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Cancer, still in the limelight due to its dreadful nature, shows overexpression of multiple signaling macro-
molecules leading to failure of many chemotherapeutic agents and acquired resistance to chemotherapy.
These factors highlight the significance of shifting toward targeted therapy in cancer research. Recently,
ERKs (ERK1 and 2) have been established as a promising target for the management of various types of
solid tumors, due to their aberrant involvement in cell growth and progression. Several ERKs inhibitors
have reached dinical trials for the management of cancer and their derivatives are being continuously
reported with noteworthy anticancer effect. This review highlights the recent reports on various chemical
classes involved in the development of ERKs inhibitors along with their in vitro and in vivo activity and
structure-activity relationship profile.

First draft submitted: 28 November 2019; Accepted for publication: 20 January 2020; Published online:
18 March 2020

Keywords: cancer e ERK1/ERK2 o ERK inhibitors e heterocydes

From many decades, cancer remains a terrible disease and a challenge for the researchers due to its poor prognosis 1-
3l. Although a ber of ch herapeutic agents are available in the markes for the treatment of cancer, they
ﬁilmcumlhcdimfurnﬁousmu,ﬂOmuﬁh:mzinmmfonhgirfzﬂmisthgmnmofdnxg
resistance. Resistance can occur due to alterations in the genes during the ion of the molecul
mg:uandawlmhngo(dnnmungmlmgpm_hmyslq Thus, dxna:doﬁhchauumfocusontheu:gcud
py rather than ch b C are putting their efforts into identifying new targeted
cba:pmmthgruxdﬁacyandksma:ym parison to ch roth y 731 The use of various modern
mclmlquuhln:hlghchxmxghpux ing (HTS), bioinft i i :nd lecular biclogy helps in the
jon of new therap 'targ:tswubhtghadegruofrdmmzhzmmtofunmlmuVanou.s
studies have identified many potential targets and ERKs (113, ERK] and ERK2 are one of the promising targets
among them, which seek the jon of many hers. ERK1 and ERK2 belong to the mitogen-activated
family, thus also known as mitogen-activated protein kinases (MAPKs) 1121. Both ERK1 and ERK2 contain 85%
of the mme amino acid seq These are categorized as RAS-RAF-MEK-ERK signaling cascade due to their
active partidpation in the cell functions like cell growth, cell differentiation and proliferation 113-15. The proto-
genic drivers like ion leads to dysregulation and increased kinases activity 116l. Due to this increased
phmpborylarinn.m&hmhminwinmhmwsdmlhbm]%mcmdmﬁan
cancer 17]. During normal physiological conditions, MAPKS activated by Ras/Raf proteins such as A-Raf, B-Raf
uC—Raf:ndmimxad:ugmhﬁm,bindmth:mrﬁczoﬁh:mapmn[uLTh:niﬂx:dMAPK:ﬁmhﬁ
phosphorylates other d isofc of ERK, especially ERK1 and ERK2, the key kinase effector of the
pathmy.whichﬁmhuludsmth: ivation of many iption factoes (Figure 1) 191, In cancer, there is an
abnormal activation of the ERK pathway caused by the overactivation of growth factor recepeors and mutations
in RAS and BRAF proteins [201. Approximately 33 and 8% of the human cncers are found to have overexpressed
RAS and BRAF proteins, respectively (211 Thus.rmrdzngnmungedby:hs: findings and are involved in

dzdndapumo(mll-bacd lecul geting ERK signaling de for the 3 of ancer. Til  newlands
date, several ERK inhibitors have been rep "basedonlhc'u hanism, ERK inhibitors have been categorized press
10.4155/mc-2015-0339 © 2020 Newdands Press Future Med. Chem. (2020) 12(7), 553-611 ESN 17568919 593
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ABSTRACT ARTICLE HISTORY
ERK inhibitors are s lored by the archers due to their clinical significance in resist-  Receved 14 Octcher 200
ammodhs.ﬂn@nmqiﬂ(lnmnmmusﬂmedwmm Accepted 7 Febmary 2001
hits to in the decules in dlinical trials Therefore, an urgent need is to examine the
emmmumlawm mm-l&nmdevdopmdsdbuswhid\cm R ik el
act as poent ERKs inhibitors. In this study, Ulixertinib, a known ERK2 inhibitor was selected to p Safiold b lm;
scaffdd hopping to discover new scaffalds with similar binding mode followed by molecd docki Jecud: bl
analysis of the hits with highest simil score to d bot-lhe&ﬂngmodemﬁmyh
mmmmdmmmeumwwsmmmmmmm

could enhance the binding affinity in the catalytic domain of ERK2. Again, docking analysis was per-
lan\edmum.nddmmmmmrmmmmwm

analysis was subjected to mok ly dati Overall, 3 hits (igand 6, 8 and 10) were

found to p phs dy ic and phamacokinetic profile, in<ilio, to be daimed as
pnmmmmumwmmmumpmmmmuuym

tial which may be further valid gical ev

jand 10
Prodicted activity=0.51uM
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Haryaa 13207, Inda
© 2021 nforma UK Limined, vading s Tayler & Frands Growp

Design and Synthesis of Diversity-Oriented Pyrimidine Heterocycles as Anticancer
Agents 219



APPENDIX

Taylor & Francis
S0 s YO S @ WsF

Structure based designing of thiazolidinone-pyrimidine
derivatives as ERK2 inhibitors: Synthesis and in vitro
evaluation
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ABSTRACT ARTICLE HISTORY
Breast cancer has been associated with an overexpression of var-  Received 10 July 2021
jous molecular targets; accordingly, various target-specific che-  Accepted 23 August 2021
motherapeutic agents have been developed. Inhibition of ERK2, - none
a member of MAPK pathway, is an important target involved in Thiazokdnone pyrimidine;
the treatment of both oestrogen receptor-positive and triple-  molecuiar dynamic
negative breast cancer. Thus, in continuation of our previous work  simedations; ERKZ; enzymatic
on the ERK2 target, we here report novel inhibitors of this kinase.  assay
Out of three lead molecules reported in our previous study, we
selected the thiazolidi mimidine scaffold for further develop-
ment of small molecule inhibitors of ERK2. Analogues of the lead
molecule were docked in the target kinase, followed by molecular
dynamic simulations and MM-GBSA calculations. Analogues main-
taining key interactions with amino acid residues in the ATP-
blndingdomanofBszaeselemdmd synthesized. In

evaluation of these mol against ERK2
hnasecisdosedthatwomoleqles possess significant kinase inhi-
htaypoﬁenualmtuvaluessosm

Introduction

Breast cancer forms the second leading cause of death around the globe and has an
adverse impact on women's health [1]. On the basis of overexpression of molecular
targets, breast cancer is classified into many types such as ER/PR+ (overexpression of
oestrogen and progesterone receptors; 70% of all breast cancers) and HER2+ (human
epidermal growth factor receptor 2; 20% of breast cancers) [2]. A critical subtype of
breast cancer is triple-negative breast cancer (TNBC), which is the most aggressive
form of breast cancer and considered as most lethal because of the absence of
molecular targets such as HER2, ER and PR [2]. As TNBC lacks overexpression of ER,
PR and HER2, it is resistant towards hormonal and targeted therapies. However,
pathways like mitogen-activated protein kinase (MAPK) have been reported to be

CONTACT RK. Rawal (@) rawal avindra@gmall.com

© 2021 Informa UK Limitad, trading 25 Taylor & Frands Group
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MASS:
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Test Name : D MASS-1

161120-SP-6 23 (0.403) Cm (23:29)

1004 s57.08

582.05
55597
=
584.05

27427 483.08

XEVO G2-XS QTOF

1: TOF MS ES+
145e7

Design and Synthesis of Diversity-Oriented Pyrimidine Heterocycles as Anticancer

Agents

193



APPENDIX

Compound 8c:
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MASS:
.
Sample Name : SP- IITRPR XEVO G2-XS QTOF
Test Name : DMASS-1
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MASS:

Sample Name - SP-16 ITRPR XEVO G2-XS QTOF
Test Name : D MASS-1
161120-SP-16 11 (0.187) Cm (11:14) 1: TOF MS ES+
.y 361.90 173e7
50,80
67208
=
67008
26300 674.06
211,04
55401
renoe 5202 Jers06
27427 Y
w00 1205 s 3%920 47803 |48204  [[556.01 000.07
1 - 1| -
wroan [y [ | 23T 465 01 64205 &-"6 764.05 7;92“ 88210 81013 oo oo
Ot e ey FA miz
100 | 150 = 200 = 250 = 300 = 350 = 400 = 450 = 500 = 550 =~ 600 €0 = 700 = 750 @ 800 = 850 @ 900 @ ©50 | 1000

Design and Synthesis of Diversity-Oriented Pyrimidine Heterocycles as Anticancer
Agents 199



APPENDIX

Compound 8k:
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Compound 10d:
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Compound 10g:
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Compound 10h
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Compound 10i:
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