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Abstract: Cancer, malignant tumor, is a group of diseases characterized by abnormal and out-of-controlcell growth 
with the potential to metastasize to other sites in the body. Protein kinases are a class of molecular drug targets 
forcancer treatment. Identification of the protein kinases key roles in development of cancer leads to the discovery 
of different classes of protein kinase inhibitors with enhanced selectivity and efficacy and reduced toxicity. In this 
review, we focused on the quinoline derivatives as an important class of compounds having potent inhibition effect 
on the activities of different protein kinases. 
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1. Introduction: 
1.1 Quinolines: 

Quinolineis a heterocyclic benzopyridine 
compound having an importance to human race. 
Friedlieb Ferdinand Runge was the first one who 
extracted quinoline from coal tar in 1834. The 
commercial quinoline principal source is Coal tar till 
now. Quinoline has a benzene ring fused to pyridine at 
two adjacent carbon atoms forming a double-ring 
structure. Several quinoline derivatives have 
medicinal chemistry and biomedical importance and 
uses. These derivatives are synthetically prepared or 
isolated from natural resources. They are some of the 
oldest compounds that are used for the treatment of 
different diseases[1-5]. 

Quinoline nucleus enters in the synthesis of 
different quinoline derivatives that rephrase biological 
activities like antimalarial, analgesic activity, anti-
inflammatory, antineoplastic, anti-bacterial, 
antifungal, antiviral, anthelmintic, anti-protozoal, 
cardiovascular, CNS effects, hypo-glycaemic, 
reproductive system (selective oestrogen receptor 
modulators) and others[6]. 

Quinolineshave a great importance in the 
anticancer drug development. There are different 
classes of anticancer compounds having quinoline 
nucleus, e.g.:topoisomerase enzyme type I and II 
inhibitors [7], quinoline derivatives having binding 
affinity to G-quadruplex-DNA [8], agents having anti-
mitotic effect and tubulin polymerization inhibitors[9], 
mitotic kinesin-5 inhibitors[10], DNA intercalating 
agents[11], De novo pyrimidine biosynthesis 
inhibitors[12-14], thymidylate synthase inhibitors[15], 
iron chelators[16], carbonic anhydrase inhibitors[17, 18], 
telomerase inhibitors[19], androgen receptor 

antagonists[20], aromatase inhibitors[21], progesterone 
receptor agonists[22-25], sirtuin inhibitors[26], quinone 
reductase 2 inhibitors[27], poly(ADP-ribose) 
polymerase-1 (PARP-1) inhibitors[28], PI3-kinase 
related kinase (PIKK) and mTOR inhibitors[29-31], 
protein phosphatase Cdc25 inhibitors[32], Bcl-2 family 
protein modulators[33, 34], STAT3 (signal transducers 
and activators of transcription 3) inhibitors[35], 
NAD(P)H: quinone oxidoreductase (hNQO1) 
substrates[36, 37], inhibitors of FGF-R2 auto-
phosphorylation[38], inhibitors of NF-kappa B [39], 
Hsp90 inhibitors[40], inducers of histone H4 
hyperacetylation [41], inhibitors of histone acetyltrans-
ferases (HAT) and histone deacetylase (HDAC) [42, 43], 
hedgehog (Hh) signaling inhibitors[44], human 
tankyrases inhibitors[45], oncogenic Ras inhibitors[46], 
farnesyltransferase inhibitors (FTI)[47-49], proteasome 
inhibitors[50], protein kinase enzymes inhibitors and 
others[51]. 
1.2 Protein Kinases as Drug Targets: 

Protein kinases (PKs), one of the most important 
target classes for drug development, regulate signal 
transduction by phosphorylating different residues as 
tyrosine, threonine, and serine residues in key 
proteins. These proteins play an important role in 
signal pathways featuring relevance in many diseases. 
There are about 600 PKs in the human genome [52, 53]. 
Many of the PKs can be inhibited by quinoline 
derivatives, e.g.: MAPKS, PKC, CK2, Src, RET, c-
Met, VRGFR, EGFR, IGF-1R, CSF-1R, PDGFR and 
TGFb-RI. In this review, the anticancer activity of 
quinoline derivatives targeting different PKs has been 
summarized in the next table (1) followed by their 
discussion. 
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Table (1): Anticancer activity of quinoline derivatives targeting different PKs[54-180]. 
Targeted 
Enzyme 

Compounds and Biological activity 

I. MAPKs 3-(4-Fluorophenyl)-4-pyridin- 4-ylquinoline-2(1H)-one, 
Compound (1): p38R MAPK IC50 =1.8 µM. 
Substituted 7-alkenyl-4[3-chloro-4-(1-methyl- 1H-imidazol-2-ylsulfanyl)] anilino-3-quinoline 
carbonitrile derivative, 
Compound (2):Cell lines: H358-lung (IC50 = 50 nM), WM266-4 (IC50 = 25 nM) and A375-melanoma 
(IC50 = 26 nM). 

II. PKC Thiopyrano[2,3-c]quinoline derivative, 
Compound (3), MT477:Cell lines: H226, MCF-7, U87, LNCaP, A431 and A549. [a dose-dependent 
inhibitory effect (0.006 to 0.2 μM)] 
Rhodium(III)-phenylquinoline derivative, 
Compound (4):∆-(S)-compound (4)has PKCIC50 = 26 ± 5 µM to be more potent than the mirror image 
∆-(R)-compound (4)havingPKC IC50 = 229 ± 42 µM. 

III. CK2 5-Substituted benzo[c][2,6]naphthyridine-8-carboxylic acid derivatives, 
Compound (5), CX-4945:CK2 IC50 = 0.3nM. 
Compound (6): CK2 IC50 = 8.9 nM. 
Compound (7):CK2 IC50 = 3.7 nM. 
Compound (8):CK2 IC50 = 1.0 nM. 
Compound (9):CK2 IC50 = 2.1 nM. 
Benzo[c]quinolizinium, 
Compound (10):CK2 IC50 0.005 µM. 
3-Carboxy-4(1H)-quinolones, 
Compound (11): CK2 IC50 = 0.3 μM, ATP competitive with Ki value 0.06 µM. 
Compound (12): CK2 IC50 =1 µM, ATP competitive with Ki value 0.28 µM. 

IV. Src Substituted 4-anilino-quinoline-3-carbonitrile derivative, 
Compound (13), Bosutinib (SKI-606): Src IC50 = 1-3 nM. 
4-Anilinobenzo[g]quinoline-3-carbonitrile derivatives, 
Compound (14 and 16): have plasma levels that significantly exceeded the cellular IC50 values against 
Src-transformed fibroblasts. 
Compound (15):Src kinase IC50 = 0.15 nM, Src-transformed fibroblasts IC50= 10 nM 
Compound (16):highly selective for Src kinase, with modest selectivity versus the Src family kinases 
Lyn and Fyn. 
4-[(2, 4-Dichlorophenyl)amino]-6,7-disubstituted-3-quinolinecarbonitrile derivatives, 
Compound (17):Src IC50 = 30 nM 
Compound (18):Src IC50 = 3.8 nM 
4-Heteroarylamino-3-quinolinecarbonitrile derivatives, 
Compound (19):Src IC50 = 15.4 nM, but it has not a good inhibition effect on iNOS with 313 µM IC50 
value. It exhibits good inhibition activities toward HepG2 and HT-29 cell lines with the IC50 values of 
7.61 and 6.58 μM. 
Compound (20):Src and iNOS IC50 values of 9.23 nM and2.18 µM, respectively. 
6,7-Disubstituted-4-(3,4,5-trimethoxyphenylamino)quinoline-3-carbonitrile deivatives, 
Compound (21):Src inhibitor with an IC50 of 35 nM. 
Compound (22):Src IC50 values of 5.5 nM, anchorage independent cellular assay measuring the 
inhibition of Src dependent cell proliferation, with IC50 of 1.3 µM. 
Compound (23):Src IC50 values of 5.3 nM, anchorage independent cellular assay measuring the 
inhibition of Src dependent cell proliferation, with IC50>10 μM. 

V. RET Substituted 4-(3-hydroxyanilino)- quinoline derivatives, 
Compound (24):In-vitrokinase Ki = 3 nM and cell based kinase Ki = 300 nM. 
Compound (25):In-vitro kinase Ki= 25nM and cell based kinase Ki= 100 nM. 
Compound (26):In-vitrokinase Ki = 50 nM and cell based kinase Ki = 45 nM. 

VI. c-MET 6, 7-Disubstituted-4-(2-fluorophenoxy)-quinoline derivative, 
Compound (27): c-Met IC50 = 1.04 nM. 
Compound (28):c-Met IC50 = 1.86 nM. 
Compound (29):c-Met IC50 = 0.59 nM, having antitumor activity against the six cancer cell lines (A549, 
H460, HT-29, MKN-45, U87MG and SMMC-7721 cell lines) with IC50 values of 0.035, 0.055, 0.11, 
0.022, 0.35 and 0.25 μM, respectively. 
Compound (30):c-Met IC50 =1.42 nM. 
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3,5,7-Trisubstituted quinoline derivatives, 
Compound (31-37):c-Met IC50 less than 1.0 nM. 
*compound (32) has a statistically significant inhibition effect on the tumor growth (68-69%) at doses of 
100 mg/kg in NIH-3T3-TPR-Met and also U-87 MG human gliobastoma xenograft models. 
2-(4-(1-(Quinolin-6-ylmethyl)-1H-[1,2,3]triazolo[4,5-b]-pyrazin-6-yl)-1H-pyrazol-1-yl)ethanol, 
Compound (38), PF-04217903: c-MET Ki = 0.004 µM and c-MET cellIC50 = 0.005 µM. 

VII. VEGFR 6-(6,7-Dimethoxyquinolin-4-yloxy)-N-substituted or N-unsubstituted-1-naphthamide derivatives, 
Compound (39):VEGFR-2 (KDR) IC50 = 0.6nM. 
Compound (40):VEGFR-2 (KDR) IC50 = 12nM. 
Compound (41):VEGFR-2 (KDR) IC50 = 0.9 nM. 
*Upon once-daily oral administration for 14 days for compound (41) according to HT29 colon cancer 
and Calu-6 lung cancer xenografts, it causes 85% inhibition of them at doses of 10 and 20 mg/kg, 
respectively 
(5-Chloro-2-hydroxy-N-(quinolin-8-yl)benzamide), 
Compound (42): VEGFR-2 IC50= 3.8 nM and IC50 value of 5.5 nM for HUVEC induced by VEGF 
1-(2-Substituted-4-(quinolin-4-yloxy)phenyl)urea derivatives, 
Compound (43), Ki8751: VEGFR-2 IC50 = 0.9 nM. 
Compound (44), Lenvatinib (E7080):VEGFR-1, VEGFR-2, VEGFR-3, PDGFRβ and RET IC50 values 
of 22nM, 4nM, 5.2nM, 39nM and 35nM, respectively 
N-Substituted-N-(4-(quinolin-4-yloxy)phenyl)cyclopropane-1,1-dicarboxamide derivative, 
Compound (45), Cabozantinib (XL184):VEGFR2, MET and RET IC50 valuesof 0.035 nM, 1.3 nM and 
5.2 nM, respectively. 
2, 5, 7-Trisubstituted-4-aminoquinoline derivative, 
Compound (46): HCT-116 IC50= 0.97 μM. 

VIII. EGFR 4-Anilinoquinoline-3-carboxamide derivative, 
Compound (47):EGFR IC50 = 5.283 µM, MCF-7 IC50 = 3.46 µM. 
4-Substitutedamino-6,7-disubstituted-quinoline-3-carbonitrile derivative, 
Compound (48): EGFR IC50 =0.0075 μM, A431 IC50 = 0.78 μM and SKBR3 IC50 = 0.48 μM. 
Compound (49), (EKB-569):EGFR IC50= 0.083 μM, HER-2 IC50 =1.23 μM, A431 IC50 = 0.08 μM, 
SKBR3 IC50 = 0.01 μM and SW620 IC50 = 0.68 μM. 
Compound (50), HKI-272: HER-2 IC50 = 0.059 μM, EGFR IC50 = 0.092 μM, A431 IC50 = 0.086 μM, 
SKBR3 IC50 = 0.0018 μM and SW620 IC50 = 0.730μM. 
Compound (51): EGFR Ki = 8.4 nM and excellent cellular activity with IC50 at ~5 nM. 
Compound (52): EGFR Ki=3 nM. 
2-(2-Methyl-5-nitro-1H-imidazol-1-yl)-N'-(quinolin-3-ylmethylene)acetohydrazide derivatives, 
Compound (53):EGFR IC50 = 0.12 ± 0.05 μM. 
Compound (54):HER-2 IC50 = 0.37 ± 0.04 µM. 
Pyrazole-quinoline-pyridine hybrids derivatives, 
Compound (55):EGFR IC50 = 0.51 ± 0.05 µM, but Compound (56): FabH IC50 = 3.1µM. 
7-Substituted 4-anilinoquinoline derivatives, 
Compound (57 irreversible), (58 reversible): decrease viability of EGFR-mutated PC9 cells at 
submicromolar concentrations in the range of the activity of Erlotinib. 
*Compound (57): EGFR IC50 = 3.2 ±1.6 nM. 
4-Anilinoquinoline derivatives having a 2,2,6,6-tetramethylpiperidine-N-oxyl (TEMPO), 
Compounds (59-61):EGFR IC50 values of 623nM, 342 nM and 422 nM, respectively and A431 
IC50values of 45.46 µM, 43.21 µM and 38.14 µM, respectively. 

IX. IGF-1R 4-(3-Chloro-4-(1-ethyl-4,5-dimethyl-1H-imidazol-2-ylthio)phenylamino)quinoline-3-carbonitrile, 
derivative, 
Compound (62): IGFR IC50 =0.009 ± 0.003µM. 
2-Phenylquinolin-4-one derivatives, 
Compound (63):selectively inhibits 14 cancer cell lines, (SR, Colo 205, NCI-H522, HCC-2998, HT-29, 
SF-539, SNB-75, MDA-MB-435, IGROV1, OVCAR-3, NCI/ADR-RES, RXF-393, HL-60, and DU-
145), out of the NCI 60 cancer cell lines evaluation. 
Compound (64):exceeds the doxorubicin activity. 
Compound (65), CHM-1-P-Na:has potent cytotoxicity, excellent antitumor activity and extremely safe 
to use in a Hep3B xenograft nude mice model. 
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X. CSF-1R 4-Anilino-6,7- disubstituted-quinoline-3-carboxamide derivatives, 
Compound (66): CSF-1R IC50 = 19 nM. 
Compound (67):screened against a panel of 150 kinases at 1μM and displays remarkable kinase 
selectivity. 
Compound (68): In-vitro activity (0.23 μM in the cell) and excellent in-vivo PK. 
Compound (69): higher clearance in rats andvery potent cell assay (0.06 μM). 

XI. PDGFR Quinoline ether derivatives, 
Compound (70, 71): selective potent PDGFR α and β inhibitors at low nanomolar concentration. 

XII. TGF-β1R 4-((Pyridin-2-yl) pyrazolyl)quinoline and 4-(2-(pyridin-2-yl)-5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-
3-yl)quinoline derivatives, 
Compound (72), (LY364947): (TβR-I) IC50 = 51nM. 
Compound (73): TGF-β RI IC50 = 0.104 ± 0.033µM. 
Compound (74), LY2109761:TGF-β RI IC50 = 0.069 ± 0.031µM. 

 
2. Quinolines as Protein kinases inhibitors: 
2.1 MAPKs Inhibitors: 

Mitogen-activated protein kinases (MAPKs) are 
protein serine/threonine kinases. They have a critical 
role in the conversion of extracellular stimuli into a lot 
of cellular responses. There are 14 MAPKs in 
mammals that have been classified into seven groups; 
the extracellular signal-regulated kinases 1/2 
(ERK1/2), c-Jun amino (N)-terminal kinases 1/2/3 
(JNK1/2/3), p38 isoforms (α, β, γ and δ), ERK5, 
ERK3/4, ERK7, and Nemo-like kinase (NLK) [54]. 

P38-Alpha MAPK, p38α MAPK, is an enzyme 
that is encoded in humans by the MAPK14 gene. It is 
also known as Mitogen-activated protein kinase 14 
(MAPK14) and also as stressactivated 
serine/threonine-specific kinases (SAPKs). It is the 
prototypic member of the p38 MAPK family and 
considered as a promising target for drug development 
[55-58]. Compound (1), 3-(4-fluorophenyl)-4-pyridin- 4-
ylquinoline-2(1H)-one, is a new inhibitor of MAPK 
with a p38α MAPK IC50 of 1.8 µM. According to the 
molecular modeling studies, it showsa reasonable 
binding mode in the ATP binding pocket of p38α. Its 
quinoline core is impacted in the vicinal pyridine/4-F-
phenyl system activity fixation for p38α but not for 
the closely related JNK3, soit is more selective for 
p38α over JNK3[59]. 
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The Ras/MAPK pathway is an essential signaling 

cascade. It controls cellular growth, proliferation and 
survival. Under the influence of growth factor 
receptors or hormones, activation of Ras-MAPK 
pathway takes place and Ras being induced into an 

active GTP-bound state resulting in the stimulation of 
serine/threonine kinase Raf. Raf kinasesare a protein 
kinases family that phosphorylate and activate 
mitogen-activated protein kinase kinases (MEK) 1 and 
2, that phosphorylate MAPK [60]. 

Compound (2) is a derivative of substituted 7-
alkenyl-4[3-chloro-4-(1-methyl- 1H-imidazol-2-
ylsulfanyl)] anilino-3-quinoline carbonitriles series 
that were synthesized and biologically evaluated as 
MEK1 kinase inhibitors. By testing compound (2) 
against a 17 kinases panel, its activity against EGFR, 
Src, Lyn and IR kinases was observed. Compound (2) 
inhibits ERK phosphorylation through Western blot 
studies in WM-266 cells, while having no inhibition 
effect against additional kinase pathways at 
concentrations up to 10 µM. Compound (2) has also 
inhibition effect on H358 (lung), WM266-4 and A375 
(melanoma) cell lines with IC50 of 50, 25 and 26 nM, 
respectively [61]. 
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2.2 PKC Inhibitors 

Protein kinase C, PKC, is a protein kinase 
enzymes family having a critical controlling role in 
the function of other proteins. PKC phosphorylates 
hydroxyl groups of serine and threonine residues on 
these proteins [62]. Several PKC isoforms 
overexpression promotes different human 
malignancies progression[63-65]. PKCα regulates the 
cell-cycle and apoptosis. Overexpression of this 
isoform induces malignant transformation and 
proliferation in MCF-7 human breast cancer cells [66]. 
PKC ̣ overexpression is required for transformed 
growth of A549 human lung adenocarcinoma cells 
malignancy [67]. Both PKCα and PKCδ play important 
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roles in U87 human malignant glioma cells 
proliferation and apoptosis [68]. There is a relation 
between PKC activation and different downstream 
pathways active in tumor cell signaling. It may trigger 
signaling through the direct effect of PKC in the 
activation of the Ras kinase pathway and also a direct 
effect on Raf-1, a small GTP protein, and ERK1/2 
kinase, suggesting the PKC involvement in the Ras-
Raf-1-MEK-ERK signaling cascade [69-75]. PKC may 
also activate glycogen synthase kinase-3β (GSK3β), 
which is linked to the tumor proliferation and 
progression [76]. 

Compound (3),MT477, a novel thio-pyrano[2,3-
c]quinoline derivative, is an inhibitor of PKC-α with 
putative biological effects on prolifer-ation, apoptosis 
and migration. It inhibits the PKC-α activity and its 
downstream targets, ERK1/2 and Akt. It hasalso an 
effect on Ras activity [77]. It inhibits a variety of cancer 
cell lines proliferation, e.g.,: MCF-7, U87, H226, 
LNCaP, A431, K-Ras mutated cell lines, A549 and 
MiaPaCa-2 [77-79]. By in-vitro proliferation assays, 
compound (3), MT477, has a dose-dependent 
inhibitory effect (0.006 to 0.2 μM) on cellular 
proliferation of H226, MCF-7, U87, LNCaP, A431 
and A549 cancer cell lines [78]. 
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For the generation of rhodium (III)-based 

selective protein kinase inhibitors, a new rhodium-
(III)-phenylquinoline scaffold was synthesized. By 
running active site directed affinity screening against 
451 human protein kinases enzymes, the protein 
kinase selectivity profile of the compound (4) racemic 
mixture was shown at 10 µM concentration. The only 
main protein kinases hits identified were YSK4, 
PKC, ZAP70, MAP3K4, SRMS, and NEK4with % 
control values (44%, 47%, 50%, 51%, 53% and 58%, 
respectively), below 60%.PKC was selected for 
further investigations. IC50 values for the individual 
enantiomers ∆-(S)-(4) and ∆-(R)-(4) against PKC at 
1 µM ATP were determined. The IC50 differs 
significantly with ∆-(S)-compound (4) (IC50 = 26 ± 5 
µM) to be more potent than the mirror image ∆-(R)-
compound (4) (IC50 = 229 ± 42 μM), indicating 
specific molecular recognition between the chiral 
active site of PKC and ∆-(S)-compound (4)[80]. 

(4)
 

 
2.3 CK2 Inhibitors: 

CK2, Casein kinase 2, is a serine/threonine-
selective protein kinase [81]. CK2 regulates many anti-
apoptotic and pro-proliferative signaling cascades, 
including PI3K/Akta and Wnt signaling cascades, NF-
κB transcription and the DNA damage response. CK2 
has been also characterized as an angiogenesis 
regulator. Due to the deregulation and overexpression 
of CK2 in cancer-promoting prosurvival and anti-
apoptotic pathways, CK2 is a prime cancer drug target 
[82, 83]. Overexpression of CK2 has been well 
documented in a number of cancers, including head 
and neck, breast, colorectal, renal, lung, leukemia and 
prostate [84, 85]. 

Compound (5), CX-4945, 5-(3-chloro-
phenylamino)benzo[c][2,6]naphthyridine-8-carboxylic 
acid, is a potent and selective orally bioavailable small 
molecule having ATP-competitive inhibition of CK2 
[86]. It has CK2 IC50 = 0.3nM. It has anti-proliferative 
effect against cancer cells correlated with the CK2α 
catalytic subunit expression levels. The attenuation of 
PI3K/Akt signaling by compound (5), CX-4945 was 
evidenced by the Akt dephosphorylation on the CK2-
specific S129 site and the canonical S473 and T308 
regulatory sites. 

This compound possess observed anti-
proliferative and anti-angiogenic activities in tumor 
cells and endothelial cells through inhibition of CK2-
dependent signaling in multiple pathways. Compound 
(5), CX-4945, causes selectively induced apoptosis 
and cell-cycle arrest in cancer cells compared to 
normal cells. In angiogenesis, it has inhibition effect 
onthe migration of human umbilical vein endothelial 
cell, tube formation and transcription of blocked CK2-
dependent hypoxia-induced factor 1 alpha (HIF-1α) in 
cancer cells. When Compound (5), CX-4945, was 
administered orally in murine xenograft models, it 
showed well tolerated and demonstrated robust 
antitumor activity with concomitant reductions of the 
mechanism-based biomarker phospho-p21 (T145) 
[87].By studying the Co-crystal structure of compound 
(5), CX-4945, it interacts with CK2 indirectly through 
hydrogen bonding between the NH of the 3-
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chlorophenyl amine and a water molecule. Several 
novel tricyclic derivatives lacking a NH moiety at the 
same position was prepared to investigate this 
hydrogen bond importance [86]. 

Loss of activity was observed when the H-bond 
donor effect of the NH of the aniline at C5 was 
removed from compound (5), CX-4945. This loss of 
activity was more pronounced (ca. 30-fold) when a 
methyl group replaced the hydrogen of the NH 
aniline; compound(6), demonstrating that the addition 
of this group perturbed the optimal geometry of the 
lipophilic interaction of the 3-chloroaniline. 
Derivatives (7) and (9) showed a loss of activity of 12-
fold and sevenfold, respectively. By replacing the NH 
with sulfur, compound(8), only a threefold loss of 
activity was observed. This gain of activity in 
compound(8) was due to the presence of sulfur atom 
close to the sulfur atom of Met163 of the enzyme, 
resulting in a favorable sulfur–sulfurinteraction [86]. 

N

N

HO

O

X

Cl

Compound        X       CK2 IC50 (nM)

(5) CX-4945       NH                0.3
(6)                      NMe              8.9
(7)                      O                   3.7
(8)                      S                   1.0
(9)                      CH2               2.1

 
 
One of bicyclic enols and tricyclic benzo [c] 

quinoliziniums series prepared and evaluated as CK2 
inhibitor is compound (10), benzo[c]quinolizinium. 
Compound (10)has a good inhibitory activity and 
selectivity for CK2 with IC50 0.005 µM [88]. 
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3-Carboxy-4(1H)-quinolones have been 

identified as a new class of ATP-competitive CK2 
inhibitors by the use of virtual screening technique of 
the Otava compound library. The most active 
compounds among a series of 42 compounds are 
compound (11) and (12). These two inhibitors have 
selectivity toward CK2. Compound (11), 5,6,8-
trichloro-4-oxo-1,4-dihydroquinoline-3-carboxylic 
acid, has CK2 IC50 = 0.3 μM while compound (12), 4-
oxo-1,4-dihydrobenzo[h]quinoline-3-carboxylic acid, 
has CK2 IC50 =1 µM. they are ATP competitive with 
Ki values 0.06 and 0.28 µM, respectively. A structural 
model describing the key features of 3-carboxy-4(1H)-
quinolones responsible for tight binding to CK2 active 

site had been developed according to theoretical 
calculations and experimental results[89]. 
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2.4 Src Inhibitors: 

Src is a non-receptor tyrosine kinase family 
having nine members: Src, Yes, Fyn, and Fgr, forming 
the SrcA subfamily, Lck, Hck, Blk, and Lyn in the 
SrcB subfamily, and Frk in its own subfamily. It has 
an important role in signaling pathways that control 
migration, angiogenesis, and proliferation. The Src 
overexpression and increased activity of Src are 
associated with an increase in tumor malignancy and 
poor prognosis [90]. 

Compound (13), Bosutinib(SKI-606), is a novel 
substituted 4-anilino-quinoline-3-carbonitrile 
derivative having a dual Src-Abl inhibitor activity 
against both Bcr-Abl+ CML cell lines and Imatinib-
resistant Bcr-Abl+ neoplastic cells [91, 92]. Compound 
(13), Bosutinib(SKI-606), has IC50 value of 1-3 nM 
in isolated Src enzyme assays and was US FDA 
approved on September 4, 2012 for the treatmentof 
adult patients with chronic, accelerated or blast phase 
Philadelphia chromosome-positive (Phþ) chronic 
myelogenous leukemia(CML) with resistance or 
intolerance to prior treatment[93, 94]. Compound (13), 
Bosutinib(SKI-606), is orally effective in nude mouse 
xenograft models, including HT-29, COLO 205, HCT 
116 and DLD-1 colorectal tumors and MDA-MB-231 
breast tumors, as well as in different in-vivo metastasis 
models. It has a potent anti-proliferative activity that 
inhibits the Abl substrate proteins phosphorylationin 
chronic myelogenous leukemia (CML) cell lines. 
Compound (13), Bosutinib(SKI-606), enters currently 
in both solid tumors and CML treatment clinical trials 
[95]. 
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Bosutinib (SKI-606)

 
 
Through4-anilinoquinoline-3-carbonitriles 

structural modifications, 4-anilinobenzo[g]quinoline-
3-carbo-nitriles series having enhanced Src inhibitory 
properties was obtained. In-vitro, compound (14), a 
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member of the produced series, is more potent than 
the analogously substituted 4-anilinoquinoline-3-
carbonitrile compound (13), Bosutinib SKI-606. 

Compound (15), the most potent compoundin 
this series, has0.15 nM Src kinase IC50 and 10 nM 
Src-transformed fibroblasts IC50. By testing compound 
(16) against a panel of other kinases, it is highly 
selective for Src kinase, with modest selectivity versus 
the Src family kinases Lyn and Fyn. The analogues 
(16) and (14) have plasma levels that significantly 
exceeded the cellular IC50 values against Src-
transformed fibroblasts, and exhibit a significant 
tumor growth inhibition in a Src transformed 
fibroblast xenograft model [96]. 

N

CN

HN

(14): NRR: 4-methylpiperazine, X: 2, 4-diCl
(15): NRR: morpholine,              X: 2-CH3, 4-Cl      
(16): NRR: morpholine,              X: 2, 4-diCl

O

O
RRN

X

O

 
 
Compound (17), 4-[(2, 4-dichlorophenyl)amino]-

6,7-dimethoxy-3-quinoline-carbonitrile,was identified 
as a Src inhibitor by screening of a directed compound 
library in a yeast-based assay. It is ATP-competitive 
Src inhibitor with IC50 value of 30 nM. It was used as 
a lead for synthesis of additional Src kinase inhibitor 
analogues giving various 4-phenylamino-3-quinoline-
carbonitriles as potent Src inhibitors. The produced 
analogue, compound (18), has a Src IC50 of 3.8 nM 
and exhibits submicromolar activity in inhibiting both 
the growth of Src-transformed rat fibroblasts in 
suspension and the phosphorylation of Src substrate 
proteins. It has an increased activity in the suspension 
assay (IC50 of 940 nM) suggesting that a basic amine 
tail at C-7 leads to an additional interaction with Src 
[97]. 

N

CN

HN

O
R1

O
R2

Cl Cl

(17): R1: Me, R2: Me
(18): R1: Me, R2: (CH2)3-morpholine

 
A new 4-heteroarylamino-3-quinoline-

carbonitrile series having a potent dual inhibition 
effect on the key regulatory tumorigenesis enzymes c-
Src and iNOS, were designed, prepared, and evaluated 

for blocking multiple signaling pathways in treatment 
of cancer. 

Some compounds with 4-heteroarylamino 
groups, especially compound(19) and (20), showed 
remarkable IC50 against Src kinase suggesting that the 
accommodation of hydrophobic pocket at the kinase 
binding sitewith larger groups was preferred over the 
traditional single ring aryl amines. Compound (19) has 
a Src IC50 value of 15.4 nM, but it has not a good 
inhibition effect on iNOS with313 µM IC50 value. It 
exhibits good inhibition activities toward HepG2 and 
HT-29 cell lines with the IC50 values of 7.61 and 6.58 
μM, respectively, and is the most potent compound 
found. Compound (20) has the best inhibition effect 
toward Src and iNOS with9.23 nM and2.18 µM 
IC50respectively. The target molecules of the series 
have relatively weak iNOS inhibition. This might be 
due to inability of designed compounds to interact 
with the guanidine pharmacophore, a very crucial 
pharmacophore for iNOS inhibition, as the free ones. 
[98]. 

N

CN

HN
Ar

(19): R1: Me          , R2: Piperidine,               Ar: 2-(6-Me-benzothiazole)

(20): R1: OMe        , R2: N-Me-piperazine,    Ar: 2-benzothiazole

R1

OR2
n

 Several analogues of compound (21), Src 
inhibitor with an IC50 of 35 nM, were prepared where 
the 3,4,5-trimethoxy-phenyl portion was maintained 
and also the NH linker at C-4 and the cyano group at 
C-3 that are important for good Src inhibitory activity. 
The two produced 3-cyanoquinolines, compounds (22) 
and (23), with water solubilizing groups at C-7, are 
better Src inhibitors than compound (21), having IC50 
values of 5.5 nM and 5.3 nM, respectively. This 
increased activity might be a result of an additional 
interaction of the heteroatom-rich side chain with the 
kinase. Compound (22) is more potent than compound 
(23), in an anchorage independent cellular assay 
measuring the inhibition of Src dependent cell 
proliferation, with IC50 of 1.3 µM and >10 μM, 
respectively [99]. 

N

CN

HN

(21)

O

O

(22): R: H 
(23): R: OH

O

O
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2.5 RET Inhibitors: 
RET, Rearranged during Transfection, is a 

transmembrane tyrosine kinase. RET is expressed in 
both central and peripheral nervous system and neural 
crest-derived cells. It acts as a co-receptor of Glial 
cell-derived neurotrophic factor (GDNF) family in 
complex with GRFα family proteins and is involved in 
the development of enteric nervous system and renal 
organogenesis during embryonic life. RET Mutations 
are associated with a colorectal cancer subset and are 
commonly presented in hereditary and sporadic 
thyroid cancer [100]. RET kinase inhibition became a 
viable approach and the design of a small-molecule 
inhibitor of RET would be an ideal targeted 
therapeutic agent with the potential for a 
complementary inhibition profile with reduced side 
effects [101]. 

Well-known kinase inhibitors were recently 
reported to have an added RET inhibition activity over 
their intended target [102]. By using active compounds, 
identified from a known kinase inhibitors set with a 
broad potent activity range across a panel of >35 
kinase assays, a template was introduced to search the 
GlaxoSmithKline compound collection for more 
novel, potent and selective inhibitors of RET kinase. 
The quinoline scaffold was chosen because there was 
evidence that drug-like molecules would be selected 
[103]. The identification strategy of a novel RET kinase 
inhibitor was summarized in Figure (1)[101].  

 

 
Figure (1): The rapid identification strategy of aRET 

kinase inhibitor [101]. 
 
Three compounds (24), (25) and (26), members 

of a new series of substituted 4-(3-hydroxyanilino)-
quinolines series designed, synthesized and 
biologically evaluated, represent new potential leads 
for the medullary and papillary thyroid cancer 
treatment. They have an in-vitro kinase assay Ki’s of 
3, 25, and 50 nM, respectively, while their cell based 
kinase assay Ki’s are 300, 100 and 45 nM, 
respectively [101]. 

 

N

HN OH

R1

R2

(24):R1:                               , R2:     H

(25):R1:      H                       , R2:       

(26):R1                                , R2:

S
O

O

S
O

O

N

S

N
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2.6 c-Met Inhibitors: 
c-Met, areceptor tyrosine kinase, known as MET 

or hepatocyte growth factor receptor (HGFR), is 
encoded by the MET gene (MET proto-oncogene). c-
Metis normally expressed by epithelial cells of many 
organs (liver, pancreas, prostate, kidney, muscle, and 
bone narrow) during embryogenesis and in adulthood 
[104-108]. There are several strategies for the c-
Metinhibition. This could happen by blocking the 
interaction between c-Met and HGF with biological 
antagonists or neutralizing antibodies or by blocking 
the c-Met-dependent signaling through the 
interference with c-Met-associated signal transducers 
or downstream signaling components. The use of 
small-molecule competitive-ATP inhibitors at the 
active site of the kinase also could inhibit c-Met 
catalytic activity [109-118]. 

By in-vitro evaluation of the newly designed and 
synthesized 6, 7-disubstituted-4-(2-fluoro-phenoxy)-
quinoline derivatives possessing 1, 2, 3-triazole-4-
carboxamide moiety against five types of cancer cell 
lines (A549, H460, HT-29, MKN-45 and U87MG) 
and c-Met kinase, most compounds have moderate to 
excellent anti-proliferative effect. Compound (27)has 
a c-Met IC50 value of 1.04 nM to be considered as a 
multi-targeted receptor tyrosine kinase inhibitor. 
According to the SAR analyses, the presence of 
halogen group, especially fluoro group, at 4-position 
on the phenyl ring, gives potent antitumor activity. 
The c-Met enzymatic activity is also affected by the 
methylation on the 5-atom linker [119]. 
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(27)

N

O

O

O

H
N

N

F

O

N
N

N

F

F3C

 
 
Compound (28) is the most promising analogue 

of 4-(2-fluorophenoxy)quinoline series containing an 
acylhydrazone moiety. By designing, synthesis and in-
vitro biological activities evaluation of these series 
compounds against c-Met kinase and also five cancer 
cell lines (A549, H460, HT-29, MKN-45, and 
U87MG), most compounds show weak to excellent 
anti-proliferative activity while compound (28) has c-
Met IC50 = 1.86 nM and displayed 1.3-, 6.8-, 1.5-, 3.5- 
fold increase in comparison to Foretinib against HT-
29, H460, A549 and U87MG cell lines, respectively. 
The acylhydrazone scaffold synthesis with an 
unsubstituted sp2 hybridized carbon adjacent to the 4-
CF3 phenyl ring is favorable for antitumor activity, 
according to SAR analysis [120]. 

(28)

N

O

O

ON

F
H
N

O

N

CF3

 
 
A novel series of 4-(2-fluorophenoxy)quinoline 

derivatives having 4-oxo-1,4-dihydrocinnoline-3-
carboxamide moiety were designed and synthesized. 
Their in-vitro biological activities were evaluated not 
only against c-Met kinase but also against six types of 
typical cancer cell lines (A549, H460, HT-29, MKN-
45, U87MG and SMMC-7721). The anti-proliferative 
activity of all the prepared targeted compounds is in 
the range of moderate to excellent activity. By SAR 
analysis of these compounds, it is more favorable to 
have 2-chloro or 2-trifluoromethyl substituted phenyl 
group on the cinnoline ring 1-position for their 
antitumor activity. Compound (29) has a c-Met IC50 

value of 0.59 nM. For testing compound (29)c-Met 
inhibitor selectivity, it was screened against other 5 
tyrosine kinases. It shows an inhibition effect against 
VEGFR-2, PDGFR-α, Flt-3 and c-Kit although its 

potency is 6.5- to 45-fold lower than that against c-
Met, and shows little or no kinase inhibition activity 
against EGFR kinase (IC50>10 μM). According to 
these data, compound (29) is a promising selective 
multi-target kinase inhibitor. The promising 
compound (29) is more active than Foretinib against 
the six cancer cell lines (A549, H460, HT-29, MKN-
45, U87MG and SMMC-7721 cell lines) with IC50 
values of 0.035, 0.055, 0.11, 0.022, 0.35 and 0.25 μM, 
respectively in the antitumor activity [121]. 

(29)

N

O

O

O

H
N

N
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O

N
N

O
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Compound (30) is the most promising analogue 

of 4-(2-fluorophenoxy)quinoline derivatives having an 
imidazolone moiety designed, synthesized and in-vitro 
biologically evaluated for their against c-Met kinase 
and four cancer cell lines types (A549, H460, HT-29 
and MKN-45). Compound (30) has c-Met IC50 =1.42 
nM, to have 2.1-, 8.6-, fold increase against both H460 
and MKN-45 cell lines, respectively, in comparison to 
Foretinib. The SAR analysis showed that, it the 
presence of an ortho substituted phenyl ring is 
favorable for antitumor activity as well as the presence 
of an N-unsubstituted imidazolone linker [122]. 

(30)
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By designing, synthesis and biological evaluation 

of 3,5,7- trisubstituted quinoline series, seven 
compounds (31-37) were identified as the most potent 
c-Met inhibitors with IC50 of less than 1.0 nM. 
Compound (32) has high potency and extra-ordinary 
selectivity to c-Met against c-Met family member Ron 
and 12 other tyrosine kinases. In c-Met dependent cell 
lines,c-Met phosphorylation constitutive inhibition is 
produced by compound (32). This compound also has 
a statistically significant inhibition effect on the tumor 
growth (68-69%) at doses of 100 mg/kg in NIH-3T3-
TPR-Met and also U-87 MG human gliobastoma 
xenograft models [123]. 
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NF3C

N

NH X
R

Compound X-R

(31)           N-Me              
(32)           N-Ac               
(33)           N-Et                
(34)              O                  
(35)          N-SO2-Pr-c      
(36)          N-SO2-Me        
(37)          N-CH2CO2Et

NO2

 
Compound (38), (PF-04217903),2-(4-(1-

(quinolin-6-ylmethyl)-1H-[1,2,3]triazolo[4,5-b]-
pyrazin-6-yl)-1H-pyrazol-1-yl)ethanol, was 
discovered from the optimization of triazolopyrazine 
series. It has c-MET Ki = 0.004 µM and c-MET 
cellIC50 = 0.005 μMto be an exquisitely selective and 
potent ATP competitive inhibitor of c-MET, that has 
significant tumor growth inhibition, good oral PK 
properties and an acceptable safety margin in 
preclinical studies. It was advanced into phase I 
clinical studies for oncology indications. By the kinase 
selectivity screens against 208 different protein 
kinases, compound (38) has exquisite selectivity 
profile due to the unique binding topography of the c-
MET kinase domain [124, 125]. 

N

N

N

N N

N

N

N OH

(38), PF-04217903

 
2.7 VEGFR Inhibitors: 

Angiogenesis plays a major role in the 
progression of many human diseases, including 
cancer. The character of angiogenesis is the formation 
of new blood vessels from existing vasculature 
important for the solid tumors growth and survival[126]. 
The vascular endothelial growth factor (VEGF) is the 
key angiogenic factor inducing the vascular 
endothelial cells proliferation and the migration. 
VEGF promotes endothelial cell activation and 
proliferation and enhances the migration and invasion 
of endothelial cells. Its signaling pathway inhibition is 
one of the most promising new approaches for 
treatment of cancer [127-134]. 

Compounds (39), (40) and (41), N-Alkyl and N-
unsubstituted naphthamides series derivatives, were 
prepared and found to inhibit VEGFR-2 (KDR) in 
nanomolar concentration with an improved selectivity 

profile by screening against serine/threonine kinases 
panel. They haveVEGFR-2 (KDR) IC50 = 0.6, 12, 0.9 
nM, respectively. After oral dosing, they show good 
pharmacokinetics and also potent VEGF-induced 
angiogenesis inhibition in the rat corneal model. Upon 
once-daily oral administration for 14 days for 
compound (41) according to HT29 colon cancer and 
Calu-6 lung cancer xenografts, it causes 85% 
inhibition of them at doses of 10 and 20 mg/kg, 
respectively [134]. 

N

O

(39): R:

(40): R:

(41): R:

O

NHO

O

R

O
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Some of the synthesized compounds of two 

prepared series of quinoline amide derivatives have 
potent activities upon their inhibitory activities 
evaluation against both VEGFR-2 and HUVEC. 
Compound (42), (5-chloro-2-hydroxy-N-(quinolin-8-
yl)benzamide), has VEGFR-2 kinase 3.8 nM IC50and 
IC50 value of 5.5 nM for HUVEC induced by VEGF to 
be the most potent inhibitor of these series. It is 
bonded to VEGFR-2 with a hydrogen bond and two π-
π stacking interactions, according to its docking 
simulation to the active site of VEGFR-2 kinase [135]. 

N

NHO

Cl

OH

(42)

 
One of the most potent and high selective 

VEGFR-2 inhibitors of N-phenyl-N’-{4-(4-
quinolyloxy)-phenyl}urea series is compound (43), 
Ki8751. It has a potent VEGFR-2 inhibitory activity 
at the IC50 of 0.9 nM. It inhibits also the PDGFR 
family members such as PDGFRα and c-Kit at 67 nM 
and 40 nM, respectively. Upon antitumor activity 
evaluation of compound (43), Ki8751against some 
human tumor xenografts in both nude mice and rats 
after oral administration without significant toxicity, it 
shows an excellent antitumor effect [136]. 



 Journal of American Science 2016;12(5)           http://www.jofamericanscience.org 

 

20 

N

MeO

MeO

O

H
N

H
N

O

F F

F

(43) (Ki8751)

 
Compound (44), known as Lenvatinib (E7080), 

has potent inhibition effect on Multi-Kinase of VEGF 
receptors (VEGFR1–3) and also on other 
prooncogenic receptor tyrosine kinases, including 
fibroblast growth factor receptors (FGFR1–4), 
PDGFR, and RET with IC50 values of 22nM, 4nM, 
5.2nM, 39nM and 35nM on VEGFR-1, VEGFR-2, 
VEGFR-3, PDGFRβ and RET, respectively [137, 138]. It 
suppresses lymph node and lung metastases of human 
mammary breast tumor MDA-MB-231 via inhibition 
of VEGF-R2 andVEGF-R3 Kinase. Invasionin 
February 2015, the FDA granted approval to 
compound (44), Lenvatinib (Lenvima), for treatment 
of progressive, radioactive iodine-refractory 
differentiated thyroid cancer[139, 140]. 
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(44), Levatinib (E7080)
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Compound (45), Cabozantinib (XL184),N-

substituted-N-(4-(quinolin-4-yloxy)phenyl)cyclo-
propane-1,1-dicarboxamide derivative, is a small-
molecule potent kinase inhibitor towards VEGFR2 
and MET in-vitro. It causes significant reductions in 
cell invasion in tumor models in-vivo. It has also an 
inhibition effect on RET, KIT, AXL, and FLT3 
receptor tyrosine kinases activities [141, 142]. Its 
inhibitionVEGFR2, MET and RET IC50 values are 
0.035 nM, 1.3 nM and 5.2 nM, respectively [142].U.S. 
FDA approved Compound (45), Cabozantinib, for 
medullary thyroid cancer treatment in November 2012 
[143]. 
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(45), Cabozantinib (XL184)

 
Most of the newly synthesized 4-

aminoquinolines series compounds have selective 
cytotoxicity upon their antitumor activity evaluation 
against five cell lines (HCT-116, A549,DU-145, 

HepG2, and LN229). Compound (46)has the most 
potent cytotoxicity against HCT-116 cells with 0.97 
μM IC50 value. To investigate compound (46) effect 
on the VEGF protein expression, VEGF protein 
expression was assessed by western blot in cells 
treated with different concentrations of compound 
(46) and scanning densitometry of the band intensities 
was used in measuring the relative protein expression 
levels. Compound (46), significantly inhibits the 
protein expression of VEGF. According to the results, 
compound (46) could act as a VEGF inhibitor. 
Depending on the SAR results, introduction of 
substituted amino groups at 4-position in quinoline is 
associated with enhanced cytotoxicity activity and 
when the quinoline contains aliphaticamino moieties, 
the effect is more obvious [144]. 

NO

HNO

(46)

 
2.8 EGFR Inhibitors: 

The epidermal growth factor receptor (EGFR), 
also known in humans asErbB-1, HER1, cell-surface 
receptor; is one of closely related four receptor 
tyrosine kinases subfamilies of extra-cellular protein 
ligands, EGFR (ErbB-1), HER-2/c-neu (ErbB-2), 
HER-3 (ErbB-3) and HER-4 (ErbB-4). Mutations 
affecting EGFR expression or activity could result in 
cancer. It is overexpressed, dys-regulated or mutated 
in many epithelial malignancies [145-147]. 

Upon pharmacophore, docking and binding 
energy tools use in designing a new series of 4-
anilinoquinoline-3-carboxamide derivatives followed 
by their synthesis and screening for their anticancer 
activity against MCF-7 as potential anticancer agents 
targeting EGFR, compound (47) shows a significant 
activity against MCF-7, IC50 = 3.46 µM. This 
compound has also 67% inhibition on the EGFR TK 
enzyme compared to ATP and has EGFR IC50 = 5.283 
µM, to be a potential anticancer agent [148]. 

N

NH O

NH2

Cl

N

O

(47)

 
A series of 4-anilino-6,7-dialkoxyquinoline-3-

carbonitrile was designed, synthesized and evaluated 
for their ability to inhibit the growth of three cell lines; 
A431 which highly overexpresses EGFR, SKBR3 
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which highly overexpresses HER-2 and, to a lesser 
extent, EGFR, and SW620 which serves as a control 
line expressing low levels of EGFR and HER-2. These 
compounds exhibit SAR profile similar to that shown 
by the quinazoline series of EGFR inhibitors. Carbon 
atom bearing a cyano group can sometimes be 
bioisosteric with an azomethine group that is 
hydrogen bonded to a water molecule. Compound 
(48), quinoline-3-carbonitrile with EGFR IC50 =0.0075 
μM, is potentially comparable to the quinazolines that 
has EGF-R IC50 = 0.0022 μM in their ability to inhibit 
EGF-R kinase. Compound (48) is about twice as 
potent in inhibiting the growth of both A431 (IC50 = 
0.78 μM) and SKBR3 lines (IC50 = 0.48 μM) as its 
quinazoline analogue, A431IC50 = 1.52 μM and 
SKBR3 IC50 = 0.82 μM. It is also a more potent 
inhibitor of the SW620 control line [149]. 

N

CN

HN

O

O

Br

(48)
 

In the aim of having irreversible inhibitors of 
EGFR and HER-2 kinases, a series of 6,7-
disubstituted-4-anilinoquinoline-3-carbonitrile 
derivatives was prepared. These inhibitors are 
characterized by the presence of Michael acceptors 
(butynamide, crotonamide and methacrylamide) 
bearing water-solubilizing substituents at the 6-
position. Depending on competitive reactivity studies, 
the attaching of dialkylamino group onto the end of 
the Michael acceptor produces compounds with 
greater reactivity due to intramolecular catalysis. This, 
along with improved water-solubility lead to 
compounds having enhanced biological properties. 
Compound (49), (EKB-569), selected for clinical 
trials for the treatment of cancer, has EGFR IC50= 
0.083 μM, HER-2 IC50 =1.23 μM, A431 IC50 = 0.08 
μM, SKBR3 IC50= 0.01 μM and SW620 IC50 = 0.68 
μM, and shows excellent oral in-vivo activity [150]. 
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Compound (50), (HKI-272), was produced by 

optimization of 6,7-Disubstituted-4-(arylamino)-

quinoline-3-carbonitriles via attaching a large 
lipophilic group at p-position of the 4-(arylamino)ring 
with the maintenance of basic dialkylamino group at 
the end of the Michael acceptor for activity and 
improved water solubility resulting in improved 
potency for inhibiting HER-2 kinase. Compound (50), 
HKI-272, hasHER-2 IC50 =0.059 μM, EGFR IC50= 
0.092 μM, A431 IC50 = 0.086 μM, SKBR3 IC50 = 
0.0018 μM and SW620 IC50 = 0.730μM, compared to 
EGFR kinase inhibitor (49), (EKB-569). Regarding to 
binding studies, compound (50), HKI-272, (C-14 
radiolabeled), shows binding irreversibly to HER-2 
protein in BT474 cells. Its oral activity is excellent, 
especially in HER-2 overexpressing xenografts and 
selected for clinical trials of cancer treatment [151]. 
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Compound (51) and (52), derivatives of the 

synthesized of 4-(2-aryl-cyclopropyl amino)-
quinoline-3-carbonitriles series as EGFR inhibitors, 
show potent in-vitro inhibitory activity in the 
enzymatic assay and the functional cellular assay. The 
presence of 3-(1-morpholinyl)propyloxy at C-7 
position of compound (51) dramatically increases 
potency with Ki of 8.4 nM and shows excellent 
cellular activity with IC50 at ~5 nM while compound 
(52), 4-[(trans-2-phenylcyclo-propyl)amino]-6-
methoxy-7-[3-(4-methyl-piperazinyl)propoxy]-
quinoline-3-carbonitrile, is the most potent EGFR 
inhibitor in this chemical class, having EGFR Ki=3 
nM[152]. 

N

HN

CNO

ON

X
(51): X: O
(52): X: NCH3

 
New Schiff’s base derivatives, 2-(2-methyl-5-

nitro-1H-imidazol-1-yl)-N'-(quinolin-3-ylmethyl-ene)-
acetohydrazides, had been synthesized by reaction 
between 2-phenoxyquinoline-3-carb-aldehydes and 2-
(2-methyl-5-nitro-1H-imidazol-1-yl) acetohydrazide 
in ethanol using nickel(II) nitrate as a catalyst under 
reflux. By testing all the prepared compounds for 
anticancer and inhibition of EGFR, the majority of the 
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compounds show effective anti-proliferation and 
inhibition of EGFR and HER-2 activities. Compound 
(53), the most effective inhibitor, has EGFR IC50 = 
0.12 ± 0.05 μM due to its binding into the active 
pocket of EGFR receptor with minimum binding 
energy (∆Gb = -58.3691 kcal/mol). The binding is 
stabilized by two hydrogen bonds, two π–cation and 
one π–sigma interactions. Compound (54) shows most 
HER-2 effective inhibition with HER-2 IC50 = 0.37 ± 
0.04 µM [153]. 

N
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O
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N
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N

N

O2N CH3

(53): R1: CH3,     R2: OCH3
(54): R1: H,         R2: F

 
On the basis of molecular hybridization 

technique, a new series of pyrazole-quinoline-pyridine 
hybrids was designed and synthesized by a base-
catalyzed one-pot multicomponent cyclo-condensation 
reaction. Enzyme inhibitory activities evaluation of all 
compounds was achieved against EGFR and FabH for 
testing in-vitro anticancer and antibacterial activities. 
The majority of compounds show effective anticancer 
and antibacterial activities against used cancer cell 
lines and strains, respectively. Compound (55) has 
EGFR IC50 = 0.51 ± 0.05 µM while compound (56) 
displays the most potent FabH inhibitory activity with 
FabH IC50 of 3.1µM. Compound (55) is bound into 
the EGFR active pocket with three hydrogen bond and 
one π-cation interaction with minimum binding energy 
∆Gb = -54.6913 kcal/mol, while compound (56)is 
bound into the FabH active site with hydrogen bond 
and π-sigma interactions with minimum binding 
energy ∆Gb = -45.9125 kcal/mol, according to 
molecular modeling study [154]. 

(55): R1: CH3,     R2: COOEt
(56): R1: H,        R2: CN
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For the potent type I inhibitors of clinically 
relevant mutant EGFR variants synthesis, a series of 
6-and 7-substituted 4-anilinoquinolines were prepared 
and biologically evaluated. All reversible quinolines 
of this series show a decreased affinity in drug 
resistant EGFR-Leu858Arg-Thr790Met but the 
irreversible inhibitor, compound (57), retains potency 
with IC50 = 3.2 ±1.6 nM. The ability of compound (57, 
irreversible) and (58, reversible), highly active kinase 
inhibitors in biochemicalassays, to inhibit patient 
derived NSCLC cell lines growth expressing mutant 
EGFR was evaluated. They robustly decrease viability 
of EGFR-mutated PC9 cells at submicromolar 
concentrations in the range of the activity of the 
quinazoline Erlotinib [155]. 
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Compound (59), (60) and (61), 4-
Anilinoquinoline derivatives having a 2,2,6,6-
tetramethylpiperidine-N-oxyl (TEMPO), had been 
synthesized. Their ability to inhibit both EGFR 
tyrosine kinase and A431 cell lines was evaluated. In 
comparison to their corresponding non-TEMPO 
parent compounds, these TEMPO bearing compounds 
are more efficient EGFR and A431 cells inhibitors as 
shown in Table (2)[156]. 
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Table (2): The biological activities of compounds (59-
61) in comparison to their parent compounds. 

Compound A431 IC50 

(µM) 
EGFR IC50 

(nM) 
(59) 45.46 ± 2.01 623 ± 79 
(60) 43.21 ±3.41 342 ± 27 
(61) 38.14 ± 2.47 422 ± 18 
Parent compound of (59) 97.85 ± 0.6 9021 ±124 
Parent compound of (60) 93.99 ± 1.81 8719 ± 38 
Parent compound of (61) 88.83 ± 1.78 9284 ± 231 

 
2.9 IGF-1R Inhibitors: 

The insulin-like growth factor-1receptor (IGF-
1R) is one of growth factor receptor tyrosine kinases. 
It is overexpressed in human cancer cells and involved 
in the production of new tumors. The preparation of 
IGF-1R inhibitors may impede tumor growth 
providing new cancer therapeutics [157-162]. 

Compound (62), a derivative of 3-
cyanoquinolines series having low 
nanomolarinhibitors of IGF-1R, has IGFR IC50 =0.009 
± 0.003µM, encouraging activity in the assay of a 
cellular myeloid [163]. 

N

CN

HN
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ON

N

Cl

S
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Most analogues of the new designed, 
synthesized, and cytotoxic activity evaluated 2-
phenylquinolin-4-ones series exhibit significant 
inhibitory activity (IC50 values of 0.03-8.2 μM) 
against all tested tumor cell lines. Compound (63), one 
of the most potent analogue, 2-(3-fluorophenyl)-5-
hydroxy-6-methoxy-quinolin-4-one, selectively 
inhibits 14 cancer cell lines, (SR, Colo 205, NCI-
H522, HCC-2998, HT-29, SF-539, SNB-75, MDA-
MB-435, IGROV1, OVCAR-3, NCI/ADR-RES, RXF-
393, HL-60, and DU-145), out of the NCI 60 cancer 
cell lines evaluation. 

Independence on preliminary action study 
mechanism, it was suggested that, compound (63) has 
a significant effect on the insulin-like growth factor-1 
receptor (IGF-1R) tyrosine autophosphorylation. It 
shows no significant effect on normal biological 
functions of most enzymes tested, according to safety 
pharmacology profiling, while compound (64), the 
monophosphate derivative of compound (63), 
exceedsthe doxorubicin activity. It is also compared to 
compound(65), known asCHM-1-P-Na, (2-(2-fluoro-
phenyl)-6,7-methylenedioxyquinolin-4-one-mono-
sodium phosphate, which has potent cytotoxicity, 
excellent antitumor activity and extremely safe to use 
[164-165] in a Hep3B xenograft nude mice model. 
Compound (64) is a promising clinical candidate and 
is currently under preclinical study [166]. 
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2.10 CSF-1R Inhibitors: 

Solid tumors comprise a number of cell types in 
addition to malignant cells, including macrophages 
(tumor-associated macrophages, TAMs) that have 
many promotion roles in tumor progression and also 
metastasis [167, 168]. The monocyte/macrophage 
development and proliferation dependupon the 
receptor tyrosine kinase CSF-1R signaling pathway 
and its ligand CSF-1 (called macrophage colony 
stimulatory factor, M-CSF) [169]. 

Through the subset screening of the AstraZeneca 
collection, several series with good CSF-1R inhibition 

activity were identified, including compounds known 
or expected to have kinases inhibition activity. In 
terms of both CSF-1Rpotency and kinase selectivity, 
the most promising of the hit series is 3-Amido-4-
anilino-6,7-dimethoxyquinolines series. One of the 
screening hits was compound (66) that has IC50 = 19 
nM. Compound (67) was screened against a panel of 
150 kinases at 1μM and displayed remarkable kinase 
selectivity. Apart from CSF-1R, significant activity is 
only observed against GSK3a and EphB4. Dimethoxy 
scaffold compounds have best moderate aqueous 
solubility. Compound (67) has good rats 
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bioavailability, and also an activity in a mouse PD 
model [169]. 

N
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MeO

MeO

NH2

O

RF

(66) : R: Cl 
(67) : R: F

 
 
The optimized3-amido-4-anilinoquinolines series 

compounds with CSF-1R kinase inhibition effecthave 
excellent activity and kinase selectivity. The 
introduction of cyclic amines at the quinoline 6-
position led to formation of analogues having 
excellent physical properties, rodent PK profiles. Also 
analogues having good activity in a mouse PD model 
measuring of pCSF-1R inhibition are identified. 
Compound (68) is the 2,4-di-F analogue having both 
good in-vitro activity (0.23 μM in the cell) and 
excellent in-vivo PK, while compound (69), 2,3-di-Cl 
analogue, has higher clearance in rats than compound 
(68), but is very potent in the cell assay (0.06 μM)[170]. 
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2.11 PDGFR Inhibitors: 
Platelet-derived growth factor receptors, 

PDGFR, are cell surface tyrosine kinase receptors for 
the PDGF family members. PDGFR has two forms, α 
and β, each encoded by a different gene [171, 172]. It is a 
compelling target for developing therapeutic agents to 
treat diseases associated with over-activated platelet-
derived growth factor (PDGF) signaling and cancer 
treatment [173]. 

Compound (70) and (71) are analogues of the 
newly designed and synthesized series of quinoline 
ether inhibitors, which potently and selectively inhibit 
PDGFR tyrosine kinases. They are selective potent 
PDGFR α and β inhibitors at low nanomolar 
concentration. They inhibit the phosphorylation of 
PDGFR α and β in xenograft tissue in a dose 
dependent manner. By giving them orally twice daily 
at low doses, they display good pharmacokinetics in 
rat and dog and are active in-vivo. Compounds (70) 

and (71) have the potential to become clinically useful 
anti-angiogenic agents [174]. 

(70): R1: H,        R2: OMe,        X: C ,   Ar: 4-pyrazolyl-1, 3-diMe
(71): R1: OMe,        R2: OEt,    X: N ,   Ar: 3-pyrazolyl-4-Me-5-Et
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2.12 TGF- β type I receptor Inhibitors: 

Transforming growth factor- β (TGFβ) receptors 
are single pass serine/threonine kinase receptors. They 
exist in several different isoforms [homo- or 
heterodimeric] [175]. Signaling from TGF-β through its 
unique trans-membrane receptor plays a complex role 
in carcinogenesis, having both tumor suppressor and 
oncogenic activities [176]. The ability of TGF-β to 
potentially inhibit the proliferation of epithelial, 
endothelial, and hematopoietic cell lineages is 
centralto the tumor suppressing mechanism [177]. 

Compound (72), (LY364947), was reported as 
pyrazole-based inhibitor of the TGF-β type I receptor 
kinase domain (TβR-I) featuring quinoline-4-yl 
warhead that was shown to hydrogen bond with the 
peptide backbone in the ATP binding pocket. It has 
IC50 = 51nM. Its co-crystallization and X-ray analysis 
were also reported [178]. 
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A new series, based on the 5,6-dihydro-4H-

pyrrolo[1,2-b]pyrazole scaffold that featured 
additional substitutions at the quinoline-4-yl warhead 
ring systems and the 2-pyridyl group, was designed, 
synthesized. The resulting compounds were evaluated 
as inhibitors of TGF-βRIK, TGF-β dependent 
luciferase production in mink lung cells (p3TP Lux), 
growth in mouse fibroblasts (NIH3T3) and p38 MAP 
kinase. Compound (73) is a potent example of this 
new series, with the TβR-I receptor kinase domain, 
having TGF-β RI IC50 = 0.104 ± 0.033µM. According 
to reported co-crystallization and X-ray crystal 
structures of compounds (73) bound to the ATP site of 
the TβR-I kinase domain, the minimum requirements 
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for tight binding at the active site consist of the 
presence of a 2-pyridyl group on the 3-position of the 
pyrazole ring and heteroaryl substituent at the 4-
position featuring a hydrogen bond acceptor [179]. 

 

N
NN

N

(73)

 
 
The optimization of a dihydropyrrolo-pyrazole 

series of TGF-βR Kinase domain inhibitors led to 
discovery of an orally bioavailable TGF-β RI 
Inhibitor, compound (74), (LY2109761), as antitumor 
agent having TGF-β RI IC50 = 0.069 ± 0.031µM [180]. 
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