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Abstract: Background: Recently, researchers have been warning about the increased mortality of 
the various cancer types. Also, the lung adenocarcinoma and the glioma types are burning issues for 
world's health due to late or wrong diagnosis and/or insufficient treatment methods. For this 
purpose, our research group designed and synthesized novel 4,5-dimethyl thiazole-hydrazone 
derivatives which were tested against cancer and normal cell lines to understand the structure-
activity relationship (SAR).  

Methods: The lead compounds were obtained by reacting 2-(substituted aryl-2-ylmethylene) 
hydrazin-1-carbothioamide with 3-chloro-2-butanone derivatives. The structural elucidation of the 
compounds was performed by 1H-NMR, 13C-NMR, and LC/MS-IT-TOF spectral and elemental 
analyses. The synthesized compounds were tested in vitro for the anticancer activity against A549 
human lung adenocarcinoma and C6 rat glioma cells and investigated for which pathway to induce 
cell death. Also, the docking study of the active compounds was achieved to understand the SAR. 

Results: The targeted compounds (2a-2l) were synthesized successfully above 70% yields, and  
the analysis findings proved their purity. In general, the results of activity studies displayed 
significant effects against at least one cell line, except compounds 2e (indol-3-yl) and 2h  
(4-dimethylaminophenyl). Furthermore, compounds 2b and 2f displayed potential anticancer 
activity. With the help of molecular docking study, a potential selectivity of compound 2f was 
observed for type II protein kinase. On the other hand, compound 2b interacted with the active site 
nearly the same as Dasatinib. Therefore, these two compounds could be used as a base on 
developing selective anticancer drugs. 

Conclusion: Pyridin-2-yl (2b) derivative was found to be a favorable molecule with high anticancer 
potency against C6 and A549 cell lines. Additionally, 1-naphthyl (2f) derivative was a worthy 
compound for potential selectivity. In future studies, it will be our priority to focus on developing 
derivatives of these two compounds (2b and 2f) and elucidate their mechanisms. 

Keywords: Thiazole, hydrazone, A549, C6, apoptosis, anticancer activity. 

1. INTRODUCTION 

The uncontrolled cell division in one or more organs or 
tissues is described as cancer [1, 2]. Recently, researchers 
have warned about the increased mortality of the various 
cancer types [3]. Also, the lung adenocarcinoma and the 
glioma types are burning issues for world's health [4-6] due 
to late or wrong diagnosis [7] and/or insufficient treatment 
methods [8-10]. Today, some pharmacological options are 
used against tumor cells such as surgical operation,  
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chemotherapy, and radiation therapy. There are no methods 
or viable techniques for the radical treatment yet, especially 
for the last stage of these types [11, 12]. Another major 
challenge that complicates the struggle against tumor cells is 
drug resistance as reported by several studies [13-15]. Since 
these difficulties terrorize humanity, researchers focus on 
new therapy procedures [16-19] and/or new diagnosis 
techniques [20-22] for cancer treatment. According to 
literature, synthesis of new drug agents [23-25], and 
discovering or illuminating new pathways [26, 27] are 
substantially preferred techniques in the combat against 
cancer.  

The thiazole ring has an important position in medicinal 
chemistry because it is a small structure, and it shows 
different biological activities by acting in diverse pathways 
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[28, 29]. Over the past decade, thiazole moiety has displayed 
analgesic [30], antimicrobial [31] and peripheral antino-
ciceptive [32] activities. Likewise, its anticancer activity 
studies are increasing day by day [33-35]. Thiazole 
derivatives, tiazofurin [36], and dasatinib [37, 38] are 
currently used for their cytotoxicity effect clinically. 
Similarly, hydrazone moiety possessing an azomethine 
proton constitutes an important class of compounds for new 
drug design and development [39]. A previous histone 
acetyltransferases (HAT) enzyme study displayed that good 
anticancer activity of synthesized compounds has been 
associated with (thiazole-2-yl) hydrazone moiety [40]. On 
the other hand, nitrogen-containing heterocyclic rings like 
pyridine, pyrrole, and indole have various biological 
activities [41-45]. Literature reviews denoted those pyridine 
derivatives have a good anticancer profile [46, 47]. 
Furthermore, thiazole bearing pyridine derivatives have been 
reported for their anticancer activity [48, 49]. Hence, it led us 
to the hybridization of these three moieties. 

Based on the above information, we synthesized and 
analyzed new twelve 4,5-dimethyl-thiazole-2-hydrazone 
derivatives (2a-2l), and then evaluated the anticancer activity 
against C6 rat glioma cells and A549 human lung carcinoma 
cells. Additionally, we tested their cytotoxicity against 
NIH3T3 murine fibroblast and L929 mouse fibroblast cell 
lines. 

2. EXPERIMENTAL 

2.1. Chemistry 

All chemicals used in the synthesis were purchased either 
from Merck Chemicals (Merck KGaA, Darmstadt, Germany) 
or Sigma-Aldrich Chemicals (Sigma-Aldrich Corp., St. 
Louis, MO, USA). The reactions and the purities of the 
compounds were observed by thin-layer chromatography 
(TLC) on silica gel 60 F254 aluminum sheets obtained from 
Merck (Darmstadt, Germany). Melting points of the 
synthesized compounds were recorded by the MP90 digital 
melting point apparatus (Mettler Toledo, Ohio, USA) and 
presented as uncorrected. 1H NMR and 13C NMR spectral 
analyses were achieved using a Bruker 300 MHz and 75 
MHz digital FT-NMR spectrometer (Bruker Bioscience, 
Billerica, MA, USA) in DMSO-d6. In the NMR spectra, 
splitting patterns were designated as follows: s: singlet; d: 
doublet; t: triplet; m: multiplet. Coupling constants (J) were 
reported as Hertz. High resolution mass spectrometric 
(HRMS) analysis was performed using a LC/MS-IT-TOF 
system (Shimadzu, Kyoto, Japan). Elemental analysis was 
performed on a Leco 932 CHNS analyzer (Leco, Michigan, 
USA). 

2.1.1. General procedure for the synthesis of the 
compounds 2-(substituted aril-2-ylmethylene)hydrazine-1-
carbothioamide derivatives (1a-1l) 

Thiosemicarbazide (1 eq.) and aldehyde derivatives  
(1 eq.) were dissolved in ethanol. The mixture was refluxed 
for 2 h at 200 ºC. We used TLC to understand the 
completion of the reaction. Compounds 1a, 1b [50], 1c [51], 
1d [52], 1e [53], 1f [54], 1g [55], 1h [56], 1i [54], 1j [56], 1k 

[57] and 1l [54] were described previously. 

2.1.2. 4,5-Dimethyl-2-(2-(arylmethylene)hydrazinyl)thia-
zole derivatives (2a-2l) 

A mixture of 2-(substituted aryl-2-ylmethylene)hydrazin-
1-carbothioamide derivatives (1a-1l) (1 eq.) and 3-chloro-2-
butanone (1 eq.) in ethanol was stirred for 6 h at room 
temperature. The solvent was then evaporated to dryness. 
The final compounds were recrystallized from ethanol. 

2.1.3. 4,5-Dimethyl-2-[2-(pyridin-4-ylmethylene)hydrazinyl] 
thiazole (2a, C11H12N4S) 

M. p. 248oC, 85%, orange powder,  1H-NMR (300 MHz, 
DMSO-d6, ppm) δ 2.09 (s, 3H, CH3), 2.18 (s, 3H, CH3), 7.97 
(d, 2H, J=6.74 Hz, Ar-H), 8.12 (s, H, N=C-H), 8.73 (d, 2H, 
J=6.72 Hz, Ar-H), 9.27 (brs, H, N-H). 13C-NMR (75 MHz, 
DMSO-d6, ppm) δ 11.38 (CH3), 13.74 (CH3), 119.15, 
122.31, 137.36, 142.76 (C=N), 150.43, 156.57. For 
C11H12N4S elemental Analysis results for C, H, and N 
calculated: 56.87%, 5.21%, and 24.12%; found: 56.90%, 
5.17%, and 24.07%. HRMS (m/z): [M+1]+ calculated 
233.0855; found 233.0862. 

2.1.4. 4,5-Dimethyl-2-[2-(pyridin-2-ylmethylene)hydrazi-
nyl]thiazole (2b, C11H12N4S) [58]  

M. p. 202oC, 72%, dusty rose powder, 1H-NMR (300 
MHz, CDCl3, ppm) δ 2.21 (s, 3H, CH3), 2.25 (s, 3H, CH3), 
7.29-7.34 (m, H, Ar-H), 7.83-7.87 (m, 2H, Ar-H), 8.05 (s, H, 
N=C-H), 8.62 (d, H, J=5.10 Hz, Ar-H), 9.26 (brs, H, N-H). 
13C-NMR (75 MHz, DMSO-d6, ppm) δ 11.25 (CH3), 13.64 
(CH3), 121.27, 124.70, 126.43, 139.54, 139.98, 140.54 
(C=N), 146.80, 147.69, 151.50. For C11H12N4S elemental 
Analysis results for C, H, and N calculated: 56.87%, 5.21%, 
and 24.12%; found: 56.91%, 5.16%, and 24.16%. HRMS 
(m/z): [M+1]+ calculated 233.0855; found 233.0853. 

2.1.5. 2-[2-[(1H-pyrrol-2-yl)methylene]hydrazinyl]-4,5-di-
methylthiazole (2c, C10H12N4S)  

M. p. 240oC, 75%, navy blue powder, 1H-NMR (300 
MHz, DMSO-d6, ppm) δ 2.18 (s, 3H, CH3), 2.22 (s, 3H, 
CH3), 6.13-6.16 (m, H, Ar-H), 6.56 (brd, J=1.13 Hz, H, Ar-
H), 7.02 (s, H, Ar-H), 8.21 (s, H, N=C-H), 11.30 (brs, H, 
pyrole N-H), 11.95 (brs, H, N-H). 13C-NMR (75 MHz, 
DMSO-d6, ppm) δ 10.98 (CH3), 11.89 (CH3), 110.09, 
113.53, 114.62, 123.64, 127.07, 132.25 (C=N), 140.59. For 
C10H12N4S elemental Analysis results for C, H, and N 
calculated: 54.52%, 5.49%, and 25.43%; found: 54.53%, 
5.48%, and 25.42%. HRMS (m/z): [M+1]+ calculated 
221.0855; found 221.0847. 

2.1.6. 4,5-Dimethyl-2-[2-[(1-methyl-1H-pyrrol-2-yl)methyl-
ene]hydrazinyl] thiazole (2d, C11H14N4S) 

M. p. 187oC, 80%, off-white solid, 1H-NMR (300 MHz, 
DMSO-d6, ppm) δ 2.16 (s, 3H, CH3), 2.18 (s, 3H, CH3), 3.84 
(s, 3H, pyrrol-CH3), 6.12-6.14 (m, H, Ar-H), 6.59-6.60 (m, 
H, Ar-H), 7.06 (brt, H, J=1.39, Ar-H), 8.39 (s, H, N=C-H), 
12.11 (brs, H, N-H). 13C-NMR (75 MHz, DMSO-d6, ppm) 
10.97 (CH3), 12.20 (CH3), 36.91 (CH3), 109.17, 113.85, 
117.00, 126.39, 129.92, 133.39 (C=N), 142.23. For 
C11H14N4S elemental Analysis results for C, H, and N 
calculated: 56.38%, 6.02%, and 23.91%; found: 56.41%, 
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5.58%, and 23.90%. HRMS (m/z): [M+1]+ calculated 
235.1012; found 235.1001. 

2.1.7. 2-[2-[(1H-indol-3-yl)methylene]hydrazinyl]-4,5-di-
methylthiazole (2e, C14H14N4S)  

M. p. 204oC, 81%, cream solid, 1H-NMR (300 MHz, 
DMSO-d6, ppm) δ 2.18 (s, 3H, CH3), 2.21 (s, 3H, CH3), 
7.18-7.26 (m, 2H, Ar-H), 7.49 (d, H, J=7.38 Hz, Ar-H), 7.95 
(d, J=2.75 Hz, H, Ar-H), 8.16 (d, H, J=7.15 Hz, Ar-H), 8.68 
(s, H, N=C-H), 11.28 (brs, H, indole N-H), 11.92 (brs, H, N-
H). 13C-NMR (75 MHz, DMSO-d6, ppm) δ 11.00 (CH3), 
12.13 (CH3), 110.93, 112.65, 113.59, 121.49, 122.12, 
123.42, 124.28, 133.01, 137.67, 147.13 (C=N), 165.19. For 
C14H14N4S elemental Analysis results for C, H, and N 
calculated: 62.20%, 5.22%, and 20.72%; found: 62.26%, 
5.18%, and 20.65%. HRMS (m/z): [M+1]+ calculated 
271.1012; found 271.0999. 

2.1.8. 4,5-Dimethyl-2-[2-(naphthalen-1-ylmethylene)hydra-
zinyl]thiazole (2f, C16H15N3S)  

M. p. 216oC, 83%, burnt orange solid, 1H-NMR (300 
MHz, DMSO-d6, ppm) δ 2.17 (s, 3H, CH3), 2.18 (s, 3H, 
CH3), 7.59-7.63 (m, 2H, Ar-H), 7.65-7.71 (m, H, Ar-H), 
8.00-8.07 (m, 3H, Ar-H), 8.57 (d, H, J=8.39 Hz, Ar-H), 9.25 
(brs, H, N=C-H), 11.95 (brs, H, N-H).  13C-NMR (75 MHz, 
DMSO-d6, ppm) 10.99 (CH3), 12.18 (CH3), 114.70, 123.96, 
126.01, 126.87, 128.08, 128.81, 129.41, 130.58, 131.75, 
133.68, 133.94, 148.61 (C=N), 165.51. For C16H15N3S 
elemental Analysis results for C, H, and N calculated:  
68.30%, 5.37%, and 14.93%; found: 68.39%, 5.33%, and 
14.88%. HRMS (m/z): [M+1]+ calculated 282.1059; found 
282.1045. 

2.1.9. 4,5-Dimethyl-2-[2-(naphthalen-2-ylmethylene)hydra-
zinyl]thiazole (2g, C16H15N3S) 

M. p. 233oC, 76%, yellow powder, 1H-NMR (300 MHz, 
CDCl3, ppm) δ 2.27 (s, 3H, CH3), 2.28 (s, 3H, CH3), 7.28 (s, 
H, Ar-H), 7.55-7.58 (m, 2H, Ar-H), 7.85-7.91 (m, 3H, Ar-
H), 7.99 (s, H, Ar-H), 8.43 (s, H, N=C-H), 11.96 (brs, H, N-
H). 13C-NMR (75 MHz, DMSO-d6, ppm) δ 10.98 (CH3), 
12.20 (CH3), 114.71, 122.86, 127.37, 127.97, 128.28, 
128.93, 129.01, 130.20, 131.33, 133.20, 134.42, 148.86 
(C=N), 165.12. For C16H15N3S elemental Analysis results for 
C, H, and N calculated: 68.30%, 5.37%, and 14.93%; found: 
68.26%, 5.41%, and 14.91%. HRMS (m/z): [M+1]+ 
calculated 282.1059; found 282.1045. 

2.1.10. 4-[[2-(4,5-Dimethylthiazol-2-yl)hydrazinylidene] 
methyl]-N,N-dimethylaniline (2h, C14H18N4S) 

M. p. 89-91oC, 79%, yellow solid, 1H-NMR (300 MHz, 
DMSO-d6, ppm) δ 2.18 (s, 3H, CH3), 2.99 (s, 3H, CH3), 3.03 
(s, 6H, N-CH3), 6.78 (d, J=8.88 Hz, 2H, Ar-H), 7.68 (d, 
J=8.93 Hz, 2H, Ar-H), 9.66 (s, H, N=C-H), 11.82 (brs, H, N-
H). 13C-NMR (75 MHz, DMSO-d6, ppm) 10.95 (CH3), 11.98 
(CH3), 40.13 (CH3), 40.76 (CH3), 111.56, 113.18, 125.02, 
129.50, 131.98, 150.04 (C=N), 151.71, 154.62, 190.30. For 
C14H18N4S elemental Analysis results for C, H, and N 
calculated: 61.28%, 6.61%, and 20.42%; found: 61.32%, 
6.58%, and 20.45%. HRMS (m/z): [M+1]+ calculated 
275.1325; found 275.1316. 

2.1.11. 4,5-Dimethyl-2-[2-[4-(trifluoromethyl)benzylidene] 
hydrazinyl]thiazole (2i, C13H12F3N3S)  

M. p. 215-220oC, 71%, yellow powder, 1H-NMR (300 
MHz, DMSO-d6, ppm) δ 2.18 (s, 6H, CH3), 7.78 (d, J=8.25 
Hz, 2H, Ar-H), 7.99 (d, J=8.07 Hz, 2H, Ar-H), 8.51 (s, H, 
N=C-H), 11.46 (brs, H, N-H). 13C-NMR (75 MHz, DMSO-
d6, ppm) δ 10.94 (CH3), 12.11 (CH3), 115.19, 126.07, 
126.12, 127.31, 128.44, 133.58, 141.18 (C=N), 147.08, 
165.21. For C13H12F3N3S elemental Analysis results for C, 
H, and N calculated: 52.17%, 4.04%, and 14.04%; found: 
52.20%, 4.01%, and 14.08%. HRMS (m/z): [M+1]+ 
calculated 300.0732; found 300.0732. 

2.1.12. 2-[[2-(4,5-Dimethylthiazol-2-yl)hydrazinyliden]met-
hyl]phenol (2j, C12H13N3OS)  

M. p. 233oC, 80%, light yellow powder, 1H-NMR (300 
MHz, DMSO-d6, ppm) δ 2.17 (s, 3H, CH3), 2.19 (s, 3H, 
CH3), 6.88 (t, J=7.46 Hz, H, Ar-H), 6.98 (d, J=8.37 Hz, H, 
Ar-H), 7.25-7.31 (m, H, Ar-H), 7.77 (d, J=7.44 Hz, H, Ar-
H), 8.66 (s, H, N=C-H), 10.41 (brs, H, OH), 12.51 (brs, H, 
N-H). 13C-NMR (75 MHz, DMSO-d6, ppm) δ 11.02 (CH3), 
12.18 (CH3), 113.84, 116.85, 119.70, 119.80, 127.03, 
132.50, 133.27, 146.25 (C=N), 157.47, 165.10. For 
C12H13N3OS elemental Analysis results for C, H, and N 
calculated: 58.28%, 5.30%, and 16.99%; found: 58.23%, 
5.34%, and 17.01%. HRMS (m/z): [M+1]+ calculated 
248.0852; found 248.0842. 

2.1.13. 4,5-Dimethyl-2-[2-(3,4,5-trimethoxybenzyliden)hyd-
razinyl]thiazole (2k, C15H19N3O3S)  

M. p. 214-217oC, 79%, white powder, 1H-NMR (300 
MHz, DMSO-d6, ppm) δ 2.19 (s, 6H, CH3), 3.70 (s, 3H, 
OCH3), 3.84 (s, 6H, OCH3), 7.14 (s, 2H, Ar-H), 8.34 (s, H, 
N=C-H), 12.00 (brs, H, N-H). 13C-NMR (75 MHz, DMSO-
d6, ppm) δ 11.02 (CH3), 12.31 (CH3), 56.57 (O-CH3), 60.62 
(O-CH3), 105.36, 114.51, 129.09, 133.81, 140.24, 148.51 
(C=N), 153.67, 165.00. For C15H19N3O3S elemental Analysis 
results for C, H, and N calculated: 56.06%, 5.96%, and 
13.07%; found: 56.10%, 5.91%, and 13.09%. HRMS (m/z): 
[M+1]+ calculated 322.1220; found 322.1216. 

2.1.14. 2-[2-(4-Isopropylbenzyliden)hydrazinyl]-4,5-dimet-
hylthiazole (2l, C15H19N3S)  

M. p. 70oC, 70%, white solid, 1H-NMR (300 MHz, 
DMSO-d6, ppm) δ 1.20 (q, J1=2.54 Hz, J2=6.84 Hz, 6H, i-
propyl CH3), 2.18 (s, 6H, CH3), 2.86-3.00 (m, H, CH), 7.33 
(d, J=8.05 Hz, 2H, Ar-H), 7.70 (d, J=8 Hz, 2H, Ar-H), 8.44 
(s, H, N=C-H), 11.98 (brs, H, N-H). 13C-NMR (75 MHz, 
DMSO-d6, ppm) δ 10.96 (CH3), 12.09 (CH3), 23.88 (CH3), 
24.04 (CH3), 33.89 (CH), 114.54, 127.32, 128.05, 130.19, 
131.25, 149.20 (C=N), 152.02, 193.06. For C15H19N3S 
elemental Analysis results for C, H, and N calculated: 
65.90%, 7.01%, and 15.37%; found: 65.87%, 7.05%, and 
15.34%. HRMS (m/z): [M+1]+ calculated 274.1372; found 
274.1370. 

2.2. Biochemistry 

2.2.1. Model Cell Line 

The A549 (human lung adenocarcinoma) and C6 (rat 
glioma) NIH3T3,  (murine fibroblast), and L929 (the mouse 
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fibroblast) (ATCC, Rockville, MD, USA) cells were 
maintained in 75 cm2 sterile plastic tissue culture flasks in 
90% RPMI or DMEM (Sigma, Deisenhofen, Germany) 
medium supplemented with 10% (v/v) FBS (Gibco, Paisley, 
UK), and penicillin/streptomycin (Gibco, Paisley, UK) (100 
units/mL) as adherent monolayers. These cells were grown 
at 37oC in a humidified atmosphere containing 5% CO2 in 
air. The methods were carried out as previously described 
[59]. 

2.2.2. Cell Culture and Cytotoxicity Analysis 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide) method was performed to measure the 
cytotoxicity of the tested compounds against C6, A549, 
L929 and NIH3T3 cell lines according to the reported data. 
NIH3T3, L929 were harvested and cultured at 37°C in a 
humidified atmosphere of 95% air and 5% CO2 in 
Dulbecco’s modified eagle’s medium (DMEM, Sigma, St 
Louis, MO, USA). A549 and C6 cells were harvested and 
cultured at 37°C in a humidified atmosphere of 95% air and 
5% CO2 in RPMI. Four cell lines growth mediums were also 
supplemented with 5% fetal calf serum (FCS) (Sigma-
Aldrich, St Louis, MO, USA),  and penicillin (50 IU /mL) 
and streptomycin (50 µg/mL) solution. Subcultivation was 
performed with cells from confluent cultures treated with 0.5 
g/L- 0.2 g/L ethylenediaminetetraacetic acid in phosphate-
buffered saline (PBS). L929 and NIH3T3 cells were diluted 
in fresh medium and seeded into 96-well plates as 2x104 
cells per well. On the other hand, A549 and C6 cells were 
cultured at a density of 5×103 cells per well in flat bottomed 
96-well plates. All of the synthesized compounds and control 
drugs (mitoxantrone and cisplatin) were dissolved in DMSO.  
Further dilutions were made by their own growth medium 
(DMEM for L929 and NIH/3T3 or RPMI for C6 and A549) 
(Final DMSO concentration was <0.1% which has no effect 
on the viability of cells). Also, control cells were untreated 
[60-64]. These prepared compounds were administered to 
cells in 1.95-1000 µM range. After 24 h incubation time, the 
MTT (Sigma-Aldrich, St. Louis, MO, USA) powder (5 
mg/mL) dissolved in phosphate-buffered saline (PBS) 
(Gibco, Paisley, UK) was added to each well (20 μL). After 
a 2-4 h period in the same conditions, the medium was 
removed from the plate and 100 μL of DMSO was added to 
each well to dissolve the dye and kept for 10 minutes. Purple 
formazan was generated at the end of the process which is 
the reduction product of the MTT agent by the mitochondrial 
dehydrogenase enzyme of intact cells. The cells were 
measured at 540 nm using a microtiter plate reader (BioTek 
Plate Reader, Winooski, VT, USA). Cell viability was 
calculated as a percent ratio and compared with the control 
cells. Each concentration was repeated in three wells and 
half-maximal inhibitory concentration 50 (IC50) values were 
defined as the drug concentrations that reduced absorbance 
to 50% of control values by using logarithmic graphics. The 
percentage of the viable cells was calculated based on the 
medium control using the following formula:  

(%) = [100 × (sample abs)/ (control abs) 

2.2.3. The Determination of Early/late Apoptosis by Flow 
Cytometry 

After the A549 and C6 cells were incubated with the 
most potent antiproliferative agents in this series at IC50 
concentrations, phosphatidylserine externalization, which 
indicates early apoptosis, was measured by the FITC 
Annexin V apoptosis detection kit (BD Pharmingen, San 
Jose, CA, USA) on a BD FACSAria flow cytometer for 24 h. 
The A549 and C6 cells were harvested and washed twice 
with ice-cold PBS and resuspended in 100 μL of binding 
buffer. A volume of 5 μL (5 μg/mL) of Annexin V-FITC and 
PI were added to the cells and incubated for 15 min in the 
dark at room temperature (20-25°C). Then, 400 μL of 
binding buffer was added to the mixture samples and 
analyzed on a BD FACSAria flow cytometer using 
FACSDiva version 6.1.1 software (BD Biosciences, San 
Jose, CA, USA).  

2.2.4. Prediction of the ADME Properties  

The prediction of the physicochemical parameters of 
compounds (2a-2l) was calculated using the SwissADME 
web-based program [65-67]. 

2.2.5. Molecular Docking Study 

Crystal structure of protein kinase enzyme was retrieved 
from Protein Data Bank server (PDB code: 4YBJ). Protein 
preparation process, ligand preparation process, grid 
generation, docking and visualization studies were worked 
on Schrodinger’s Maestro molecular modeling package [68]. 

The water molecules were removed from the crystal 
structure. Ligands were set to the physiological pH (pH = 
7.4) at the protonation step. In molecular docking simu-
lations: Glide/XP docking protocols were applied for the 
prediction of topologies of 2b, 2f and dasatinib at the active 
site of target structure [69]. After the preparation steps they 
were docked to the active site of 4YBJ. The docking study 
was used here to predict the relationship between structure 
and inhibition of protein kinase enzyme.  

3. RESULTS 

3.1. Chemistry 

In this study, we synthesized twelve new N-(5-methyl-4-
phenylthiazol-2-yl)acetamide derivatives. The synthesis 
reaction was performed via two steps. In the first step, thio-
semicarbazide and aryl aldehyde derivatives were reacted in 
ethanol to get 2-(arylmethylene)hydrazine-1-carbothioamide. 
The intermediate products (1a-1l) and 3-chloro-butan-2-one 
were reacted for ring closure to obtain the final compounds 
(2a-2l) as shown in Scheme 1. All the synthesized 
compounds were characterized by analytical and spectral 
data. 

The 1H-NMR spectra of compounds showed signals at δ 
2.09-2.99 ppm for methyl (CH3) protons which were singlet 
peaks. Methylene (C-H) protons were observed at δ 8.05-
9.66 ppm as a single peak and a broad singlet peak seen at δ 
9.26-12.51 ppm indicated the hydrazone N-H proton. The 
appearance of singlet, doublet, triplet and/or multiplets peaks 
at δ 6.12-8.62 ppm were due to the aromatic protons. The 
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13C-NMR spectra of compounds showed signals at δ 10.94-
13.74 ppm for methyl (CH3) carbon, at δ 105.36-193.06 ppm 
for aromatic carbons and δ 132.25-150.04 ppm for 
hydrazone (N-N=C) carbon. All masses were estimated by 
the M+H values. Elemental analysis results for C, H, and N 
agreed with the calculated values for the synthesized 
compounds. 

3.2. Anticancer Activity 

The cytotoxicity assays and determination of IC50 doses 
of cisplatin, mitoxantrone and synthesized compounds 
against A549, C6, NIH3T3, and L929 cells were performed 
by MTT assay and the results were shown in Table 1. 
Relating to the assay results, compounds 2a, 2b and 2l 
displayed anticancer activity against both tumor cell types. 
Compounds 2g, 2i, 2j and 2k showed inhibitory activity only 
against lung cancer, and compounds 2c, 2d and 2f presented 
only anti-glioma activity. On the other hand, compounds 2e 
and 2h did not exhibit anticancer activity against both tumor 
cell types. Also, compounds 2a, 2g, and 2l were found 
cytotoxic on NIH3T3 or L929 cells at therapeutic doses 
against A549 cells and only 2h displayed cytotoxicity on 

NIH3T3 or L929 cells at its therapeutic dose against both 
cancer types. 

Compound 2b (R: pyridin-2-yl) and 2f (R: 1-naphthyl) 
displayed strong activity against the C6 cell line. Compound 
2b (IC50: <16.79 µM) and 2f (IC50: 22.21±2.67 µM) were 
more active than cisplatin (IC50: 32.44±5.97 µM) yet rest of 
the compounds were less active than cisplatin against C6 
cancer cells. None of the compounds showed powerful 
activity than mitoxantrone against the C6 cell line. Only 
compound 2b (IC50: <16.79 µM) was more active than 
mitoxantrone against A549 cells (IC50: 19.50±5.67 µM). 

According to IC50 values, the apoptotic effects of 
compounds and mitoxantrone were analyzed for A549 
human lung adenocarcinoma and C6 rat glioma cells based 
on Annexin V-PI binding capacities in flow cytometry as 
shown in (Figs. 1 and 2).  

Compound 2b (total apoptotic rate: 44%) showed a 
considerably high apoptotic effect and minimal necrosis 
effect (Necrosis Rate: 0.1%) on C6 cells. Also, when 2b was 
compared with mitoxantrone, almost the same apoptotic  
rate and extremely low necrotic effect at their IC50 doses was  

 

Reaction and conditions: a) EtOH, reflux, b) 3-Chlorobutan-2-one, EtOH, rt. 

Scheme 1. The reaction route of the compounds. 
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Table 1. IC50 value of the compounds against A549, C6, NIH/3T3, and L929 cell lines. 

- Cell Lines Average IC50 Compounds Cell Lines Average IC50 

2a 

A549 398.18±15.24 

2g 

A549 402.77±41.05 

C6 51.66±7.08 C6 >1000 

3T3 >1000 3T3 44.31±2.48 

L929 109.40±9.10 L929 22.19±1.42 

2b 

A549 <16.79 

2h 

A549 >1000 

C6 <16.79 C6 >1000 

3T3 >1000 3T3 217.46±35.51 

L929 >1000 L929 416.75±46.71 

2c 

A549 >1000 

2i 

A549 85.76±13.50 

C6 83.98±15.89 C6 >1000 

3T3 >1000 3T3 >1000 

L929 >1000 L929 >1000 

2d 

A549 >1000 

2j 

A549 95.69±15.32 

C6 51.21±8.54 C6 >1000 

3T3 >1000 3T3 >1000 

L929 >1000 L929 >1000 

2e 

A549 >1000 

2k 

A549 121.34±4.39 

C6 >1000 C6 >1000 

3T3 >1000 3T3 >1000 

L929 >1000 L929 >1000 

2f 

A549 >1000 

2l 

A549 130.46±14.78 

C6 22.21±2.67 C6 41.44±1.72 

3T3 >1000 3T3 35.86±3.79 

L929 >1000 L929 98.49±12.62 

Mitoxantrone 

A549 19.50±5.67 

Cisplatin 

A549 n.t. 

C6 8.77±0.32 C6 32.44±5.97 

3T3 n.t. 3T3 n.t. 

L929 n.t. L929 n.t. 

The unit of value is µM and there it is represented as the average of three replicates. n.t.: not tested.  

 
determined. On the other hand, 2f killed 49.7% of the cells; 
it stated the necrotic effect as 19.3% and apoptotic rate as 
30.4%. When considering the apoptosis rate and IC50 doses 
together, 2b was better than 2f and mitoxantrone due to the 

lowest necrosis rate. Even though compounds 2a, 2c and 2l 
have low necrosis rate than mitoxantrone, their anticancer 
activity was not enough against C6 cells. In relation to the 
apoptotic rates of A549 cell lines, only compound 2b was  
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Fig. (1). Flow cytometric analysis of C6 cells treated with IC50 values of compounds 2a, 2b, 2c, 2d, 2f, 2l, and mitoxantrone. (A higher 
resolution / colour version of this figure is available in the electronic copy of the article). 

Fig. (2). Flow cytometric analysis of A549 cells treated with IC50 values of compounds 2a, 2b, 2i, 2j, 2k, 2l, and mitoxantrone. (A higher 
resolution / colour version of this figure is available in the electronic copy of the article). 
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Table 2. Apoptotic rates of compounds on C6 cell lines (%). 

- Early Apoptotic Cells Late Apoptotic Cells Total Apoptotic Cells Necrosis Cells Viable Cells 

Control 0.4 8.5 8.9 7.1 84.0 

2a 13.4 0.1 13.5 0.1 86.4 

2b 44.4 0.0 44.4 0.1 55.5 

2c 0.4 9.6 10.0 8.0 82.0 

2d 0.3 11.9 12.2 26.8 61.0 

2f 0.3 30.1 30.4 19.3 50.3 

2l 0.8 5.1 5.9 5.6 88.5 

R.F. 5.1 50.2 55.3 21.8 22.9 

R.F: Reference drug (Mitoxantrone). (C6 cells were cultured for 24 h in medium with IC50 values of the compounds and mitoxantrone. At least 10.000 cells 
were analyzed per sample, and quadrant analysis was performed). 
�
Table 3. Apoptotic rates of compounds on A549 cell lines (%). 

- Early Apoptotic Cells Late Apoptotic Cells Apoptotic Cells Necrotic Cells Viable Cells 

Control 2.6 3.5 6.1 2.1 91.8 

2a 5.1 2.9 8.0 1.2 90.8 

2b 15.7 14.1 29.8 4.9 65.3 

2i 7.7 2.7 10.4 3.7 85.9 

2j 10.7 4.2 14.9 4 81.1 

2k 11.5 3.6 15.1 4 80.9 

2l 1.2 7.6 8.8 63.3 27.9 

R.F. 27.9 0.8 28.7 0.5 70.8 

R.F: Reference drug (Mitoxantrone). (A549 cells were cultured for 24 h in medium with IC50 values of Compounds and mitoxantrone. At least 10.000 cells 
were analyzed per sample, and quadrant analysis was performed.) 

 

the best effective and its activity was more than that of 
mitoxantrone. After the administration of compound 2l, the 
rate of the viable cell was found low, but the cell death 
occurred with necrosis which was undesirable. Therefore, the 
anticancer activity of compound 2l was found poor. 
Apoptotic rates of the compounds against C6 and A549 cell 
lines are shown in Tables 2 and 3. 

3.3. Prediction of ADME Parameters 

The number of hydrogen bond acceptor (HBA) for all 
molecules were stated between 2 and 5. Low hydrogen bond 
donor (HBD) number for all compounds was observed and 
was determined between 1-2. Topological polar surface areas 
(TPSA) were stated between 65.52 and 93.21. Log P values 
were found to be between 2.28 and 4.09. The water 
solubility of the compounds was determined to be soluble or 
moderately soluble. The gastrointestinal absorptions (GIA) 

of the compounds were found high. Compounds 2d, 2f, 2g, 
2h, and 2l could pass the blood-brain barrier (BBB). 
According to these results, there was no violation of 
Lipinski’s rule of five [70]. Even if there was no exact 
finding in practice, these scores were in harmony with the 
activity potential of the compounds and these approxima-
tions would inspire drug design. Thus, it may be suggested 
that synthesized compounds may have a good pharmaco-
kinetic profile. Additionally, these findings are making them 
potential orally bioavailable anticancer agents. All findings 
were shown in Table 4. 

3.4. The Molecular Docking Study 

To predict the mechanism of action and to understand the 
structure-activity relationship (SAR), the active compounds 
(2b and 2f) and dasatinib docked to the active site of protein 
kinase. The 4YBJ crystal was chosen to establish the activity 
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mechanism and selectivity of the synthesized compounds. 
The 2D and 3D poses were represented in Figs. (3-8).  

Dasatinib has three H-bonds with Met341, one H-bond 
with Asp348, one H-bond with Tyr338 and one halogen 
bond with Ala293. Compound 2b only displayed H-bond 
with Met341. On the other hand, compound 2f displayed one 
H-bond with Glu310 and one π -cation interaction with 
Met341.  

4. DISCUSSION 

Cancer is a complex and deadly disease. The treatment 
after the metastasizing is especially difficult. One of the 
common problems in cancer treatment is the death of cancer 
cells via necrosis. Apoptotic cell death is natural and a life-
sustaining incident according to necrosis [71]. Additionally, 
the inhibition of the protein kinases is one of the keys of lung 
carcinoma and glioma treatments [72]. There are a lot of 

Table 4. Predictions of some physicochemical parameters of the compounds 2a-2l. 

- PP Lipophilicity Water Solubility Pharmacokinetics Druglikeness 

- HBA HBD TPSA Log P Log S-WS GIA BBB n. V 

2a 3 1 78.41 2.28 -3.25-soluble High No 0 

2b 3 1 78.41 2.30 -3.46-soluble High No 0 

2c 2 2 81.31 2.28 -3.28-soluble High No 0 

2d 2 1 70.45 2.31 -3.31-soluble High Yes 0 

2e 2 2 81.31 3.18 -4.28-moderately soluble High No 0 

2f 2 1 65.52 3.98 -5.06-moderately soluble High Yes 0 

2g 2 1 65.52 3.98 -5.06-moderately soluble High Yes 0 

2h 2 1 68.76 3.11 -4.12-moderately soluble High Yes 0 

2i 5 1 65.52 4.09 -4.73-moderately soluble High No 0 

2j 3 2 85.75 2.63 -3.76-soluble High No 0 

2k 5 1 93.21 3.01 -4.09-moderately soluble High No 0 

2l 2 1 65.52 3.99 -4.74-moderately soluble High Yes 0 

PP: Physicochemical Properties, HBA: Number of hydrogen acceptors, HBD: Number of hydrogen donors, TPSA: Topological polar surface area (Å²), Log P: 
Octanol/water partition coefficient, LogS-WS: Water Solubility, GIA: Gastrointestinal absorption, BBB: Blood-brain barrier permeability, n. V: number of 
violations (For Lipinski’s rule of 5). All parameters were calculated by online via http://www.swissadme.ch/index.php. 

 

Fig. (3). Compounds 2b (plum carbons) and 2f (maroon carbons), and dasatinib (red carbons) in kinase active site (PDBID: 4YBJ). The 
active site residues were draw in stick form (yellow-green carbons). If there is an interaction between ligand and residue, these residues were 
represented in a ball-stick form (orange carbons). (A higher resolution / colour version of this figure is available in the electronic copy of the 
article). 
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studies about designing the anticancer agents that our 
research groups have worked on [73-76]. From the results of 
all these studies, we aimed to first design the final molecules 
that induce cell death via apoptosis, and then clarify the 
activation pathway.  

In this study, the results showed that various aromatic 
rings bearing hydrazone linked 4,5-dimethyl thiazole have 

similar activity but in different potency. Pyridine-2-yl 
substitution on linker (hydrazone) carbon increased the 
activity. Our previous study [49] supported that the pyridine-
2-yl (pyrimidin-2-yl as bioisosteric replacement) substitution 
on linker has better activity than phenyl ring. It may be 
caused by hydrogen bonding of the nitrogen at the active 
site. In fact, this H-bond was simulated via molecular 
modeling study (Fig. 5). Although nitrogen-containing 

Fig. (4). 2D interaction diagram of dasatinib in active site. (PDBID: 4YBJ). (A higher resolution / colour version of this figure is available in 
the electronic copy of the article). 

Fig. (5). 2D interaction diagram of compound 2b in active site. (PDBID: 4YBJ). (A higher resolution / colour version of this figure is 
available in the electronic copy of the article). 
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aromatic structures were found more selective, except indol-
3-yl, there was no harmony between bicyclic aromatics and 
the other aromatics. Interestingly, 4-(N,N-dimethylamino)ph-
enyl and 3-indolyl substitutions damped down the cyto-
toxicity against cancer cells. Furthermore, indol-3-yl sub-
stitution did not show cytotoxic activity against any cell 
lines. Both situations may be caused by a lot of reasons such 
as solubility or failure to reach the active site. The solubility 
(here mean the diffusion ability), or failure to settle into the 
active site is the first-sight hypothesis for non-active or low 
potent-active compounds. The solubility is essential for 
diffusing into the membrane or reaching the active site. The 
remarkable point between compounds 2h-2l is the electron-
withdrawing substituents at ortho/para positions (2i and 2j) 
which have more activity than the electron-donating 
substituents at any position (2h, 2k, and 2l) on the phenyl 
ring. 

Compound 2b was determined as the most selective and 
active compound against A549 cells. However, theoretically, 
compound 2b could not pass the BBB, but compound 2f 
could. Thus, it is more favorable that compound 2b be 
designated for anti-adenocarcinoma and compound 2f for 
anti-glioma drug investigations. 

Unfortunately, the MTT studies showed modest activity. 
Therefore, we did not test the compounds against any 
enzyme. However, since they have a similar moiety to 
dasatinib, and we want to understand and explain the SAR 
better, we achieved the docking study. It provided us a new 
window to foresee future studies. Especially, compound 2f 
could be more valuable to be designed for the inhibition of 
protein kinase. For 2f, there is a potential for this compound 
to be a highly selective inhibitor. Since the Type II protein 
kinase inhibitor drugs, lapatinib, vemurafenib, and ibrutinib 
which are approved by FDA occupy the DFG pocket and 
gain selectivity because of the hydrogen bonding to Glu310 
and Asp404, thus, the inhibition of these two amino acids 
has pharmacological importance [69]. Our docking study 
displayed that compound 2f builds up one H-bond with 
Glu310. This interaction is not enough for the high inhibitory 
activity but it is important for selectivity. Besides, compound 
2b could be substituted on the pyridine ring such as 
dasatinib. Hereby, the activity potency could be increased. 
However, both compounds fit well into the active site. 

Briefly, results of in vitro and in silico studies revealed 
that the active compounds (2b and 2f) were promising agents 
for cancer treatment and useful as intermediates to design 
and to develop new molecules. Compound 2b was deter-
mined as the most selective and active compound against 
A549 cells. However, theoretically, compound 2b could not 

Fig. (7). 2D interaction diagram of compound 2f in active site. (PDBID: 4YBJ). (A higher resolution / colour version of this figure is 
available in the electronic copy of the article). 

 

Fig. (6). Compound 2b in active site as 3D pose. (A higher 
resolution / colour version of this figure is available in the 
electronic copy of the article). 
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pass the BBB, but compound 2f could do. So, it is thought 
that compound 2b is more favorable to be designated for 
anti-adenocarcinoma and compound 2f for anti-glioma drug 
investigations. Due to the similarity to dasatinib, the core 
structures of 2b and 2f could be used to gain selective 
inhibitors of protein kinase. 

CONCLUSION 

In this study, we synthesized and analyzed twelve 
thiazole-hydrazone derivatives (2a-2l), and then evaluated 
their cytotoxicity against A549 human lung adenocarcinoma, 
C6 rat glioma, NIH3T3 fibroblast, and L929 fibroblast cell 
lines. The results showed that compound 2b was the most 
active compound against A549 and C6 cells in the in vitro 
study, but it cannot pass the blood-brain barrier theoretically. 
Compound 2f showed good anti-glioma activity in in vitro 
study. Consequently, compound 2f was stated as an option to 
be an anticancer drug against brain tumors, and compound 
2b was determined as an alternative for the anticancer agents 
against lung cancer. In future studies, it will be our priority 
to focus on the development of derivatives of these two 
compounds (2b and 2f) and elucidate their mechanisms. 
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