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Abstract 

The synthesis of 4-arylidene-3-methyl-1-(4-(5,6,7,8-tetrahydronaphthalen-2-yl)thiazol-2-yl)-1H-pyrazol-5(4H)-ones was 
described as a successful multi-component condensation reaction. Thiazole and pyrazolone are simultaneously formed during 
the synthesis process, and an active methylene group is condensed with an aryl aldehyde using the Knoevenagel reaction. 
Some of the remarkable characteristics of this technique are quick reaction times, gentle environmental conditions, 
straightforward operation, streamlined purification, and acceptable yields. The newly synthesized compounds were assessed 
as anticancer agents on HCT-116, HepG-2, and MCF-7 human cancer cells and one human healthy cell line (BJ-1) using the 
LDH assay. The most active compounds were examined as VEGFR inhibitors. Moreover, a molecular docking study was 
conducted to identify the binding interactions of the most potent candidates (6e, 6g, and 6i), within the active sites of the 
Vascular Endothelial Growth Factor Receptor (VEGFR-2/KDR) kinase. Compounds 6e, 6g and 6i exhibited the most 
favorable binding interaction scores with the targeted enzyme. Furthermore, the bioassay results demonstrated that the three 
selected compounds (6e, 6g, and 6i) displayed highly promising activities by significantly inhibiting VEGFR-2 kinase at very 
low IC50 values compared to their cytotoxicity IC50 outcomes. 
 
Keywords: Thiazolyl-pyrazolone; Tetrahydronaphthalene; Multi-component condensation, Anticancer; VEGFR-2, Molecular docking. 
  

1. Introduction 
Cancer is a complex disease that results from a 
combination of environmental and hereditary 
variables. According to the World Health 
Organization (WHO), it is one of the major causes of 
death worldwide for millions of people under the age 
of 70 [1,2]. Four basic processes are involved in the 
development of cancer: angiogenesis, unchecked cell 
division, apoptosis avoidance, and metastasis [3,4]. 
The majority of cancer treatment programs are based 
on traditional chemotherapy used either as a curative 
measure after surgery, to lessen symptoms, or as a 
means of extending life after the procedure in 
conjunction with radiation therapy. Even though 
many chemotherapeutics have been successful in 
treating cancer, researchers continue to face a 

difficult task in developing new, safe, and effective 
chemotherapeutics to address issues such as drug 
resistance, high toxicity, and the increased risk of 
side effects from combination therapy protocols 
[5,6]. 

Designing, synthesizing, and developing 
compounds with the potential to be used as 
medicines for humans is one of the main goals of 
organic and medicinal chemistry. It therefore 
supports the urgent need for innovative 
chemotherapy drugs with stronger anticancer 
activity. Recently, it has been demonstrated in the 
literature that pyrazole and thiazole derivatives have 
a wide range of biological characteristics, primarily 
being ACE inhibitors [7,8], anticancer [9-13], anti-
inflammatory, analgesic [14-16], antioxidant [17], 
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antihyperglycemic [18], anti-histaminic [19], and 
anti-viral [20].  

Furthermore, certain compounds such as 
pyrazoles and thiazoles demonstrated broad-
spectrum antibacterial action [21,22]. They exhibit 
strong therapeutic actions including powerful anti-
HIV drugs, and anticancer [7,8,21-27]. 

Several pyrazole-containing moieties have 
previously found their therapeutic application in 
clinical settings, as NSAIDs like phenylbutazone (for 
rheumatoid arthritis and osteoarthritis), antipyrine 
(for analgesic and antipyretic effects), novalgin, 
Tartrazine, Ramifenazone and many others are 
already present in the market [8,28].  

Numerous common medications with a 
thiazole core are used in chemotherapy, including 
dasatinib (treats some cases of chronic myelogenous 
leukemia and acute lymphoblastic leukemia) and 
tiazofurin (has potential clinical use in cancer 
treatment as it is a potential inhibitor of Inosine- 5'-
monophosphate (IMP) dehydrogenase 1) [7,27,28]. 
More than 18 FDA-approved medications have been 
found to include the thiazole scaffold. Recently, the 
FDA approved the drug alpelisib for the treatment of 
specific forms of breast cancer [29]. 
            Compounds 1 and 2 are thought to have 
exceptional anti-inflammatory and analgesic profiles 
with a rapid onset of action along with a super GI 
safety profile and safety margin for compounds 
containing the thiazole ring system. Several drugs 
and active natural molecules such as epothilones 
(cancer drugs), vitamin thiamine, dasatinib (used for 
treatment of leukemia), sulfathiazole (antimicrobial 
drug), cefdaloxime (cephalosporin antibiotic), 
Sodelglitazar and tiazofurin (antineoplastic drug) 
have thiazole moiety (Figure 1). 

Fig. 1: The chemical structures of different pyrazole and 
thiazole- based drugs

 
We have reported here the practical method 

for the synthesis of novel derivatives based on 
thiazolyl-pyrazolone scaffold conjugated with 
5,6,7,8-tetrahydronaphthalene as new hybrid 
molecules in the light of the aforementioned factors 
and in continuation of our investigations into the 
synthesis of biologically active heterocyclic 
compounds for finding new potent anticancer agents 
[30-37]. Using the LDH test, the newly synthesized 
compounds were evaluated as anticancer agents 
against the human cancer cell lines HCT-116, HepG-
2 and MCF-7 as well as one healthy cell line (BJ-1) 
to study the safety profile of the new compounds. 

The primary tyrosine kinase class 
responsible for endothelial cell proliferation, 
migration, survival, and angiogenic stimulation is 
called vascular endothelial growth factor receptor, or 
VEGFR [38,39].  

 Out of the three VEGF receptors, VEGFR-
2 is the main receptor that causes the body's VEGF-
stimulated angiogenesis and cell proliferation [38, 
40]. Numerous malignancies have been shown to 
develop and spread through the upregulation of the 
VEGFR-2 signaling pathway [41,42]. Elevated 
levels of circulating VEGF have been reported in 
some metastatic tumors [43,44], and may be 
predictive of future outcomes for some malignancies. 

Accordingly, the most active anticancer 
agents were evaluated as VEGFR inhibitors.  
2. Experimental: 
2.1. General 

All newly synthesized compounds were 
measured their melting points using electric 
apparatus melting point (Weiss-Gallenkamp, 
London). Elemental analyses were determined in the 
Microanalytical unit, National Research Centre 
(NRC). FTIR spectra were recorded on a Bruker 
spectrometer (Bruker Tensor 27, Tokyo). The 1H- 
and 13C-NMR spectra were measured by NMR 
spectrometer a JEOL E.C.A-(500 MHz) for 1H NMR 
using an internal standard TMS with deuterated 
DMSO solvent and 125 MHz for 13C NMR in NRC, 
using. Chemical shifts (δ) were reported in parts per 
million (ppm) relative to an internal reference TMS 
and coupling constants (J) are reported in Hertz (Hz). 
Mass spectra were recorded on a Shimadzu EIMS 
spectrometer (GCMS-QP 1000 EX, 70 Ev). Monitor 
the reactions follow and check the compounds purity 
via TLC (Type 60, F 254, Merck, Darmstadt, 
Germany) and were identified spots by UV light at 
254 nm. Compound (1), was prepared as previously 
reported [36].  
  
2.1.1. 2-bromo-1-(5,6,7,8-tetrahydronaphthalen-2-
yl)ethanone (1)  
It was prepared by the reaction of acetyl tetralin 
with bromine according to the previously 
reported methodology [36]. 
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 2.1.2. General procedure for the synthesis of 6a-j  
A reaction mixture of 1 mmol of 2- acetyl -1- (5, 6, 
7, 8- tetrahydronaphthalen- 2- yl) bromide (1), 1 
mmol of thiosemicarbazide and 1 mmol of ethyl 
acetoacetate was heated under reflux at 55oC, 2 h in 
10 ml of acetic acid, cooled; 2 mmol sodium acetate 
and 1.2 mmol aryl aldehyde were added and heated 
at 85oC about 2 h. The gained precipitate that formed 
after cooling was filtered off washed with 3 × 10 ml 
water and 10 ml ethanol, respectively, dried in air 
and recrystallized from Ethanol/DMF mixture (2:1) 
to give 6 in good yield.  
 
 2.1.2.1. 4-benzylidene-3-methyl-1-(4-(5,6,7,8-
tetrahydronaphthalen-2-yl)thiazol-2-yl)-1H-
pyrazol-5(4H)-one (6a) 
Yield: 78 %; brown powder; m.p.: 238-240oC; IR 
(KBr, cm-1): υ 2925 (CH, alicyclic),  1658 (C=O, 
pyrazolone), 1602 (C=N); 1H NMR (500 MHz, 
DMSO-d6, δ ppm): 1.63-1.88 (m, 7H, 2CH2 of 
tetrahydronaphthalene and CH3 of pyrazolone), 2.61-
2.70 (m, 4H, 2CH2 of tetrahydronaphthalene), 6.85-
7.61 (m, 9H, 8H- Ar-H and 1H, Ar-CH=), 7.92 (s, 
1H, CH of thiazole); 13C NMR (126 MHz, DMSO-
d6, δ ppm): 17.02 (CH3), 23.15, 23.19 (2CH2), 29.10, 
29.28 (2CH2), 108.53, 128.44, 128.92, 129.3, 129.36, 
130.46, 131.88, 137.13, 137.37,  147.57,  149.84 and 
162.83 (C=O); MS: m/z (%) 400.41 (M++1, 18);  
Analysis for C24H21N3OS (399.51), calcd.: C, 72.15; 
H, 5.30; N, 10.52. Found: C, 72.11; H, 5.25; N, 
10.49.  
 
 2.1.2.2. 3-methyl-4-(4-methylbenzylidene)-1-(4-
(5,6,7,8-tetrahydronaphthalen-2-yl)thiazol-2-yl)-
1H-pyrazol-5(4H)-one (6b) 
Yield: 79%; black crystals; m.p.: 230-232oC; IR 
(KBr, cm-1): υ 2921 (CH, alicyclic),  1657 (C=O, 
pyrazolone), 1610 (C=N); 1H NMR (500 MHz, 
DMSO-d6, δ ppm):  1.66-1.88 (m, 7H, 2CH2 of 
tetrahydronaphthalene and CH3 of pyrazolone), 2.27 
(s, 3H, CH3), 2.63-2.70 (m, 4H, 2CH2 of 
tetrahydronaphthalene), 6.98-7.50 (m, 8H, 7H- Ar-H 
and 1H, Ar-CH=), 7.92 (s, 1H, CH of thiazole) ppm; 
13C NMR (125 MHz, DMSO-d6, δ ppm): 16.02 
(CH3), 21.12 (CH3), 23.2, 23.25 (2CH2), 29.09, 
29.26 (2CH2), 107.9, 122.39, 125.69, 128.06, 129.25, 
130.08, 134.60,  136.88, 137.06, 143.82, 147.63, 
150.7 and 162.82 (C=O); MS: m/z (%) 413.00 (M+, 
23), 411.50 (M+-2, 21);  Analysis for C25H23N3OS 
(413.54), calcd.: C, 72.61; H, 5.61; N, 10.16. Found: 
C, 72.57; H, 5.59; N, 10.17. 
 
 2.1.2.3. 4-(4-methoxybenzylidene)-3-methyl-1-(4-
(5,6,7,8-tetrahydronaphthalen-2-yl)thiazol-2-yl)-
1H-pyrazol-5(4H)-one (6c)  
Yield: 77%; light brown crystals; m.p.: 248-250oC; 
IR (KBr, cm-1): υ 2926 (CH, alicyclic), 1668 (C=O, 
pyrazolone), 1607 (C=N), 1583 (C=C); 1H NMR 
(500 MHz, DMSO-d6, δ ppm): 1.63-1.88 (m, 7H, 
2CH2 of tetrahydronaphthalene and CH3 of 

pyrazolone), 2.61-2.69 (m, 4H, 2CH2 of 
tetrahydronaphthalene), 3.69 (s, 3H, OCH3), 6.88-
7.61 (m, 8H, 7H- Ar-H and 1H. Ar-CH=), 7.92 (s, 
1H, CH of thiazole); 13C NMR (125 MHz, DMSO-
d6, δ ppm): 17.43 (CH3), 23.20, 23.89 (2CH2), 29.09, 
29.29 (2CH2), 55.57 (OCH3), 108.94, 114.93, 
116.93, 124.71, 125.82, 129.18, 129.32, 136.34, 
137.09, 140.43, 141.22, 146.31, 151.83, 158.9 and 
162.82 (C=O) ppm; MS: m/z (%) 431.74 (M+ +2, 
59), 429.93 (M+, 62);  Analysis for C25H23N3O2S 
(429.53), calcd.: C, 69.91; H, 5.40; N, 9.78. Found: 
C, 69.87; H, 5.37; N, 9.76. 
 
2.1.2.4. 4-(3,5-dimethoxybenzylidene)-3-methyl-1-
(4-(5,6,7,8-tetrahydronaphthalen-2-yl)thiazol-2-
yl)-1H-pyrazol-5(4H)-one (6d)  
Yield: 78%; brick red crystals; m.p.:224-226oC; IR 
(KBr, cm-1): υ 2925 (CH, alicyclic), 1656 (C=O, 
pyrazolone), 1592 (C=N); 1H NMR (500 MHz, 
DMSO-d6, δ ppm): 1.66-1.88 (m, 7H, 2CH2 of 
tetrahydronaphthalene and CH3 of pyrazolone), 2.7 
(br s, 4H, 2CH2 of tetrahydronaphthalene), 3.66 (s, 
6H, 2OCH3), 6.38-7.66 (m, 7H, 6H- Ar-H and 1H, 
Ar-CH=), 7.92 (s, 1H, CH of thiazole); 13C NMR 
(125 MHz, DMSO-d6, δ ppm): 11.88 (CH3), 21.57, 
23.19 (2CH2), 29.10, 29.29 (2CH2), 55.69, 56.45 
(2OCH3), 99.30, 104..76, 106.61, 106.93, 122.79, 
125.49, 125.86, 126.88, 129.27, 131.65, 132.22, 
136.92, 145.13, 145.97, 150.91, 161.19, 161.47 
(C=O) ppm;   MS:  m/z (%) 458.49 (M+, 7), 453.26 
(61); Analysis for C26H25N3O3S (459.56), calcd.: C, 
67.95; H, 5.48; N, 9.14. Found: C, 67.92; H, 5.45; N, 
9.15. 
 
 2.1.2.5. 4-(3-hydroxy-4-methoxybenzylidene)-3-
methyl-1-(4-(5,6,7,8-tetrahydronaphthalen-2-
yl)thiazol-2-yl)-1H-pyrazol-5(4H)-one (6e)  
Yield: 82 %; dark brown powder; m.p.: 280-282oC; 
IR (KBr, cm-1): υ 3215 (OH), 2921 (CH, alicyclic), 
1658 (C=O, pyrazolone), 1605 (C=N); 1H NMR (500 
MHz, DMSO-d6, δ ppm): 1.66-1.88 (m, 7H, 2CH2 of 
tetrahydronaphthalene and CH3 of pyrazolone), 2.64-
2.69 (m, 4H, 2CH2 of tetrahydronaphthalene), 3.64 
(s, 3H, OCH3), 6.76-7.06 (m, 6H, Ar-H), 7.63 (s, 1H, 
Ar-CH=), 7.92 (s, 1H, CH of thiazole), 9.16 (s, 1H, 
OH) ppm; 13C NMR (125 MHz, DMSO-d6, δ ppm): 
15.76 (CH3), 23.21, 23.23 (2CH2), 29.06, 29.13 
(2CH2), 56.37 (OCH3), 108.51, 111.62, 116.35, 
123.07, 125.98, 128.23, 129.23, 130.19, 133.52, 
136.23, 137.39, 142.9, 145.08, 147.53 (C-OH), 
149.16, 150.1 and 162.69 (C=O);  MS: m/z (%) 
443.66 (M+-2, 100); Analysis for C25H23N3O3S 
(445.53), calcd.: C, 67.40; H, 5.20; N, 9.43. Found: 
C, 67.36; H, 5.18; N, 9.39. 
 
2.1.2.6. 4-(2-hydroxybenzylidene)-3-methyl-1-(4-
(5,6,7,8-tetrahydronaphthalen-2-yl)thiazol-2-yl)-
1H-pyrazol-5(4H)-one (6f)  
Yield: 69%; black crystals; m.p.: 254-256oC; IR 
(KBr, cm-1): υ 3109 (-OH), 2921 (CH, alicyclic), 
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1656 (C=O, pyrazolone), 1605 (C=N); 1H NMR (500 
MHz, DMSO-d6, δ ppm): 1.65-1.88 (m, 7H, 2CH2 of 
tetrahydronaphthalene and CH3 of pyrazolone), 2.65-
2.70 (m, 4H, 2CH2 of tetrahydronaphthalene), 6.84-
7.22 (m, 7H, Ar-H), 7.64 (s, 1H, Ar-CH=), 7.92 (s, 
1H, CH of thiazole), 9.66 (s, 1H, OH) ppm; 13C 
NMR (125 MHz, DMSO-d6, δ ppm):  15.78 (CH3), 
22.76, 23.24 (2CH2), 29.16, 29.43 (2CH2), 108.63, 
117.25, 123.68, 126.88, 128.13, 129.06, 129.15, 
130.30, 131,71, 136.54, 138.12, 148.64, 151.22, 
152.41, 154.85 and 162.82 (C=O); MS: m/z (%)  
414.66 (M+-1, 15);  Analysis for C24H21N3O2S 
(415.51), calcd.: C, 69.37; H, 5.09; N, 10.11. Found: 
C, 69.35; H, 5.07; N, 10.09. 
 
 2.1.2.7. 4-((3-methyl-5-oxo-1-(4-(5,6,7,8-
tetrahydronaphthalen-2-yl)thiazol-2-yl)-1H-
pyrazol-4(5H)-ylidene)methyl)benzonitrile (6g)  
Yield: 85 %; dark brown crystals; m.p.: 232-234 oC; 
IR (KBr, cm-1): υ 2918 (CH, alicyclic), 2226 (CN), 
1655 (C=O, pyrazolone), 1606 (C=N). 1H NMR (500 
MHz, DMSO-d6, δ ppm): 1.66-1.96 (m, 7H, 2CH2 of 
tetrahydronaphthalene and CH3 of pyrazolone), 2.62-
2.69 (m, 4H, 2CH2 of tetrahydronaphthalene), 6.92-
7.84 (m, 8H, 7H- Ar-H and 1H, Ar-CH=), 7.92 (s, 
1H, CH of thiazole); 13C NMR (125 MHz, DMSO-
d6, δ ppm) 15.08 (CH3), 23.16, 23.2 (2CH2), 29.08, 
29.3 (2CH2), 109.97, 111.14, 117.66 (CN), 122.84, 
126.89, 127.93, 129.98, 130.84, 133, 137.24, 137.54, 
143.07, 147.2, 150.25 and 162.84 (C=O); MS, m/z 
(%):  424.14 (M+, 12); Analysis for C25H20N4OS 
(424.52), calcd.: C, 70.73; H, 4.75; N, 13.20. Found: 
C, 70.69; H, 4.72; N, 13.18. 
 
 2.1.2.8. 4-(4-fluorobenzylidene)-3-methyl-1-(4-
(5,6,7,8-tetrahydronaphthalen-2-yl)thiazol-2-yl)-
1H-pyrazol-5(4H)-one (6h)  
Yield: 77%; brown powder; m.p.: 256-258oC; IR 
(KBr, cm-1): υ 2919 (CH, alicyclic),  1653 (C=O, 
pyrazolone), 1602 (C=N), 1224 (C-F); 1H NMR (500 
MHz, DMSO-d6, δ ppm): 1.65-1.88 (m, 7H, 2CH2 of 
tetrahydronaphthalene and CH3 of pyrazolone), 2.62-
2.69 (m, 4H, 2CH2 of tetrahydronaphthalene), 6.87-
7.40 (m, 7H, Ar-H), 7.63 (s, 1H, Ar-CH=), 7.92 (s, 
1H, CH of thiazole) ppm; 13C NMR (125 MHz, 
DMSO-d6, δ ppm): 16.03 (CH3), 23.11, 23.18 
(2CH2), 29.08, 29.27 (2CH2), 109.28, 115.94, 
116.45, 122.97, 127.11, 128.92, 129.48, 129.77, 
130.31, 137.18, 137.34, 143.46, 146.03, 149.28, 
151.29, 154.08, 162.84 (C-F) and 163.34 (C=O); 
MS, m/z (%):  416.47 (M+ -1, 100);  Analysis for 
C24H20FN3OS (417.50), calcd.: C, 69.04; H, 4.83; N, 
10.06. Found: C, 69.08; H, 4.79; N, 10.09. 
 
2.1.2.9. 4-(4-chlorobenzylidene)-3-methyl-1-(4-
(5,6,7,8-tetrahydronaphthalen-2-yl)thiazol-2-yl)-
1H-pyrazol-5(4H)-one (6i)  
Yield: 67%; brown powder; m.p.: 272-274oC; IR 
(KBr, cm-1): υ 2928 (CH, alicyclic), 1654 (C=O, 

pyrazolone), 1599 (C=N), 813 (C-Cl). 1H NMR (500 
MHz, DMSO-d6, δ ppm): 1.65-1.88 (m, 7H, 2CH2 of 
tetrahydronaphthalene and CH3 of pyrazolone), 2.61-
2.69 (m, 4H, 2CH2 of tetrahydronaphthalene), 6.83-
7.54 (m, 8H, 7H- Ar-H and 1H, Ar-CH=), 7.92 (s, 
1H, CH of thiazole) ppm; 13C NMR (125 MHz, 
DMSO-d6, δ ppm): 15.57 (CH3), 23.19, 23.25 
(2CH2), 29.12, 29.51 (2CH2), 108.41, 126. 87, 
129.03, 129.23, 129.44, 130.28, 133.11, 134.13, 
136.88, 137.69, 139.98, 143.14, 143.16, 147.27, 
150.71 and 165.78 (C=O); MS, m/z (%):  433.54 
(M+, 5); Analysis for C24H20ClN3OS (433.95), calcd.: 
C, 66.43; H, 4.65; N, 9.68; Found: C, 66.39; H, 4.63; 
N, 9.69. 
 
2.1.2.10. 4-(4-bromobenzylidene)-3-methyl-1-(4-
(5,6,7,8-tetrahydronaphthalen-2-yl)thiazol-2-yl)-
1H-pyrazol-5(4H)-one (6j)  
Yield: 74%; brown powder; m.p.: 230-232oC; IR 
(KBr, cm-1): υ 2924 (CH, alicyclic),  1653 (C=O, 
pyrazolone), 1590 (C=N), 660 (C-Br); 1H NMR (500 
MHz, DMSO-d6, δ ppm):  1.63-1.91(m, 7H, 2CH2 of 
tetrahydronaphthalene and CH3 of pyrazolone), 2.62-
2.69 (m, 4H, 2CH2 of tetrahydronaphthalene), 6.83-
7.62 (m, 8H, 7H- Ar-H and 1H, Ar-CH=), 7.92 (s, 
1H, CH of thiazole) ppm; 13C NMR (125 MHz, 
DMSO-d6, δ ppm): 14.33 (CH3), 23.18, 23.21 
(2CH2), 29.11, 29.15 (2CH2), 108.12, 115.58, 122.78 
(C-Br), 123.7, 127.81, 128.75, 129.25, 129.69, 
130.61, 136.97, 137.31, 143.48, 145.82, 150.53 and 
162.8 (C=O); MS: m/z  (%) 478.05 (M+, 3); Analysis 
for C24H20BrN3OS (478.40), calcd.: C, 60.25; H, 
4.21; N, 8.78. Found: C, 60.23; H, 4.19; N, 8.75.  
2.2. Biological activity 
2.2.1. Anticancer potentiality against human cell 
lines 
   

The cytotoxicity of the synthesized compounds was 
assessed using lactate dehydrogenase (LDH) release 
assay as described previously [45-49]. 
 
2.2.2. VEGFR2/(KDR) Kinase Assay 
 
Vascular endothelial growth factor receptor 2 
(VEGFR2) inhibition was carried out according to 
the manufacture supplied protocol (BPS Bioscience, 
San Diego, CA 92121, Cat. #40325) using Kinase-
Glo® MAX as a detection reagent (Promega, Cat. 
#V6071) [45].  

 
 
3. Results and discussion 
 
3.1. Chemistry 
 

In accordance with the previously outlined 
protocol, 2-acetyl-tetrahydronaphthalene was reacted 
with bromine to produce the crucial starting 
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compound, 2-acetyl-1-(5,6,7,8-tetrahydronaphthalen-
2-yl)bromide 1 [36]. 

 Equimolar amounts of 2-bromo acetyl 
tetralin 1, thiosemicarbazide 2, and ethyl acetate 3 
were combined in heated CH3COOH at 55°C to 
produce 3-methyl-1-(4-(5,6,7,8-
tetrahydronaphthalen-2-yl)thiazol-2-yl)-1H-pyrazol-
5(4H)-one 5 with an active CH2 group. Aryl 
aldehyde 4 and sodium acetate as a base were added 
to the reaction mixture without isolating the 
intermediate 5. The desired products, the thiazolyl-
pyrazolone derivatives 6a–j, are produced in good 
yields by undergoing a Knovenagel condensation 
reaction on the intermediate 5 and then an 
intramolecular dehydration [50] (Scheme 1). 
  

 
Scheme 1: Synthesis of 4-arylidene-3-methyl-1-(4-
(5,6,7,8-tetrahydronaphthalen-2-yl)thiazol-2-yl)-1H-
pyrazol-5(4H)-one derivatives 6
 

The mechanism of the reaction that led to 
the formation of products 6 was depicted in Scheme 
2 and is probably similar to those described in 
publications by Venkata et al. [51] and Aychiluhim 
et al. [52]. A 2-hydrazinyl-4-(5,6,7,8-
tetrahydronaphthalen-2-yl)thiazole was produced 
when the bromine atom of 2-acetyl-1-(5,6,7,8-
tetrahydronaphthalen-2-yl)bromide 1 was swapped 
out for a sulfur atom from a thiosemicarbazide, 
resulting in the formation of an open chain-thio 
ketone, which underwent protonation and 
intermolecular condensation to furnish a Hantzsch-
thiazole product (2-hydrazinyl-4-(5,6,7,8-
tetrahydronaphthalen-2-yl)thiazole). In order to 
capitulate the pyrazolone moiety 3-methyl-2-(4-
(5,6,7,8-tetrahydronaphthalen-2-yl) pyrazol-5-on-1-
yl) thiazole 5, which has an active CH2, the latter 
thiazolyl hydrazine underwent cyclocondensation 
reaction with ethylacetoacetate (Scheme 2), which, 
in turn, underwent the Knoevenagel condensation 
reaction with different aromatic aldehydes on active 
methylene group without isolation of the 
intermediate 5 (Scheme 2). 

Here, the base (sodium acetate) participated 
in the reaction by generating a carbanion, which then 
underwent nucleophilic addition and intramolecular 
dehydration of a water molecule to produce the 
desired products 6 in good yields [51,53].  

 
Scheme 2: A plausible mechanism for the formation 

of compounds 6
The obtained spectral analysis (FTIR, 1HNMR, 
13CNMR), as well as elemental analysis, served as
the foundation for the establishment of all the 
structures of the newly synthesized compounds 6a– 
6j. The infrared spectrum (IR) of compound 6a as a 
representative example of the corresponding 
derivatives of 6 exhibited an absorption band for 
(CO) at 1658 cm-1 of pyrazolone. Its 1H-NMR 
spectrum in DMSO-d6 displayed multiplet signals at 
δ1.63-1.88 ppm indicating that the CH3 of 
pyrazolone ring overlapped with the signals 2CH2 of 
tetralin as well as multiplet signals at δ 6.85–7.61 
ppm for the aromatic and the protons of vinylic 
group. In addition, a singlet signal was observed at δ 

7.92 ppm indicating the proton of thiazole-C5. The 
13C NMR of 6a showed a signal at δ 17.02 ppm for
methyl group in the pyrazolone  moiety and at δ 

162.83 ppm for C=O of pyrazolone. The remaining 
carbons of the proposed structure of compound 6a 
were observed in the expected regions which in 
agreement with the proposed structure.
Similarly 1H NMR spectrum of 6g  displayed 
multiplet signals in the region δ 1.66-1.96 ppm 
indicating the 2CH2 of tetralin and the CH3 of the 
pyrazolone ring and multiplet signals at δ 6.92–7.84 
ppm for the vinylic and aromatic protons, and also a 
singlet at δ 7.92 ppm indicating the proton of 
thiazole-C5. The 13C-NMR of compound 6g 
exhibited the signals at δ 15.08 ppm for methyl in the 
pyrazolone ring, δ 117.66 for CN, and at δ 162.10 for 
C=O of pyrazolone ring. The IR spectrum of 6g 
showed prominent bands at 2226 cm-1 for CN and 
1655 for C=O of the pyrazolone ring. Elemental 
analysis is in good agreement with calculated values. 
All the spectral data clearly showed the formation of 
products 6a–j.

In our work, the methodology is 
characterized by informal workup, mild conditions, 
short reaction time and clean reaction profile with 
wide range of substrate applicability
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3.2. Biological activity 
3.2.1. In Vitro Antiproliferative activity 

The selected compounds were investigated 
in vitro on HCT-116, HepG-2 and MCF-7 human 
cancer cells as well as one human normal cell 
line (BJ-1) by the LDH assay. The dead cells % 
was evaluated relative to those of the control and 
compared to that of doxorubicin. These 
compounds suppressed all cells in a dose-
dependent manner (Figs. 2 - 4). Regarding of 
HCT-116 human colorectal carcinoma cells 
according to both Fig. 2 and Table 1 it is 
observed that five compounds (6i, 6e, 6f, 6c and 
6a, respectively) have comparable cytotoxic 
activities; the rest of the compounds have 
moderate cytotoxic activity on HCT-116 
comparative to that of doxorubicin. Regarding of 
MCF-7 human breast cancer cells: all compounds 
have comparable cytotoxic activities on MCF-7 
related to the reference drug (Fig. 3 &Table 1). 
Regarding of HepG-2 human liver cancer cells: 
all compounds have superior cytotoxic activities 
on HepG-2 related to that of doxorubicin (Fig. 4 
&Table 1). Regarding of the non-tumor 
fibroblast-derived cell line (BJ): both Fig. 5 and 
Table 1 show that all the compounds have less 
cytotoxic activities against the healthy cells 
relative to that of doxorubicin. 
By comparing the cytotoxicity results on all 
cancer types relative to normal cell line, one can 
conclude that’s: five compounds (6a, 6c, 6e, 6f 
and 6i) are having good cytotoxic activities on 
the three human cancer types; five compounds 
(6b, 6d, 6g, 6h and 6j) are having good 
cytotoxicity on both human liver and breast 
cancer types rather than on the human colon 
cancer type. 

 
 
Fig. 2: Antiproliferative data of the selected compounds on 
HCT-116 cancer cells via LDH assay after 48 h of exposure.
 
 

Fig. 3: Antiproliferative data of the selected compounds on 
MCF-7 cancer cells by LDH assay after 48 h of exposure.
 
 

Fig. 4: Antiproliferative data of the selected compounds on 
HepG-2 cancer cells by LDH assay after 48 h of exposure.

 
Fig. 5: Antiproliferative data of the selected compounds on BJ-1

normal cells by LDH assay after 48 h of exposure.
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Table 1: The antiproliferative activities of compounds 6a-j (IC50; µM) against the four cell lines using LDH 
assay

Compound Code IC50 (µM) ± SD
HCT-116 HepG-2 MCF-7 BJ-1

6a 6.7 ±  0.6 1.5 ± 0.1 5.3 ± 0.2 13.5 ± 1.5
6b 11.2 ± 1.2 1.6 ± 0.1 5.6 ± 0.3 22.2 ± 2.2 
6c 6.5 ± 0.9 1.5 ± 0.1 5.4 ± 0.3 ˃ 400
6d 7.1 ± 1.0 1.6 ± 0.1 5.7 ± 0.2 13.8 ± 1.9 
6e 5.5 ± 0.4 1.5 ± 0.1 4.1 ± 0.2 21.5 ± 2.1 
6f 6.5 ± 0.4 1.6 ± 0.2 4.0 ± 0.1 20.4 ± 2.3 
6g 6.9 ± 0.6 1.4 ± 0.1 3.6 ± 0.2 20.3 ± 2.2 
6h 7.9 ± 1.1 1.5 ± 0.1 4.3 ± 0.2 15.5 ± 1.4 
6i 5.1 ± 0.3 1.5 ± 0.1 3.6 ± 0.2 14.5 ± 1.3 
6j 10.8 ± 1.1 1.6 ± 0.1 3.7 ± 0.1 10.4 ± 1.1

Doxorubicin 4.3 ± 0.2 5.4 ± 0.3  1.8 ± 0.2 6.9 ± 0.3 
3.2.2. VEGFR-2 (KDR) Kinase Assay
 

Since VEGFR-2, which is tyrosine kinase 
(TK) receptor for VEGFs, plays an important role in 
tumor angiogenesis. Therefore, its inhibition is a 
wise targeting therapeutic strategy for inhibiting 
tumor angiogenesis and growth [54,55]. Based on 
the cytotoxicity results and in order to find out the 
anticancer mechanism of the excellent derivatives, 
three compounds (6e, 6g, 6i) were selected for 
further assessment of their in vitro VEGFR-2 
inhibitory activity. The results of this assay revealed 
that the three selected investigated compounds (6e, 
6g, 6i) showed very promising activities as they all 
inhibited the VEGFR-2 at very low IC50 (Table 2) 
compared to their cytotoxicity IC50 results (Table 1). 

 
Table 2: The in vitro inhibitory IC50 values of 
compounds 6e, 6g, and 6i against VEGFR-2 Kinase

 Compound Code IC50 (µg/ml) ± SD
6e 0.2142 ± 0.008
6g 0.1408 ± 0.005
6i 0.534 ± 0.021

Sorafenib 0.31 0.001
 
 
3.3. Molecular docking study  
 

The  simulation of  molecular docking was 
carried out to evaluate the interaction between the 
synthesized pyrazolone based derivatives and 
binding site of active pocket of Vascular Endothelial 
Growth Factor Receptor (VEGFR-2/KDR) kinase. 
MOE (Molecular Operating Environment) software 
version 2008.10 was used for molecular docking 
[56], The co-crystal arrangement of sorafenib with 
VEGFR-2/KDR kinase was chosen as the docking 
model , which was verified by re-docking of 
Sorafenib as the native ligand in active binding  site  
of  the VEGFR-2. The docking score for sorafenib in 
the VEGFR-2/KDR active areas exhibited an energy 
(S) of -9.69 kcal/mol. Figure 9 illustrated the 
interactions between  Sorafenib  and with active site 

residues of VEGFR-2. The binding mechanism of 
sorafenib with VEGFR-2, which was derived from 
the crystallographic complex accessible in the 
Protein Data Bank (4ASD.pdb, 
https://www.rcsb.org/structure/4ASD) was used to 
construct the molecular design of the Pyrazolone 
based derivatives as VEGFR-2 inhibitor [57-59]. 
Binding ability of Sorafenib depends on the urea 
linker which clearly plays an important role for the 
enzyme's allosteric VEGFR-2 position to produce 
significant hydrogen bonds with necessary amino 
acids binding residues. Sorafenib exhibited   two H-
bond donations:  one H-bond donations between NH 
of urea side chain with Glu885 and other one H-bond 
donation between hydrogen in -NHCO- side chain 
with CYS919.  Sorafenib also showed two H-bond 
acceptors between nitrogen atom in pyridine ring 
with CYS919 and other one hydrogen acceptor 
between the oxygen of urea moiety and ASP1046 
(incorporated in Figure 9 as a 2D and 3D 
visualization). Molecular docking investigation 
revealed that the Pyrazolones (6e, 6g, and 6i) 
(Fig.10) connect with the active site of VEGFR-
2/KDR kinase enzyme in manner analogues to 
Sorafenib, with binding energies ranging from -9.57 
to -10.30 kcal/mol and root mean standard deviation 
(RMSD) of 1 Å. Table 3 highlights the energy levels 
and receptor interactions of type II VEGFR-2 
inhibitors in comparison to the native ligand 
(Sorafenib).  

Eventually, compounds 6e, 6g, and 6i 
showed successful fitting with VEGFR-2/KDR 
kinase  with superior docking score ( S= -9.83, -
10.30, and -9.57 -kcal/mol respectively ) to native 
ligand (Sorafenib). (S = −9.69 kcal/mol) as 
illustrated in Table3. The docking results revealed 
that the most powerful inhibitors were 6g and 6e 
(Figs. 7, 6). The binding affinity of compound 6g 
was -10.30 kcal/mol.  Furthermore, as shown in 
Figure 7,   compound 6g was strongly linked to the 
important key amino acids ASP1046, ARG1027, and 
LYS868 via H bonding and arene-cation 
interactions. On the other hand, compound 6e 



 Eman Kh. Hamza et. al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. Vol. 67, No.11 (2024) 

 

418

demonstrated a high binding energy value of -9.83 
kcal/mol.  In addition , compound 6e is similar to the 
reference  compound sorafenib with the same H-
bond between interaction  with ASP1046, CYS919, 
and GLU917 through formation of H bonds in the 
active site of  protein residues of VEGFR-2/ KDR  ( 
as described in Figure 6),  on  the other hand, 
compounds 6i  in type II VEGFR-2 inhibitor showed 
2 H-bond acceptors between the nitrogen atoms in 
pyrazolone and thaizole  rings  with LYS868,and 
Arene-cation bond interactions with Lys868 and 
ARG 1027 as depicted in ( Figure 8 as a 2 and 3D 
view). Molecular docking study shows that 
compound 6e, as VEGFR-2/KDR inhibitor, 
exhibited two H-bonds: one H-bond donor between 
H in hydroxyl group based phenyl ring in tetralin 

skeleton with GLU917, and another H-bond acceptor 
between methoxy and hydroxyl groups based phenyl 
ring with CYS919 and H-bond acceptor between 
nitrogen of thiazole nucleus with Asp1046. 
Compound 6g forms two H-bond acceptors, one 
between the thiazole moiety's nitrogen atom and 
ASP1046 and the other with ARG1027. 
Furthermore, there is a -H bond interaction with 
LYS868. As seen in Fig. 7. 
The docking results also provide us a new route to 
synthesize new VEGFR-2/KDR kinase inhibitors 
that can interact with main amino acids (CYS919 
and ASP1046). The molecular docking study may 
give the rational design of more powerful VEGFR-
2/KDR inhibitors. 

 
Table 3: Molecular docking data of the newly synthesized compounds 6e, 6g and 6i comparing with the native 
ligand Sorafenib into the active pocket of VEGFR-2 inhibitor (PDB code: 4ASD) utilizing MOE software version 
2008.10
Compd. NO. Docking Score

(Kcal/mol)
Amino Acid Residues 
(Bond Length Å 

Atoms of 
Compound 

Type of Bond 

6e 
 
 

-9.83 GLU917 ( 1.51  
);CYS919(2.65, 

3.00);ASP1046(2.76) 

H(OH) 
O(OCH3) 

O(OH) 
N(Thiazole ring) 

H-don 
H-acc 
H-acc 
H-acc 

6g 
 

-10,30 ARG 1027( 2.92  );ASP 
1046( 3.14  );LYS 868 

N(CN), N(thiazole 
rin 

H-acc 
H-acc 

Arene-cation 
6i 
 
 

-9.57 LYS868 ( 2.94); 
LYS868  (3.00); 

ARG1027 

N(Pyrazolone ring) 
N(thiazole ring) 

H-acc 
H-acc 

Arene-cation 

Sorafenib -9.69 GLU885  ( 1.58); 
CYS919  (3.05, 

1.94);ASP1046(2.51) 
 

H(NH-CO-NH) 
N(pyridine ring) 
H(CH3-NHCO) 
O(NH-CO-NH) 

 

H-don 
H-acc 
H-don 
H-acc 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 6:  2D (A) and 3D (B) visualization images Illustrated the position of the targeted compound 6e in the binding site of VEGFR-
2 (PDB code:4ASD).
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Fig. 7:   2D(C) and 3D(D) visualization images  showed  the interaction of compound 6g in the active site of VEGFR-2 (PDB 
code:4ASD).

 
Fig. 8:  2D(E) and 3D(F)  visualization images  Illustrated the position of  the original  6i in the binding pocket  site of VEGFR-
2 (PDB code:4ASD).
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Fig.9:    2D(G) and 3D (H)  visualization images  of the co-crystallized ligand (sorafenib)inside the active site pocket  of VEGFR-2 (4ASED).  
 
 
 

 
 
Fig. 10: 3D visualization images are presented to elucidate the superimposition of the novel chemical entities, namely 6e (depicted 
in blue), 6g in (yellow) and 6i (in purple), in contrast to the reference drug sorafenib (represented in red) into the active pocket of 
VEGFR-2 (PDB code: 4ASD).
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4. Conclusions 

In conclusion, a novel and facile series of 4- 
arylidene-3-methyl-1-(4-(5,6,7,8-
tetrahydronaphthalen-2-yl)thiazol-2-yl)-1H-pyrazol-
5(4H)-ones 6a-j has been synthesized    through  
one-pot reaction. Short reaction time, mild 
conditions, simple operation, simplified purification 
and good yields are some of the noteworthy features 
of this protocol. (IR, 1H NMR and 13C NMR 
confirmed their assumed structures). Additionally, a 
molecular docking analysis is performed to elucidate 
the binding interactions of majority effective 
derivatives (6e, 6g, and 6i) within the active sites of 
Vascular Endothelial Growth Factor Receptor 
(VEGFR-2) kinase. These compounds demonstrated 
highly profitable binding interaction scores with the 
targeted enzyme. Moreover, bioassay results showed 
the significant inhibition of VEGFR-2 by the three 
selected compounds (6e, 6g, and 6i) at remarkably 
low IC50 values (see Table 2) in comparison to their 
cytotoxicity IC50 outcomes as shown in Table 1.  
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