopyrimidine, in particular pyrazollone [1,5-a].
Several of its derivatives are thought to have a broad
range of biological effects, such as anti-cancer (20).
Several synthetic methods have been proposed as follows
for the production of pyrazolo [1,5-a] pyrimidines:

pharmacological molecules based on 1. The condensation reaction (at reflux) of
pharmaceutically attractive scaffolds produced with derivative 1 with the subsequent trifluoro-
thiazolidine(4-thiazolidinone) (17-19) and methyl a-deconate of 5h. (Scheme 1) (21).
R1 R1
H2N R2c00H2COCF3 Rz N
e -
| COOH > ,)—COOH
N AcOH/HCI/H,0 x-N-N
reflux, 5h CF,
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Scheme 1
2. In the second approach, the combination of 10 hours to yield corresponding derivatives along
compound [ with B,y unsaturated y-alkoxy-a- with an ester function at position 7 of the goal target
keto esters in ethanol under reflux timed for compound (Scheme 2) (22).
COOEt
COOEt EtOH R
HN-N rt.2h Z>N-N
Ry~ R + \ R; A N R;
= reflux. 10h RN
OR, HoN 1
R4 R4
Scheme 2

3. Formulation of a diverse group of pyrazollo [1,5a] pyrimidines through condensing 4,5-unrefused pyrazole
with 1.3-decarbonyl derivatives along with zinc chloride or acid (Scheme 3) (23)

Oy R4 ZnCl, or
Rs protic acid
R1 + ?
(o] SO,Me
Scheme 3
4. The interaction of 5-amino-4- 7-hydroxy-5-methyl-N- (aryl) pyrazolo [1, 5-a]
pyrazolecarboxamide with acetate in glacial pyrimidine (Scheme 4) (24).
acetic acid at reflux timed for 6 hours giving a
0] -
NH Ar—HN
Ar\ 2 (o) CH3
_ AcOH N _CH;
H NH + OEt ' Ro,—Q\
=N reflux N-N~
R; o
OH
Scheme 4
5. Derivatives of [ have been refluxed with pyrimidine-6 carbonitrile which may be constructed
benzylidenemalonitrile in pyridine for 6 h to 7- as A or isomeric B (Scheme 5) (25).
Amino-3-(arylazo)-5-phenyl-pyrazole [1,5-a]
N - 2 2
R, { Pyridine — N\ Ph — N\ NH,
| N ) »R— + R1\N/ N
R N Ph N reflux 6h N-N AN N- Z
NH, Ph
A B
Sc
heme 5
6. A reaction was crafted between Benzylidene of triethylamine to yield 7-amino-6-cyano-5-aryl-2-
malononitrile and I derivatives under (arylamino)pyrazole[1,5-a]-pyrimidine-3-
reflux timed for6 h in ethanol in the presence carboxamide (Scheme 6)(26).
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Scheme 6
7. A selection of substituted acetophenones was is refluxed alongside 3-amino-5-phenyl-1Hpyrazole
oxalated via dimethyl oxalate along with the (bifunctional electrophiles) for 2 h in ethanol to
presence of sodium methoxide and THF at produce cyclodehydrated methyl 2,7-diphenyl
room temperature of 8 h to create b- pyrazolo[1,5-a]pyrimidine-5-carboxylates (Scheme
diketoester (bifunctional electrophiles), which 7) (20).
Ph
/
j;j)koc“ dimethyl OCH;, N‘N OCH,
oxalate
NaOMe, THF R. EtOH reflux
rt, 8h
Scheme 7
8. A collection of oxoalkanitrile  hydrazine resulted product was solid and re-crystalled to give
hydrate, benzaldehyde and malononitrile were ethanol (Scheme 8) (27).
refluxed for a period of 4 h. The
o .7 Cs N
)J\/C//N N//C C\\N A ﬁ N
- r
Ar NH2NH2H20 » \N’N _ c
o SN
NH,
H
Scheme 8
9. Combing [ derivatives with b-keto ester acid) for 10 h along with stirring after which; reflux,
derivatives  (ethyl acetoacetate  derivatives) to gain the 2-anilinopyrazolo [1, 5a] pyrimidine-7-
providing acidic conditions are applied (acetic one analogs (Scheme 9) (28).
N
H Ri1
N\\\C NH, o @] ACOH, ﬁN |
= HN
~NH + /\OMm reflux N \-N
_ N
Ar—HN o)
Scheme 9

2. Anticancer activity of pyrazoles

Cancer is a major burden on public health and impacts
almost all national and financial standards. It is the
second leading cause of mortality globally, with 8.8
million deaths in 2015 and around 1 in 6 deaths in the
world (29). According to the World health Organization
(WHO), 15 million new cases of cancer are anticipated
every year by 2020, unless specific preventive
precautions are adopted thereafter (30). Efficient steps
have been taken to seek modern therapies and to
strengthen preventive and molecular diagnostic systems
(31, 32). It will be impressive to search for new molecular
target drugs and their rates can be recognized and
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established as new cancer drugs. Protein kinase, along
with other things, is becoming an essential part of drug
targets and the percentage of kinase inhibitors in clinical
development is increasing rapidly (33). Cancer drugs
have been developed from a chemically compound in
previous centuries.

A huge number of interesting pyrazole derivatives
have recently been explored. (34) Pyrazole variants
possess anticancer activity owing to inhibition of
different targets such as topoisomerase II (35-37),
EGFR (38, 39), VEGF (40, 41), HDAC (42, 43), IGF-
1R (44), AuroraA kinase (45), cMet (46), tubulin
(47), mTOR (48), B-Raf (49, 50), ROS 1 (51), CDK
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(52), PI3 K (53) JAK2 (54), ALK (55)). In this review, we
will describe the different pyrazole structures, and
their derivatives having anti-cancer activity.

3.1. LcK, Src, Kdr and Tie-2 inhibitors

The properties of pyrazolo as an anti-proliferative
and proapoptopic agent have been investigated by
Spreafico et al. (56) reporting that [3,4-
d]pyrimidines are Src kinase inhibitors in human
osteosarcoma cells. A conclusion was drawn; that

pyrazolo[3,4d]pyrimidines were both necessary to
stimulate the passage of modified cells and for reducing
Src phosphorylation. PP2 (4-amino-5-(4-chlorophenyl)-
7-(t-butyl)pyrazolo[3,4-d]pyrimidine) was alluded to as
lead content due to the inhibitory activity of Src kinase.
On the other hand, compound 9 was found to exert its
effect through DNA damage by compound 10 acting by
accelerating apoptosis (57) (Figure 5).

-

Inhibition of cell viability(Sa0S-2)
93.3%

CCH?,

NH
H

N/
Js Ay
H” N~ "N

10 ¢
Inhibition of cell viability(Sa0S-2)

71.1%

Sa0S-2- Human osteosarcoma cell

Figure 5: Reports of cell viability for potent inhibitors Lck, Src, Kdr and Tie-2.

Carraro et al. at 2006 declared that pyrazolo [3,4-d]
pyrimidines are potent specialists with
antiproliferative and proapoptotic active agents
against A431 and 8701-BC cells in culture,
implementing  their action by limiting c-Src

phosphorylation in the cell-free assay (58). (Figure 6)
illustrating compounds 11, 12 owing an inhibitory role
on phosphorylation of Src on compression to the
reference pp2

31.240.5

IC50 (uM) Compere with Pp2  1C50 (uM) Compere with Pp2

IC50(uM) of Pp2= 61.8+ 4.4

12 Cl

38.810.5

Figure 6: evaluating the effect of compounds 11 and 12 on A431and 8701-breast cancer cells.

3.2. Abl inhibitors

It's Manetti et al. In 2008, formulated pyrazolo[3,4-
d]pyrimidines as Abl inhibitors and
antiproliferatives, with an advantage over human
leukemia cell line (59). Molecular modeling
literature has expressed the influence of the
substation of different substituents, such as halogen

258 Systematic Reviews in Pharmacy

and the ATP restricting hydrophobic region, which
implies a decisive action to give Abl affinity. Compound
13 (Figure 7) expressing K562 characteristics as Abl
Inhibitors and antiproliferative agents plays its role in
Human leukemia cell lines.
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Cl

13

IC50 (uM) in K562

13 3612
Pp2 2543

K 562- Human leukemia cell lines

Figure 7: K562 values as Abl Inhibitors and antiproliferative agent 13.

Radi et al. introduce pyrazolo[3,4-d]pyrimidines
possessing an inhibitory role in hypoxic human
leukemia cells and elaborated on the in vitro ADME
characteristics and metabolic activities.  These

compounds as 14 were cautionary followed by restriction
means of Bcr-Abl kinase action, enlarged caspase-3
action, and increased cleavage of poly-ADP-ribose-
polymerase (60) (Figure 8).

N

/

14

Cl
"t IC50 (M) in c-Src,  c-Abl
S
14 3.9+0.3 0.66+0.07
Cl c-Src, c-Abl- Human leukemia cells

Figure 8: Action of pyrazolo[3,4-d]pyrimidines as inhibitor to Bcr-Abl kinase.

3.3. Activated Cdc42Hs-associated kinase 1 inhibitors
The recognition and optimization of N3,N6-
diaryl1H-pyrazolo[3,4-d]pyrimidine-3,6-diamines

as a genuine course of enacted Cdc42Hs-associated

kinase 1 inhibitors was made by, Kopecky et al in 2008. In
silico information suggested that the substances
possessing hydrogen holding with Thr205 own tall power
as compound 15 (Figure 9) (61).

OH

IC50 (uM) in ACK1Ki ACK1 cell

15 0.01 0.01

ACK1=Activated Cdc42Hs-associated
Kinase 1is a nonreceptor tyrosine kinase

Figure 9: Compound 15 having activity on Cdc42Hs-associated kinase 1 inhibitors.

3.4. Generation of reactive oxygen species

In 2011, Hassan et al. announced that pyrazolo[3,4-
d]pyrimidines treated in vitro own cytotoxic
properties toward breast adenocarcinoma. The
explanation for this finding was; an advanced
generation of the free radical; hydrogen peroxide

and others exerting oxidative stress. The insight of
pyrazole input of pyrazolo[3,4-d]pyrimidines was less.
Being present sulfonic gather between pyrazolo[3,4-
d]pyrimidine and 4-chlorophenyl moiety 16 (Figure 10),
anticancer activity was improved (62).
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OCHs

H,CO

Cl

OCH;

16

Cisplatin

IC50 (uM) in MCF-7

7.60% 0.71
13.29

Figure 10: Pyrazolo[3,4-d]pyrimidines having in vitro cytotoxic activity and effect on MCF-7 treated cells.

3.5. p38 a Kinase inhibitors

In 2011, 3-amino-pyrazolo[3,4-d] pyrimidines were
designed and established as p38a kinase inhibitors by,
Soth et al. he unravel the enzymatic measure that amide
usefulness exerts a mellow effect on strength keeping in
mind the fact; that it is the official location while amine

F

—=S—=
|
IC50 (uM) in p38a = 0.109

Figure 11: Action of pyrazolo[3,4-d]pyrimidines as p38a
kinase inhibitors.

3.6. Aurora kinases and CDK1 inhibitors

1,6 disubstituted-1H-pyrazolo[3,4-d]pyrimidines
were generated and SAR explain in 2012 by
Brazidec et al. as an inhibitor of both  Aurora
kinases and CDK1. Driven by the desire of creating a
strong biochemical and controlled clogP value, they
speculated that R1 is crucial for activity as it
interacts with the binding site of CDK1. Compound
18 mode of action is illustrated in (Figure 12) (64).

H,N \
0 18

IC50 (uM) in HCT116=0.079
HCT- colon adenocarcinoma cell line
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moiety appeared to distinguish tall due to its close official
to the dynamic location. Sulfonamide arrangement was
reported to be impermeable to cells (63). Compound 17
was recognized as strong selective a p38a kinase
inhibitor (Figure 11).

Figure 12: Pyrazolo[3,4-d]pyrimidines have cell cycle
arrest at G2/M phase and activity on HCT116.
3.7. 7Akt/p70S6K inhibitors
The action of pyrazolopyrimidines as a dual
inhibitor to  Akt/p70S6K was described by Rice et
al in 2012. Conversion of the highly potent and

selective compound 19 into dual inhibitors of
Akt/p70S6K was the scope; this is illustrated in
(Figure 13) (65).
n Cl
N
N

IC50 (uM) in Akt1=1
Akt1- serine/threonine-protein kinase NN

Figure 13: The anticancer action of Compound 19 as
Akt/p70S6K inhibitors.

3.8. CK 1 inhibitors

The novel role of N6-phenyl-1H-pyrazolo[3,4-
d]pyrimidine-3,6-diamine derivatives as an
inhibitor to CK1 was made clear by Yang et al in
2012. Compound 20 stands out as having the
strongest activity in the CK1 (Figure 14) (66).
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20

IC50 nm in CK1=78
Kinase inhibition activity against CK1

Figure 14: Pyrazolo[3,4-d]pyrimidine as CK1 inhibitors.
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