BMC Chemistry© The Author(s) 2019
https://doi.org/10.1186/s13065-019-0632-5

Research article

Design, efficient synthesis and molecular docking of some novel thiazolyl-pyrazole derivatives as anticancer agents

Abdelwahed R. Sayed1, 3, Sobhi M. Gomha2, 4  , Fathy M. Abdelrazek2, 5, Mohamed S. Farghaly2, 5, Shaimaa A. Hassan2 and Peter Metz6
(1)Department of Chemistry, Faculty of Science, King Faisal University, Hofuf, Saudi Arabia

(2)Chemistry Department, Faculty of Science, Cairo University, Giza, 12613, Egypt

(3)Department of Chemistry, Faculty of Science, Beni-Suef University, Beni-Suef, Egypt

(4)Department of Chemistry, Faculty of Science, Islamic University in Almadinah Almonawara, Almadinah Almonawara, 42351, Saudi Arabia

(5)Science and Technology Center of Excellence, Ministry of Military Production, Cairo, Egypt

(6)Fakultat Chemie und Lebensmittelchemie, TU-Dresden, 01069 Dresden, Germany

 

 
Sobhi M. Gomha
Email: s.m.gomha@gmail.com



Received: 6 July 2019Accepted: 10 September 2019Published online: 24 September 2019
Abstract
Pyrazoles, thiazoles and fused thiazoles have been reported to possess many biological activities. 3-Methyl-5-oxo-4-(2-arylhydrazono)-4,5-dihydro-1H-pyrazole-1-carbothioamides 3a,b (obtained from the reaction of ethyl 3-oxo-2-(2-arylhydrazono)butanoates 1a,b with thiosemicarbazide) could be transformed into a variety of thiazolyl-pyrazole derivatives 6a–h, 10a–c, 15a–c, 17, 19 and 21 via their reaction with a diversity hydrazonoyl chlorides as well as bromoacetyl derivatives. Moreover, the computational studies were carried out for all new compounds. The results indicated that five compounds showed promising binding affinities (10a: − 3.4 kcal/mol, 6d: − 3.0 kcal/mol, 15a: − 2.2 kcal/mol, 3a: − 1.6 kcal/mol, and 21: − 1.3 kcal/mol) against the active site of the epidermal growth factor receptor kinase (EGFR). The cytotoxicity of the potent products 3a, 6d, 10a, 15a, and 21 was examined against human liver carcinoma cell line (HepG-2) and revealed activities close to Doxorubicin standard drug. There was an understanding between the benefits of restricting affinities and the data obtained from the practical anticancer screening of the tested compounds.[image: A13065_2019_632_Figa_HTML.png]
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Introduction
The pyrazole nucleus has many biological activities, including several pharmaceuticals currently on the market. Moreover, pyrazole derivatives have found numerous applications in fluorescent substances, dyes, agrochemicals, and more. Therefore, the interest in pyrazole chemistry is still ongoing [1–6]. Thiazoles are additionally significant class of heterocyclic compounds, found in numerous powerful biologically active drugs such as Ritonavir (antiretroviral drug), Sulfathiazole (antimicrobial drug), Tiazofurin (antineoplastic drug), and Abafungin (antifungal drug) [7]. Compounds containing thiazole show many biological activities such as antihypertensive, antimicrobial and antifungal, anti-HIV, anticonvulsant and anti-inflammatory activities [8–12].
Thiazole derivatives are also known to possess several anticancer activities [13–15]. There are several mechanisms for the antitumor action of thiazole derivatives, acting on cancer biotargets, such as inosine monophosphate dehydrogenase (IMPDH) [16], tumor necrosis factor TNF-α [17] and apoptosis inducers. The biological profiles of these new generations of thiazole would represent a productive matrix for further advancement of better anticancer specialists. Drug design part guarantees that thiazole is best particle for the said target activity. Thiazoles have better action as an anticancer just as it demonstrates better binding domain and they have less cytotoxicity to normal cell (physiological cell) however alongside that it has site explicit movement to malignant growth cell (pathological cell). We can seek after the superior to best treatment for malignant growth treatment since it limit side and unfriendly impact and it additionally indicates target oriented action.
Thiazolyl-pyrazole hybrids have displayed antitubercular [18, 19], anti-inflammatory, antimicrobial [20], antimycobacterial activities [21], and FabH inhibitors [22]. Moreover, thiazolyl-pyrazole compounds were identified as as potential anticancer agents [23, 24] (Fig. 1). The EGFR PTKs have been identified as interesting targets for medicinal chemistry programs especially in cancer therapy [25]. Compounds that inhibit the kinase activity of EGFR after binding its cognate ligand are of potential interest as new therapeutic antitumor agents [26]. Lv et al. [27] reported that thiazolyl-pyrazole analogues showed modest to potent EGFR TK inhibitory and potential anticancer activities. The molecular docking results indicated that thiazolyl-pyrazolines were nicely bound to the EGFR kinase. Over the most recent two decades we have been associated with a program planning to orchestrate practically substituted heterocyclic compounds with foreseen biological activities that can be utilized as biodegradable agrochemicals from shoddy research facility accessible beginning materials [28–37]. In the edge of this program, it appeared important to synthesize a new class of compounds amassing the thiazole and the pyrazole moieties in one entity that may result in upgraded biological activity because of the synergistic impact of the two rings. A β-Ketoester seemed suitable starting material to fulfill this objective (Fig. 1).[image: A13065_2019_632_Fig1_HTML.png]
Fig. 1Anticancer activity of some reported thiazolyl-pyrazoles a–c and the target compounds





Results and discussion
Chemistry
In the present work we used ethyl acetoacetate. To avoid interference of the active methylene in the following reactions ethyl acetoacetate was coupled with aryl diazonium salts to afford the hydrazo derivatives 1a,b; which are the starting compounds for the synthesis of target thiazolyl-pyrazole derivatives. Thus, compounds 1a,b were allowed to react with thisemicarbazide to afford 3-methyl-4-oxo-4-(2-arylhydrazono)-4,5-dihydro-1H-pyrazole-1-carbothioamides 3a,b presumably via the intermediacy of the thiosemicarbazones 2a,b which eliminate ethanol (Scheme 1).[image: A13065_2019_632_Sch1_HTML.png]
Scheme 1Synthesis of arylazothiazole derivatives 6a–h





The pyrazole derivatives 3a,b react with the hydrazonoyl chlorides 4 to afford assumingly the thiohydrazonate intermediates 5a–h which lose water to afford the final isolable thiazolyl-pyrazole derivatives 6a–h. Spectral and analytical data of these compounds are in complete agreement with their proposed structures (cf. Scheme 1 and “Experimental”). A further evidence of the structure was deduced when the hydrazone 1a reacted with the thiazolyl hydrazine 7 to afford a product which was found to be typically identical to 6a.
The pyrazole derivative 3a reacts with the hydrazonoyl chloride esters 8a–c to afford the thiazolyl- pyrazole derivatives 10a–c via the thiohydrazonate intermediates 9a–c respectively. Structures 10a–c are all supported by spectral and analytical data (cf. Scheme 2 and “Experimental”). A further evidence of the structures 10a–c was deduced from alternative synthesis when the pyrazole 3a reacted with ethyl chloroacetate to afford the thiazolyl-pyrazole derivative 11 which couples with the benzene diazonium chloride 12 to afford products which were found to be typically identical to 10a. The identity was deduced from matching melting points, tlc and IR spectra.[image: A13065_2019_632_Sch2_HTML.png]
Scheme 2Synthesis of arylhydrazothiazole derivatives 10a–c





The pyrazole derivative 3a reacts also with the bromoacetyl derivatives 13a–c, 16, 18 and 20 to afford the corresponding thiazolyl-pyrazole derivatives 15a–c, 17, 19 and 21 respectively.
Spectral data and elemental analyses of these products are in complete concurrence with the proposed structures (cf. Scheme 3 and “Experimental”).[image: A13065_2019_632_Sch3_HTML.png]
Scheme 3Synthesis of thiazole derivatives 15a–c, 17, 19 and 21






Molecular docking studies
The docking parameters were validated by redocking the native co-crystal ligand in order to determine the ability of MOE to reproduce the orientation and position of the native ligand in crystal structure, to ensure that the poses of the docked compounds represents a valid potential binding mode. The redocking of ligands with its targets revealed an RMSD ≤ 2.3 A° between the original ligand position and the docked poses which was RMSD = 1.3 A° this affirmed the ligands bound near the genuine pocket and adaptation of their objectives, this shows the dependability of conventions and parameters of docking. Molecular modeling studies were performed with MOE 2014, 0901, software available from Chemical Computing Group Inc., 1010 Sherbrooke Street West, Suite #910, Montreal, QC, Canada, H3A 2R7, 2014 [38].
Preparation of the ligand
The ligands (3a, 3b, 6a, 6b, 6c, 6d, 10a, 11, 15a, 15b, 15c, 17, 19, 21) coordinates were built and modeled using the Chemsketch software (http://​www.​acdlabs.​com/​resources/​freeware/​).
Next, the right atom types (including hybridization states) and right bond types were characterized, hydrogen atoms were added, charges were relegated to each atom, lastly the structures were vitality limited by utilizing MOE program (MMFF94x, gradient: 0.01) [39]. The energies of ligand structures were minimized using the semiempirical AM1 strategy [40] with MOE program.

Selection of protein crystal structures
Crystallographic structures of EGFR with its Ligand is available in the Protein DataBank [41]. In this study, EGFR kinase crystal structure 1M17 is tested and selected for docking [42]. The errors of the protein were revised by the structure arrangement process in MOE. Reasonable protein structure is created by the task of hydrogen positions based on default rules. Water molecules contained have been expelled from the initially restored protein. Finally, partial charges were calculated by the Gasteiger methodology, and the active site of the ensemble has been characterized as the collection of residues within 10.0 A° of the bound inhibitor and comprised the union of all ligands of the ensemble. All atoms located less than 10.0 A° from any ligand atom were considered.
From the results obtained from docking studies as shown in Table 1, compounds 10a, 6d, 3a, 21, and 15a were the most favorable compounds which meant by its lower binding energy (Binding energy = − 3.4, − 3.0, − 1.6, − 1.3 and − 2.2 kcal/mol, respectively), hydrogen bonding (number of H-bonds = 6, 3, 1, 2, and 3, respectively), and other hydrophobic interactions with the active site of the of EGFR kinase that might be one of the reasons for the good activities shown by these compounds in vitro studies (Figs. 2a, b, 3a, b, 4a, b, 5a, b, 6a, b).Table 1The interactions of the synthesized compounds with active sites of EGFR kinase


	Compound
	Binding energy (Kcal/mol)
	No. of H-bonds
	Length of H-bonds
	Formed amino acids with H-bonds

	Reference legend: erlotinib ([6,7-bis (2-methoxy-ethoxy)quinazoline-4-yl]-(3-ethynylphenyl)amine)
	− 3.3
	3
	3.15 A
2.70 A
4.43 A
	GLN 767
MET 769
GLY 772

	
                                3a
                              
	− 1.6
	1
	3.88 A
	CYS 773

	
                                3b
                              
	− 0.3
	1
	4.26 A
	VAL 702

	
                                6a
                              
	− 1.3
	1
	4.46 A
	LYS 721

	
                                6b
                              
	− 1.3
	1
	4.83 A
	LYS 721

	
                                6c
                              
	− 1.4
	4
	4.16 A
4.16 A
4.61 A
4.44 A
	MET 742
HIS 781
LYS 721
GLY 772

	
                                6d
                              
	− 3.0
	3
	4.49 A
3.93 A
4.58 A
	ASP 776
LYS 721
LYS 721

	
                                10a
                              
	− 3.4
	6
	3.50 A
3.42 A
3.84 A
3.85 A
4.77 A
4.79 A
	MET 769
MET 769
LEU 694
LEU 694
LYS 721
GLY 772

	
                                11
                              
	− 1.1
	3
	4.05 A
4.33 A
3.38 A
	MET 742
VAL 702
THR 766

	
                                15a
                              
	− 2.2
	3
	4.51 A
4.51 A
3.93 A
	Lys 721
Gly 772
Cys 773

	
                                15b
                              
	− 0.8
	1
	3.75 A
	Lys 721

	
                                15c
                              
	− 1.1
	1
	4.32 A
	Lys 721

	
                                17
                              
	–
	–
	–
	–

	
                                19
                              
	− 1.1
	1
	4.46 A
	Lys 721

	
                                21
                              
	− 1.3
	2
	3.60 A
375 A
	GLY 772
LYS 721



 [image: A13065_2019_632_Fig2_HTML.png]
Fig. 2a 2D interaction between 3a and amino acids of EGFR kinase, b 3D model of hydrogen bond interaction of 3a with EGFR kinase



 [image: A13065_2019_632_Fig3_HTML.png]
Fig. 3a 2D interaction between 6d and amino acids of EGFR kinase, b 3D model of hydrogen bond interaction of 6d with EGFR kinase



 [image: A13065_2019_632_Fig4_HTML.png]
Fig. 4a 2D interaction between 10a and amino acids Of EGFR kinase, b 3D model of hydrogen bond interaction of 10a with EGFR kinase



 [image: A13065_2019_632_Fig5_HTML.png]
Fig. 5a 2D interaction between 15a and amino acids of EGFR kinase, b 3D model of hydrogen bond interaction of 15a with EGFR kinase



 [image: A13065_2019_632_Fig6_HTML.png]
Fig. 6a 2D interaction between 21 and amino acids of EGFR kinase, b 3D model of hydrogen bond interaction of 21 with EGFR kinase






Anticancer evaluation
The cytotoxicity of five of the synthesized products 3a, 6d, 10a, 15a and 21 was evaluated against human liver carcinoma cell line (HepG-2) using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl- tetrazolium bromide (MTT) assay and doxorubicin was used as a reference drug (IC50 value of doxorubicin = 3.07 ± 0.27 μg/mL). Data generated were used to plot a dose response curve of which the concentration of test compounds required to kill 50% of cell population (IC50) was determined. Cytotoxic activity was expressed as the mean IC50 of three independent experiments. The results are represented in Table 2 and Figs. 7 and 8.Table 2IC50 values of tested compounds ± standard deviation against HepG-2


	Compound No.
	IC50 (μg/mL)
	Compound No.
	IC50 (μg/mL)

	
                              Doxorubicin
                            
	3.07 ± 0.27
	
                              10a
                            
	2.20 ± 0.13

	
                              3a
                            
	4.39 ± 0.47
	
                              15a
                            
	12.5 ± 0.97

	
                              6d
                            
	3.90 ± 0.41
	
                              21
                            
	4.80 ± 0.56



 [image: A13065_2019_632_Fig7_HTML.png]
Fig. 7Cytotoxic activities of tested compounds against HepG-2



 [image: A13065_2019_632_Fig8_HTML.png]
Fig. 8Cytotoxic activities of tested compounds against HepG-2




Examination of the SAR leads to the following conclusions

                    	The descending order of activity of the new compounds was as follows: 10a > 6d > 3a > 21 > 15a.

	The phenylhydrazo-thiazolone 10a showed higher antitumor inhibitory activities against HepG-2 cell lines (IC50 value of IC50 = 2.20 ± 0.13 μg/mL) than the standard doxorubicin drug (IC50 value of 3.07 ± 0.27 μg/mL). Accordingly, compound 10a might be considered as a promising scaffold anti-liver cancer chemotherapeutic and deserves further optimization and in-depth biological studies.

	The 4-pyridyl-thiazole derivative 21 has higher antitumor activity than the 4-phenyl-thiazole derivative 15a.

	Presence of two methyl groups (electron donating group) at position 3 and 5 of the phenyl ring in the arylhydrazo-pyrazolone moiety in compound 6d increases its activity than the un-substituted compounds 6a–c.




                  



Experimental
Chemistry
General
Melting points were recorded in open capillaries using an electrothermal Gallenkamp apparatus and are uncorrected. Elemental analyses were carried out by the microanalytical center at Cairo University. The 1H NMR spectra were recorded on a Varian Mercury VXR-300 spectrometer and the chemical shifts were related to that of the solvent DMSO-d6. The mass spectra were recorded on a GCMSQ1000-EX Shimadzu spectrometers. The IR spectra were measured on a Pye-Unicam SP300 instrument.

Synthetic procedures
Synthesis of 3-methyl-5-oxo-4-(2-arylhydrazono)-4,5-dihydro-1H-pyrazole-1-carbothioamides 3a,b
                              
A catalytic amount of HCl was added to a mixture of ethyl 3-oxo-2-(2-arylhydrazono)butanoate derivatives 1a or 1b (10 mmol) and thiosemicarbazide (0.91 g, 10 mmol) in EtOH (40 mL) then the solution was refluxed for 6 h as indicated by TLC. The formed precipitate from reaction mixture was separated by filtration, washed with EtOH and recrystallized from dioxane to give pyrazole-1-carbothioamides 3a and 3b, respectively.
3-Methyl-5-oxo-4-(2-phenylhydrazono)-4,5-dihydro-1H-pyrazole-1-carbothioamide (3a)
Orange solid, (78% yield), mp 230–232 °C (AcOH) (Lit. mp 224 °C [34]); IR (KBr) ν = 3429–3263 (NH2 and NH), 3070, 2940 (C–H), 1684 (C=O), 1590 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.25 (s, 3H, CH3), 7.22–7.65 (m, 5H, Ar–H), 8.91 (br s, 1H, NH), 9.43 (br s, 1H, NH), 13.06 (br s, 1H, SH). Anal. Calcd. For C11H11N5OS (261.30): C, 50.56; H, 4.24; N, 26.80. Found: C, 50.49; H, 4.13; N, 26.63%.

4-(2-(3,5-Dimethylphenyl)hydrazono)-3-methyl-5-oxo-4,5-dihydro-1H-pyrazole-1-carbothioamide (3b)
Orange solid, (72% yield), mp 200–202 °C; IR (KBr) ν = 3423–3294 (NH2 and NH), 3093, 2970 (C–H), 1662 (C=O), 1607 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.32 (s, 3H, CH3), 2.37 (s, 6H, 2CH3), 6.70 (s, 1H, Ar–H), 6.95 (s, 1H, Ar–H), 7.06 (s, 1H, Ar–H), 7.28 (br s, 2H, NH2), 12.87 (br s, 1H, NH); MS m/z (%): 289 (M+, 10), 230 (100), 214 (57), 140 (21), 105 (81), 91 (96), 77 (85). Anal. Calcd. For C13H15N5OS (289.36): C, 53.96; H, 5.23; N, 24.20. Found: C, 53.74; H, 5.14; N, 24.06%.


General method for synthesis of 5-(aryldiazenyl)thiazol-2-yl)-4-(2-phenylhydrazono)-1H-pyrazol-5(4H)-ones 6a-h and 5-oxo-4-(2-phenylhydrazono)-4,5-dihydro-1H-pyrazol-1-yl)-5-(2-phenylhydrazono)thiazol-4(5H)-one 11a–c
                              
Triethylamine (0.1 g, 1 mmol) was added to a cold mixture of 4,5-dihydro-1H-pyrazole-1-carbothioamides 3a or 3b (1 mmol) and appropriate hydrazonoyl halides 4 or 8 (1 mmol) in dioxane (15 mL). The formed solution was refluxed until complete reaction (3–6 h as monitored by TLC). Methanol was added to the residue formed after removing the excess solvent and the product separated was filtered, washed with methanol, dried and recrystallized from the proper solvent to give compounds 6a–h and 10a–c, respectively. The products 6a–h and 10a–c together with their physical constants are listed below.
3-Methyl-1-(4-methyl-5-(phenyldiazenyl)thiazol-2-yl)-4-(2-phenylhydrazono)-1H-pyrazol-5(4H)-one (6a)
Orange solid, (72% yield), mp 215–217 °C (EtOH); IR (KBr) ν = 3428 (NH), 3050, 2980 (C–H), 1690 (C=O), 1597 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.25 (s, 3H, CH3), 2.47 (s, 3H, CH3), 7.10–7.75 (m, 10H, Ar–H), 11.69 (br s, 1H, NH); 13C-NMR (DMSO-d6): δ 12.08, 15.13 (CH3), 117.17, 121.41, 123.63, 126.70, 126.83, 126.8, 130.07, 132.53, 129.8, 136.40, 139.79, 141.80, 150.16, 153.27, 157.16 (Ar–C and C=N), 177.39 (C=O); MS m/z (%): 403 (M+, 19), 330 (10), 202 (5), 180 (14), 118 (19), 104 (100), 91 (50), 77 (98), 65 (64). Anal. Calcd. For C20H17N7OS (403.46): C, 59.54; H, 4.25; N, 24.30. Found: C, 59.49; H, 4.21; N, 24.18%.

3-Methyl-1-(4-methyl-5-(p-tolyldiazenyl)thiazol-2-yl)-4-(2-phenylhydrazono)-1H-pyrazol-5(4H)-one (6b)
Orange solid, (76% yield), mp 208–210 °C (EtOH); IR (KBr) ν = 3429 (NH), 3066, 2925 (C–H), 1658 (C=O), 1599 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.13 (s, 3H, CH3), 2.25 (s, 3H, CH3), 2.47 (s, 3H, CH3), 7.14–7.51 (m, 9H, Ar–H), 11.53 (br s, 1H, NH); MS m/z (%): 417 (M+, 3), 261 (32), 202 (69), 125 (100), 93 (62), 77 (41), 65 (88). Anal. Calcd. For C21H19N7OS (417.49): C, 60.42; H, 4.59; N, 23.49. Found: C, 60.26; H, 4.52; N, 23.31%.

1-(5-((3-Chlorophenyl)diazenyl)-4-methylthiazol-2-yl)-3-methyl-4-(2-phenylhydrazono)-1H-pyrazol-5(4H)-one (6c)
Orange solid, (76% yield), mp 218–220 °C (DMF); IR (KBr) ν = 3420 (NH), 3050, 2985 (C–H), 1669 (C=O), 1625 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.25 (s, 3H, CH3), 2.48 (s, 3H, CH3), 7.14–7.65 (m, 9H, Ar–H), 11.53 (br s, 1H, NH); MS m/z (%): 437 (M+, 3), 261 (34), 202 (67), 125 (94), 93 (61), 77 (43), 65 (100). Anal. Calcd. For C20H16ClN7OS (437.91): C, 54.86; H, 3.68; N, 22.39. Found: C, 54.67; H, 3.49; N, 22.26%.

4-(2-(3,5-Dimethylphenyl)hydrazono)-3-methyl-1-(4-methyl-5-(phenyldiazenyl)thiazol-2-yl)-1H-pyrazol-5(4H)-one (6d)
Yellow solid, (71% yield), mp 195–197 °C (EtOH); IR (KBr) ν = 3410 (NH), 3024, 2960 (C–H), 1660 (C=O), 1607 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.32 (s, 3H, CH3), 2.36 (s, 6H, 2CH3), 2.43 (s, 3H, CH3), 6.85 (s, 1H, Ar–H), 6.92 (s, 1H, Ar–H), 7.06–7.28 (m, 6H, Ar–H), 11.50 (br s, 1H, NH); MS m/z (%): 431 (M+, 11), 430 (39), 325 (19), 230 (13), 105 (37), 91 (34), 77 (100), 67 (37). Anal. Calcd. For C22H21N7OS (431.51): C, 61.23; H, 4.91; N, 22.72. Found C, 61.15; H, 4.75; N, 22.65%.

4-(2-(3,5-Dimethylphenyl)hydrazono)-3-methyl-1-(4-methyl-5-(p-tolyldiazenyl)thiazol-2-yl)-1H-pyrazol-5(4H)-one (6e)
Yellow solid, (75% yield), mp 181–183 °C (EtOH); IR (KBr) ν = 3413 (NH), 3040, 2958 (C–H), 1663 (C=O), 1606 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.35 (s, 3H, CH3), 2.37 (s, 6H, 2CH3), 2.43 (s, 3H, CH3), 2.50 (s, 3H, CH3), 7.88–7.74 (m, 8H, Ar–H), 11.47 (br s, 1H, NH); MS m/z (%): 445 (M+, 36), 340 (15), 230 (31), 121 (26), 105 (45), 91 (100), 77 (48). Anal. Calcd. For C23H23N7OS (445.54): C, 62.00; H, 5.20; N, 22.01. Found: C, 61.92; H, 5.13; N, 21.83%.

1-(5-((3-Chlorophenyl)diazenyl)-4-methylthiazol-2-yl)-4-(2-(3,5-dimethylphenyl)hydrazono)-3-methyl-1H-pyrazol-5(4H)-one (6f)
Yellow solid, (73% yield), mp 190–192 °C (EtOH); IR (KBr) ν = 3420 (NH), 3024, 2960 (C–H), 1661 (C=O), 1606 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.35 (s, 3H, CH3), 2.37 (s, 6H, 2CH3), 2.42 (s, 3H, CH3), 6.88–7.28 (m, 8H, Ar–H), 11.40 (br s, 1H, NH); 465 (M+, 47), 360 (27), 230 (254), 152 (19), 125 (54), 105 (66), 77 (87), 67 (100). Anal. Calcd for C22H20ClN7OS (465.96): C, 56.71; H, 4.33; N, 21.04. Found: C, 56.55; H, 4.19; N, 20.85%.

1-(5-((4-Chlorophenyl)diazenyl)-4-methylthiazol-2-yl)-4-(2-(3,5-dimethylphenyl)hydrazono)-3-methyl-1H-pyrazol-5(4H)-one (6g)
Yellow solid, (79% yield), mp 163–165 °C (EtOH); IR (KBr) ν = 3429 (NH), 3068, 2971 (C–H), 1657 (C=O), 1609 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.25 (s, 3H, CH3), 2.36 (s, 6H, 2CH3), 2.56 (s, 3H, CH3), 6.82 (s, 1H, Ar–H), 7.02 (s, 1H, Ar–H), 7.28 (s, 1H, Ar–H), 7.45 (d, J = 8.8 Hz, 2H, Ar–H), 7.77 (d, J = 8.4 Hz, 2H, Ar–H), 11.88 (br s, 1H, NH); MS m/z (%): 465 (M+, 13), 332 (9), 253 (28), 230 (44), 154 (20), 125 (100), 77 (50), 67 (51). Anal. Calcd. for C22H20ClN7OS (465.96): C, 56.71; H, 4.33; N, 21.04. Found: C, 56.58; H, 4.14; N, 20.93%.

1-(5-((2,4-Dichlorophenyl)diazenyl)-4-methylthiazol-2-yl)-4-(2-(3,5-dimethylphenyl) hydrazono)-3-methyl-1H-pyrazol-5(4H)-one (6h)
Yellowish-white solid, (83% yield), mp 270–272 °C (DMF); IR (KBr) ν = 3436 (NH), 3048, 2975 (C–H), 1654 (C=O), 1622(C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.28 (s, 3H, CH3), 2.37 (s, 6H, 2CH3), 2.52 (s, 3H, CH3), 6.89–7.83 (m, 6H, Ar–H), 11.99 (br s, 1H, NH); MS m/z (%): 500 (M+, 42), 430 (39), 325 (19), 230 (13), 105 (37), 91 (34), 77 (100), 67 (37). Anal. Calcd. for C22H19Cl2N7OS (500.40): C, 52.80; H, 3.83; N, 19.59. Found: C, 52.63; H, 3.81; N, 19.46%.


Alternative synthesis of 6a
                              
To a solution of ethyl 3-oxo-2-(2-phenylhydrazono)butanoate (1a) (0.234 g, 1 mmol) in 2-propanol (10 mL), 2-hydrazinyl-4-methyl-5-(phenyldiazenyl)thiazole (7) (0.233 g, 1 mmol) was added. The mixture was refluxed for 3 h then cooled to room temperature. The solid precipitated was filtered off, washed with water, dried and recrystallized from EtOH to give the corresponding product, 6a which were identical in all aspects (m.p., mixed m.p. and IR spectra) with those obtained from reaction of 3a with 4a.
2-(3-Methyl-5-oxo-4-(2-phenylhydrazono)-4,5-dihydro-1H-pyrazol-1-yl)-5-(2-phenylhydra-zono)thiazol-4(5H)-one (10a)
Orange solid, (72% yield), mp 201–203 °C (EtOH); IR (KBr) ν = 3428, 3260 (2NH), 3062, 2926 (C–H), 1688, 1656 (2C=O), 1601 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.30 (s, 3H, CH3), 7.14–7.65 (m, 10H, Ar–H), 9.43 (br s, 1H, NH), 11.53 (br s, 1H, NH); MS m/z (%): 405 (M+, 18), 261 (22), 202 (73), 125 (100), 93 (67), 65 (97), 51 (40). Anal. Calcd. For C19H15N7O2S (405.43): C, 56.29; H, 3.73; N, 24.18. Found: C, 56.15; H, 3.53; N, 24.07%.

2-(3-Methyl-5-oxo-4-(2-phenylhydrazono)-4,5-dihydro-1H-pyrazol-1-yl)-5-(2-(m-tolyl)hydrazono)thiazol-4(5H)-one (10b)
Orange solid, (68% yield), mp 212–214 °C (EtOH); IR (KBr) ν = 3429, 3265 (2NH), 3015, 2935 (C–H), 1682, 1660 (2C=O), 1600 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.25 (s, 3H, CH3), 2.47 (s, 3H, CH3), 7.24–7.67 (m, 9H, Ar–H), 9.43 (br s, 1H, NH), 11.46 (br s, 1H, NH); MS m/z (%): 419 (M+, 51), 261 (23), 202 (73), 125 (100), 93 (46), 65 (94), 51 (38). Anal. Calcd. For C20H17N7O2S (419.46): C, 57.27; H, 4.09; N, 23.37. Found: C, 57.09; H, 4.02; N, 23.22%.

5-(2-(4-Chlorophenyl)hydrazono)-2-(3-methyl-5-oxo-4-(2-phenylhydrazono)-4,5-dihydro-1H-pyrazol-1-yl)thiazol-4(5H)-one (10c)
Orange solid, (73% yield), mp 150–152 °C (EtOH); IR (KBr) ν = 3428, 3287 (2NH), 3059, 2910 (C–H), 1686, 1654 (2C=O), 1603 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.25 (s, 3H, CH3), 7.16–7.53 (m, 9H, Ar–H), 9.36 (br s, 1H, NH), 11.53 (br s, 1H, NH); MS m/z (%): 439 (M+, 2), 341 (27), 227 (12), 202 (60), 125 (100), 93 (61), 65 (96). Anal. Calcd. For C19H14ClN7O2S (439.88): C, 51.88; H, 3.21; N, 22.29. Found: C, 51.63; H, 3.28; N, 22.16%.


Alternate method for 10a
Synthesis of 2-(3-methyl-5-oxo-4-(2-phenylhydrazono)-4,5-dihydro-1H-pyrazol-1-yl)thiazol-4(5H)-one (11)
To a mixture of pyrazole-1-carbothioamide 3a (2.61 g, 10 mmol) in ethanol (30 mL) containing anhydrous sodium acetate (3.3 g, 40 mmol), ethyl chloroacetate (1.22 g, l0 mmol) was added. The mixture was refluxed for 4–8 h (monitored by TLC), then left to cool. The solid product was filtered off, washed with ethanol and recrystalized from EtOH to afford the thiazolone derivative 11 as pale yellow solid (69% yield); mp 193–195 °C (EtOH); IR (KBr) ν = 3263 (NH), 3060, 2924 (C–H), 1688, 1659 (2C=O), 1583 (C=N) cm−1; 1H NMR (DMSO-d6) δ: 2.25 (s, 3H, CH3), 4.14 (s, 2H, CH2), 7.17–7.63 (m, 5H, Ar–H), 9.45 (br s, 1H, NH); 13C-NMR (DMSO-d6): δ 12.07 (CH3), 31.52 (CH2), 117.12, 126.67, 126.78, 130.03, 141.75, 150.14, 157.16 (Ar–C and C=N), 172.47, 177.40 (C=O); MS, m/z (%) 301 (M+, 64), 261 (56), 202 (73), 125 (100), 93 (79), 77 (53), 65 (84). Anal. Calcd for C13H11N5O2S (301.32): C, 51.82; H, 3.68; N, 23.24. Found C, 51.71; H, 3.60; N, 23.08%.


Coupling of thiazolone derivative 11 with benzenediazonium chloride 12
                              
A cold solution of benzenediazonium chloride 12 was added portionwise to a cold solution of 11 (0.301 g, 1 mmol) in pyridine (20 mL). After complete addition of the diazonium salt, the solid that separated was filtered off, washed with water and finally recrystallized from EtOH to give a product proved to be identical in all respects (IR spectra, mp and mixed mp) with compound 10a which was resulted from reaction of 3a with 8a.

Synthesis of 3-methyl-4-(2-phenylhydrazono)-1-(4-aryl(heteryl)thiazol-2-yl)-1H-pyrazol-5(4H)-ones 15a–c, 17, 19 and 21
                              
General procedure: An ethanolic soluton of 3-methyl-5-oxo-4-(2-phenylhydrazono)-4,5-dihydro-1H-pyrazole-1-carbothioamide (3a) (0.261 g, 1 mmol) and α-bromoacetyl derivatives 13a–c or 16 or 18 or 20 (1 mmol) was refluxed for 4–8 h, then left to cool. The solid product was filtered off, washed with ethanol and recrystallized from dioxane to afford the thiazole derivatives 15a–c, 17, 19 and 21, respectively.
3-Methyl-4-(2-phenylhydrazono)-1-(4-phenylthiazol-2-yl)-1H-pyrazol-5(4H)-one (15a)
Orange solid (70% yield); mp 277–279 °C (DMF); IR (KBr): v/cm−1 3429 (NH), 3061, 2958 (C–H), 1685 (C=O), 1583 (C=N); 1H-NMR (DMSO-d6): δ 2.44 (s, 3H, CH3), 7.28 (s, 1H, thiazole H5), 7.30–7.51 (m, 10H, Ar–H), 9.06 (br s, 1H, NH); 13C-NMR (DMSO-d6): δ 12.08 (CH3), 117.15, 123.01, 126.68, 126.81, 129.11, 130.06, 134.50, 141.78, 148.00, 150.15, 152.04, 155.15, 157.16, (Ar–C and C=N), 171.40 (C=O); MS m/z (%): 361 (M+, 31), 284 (24), 202 (89), 125 (100), 93 (83), 77 (62). Anal. calcd for C19H15N5OS (361.42): C, 63.14; H, 4.18; N, 19.38. Found: C, 63.03; H, 4.11; N, 19.25%.

1-(4-(4-Aminophenyl)thiazol-2-yl)-3-methyl-4-(2-phenylhydrazono)-1H-pyrazol-5(4H)-one (15b)
Orange solid (75% yield); mp 230–232 °C (DMF/EtOH); IR (KBr): v/cm−1 3428–3260 (NH and NH2), 3069, 2959 (C–H), 1686 (C=O), 1582 (C=N); 1H-NMR (DMSO-d6): δ 2.42 (s, 3H, CH3), 7.28 (s, 1H, thiazole H5), 7.07 (br s, 2H, NH2), 7.30–7.54 (m, 9H, Ar–H), 9.06 (br s, 1H, NH); MS m/z (%): 376 (M+, 9), 261 (68), 202 (100), 125 (94), 93 (76), 77 (40), 65 (77).Anal. calcd for C19H16N6OS (376.43): C, 60.62; H, 4.28; N, 22.33. Found: C, 63.55; H, 4.14; N, 22.16%.

1-(4-(4-Chlorophenyl)thiazol-2-yl)-3-methyl-4-(2-phenylhydrazono)-1H-pyrazol-5(4H)-one (15c)
Orange solid (78% yield); mp 215–217 °C (DMF/EtOH); IR (KBr): v/cm−1 3428 (NH), 3069, 2959 (C–H), 1686 (C=O), 1582 (C=N); 1H-NMR (DMSO-d6): δ 2.43 (s, 3H, CH3), 7.28 (s, 1H, thiazole H5), 7.39 (d, J = 8.4 Hz, 2H, Ar–H), 7.47–7.49 (m, 5H, Ar–H), 7.92 (d, J = 8.4 Hz, 2H, Ar–H), 9.05 (br s, 1H, NH); MS m/z (%): 395 (M+, 80), 318 (66), 261 (52), 202 (57), 125 (76), 93 (41), 77 (58), 67 (100). Anal. calcd for C19H14ClN5OS (395.87): C, 57.65; H, 3.56; N, 17.69. Found: C, 57.39; H, 3.38; N, 17.60%.

3-Methyl-1-(4-(2-oxo-2H-chromen-3-yl)thiazol-2-yl)-4-(2-phenylhydrazono)-1H-pyrazol-5(4H)-one (17)
Orange solid (75% yield); mp 239–241 °C (DMF); IR (KBr): v/cm−1 3412 (NH), 3054, 2920 (C–H), 1715, 1689 (2C=O), 1596 (C=N); 1H-NMR (DMSO-d6): δ 2.42 (s, 3H, CH3), 7.28 (s, 1H, thiazole H5), 7.30–7.69 (m, 9H, Ar–H), 8.35 (s, 1H, Coumarine H4), 8.87 (br s, 1H, NH); MS m/z (%): 429 (M+, 100), 401 (27), 352 (53), 271 (19), 255 (50), 171 (9), 77 (37), 67 (80). Anal. calcd for C22H15N5O3S (429.45): C, 61.53; H, 3.52; N, 16.31. Found: C, 61.42; H, 3.37; N, 16.22%.

3-Methyl-1-(4-(3-oxo-3H-benzo[f]chromen-2-yl)thiazol-2-yl)-4-(2-phenylhydrazono)-1H-pyrazol-5(4H)-one (19)
Orange solid (78% yield); mp 280–282 °C (DMF); IR (KBr): v/cm−1 3429 (NH), 3057, 2957 (C–H), 1722, 1675 (2C=O), 1629 (C=N); 1H-NMR (DMSO-d6): δ 2.41 (s, 3H, CH3), 7.28 (s, 1H, thiazole H5), 7.46–7.50 (m, 6H, Ar–H), 7.61 (d, J = 7.2 Hz, 1H, Ar–H), 7.75 (t, J = 8.00 Hz, 1H, Ar–H), 7.92 (d, J = 5.6 Hz, 1H, Ar–H), 8.00 (d, J = 8.0 Hz, 1H, Ar–H), 8.42 (s, 1H, Coumarine H4), 8.61 (d, J = 8.4 Hz, 1H, Ar–H), 9.06 (br s, 1H, NH); MS m/z (%): 479 (M+, 100), 451 (27), 305 (48), 222 (9), 139 (7), 77 (39), 67 (80). Anal. calcd for C26H17N5O3S (479.51): C, 65.12; H, 3.57; N, 14.61. Found: C, 65.02; H, 3.41; N, 14.39%.

3-Methyl-4-(2-phenylhydrazono)-1-(4-(pyridin-2-yl)thiazol-2-yl)-1H-pyrazol-5(4H)-one (21)
Orange solid (73% yield); mp 240–242 °C (DMF); IR (KBr): v/cm−1 3428 (NH), 3069, 2959 (C–H), 1686 (C=O), 1627 (C=N); 1H-NMR (DMSO-d6): δ 2.42 (s, 3H, CH3), 7.28 (s, 1H, thiazole H5), 7.30–7.78 (m, 7H, Ar–H), 8.40 (d, 1H, Ar–H), 8.72 (d, 1H, Ar–H), 9.06 (br s, 1H, NH); MS m/z (%): 362 (M+, 8), 261 (51), 202 (77), 125 (100), 93 (78), 77 (45), 65 (19). Anal. calcd for C18H14N6OS (362.41): C, 59.65; H, 3.89; N, 23.19. Found: C, 59.42; H, 3.69; N, 23.11%.




Molecular modeling
Docking Study was performed using the MOE 2014.09 software. Regularization and optimization for protein and ligand were performed. Each docked compound was assigned a score according to its fit in the ligand binding pocket (LBP) and its binding mod.

Cytotoxic activity
In this study, the newly synthesized compounds were subjected to cytotoxic evaluation on human tumour cell line [43].
Materials and methods
Chemicals
All chemicals used in this study are of high analytical grade. They were obtained from (either Sigma-Alderich or Biorad).

Human tumor cell lines
The tumour cell lines were obtained frozen in liquid nitrogen (− 180 °C) from the American Type Culture Collection (ATCC) and was maintained at the National Cancer Institute, Cairo, Egypt, by serial subculturing.

Measurement of potential cytotoxic activity
The cytotoxic activity was measured in vitro on human cancer cell line (HEPG2) using Sulforhodamine-B stain (SRB) assay.
Cells were plated in 96 multi well plates for 24 h before treatment with the compounds to allow attachment of the cells to the wall of the plate.	Different concentrations of the compound under test (0, 6.25, 12.5, 25, 50 and 100 µg/mL) were added to the cell monolayer. Triplicate wells were prepared for each individual dose.

	Monolayer cells were incubated with the compounds for 48 h at 37 °C and in atmosphere of 5% CO2.

	After 48 h cell was fixed, washed and stained with Sulforhodamine B stain.

	Excess stain was washed with acetic acid and attached stain was recovered with Tris EDTA buffer.

	Colour intensity was measured in an ELISA reader.

	The relation between surviving fraction and drug concentration was plotted and IC50 (the concentration required for 50% inhibition of cell viability) was calculated for each compound by Sigmaplot software.









Conclusions
We portrayed a convenient and efficient synthesis of numerous diversely substituted thiazolyl-pyrazole derivatives from cheap laboratory accessible starting materials. Since a variety of thiazolyl-pyrazole derivatives 6a–h, 10a–c, 15a–c, 17, 19 and 21 were synthesized from reaction of 3-methyl-5-oxo-4-(2-arylhydrazono)-4,5-dihydro-1H-pyrazole-1-carbothioamides 3a,b with a diversity hydrazonoyl chlorides as well as bromoacetyl derivatives. Simple synthetic routes were pursued and no risky solvents, catalysts or substantial metals were included. Moreover, the computational studies were carried out for all the products and the results revealed that four new compounds showed promising binding affinities against EGFR. The cytotoxicity of the potent products was tested against HepG-2 using Doxorubicin standard drug. There was an agreement between the benefits of binding affinities and the data obtained from the practical anticancer screening of the tested compounds.

Authors’ contributions
SMG and FMA designed research; SMG and MSF performed research; SAH performed the computational studies. ARS and PM analyzed the data; All authors wrote the final version of the manuscript. All authors read and approved the final manuscript.

Funding
The financial support by the Deanship of Scientific Research (Project Number 186182) King Faisal University, Saudi Arabia is gratefully acknowledged.

Availability of data and materials
The datasets and samples of the compounds used during the current study are available from the corresponding author on reasonable request.

Competing interests
The authors declare that they have no competing interests.


[image: Creative Commons]Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

References
1.
Liu XH, Cui P, Song BA, Bhadury PS, Zhu HL, Wang SF (2008) Synthesis, structure and antibacterial activity of novel 1-(5-substituted-3-substituted-4,5-dihydropyrazol-1-yl)ethanone oxime ester derivatives. Bioorg Med Chem 16:4075–4082Crossref

2.
Ouyang G, Chen Z, Cai XJ, Song BA, Bhadury PS, Yang S, Jin LH, Xue W, Hu DY, Zeng S (2008) Synthesis and antiviral activity of novel pyrazole derivatives containing oxime esters group. Bioorg Med Chem 16:9699–9707Crossref

3.
Abbas IM, Abdallah MA, Gomha SM, Kazem MSH (2017) Synthesis and antimicrobial activity of novel azolopyrimidines and pyrido-triazolo-pyrimidinones incorporating pyrazole moiety. J Heterocycl Chem 54:3447–3457Crossref

4.
Abdalla MA, Gomha SM, Abdelaziz MR, Serag N (2016) Synthesis and antiviral evaluation of some novel thiazoles and 1,3-thiazines substituted with pyrazole moiety against rabies virus. Turk J Chem 40:441–453Crossref

5.
Anzaldi M, Maccio C, Mazzei M, Bertolotto M, Ottonello L, Dallegri F, Balbi A (2009) Antiproliferative and proapoptotic activities of a new class of pyrazole derivatives in HL-60 cells. Chem Biodivers 6:1674–1687Crossref

6.
El-Shafei A, Fadda AA, Khalil AM, Ameen TAE, Badria FA (2009) Synthesis, antitumor evaluation, molecular modeling and quantitative structure-activity relationship (QSAR) of some novel arylazopyrazolodiazine and triazine analogs. Bioorg Med Chem 17:5096–5105Crossref

7.
Siddiqui N, Arshad MF, Ahsan W (2009) Thiazoles: a valuable insight into the recent advances and biological activities. Int J Pharm Sci Drug Res 1:136–143

8.
Vasu N, Goud BB, Kumari YB, Rajitha B (2013) Design, synthesis and biological evaluation of some novel benimidazole based thiazolyl amines. Rasayan J Chem 6:201–206

9.
Singh N, Bhati SK, Kumar A (2008) Thiazolyl/oxazolyl formazanyl indoles as potent anti-inflammatory agents. Eur J Med Chem 43:2597–2609Crossref

10.
Luzina EL, Popov AV (2009) Synthesis and anticancer activity of N-bis(trifluoromethyl)alkyl-N’-thiazolyl and N-bis(trifluoromethyl)alkyl-N’-benzothiazolyl ureas. Eur J Med Chem 44:4944–4953Crossref

11.
Rawal RK, Tripathi R, Katti SB, Pannecouque C, De Clercq E (2008) Design and synthesis of 2-(2,6-dibromophenyl)-3-heteroaryl-1,3-thiazolidin-4-ones as anti-HIV agents. Eur J Med Chem 43:2800–2806Crossref

12.
Satoh A, Nagatomi Y, Hirata Y, Ito S, Suzuki G, Kimura T, Maehara S, Hikichi H, Satow A, Hata M, Ohta H, Kawamoto H (2009) Discovery and in vitro and in vivo profiles of 4-fluoro-N-[4-[6-(isopropylamino)pyrimidin-4-yl]-1,3-thiazol-2-yl]-N-methylbenzamide as novel class of an orally active metabotropic glutamate receptor 1 (mGluR1) antagonist. Bioorg Med Chem Lett 19:5464–5468Crossref

13.
Lesyk R, Vladzimirska O, Holota S, Zaprutko L, Gzella A (2007) New 5-substituted thiazolo[3,2-b][1,2,4]triazol-6-ones: synthesis and anticancer evaluation. Eur J Med Chem 42:641–648Crossref

14.
Havrylyuk D, Zimenkovsky B, Vasylenko O, Zaprutko L, Gzella A, Lesyk R (2009) Synthesis of novel thiazolone-based compounds containing pyrazoline moiety and evaluation of their anticancer activity. Eur J Med Chem 44:1396–1404Crossref

15.
Kaminskyy D, Zimenkovsky B, Lesyk R (2009) Synthesis and in vitro anticancer activity of 2,4-azolidinedione-acetic acids derivatives. Eur J Med Chem 44:3627–3636Crossref

16.
Franchetti P, Grifantini M (2008) Nucleoside and non-nucleoside IMP dehydrogenase inhibitors as antitumor and antiviral agents. Curr Med Chem 6:599–614

17.
Merino P, Tejero T, Unzurrunzaga FJ, Franco S, Chiacchio U, Saita MG, Iannazzo D, Piperno A, Romeo G (2005) An efficient approach to enantiomeric isoxazolidinyl analogues of tiazofurin based on nitrone cycloadditions. Tetrahedron Asym. 16:3865–3876Crossref

18.
Azzali E, Machado D, Kaushik A, Vacondio F, Flisi S, Cabassi CS, Lamichhane G, Viveiros M, Costantino G, Pieroni M (2017) Substituted N-phenyl-5-(2-(phenylamino)thiazol-4-yl)isoxazole-3-carboxamides are valuable antitubercular candidates that evade innate efflux machinery. J Med Chem 60:7108–7122Crossref

19.
Chaudhari K, Surana S, Jain P, Patel HM (2016) Mycobacterium Tuberculosis (MTB) GyrB inhibitors: an attractive approach for developing novel drugs against TB. Eur J Med Chem 124:160–185Crossref

20.
Khloya P, Kumar S, Kaushik P, Surain P, Kaushik D, Sharma PK (2015) Synthesis and biological evaluation of pyrazolylthiazole carboxylic acids as potent anti-inflammatory-antimicrobial agents. Bioorg Med Chem Lett 25:1177–1181Crossref

21.
Takate SJ, Shinde AD, Karale BK, Akolkar H, Nawale L, Sarkar D, Mhaske PC (2019) Thiazolyl-pyrazole derivatives as potential antimycobacterial agents. Bioorg Med Chem Lett 29:1199–1202Crossref

22.
Yang YS, Zhang F, Gao C, Zhang YB, Wang XL, Tang JF, Sun J, Gong HB, Zhu HL (2012) Discovery and modification of sulfur-containing heterocyclic pyrazoline derivatives as potential novel class of β-ketoacyl-acyl carrier protein synthase III (FabH) inhibitors. Bioorg Med Chem Lett 22:4619–4624Crossref

23.
Vaarla K, Kesharwani RK, Santosh K, Vedula RR, Kotamraju S, Toopurani MK (2015) Synthesis, biological activity evaluation and molecular docking studies of novel coumarin substituted thiazolyl-3-aryl-pyrazole-4-carbaldehydes. Bioorg Med Chem Lett 25:5797–5803Crossref

24.
Wang H-H, Qiu K-M, Cui H-E, Yang Y-S, Luo Y, Xing M, Qiu X-Y, Bai L-F, Zhu H-L (2013) Synthesis, molecular docking and evaluation of thiazolyl-pyrazoline derivatives containing benzodioxole as potential anticancer agents. Bioorg Med Chem 21:448–455Crossref

25.
Bridges AJ (2001) Chemical inhibitors of protein kinases. Chem Rev 101:2541–2572Crossref

26.
Bridges AJ (1999) The rationale and strategy used to develop a series of highly potent, irreversible, inhibitors of the epidermal growth factor receptor family of tyrosine kinases. Curr Med Chem 6:825–843PubMed

27.
Lv PC, Li DD, Li QS, Lu X, Xiao ZP, Zhu HL (2011) Synthesis, molecular docking and evaluation of thiazolyl-pyrazoline derivatives as EGFR TK inhibitors and potential anticancer agents. Bioorg Med Chem Lett 21:5374–5377Crossref

28.
Abdelrazek FM, Metz P, Kataeva O, Jaeger A, El-Mahrouky SF (2007) Synthesis and molluscicidal activity of new chromene and pyrano[2,3-c]pyrazole derivatives. Arch Pharm Chem Life Sci 340:543–548Crossref

29.
Abdelrazek FM, Fadda AA, Mohamed SS (2011) Heterosynthesis using nitriles: novel pyrrolo[2,3-b]pyridines. Int J Org Chem 1:218–223Crossref

30.
Abdelrazek FM, Sobhy NA, Metz P, Bazbouz AA (2012) Synthetic studies with 3-oxo-N-[4- (3-oxo-3-phenylpropionylamino)-phenyl]-3-phenylpropionamide. J Heterocycl Chem 49:381–387Crossref

31.
Gomha SM, Abdelrazek FM, Abdulla MM (2015) Synthesis of new functionalised derivatives of [1,2,4]triazolo[4,3-a]pyrimidine and pyrimido[2,1-b][1,3,5]thiadiazine as aromatase inhibitors. J Chem Res 39:425–429Crossref

32.
Gomha SM, Abdelrazek FM, Abdelrahman AH, Metz P (2016) Synthesis of some novel thiazole, thiadiazole and 1,4-phenylene-bis-thiazole derivatives. Heterocycles 92:954–967Crossref

33.
Abdelrazek FM, Gomha SM, Abdelrahman AH, Metz P, Sayed MA (2017) A facile synthesis and drug design of some new heterocyclic compounds incorporating pyridine moiety and their antimicrobial evaluation. Lett Drug Des Discov 14:752–762Crossref

34.
Gomha SM, Abdelrazek FM, Abdelrahman AH, Metz P (2018) Synthesis of some new pyridine-based heterocyclic compounds with anticipated antitumor activity. J Heterocycl Chem 55:1729–1737Crossref

35.
Gomha SM, Riyadh SM, Mahmmoud EA, Elaasser MM (2015) Chitosan-grafted-poly(4-vinylpyridine) as a novel copolymer basic catalyst for synthesis of arylazothiazoles and 1,3,4-thiadiazoles under microwave irradiation. Chem Heterocycl Compd 51:1030–1038Crossref

36.
Abbas IM, Riyadh SM, Abdallah MA, Gomha SM (2006) A novel route to tetracyclic fused tetrazines and thiadiazines. J Heterocycl Chem 43:935–942Crossref

37.
Abbas IM, Gomha SM, Elaasser MM, Bauomi MA (2015) Synthesis and biological evaluation of new pyridines containing imidazole moiety as antimicrobial and anticancer agents. Turk J Chem 39:334–346Crossref

38.
MOE 2008.10 of Chemical Computing Group. Inc. http://​www.​chemcomp.​com
                        

39.
Halgren TA (1996) Merck molecular force field. I. Basis, form, scope, parameterization, and performance of MMFF94. J Comput Chem. 17:490–519Crossref

40.
Dewar MJS, Zoebisch EG, Healey EF, Stewart JJP (1985) Development and use of quantum mechanical molecular models. 76. AM1: a new general purpose quantum mechanical molecular model. J Am Chem Soc 107:3902–3909Crossref

41.
Stamos J, Sliwkowski MX, Eigenbrot C (2002) Structure of the epidermal growth factor receptor kinase domain alone and in complex with a 4-anilinoquinazoline inhibitor. J Biol Chem 277:46265–46272Crossref

42.
Shetty S, Kalluraya B, Nithinchandra BM, Joshi CG, Joshi H, Nidavani RB (2013) Synthesis of novel triheterocyclic thiazoles as antimicrobial and analgesic agents. Indian J Heterocycl Chem 23:33–38

43.
Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica D, Warren JI, Bokesch H, Kenney S, Boyd MR (1990) New colorimetric cytotoxicity assay for anticancer-drug screening. J Nat Cancer Inst 82:1107–1112Crossref



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/A13065_2019_632_Fig2_HTML.png
Leu?s3






OEBPS/A13065_2019_632_Fig8_HTML.png
3a
Lead compound

ICs5o = 4.39 + 0.47 mg\ mL IC50=2.20£0.13 mg\ mL

S 1) 5
’N’< _N N -
\NI S N 7 \©
Me
10a

Z
\’ | 0 %
A N N X\Y\Z: Ph\PhN,\diMe: ICs5,=3.90 £ 0.14 mg\ mL
~ .
NT O N ,</ I X\Y\Z: 2-pyridyN\H\H: ICs,=4.80 % 0.56 mg\ mL
H ’
Me

X\Y\Z: Ph\H\H: IC5,=12.25+0.97 mg\ mL

6d, 15a and 21





OEBPS/contact.gif





OEBPS/A13065_2019_632_Fig7_HTML.png
1Cs0 (ng/mL)
14 1255

12

10

8

6 4.8

4 -

2_

0 _
Doxorublcm 3a






OEBPS/A13065_2019_632_Fig4_HTML.png
Lys
04

le720
| e






OEBPS/A13065_2019_632_Sch1_HTML.png
S

0 o N, J
N’ “NH, / S
H
Me | Ot - NZ NN
No EtOH / HCI ' NH,
NH Me
I}IH Ar”
la’b Ar 2a,b
Ar=a, Ph; b, 3,5-(Me),C
r=a (Me),CgHs -EtOH
Cl
M N i/
€ N
NT M\ A /N\ N
o} 4 H N’(
~ 7/ NH
¢ Dioxane \ TEA Me ‘
/Ar‘ 3a,b
o .
HN NQN/AI-
O N Ar N S
Ar / SN \
N~ N S H N N\
i — ~ N M
N Me -H,0 ¢
~ 7/ : Me 6a-h
Me N NH O a-
S5a-h II:I]
S,
Isopropyl H,N” Al rNa /Ph
alcohol N N
Ar Ar 6 Ar Ar 7 Me
Ph Ph e 3,5-(Me),CeH3 4-MeCgHy
COOEt
Ph 4-MeC¢H, | f 3,5-(Me),CgH; 3-CICgH, o
Ph 3-CICeH, 3,5-(Me),CeHs 4-CICgH, N -
3,5-(Me),CeH, Ph h 3,5-(Me),CeHj 2,4-Cl,C¢H; Ph/NH tle






OEBPS/A13065_2019_632_Figa_HTML.png
S
9 0 H,N. H 0

p N A N S
I~
Me” Y[ OEt > ANy 2:

Ne EtOH / HCI H N

NH =y  NH, Cl H
lab Ar M¢ 3ab Meh)*NN‘Ar‘
Ar = a, Ph; b, 3,5-(Me)2C6H3
0 Cl 4
EtOTI)\N Ny
0 8a-c
il A N | S N§N/Ar
I’
Ph _N S Ph_ _N. SN (
NS N‘<\]\ N N——< e
=/ N Ar H =/ N~ \ =N Me
N Ar Me¢

M€ 15a-¢, 17, 19, 21 Me 10a-c 6a-h






OEBPS/A13065_2019_632_Fig3_HTML.png





OEBPS/A13065_2019_632_Sch2_HTML.png
Cl

H
EtO X N
\n)\N/ \AI"

O
Ph N N
SN 4'< O 8a-c
H N
\N/ N

H, Dioxane \ TEA

Mge¢
3a
CICH,COOEY/
AcOH, AcONa
(0]
O
Ph\ /N N PhN,C1
NT N / 12
H N’<
\N S 0_5 OC
Mg¢

11

i HN
0] \N
Ph
DN
H N—< OEt
~ 7/
Me N NH O
- 9a-c
8,10 Ar
- EtOH a Ph
b 3-MCC6H4
0 C 4-C1C6H4
h Nfo
P N,
\E/ N . y E
/\ N
=,/ ST SNT ar
Me





OEBPS/A13065_2019_632_Fig6_HTML.png
Met769

Thig30

Phes33, ..

Asp83l

Thi766

Leusd4






OEBPS/A13065_2019_632_Fig1_HTML.png
Cl

Anticancer thiazolyl-pyrazoles

A R
N NH, X o]
N7 N,Q O\ N N Py 0
H . X X N N H
S N 7\ -
N H N NT N,< N
Me \NI S Y H . S \N/

3a,b Me Me N

Lead compounds 6a-h, 15a-c, 17,19 and 21 10a-c

T

Targted thiazolyl-pyrazoles





OEBPS/A13065_2019_632_Sch3_HTML.png
2 S Ar’ )\,Br ,N
~ ,N—Q — 5B - _>]—Ar
=N NHz EtOH

3a 14a-c
(0]
Coas
070 13,15 Ar -H,0
16 N Ph
EtOH b 2-NH2-C6H4
¢ 4-CIC4H,
(0]
X \ Ph. N. i S
\ N\
] ’(]\I /4 E N N’(\]\
(0] = N Ar’
0O N
M

17 15a-¢





OEBPS/A13065_2019_632_Fig5_HTML.png
Phe832

£ i

Thrg30

¢ AspiT6

Glu738






