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Abstract  

Thiazole-based semicarbazone derivatives have garnered significant attention in medicinal 

chemistry due to their diverse pharmacological properties, particularly anticancer potential. 

In this study, we report the synthesis, characterization, and biological evaluation of novel 

thiazole-incorporated semicarbazone derivatives. The synthesized compounds were 

characterized using spectroscopic techniques such as NMR, and mass spectrometry. Their 

anticancer activity was evaluated against selected cancer cell lines using MTT assay, 

revealing promising cytotoxic effects in comparison to standard anticancer drugs. Molecular 

docking studies were conducted to investigate the binding interactions of these derivatives 

with key oncogenic targets, providing insights into their mechanism of action. Additionally, 

drug-likeness properties were analyzed to assess their pharmacokinetic feasibility. The 

findings suggest that these novel derivatives exhibit potent anticancer activity and favorable 

drug-like properties, making them promising candidates for further development in cancer 

therapeutics.  

  

Keywords Thiazole, Semicarbazone, Synthesis, Anticancer, Molecular docking  

  

Introduction  

Cancer remains one of the leading causes of morbidity and mortality worldwide, 

necessitating the continuous development of novel therapeutic agents with enhanced 

efficacy and reduced toxicity [1-3]. Chemotherapeutic drug resistance, adverse side effects, 

and limited selectivity of conventional anticancer drugs further underscore the need for new 
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molecular entities with improved pharmacological profiles [3-7]. Heterocyclic compounds 

have played a pivotal role in drug discovery, with thiazole derivatives being particularly 

significant due to their wide-ranging biological activities, including anticancer, 

antimicrobial, anti-inflammatory, and antiviral properties [8-13]. 

Among heterocyclic frameworks, thiazole has been extensively studied for its ability to 

interact with various biological targets, including enzymes, receptors, and DNA [14-16]. Its 

presence in FDA-approved anticancer drugs such as tiazofurin and bleomycin highlights its 

therapeutic potential [17-18]. The introduction of a semicarbazone moiety, known for its 

strong hydrogen-bonding capability and metal-chelating properties, further enhances the 

biological activity of thiazole derivatives [19-21]. Semicarbazones have demonstrated 

promising anticancer effects by inhibiting key enzymes involved in tumor progression, such 

as topoisomerases, tyrosine kinases, and matrix metalloproteinases [22-24]. 

In recent years, computational approaches such as molecular docking and drug-likeness 

predictions have emerged as essential tools in drug discovery, enabling the rational design 

of novel compounds with improved pharmacokinetic and pharmacodynamic profiles. 

Molecular docking provides valuable insights into the binding interactions of drug 

candidates with specific oncogenic targets, while drug-likeness studies evaluate their 

pharmacokinetic properties, including absorption, distribution, metabolism, excretion, and 

toxicity (ADMET) [25-26]. 

This study aims to synthesize and characterize a series of novel thiazole-incorporated 

semicarbazone derivatives (Scheme 1), evaluate their anticancer potential against selected 

cancer cell lines, and explore their molecular interactions through docking studies. 

Furthermore, drug-likeness was performed to assess their suitability as potential anticancer 

agents. The findings from this study will contribute to the ongoing efforts in the 

development of novel heterocyclic compounds with potent anticancer activity and favorable 

drug-like properties. 
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Scheme 1: Synthesis of some novel thiazole incorporated semicarbazone derivatives 
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Material and Methods 

All the melting points reported in the dissertation progress report were determined by open 

capillary tube method and are uncorrected. The synthesis and analytical studies of the 

compounds were carried out using laboratory grade and analytical grade reagents as the case 

may be standard procedure or reported method were followed with or without modification 

appropriately as and when required. Elemental analysis (C, H and N) was undertaken with 

a Perkin-Elmer model 240C analyzer, and all analyses were consistent with theoretical 

values (within 0.4 %) unless indicated. 1H NMR spectra were recorded on the Bruker DPX-

400 instrument at 400 MHz. The 1H chemical shifts are reported as parts per million (ppm) 

downfield from TMS (Me4Si). The LC mass spectra of the compounds were recorded on 

Shimadzu 8201PC spectrometer. The homogeneity of the compounds was monitored by 

ascending thin-layer chromatography (TLC) on silica gel G (Merck)-coated aluminum 

plates, visualized by iodine vapor. 

 

General synthetic procedure for compound 1a-1h 

In a 100 mL round-bottom flask, dissolve substituted ethyl 2-amino-2-thioxoacetate (1 eq.) 

in ethanol. Added 2-bromo-1-phenylethanone (1.2 eq.) to the reaction mixture. Stir the 

mixture thoroughly to ensure homogeneity. Heat the reaction mixture to 90°C under reflux 

for 8 hours. Stir continuously to allow the thiazole ring to form via nucleophilic substitution 

and cyclization. Monitor the reaction progress using thin-layer chromatography (TLC). 

After completion, of the reaction. Add the reaction mixture to cold water to precipitate the 

crude product extract the organic layer with ethyl acetate and wash with water and evaporate 

under vacuum.  

General synthetic procedure for compound 2a-2h 

The synthesis of substituted 5-phenylthiazole-2-carboxylic acid from ethyl 5-

phenylthiazole-2-carboxylate involves the hydrolysis of the ester group using LiOH in a 

mixed solvent system. In a 100 mL round-bottom flask, dissolve ethyl 5-phenylthiazole-2-

carboxylate (1 eq.) in a mixture of EtOH:THF:H₂O in a 2:1:1 ratio (v/v/v). Add LiOH·H₂O 

(3 eq.) to the solution under stirring. Stir the reaction mixture at 25°C for 4 hours. Monitor 

the progress of the reaction using thin-layer chromatography (TLC). After completion of 

reaction the reaction mixture was evaporated and quenching with water and neutralize the 

reaction mixture by dilute hydrochloric acid (HCl) dropwise until the pH reaches around 3-

4. This will precipitate the carboxylic acid product and filter the precipitate and wash it with 

cold water to remove any soluble impurities, dry the product under vacuum. 

5-(4-methoxyphenyl)thiazole-2-carboxylic acid (2a): yield: 73%; M.P.: 123-125 °C; Rf: 

0.45 (silica gel, 50% EtOAc/Hexane). 

5-p-tolylthiazole-2-carboxylic acid (2b): yield: 67%; M.P.: 132-135 °C; Rf: 0.47 (silica gel, 

50% EtOAc/Hexane). 

5-(4-fluorophenyl)thiazole-2-carboxylic acid (2c): yield: 62%; M.P.: 127-130 °C; Rf: 0.72 

(silica gel, 50% EtOAc/Hexane). 

5-(2-(trifluoromethyl)phenyl)thiazole-2-carboxylic acid (2d): yield: 71%; M.P.: 131-134 

°C; Rf: 0.43 (silica gel, 50% EtOAc/Hexane). 

5-phenylthiazole-2-carboxylic acid (2e): yield: 66%; M.P.: 126-129 °C; Rf: 0.65 (silica gel, 

50% EtOAc/Hexane). 



  

Frontiers in Health Informatics  www.healthinformaticsjournal.com  

ISSN-Online: 2676-7104  

2024; Vol 13: Issue 8  Open Access  

4757  

  

5-(4-(pyrrolidin-1-yl)phenyl)thiazole-2-carboxylic acid (2f): yield: 61%; M.P.: 123-126 °C; 

Rf: 0.51 (silica gel, 50% EtOAc/Hexane). 

5-(4-(dimethylamino)phenyl)thiazole-2-carboxylic acid (2g): yield: 68%; M.P.: 137-139 

°C; Rf: 0.59 (silica gel, 50% EtOAc/Hexane). 

5-(4-(trifluoromethyl)phenyl)thiazole-2-carboxylic acid (2h): yield: 62%; M.P.: 124-127 

°C; Rf: 0.58 (silica gel, 50% EtOAc/Hexane). 

 

General synthetic procedure for compound 3a-3h 

in Step 3 involves the coupling of compound 2(a-h) and compound 4-(4-

methoxyphenyl)semicarbazide, using HATU and DIPEA in DCM at room temperature. In 

a clean, dry round-bottom flask, dissolve compound 9(a-l) (1.0 eq.) in DCM. Add HATU 

(2 eq.) to the solution and stir for 5 minutes to activate the carboxylic acid. Add DIPEA (3 

eq.) to the reaction mixture and added dissolved compound 3 (1.1 eq.) in a small amount of 

DCM and add it dropwise to the reaction mixture under stirring. Stir the reaction mixture at 

25°C for 4 hours. Monitor the progress using thin-layer chromatography (TLC) and after 

completion, quench the reaction by adding water. Extract the organic layer with DCM (3×20 

mL). Combine the organic layers, wash with brine, and dry over anhydrous sodium sulphate. 

Concentrate the organic layer under reduced pressure to obtain the crude product. Purify the 

product by column chromatography using an appropriate solvent system (e.g., hexane/ethyl 

acetate). Confirm the structure of compound 3a-3h using spectroscopic techniques such as 

FTIR, ¹H NMR and mass spectrometry. 

4-(4-methoxyphenyl)-1-(5-(4-methoxyphenyl)thiazole-2-carbonyl)semicarbazide (3a): 

yield: 66%; M.P.: 201-205 °C; Rf: 0.46 (silica gel, 50% EtOAc/Hexane); 1H-NMR (400 

MHz, DMSO-d6, TMS): δ 3.81 (s, 6H, 2OCH3), 5.92 (s, 1H, NH), 7.21 (s, 1H, NH), 8.04 

(s, 1H, NH), 6.50-8.59 (m, 9H, Ar-H); LCMS (ESI): calcd. for C19H18N4O4S [M+H]+ : 

398.4451, found: 399.1121. Elemental analysis: C, 57.27; H, 4.55; N, 14.06. 

4-(4-methoxyphenyl)-1-(5-p-tolylthiazole-2-carbonyl)semicarbazide (3b): yield: 63%; 

M.P.: 196-199 °C; Rf: 0.47 (silica gel, 50% EtOAc/Hexane); 1H-NMR (400 MHz, DMSO-

d6, TMS): δ 3.82 (s, 3H, OCH3), 2.34 (s, 3H, CH3), 6.30 (s, 1H, NH), 7.47 (s, 1H, NH), 7.96 

(s, 1H, NH), 6.50-8.59 (m, 9H, Ar-H); LCMS (ESI): calcd. for C19H18N4O3S [M+H]+ : 

382.4415, found: 383.1165. Elemental analysis: C, 59.67; H, 4.74; N, 14.65. 

1-(5-(4-fluorophenyl)thiazole-2-carbonyl)-4-(4-methoxyphenyl)semicarbazide (3c): yield: 

68%; M.P.: 202-207 °C; Rf: 0.53 (silica gel, 50% EtOAc/Hexane); 1H-NMR (400 MHz, 

DMSO-d6, TMS): δ 3.82 (s, 3H, OCH3), 6.95 (s, 1H, NH), 7.36 (s, 1H, NH), 7.90 (s, 1H, 

NH), 6.50-8.59 (m, 9H, Ar-H); LCMS (ESI): calcd. for C18H15FN4O3S [M+H]+ : 386.4056, 

found: 387.0934. Elemental analysis: C, 55.95; H, 3.91; N, 14.50. 

4-(4-methoxyphenyl)-1-(5-(2-(trifluoromethyl)phenyl)thiazole-2-carbonyl)semicarbazide 

(3d): yield: 71%; M.P.: 184-188 °C; Rf: 0.49 (silica gel, 50% EtOAc/Hexane); 1H-NMR 

(400 MHz, DMSO-d6, TMS): δ 3.81 (s, 3H, OCH3), 6.95 (s, 1H, NH), 7.23 (s, 1H, NH), 

7.41 (s, 1H, NH), 6.50-8.59 (m, 9H, Ar-H); LCMS (ESI): calcd. for C19H15F3N4O3S [M+H]+ 

: 436.4132, found: 437.0941. Elemental analysis: C, 52.29; H, 3.46; N, 12.84. 

4-(4-methoxyphenyl)-1-(5-phenylthiazole-2-carbonyl)semicarbazide (3e): yield: 62%; 

M.P.: 188-191 °C; Rf: 0.47 (silica gel, 50% EtOAc/Hexane); 1H-NMR (400 MHz, DMSO-

d6, TMS): δ 3.82 (s, 3H, OCH3), 6.94 (s, 1H, NH), 7.27 (s, 1H, NH), 7.57 (s, 1H, NH), 6.50-
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8.59 (m, 10H, Ar-H); LCMS (ESI): calcd. for C18H16N4O3S [M+H]+ : 368.4162, found: 

369.1081. Elemental analysis: C, 58.68; H, 4.38; N, 15.21. 

4-(4-methoxyphenyl)-1-(5-(4-(pyrrolidin-1-yl)phenyl)thiazole-2-carbonyl)semicarbazide 

(3f): yield: 74%; M.P.: 204-209 °C; Rf: 0.51 (silica gel, 50% EtOAc/Hexane); 1H-NMR 

(400 MHz, DMSO-d6, TMS): δ 3.81 (s, 3H, OCH3), 6.37 (s, 1H, NH), 6.93 (s, 1H, NH), 

7.63 (s, 1H, NH), 6.50-8.59 (m, 9H, Ar-H), 1.00-4.00 (m, 8H, Al-H); LCMS (ESI): calcd. 

for C22H23N5O3S [M+H]+ : 437.5165, found: 438.1641. Elemental analysis: C, 60.39; H, 

5.30; N, 16.01. 

1-(5-(4-(dimethylamino)phenyl)thiazole-2-carbonyl)-4-(4-methoxyphenyl)semicarbazide 

(3g): yield: 69%; M.P.: 177-181 °C; Rf: 0.44 (silica gel, 50% EtOAc/Hexane); 1H-NMR 

(400 MHz, DMSO-d6, TMS): δ 3.82 (s, 3H, OCH3), 2.93 (s, 6H, 2CH3), 6.97 (s, 1H, NH), 

7.51 (s, 1H, NH), 7.94 (s, 1H, NH), 6.50-8.59 (m, 9H, Ar-H); LCMS (ESI): calcd. for 

C20H21N5O3S [M+H]+ : 411.4819, found: 412.1441. Elemental analysis: C, 58.38; H, 5.14; 

N, 17.02. 

4-(4-methoxyphenyl)-1-(5-(4-(trifluoromethyl)phenyl)thiazole-2-carbonyl)semicarbazide 

(3h): yield: 66%; M.P.: 205-209 °C; Rf: 0.48 (silica gel, 50% EtOAc/Hexane); 1H-NMR 

(400 MHz, DMSO-d6, TMS): δ 3.81 (s, 3H, OCH3), 6.06 (s, 1H, NH), 7.47 (s, 1H, NH), 

8.31 (s, 1H, NH), 6.00-9.00 (m, 9H, Ar-H); LCMS (ESI): calcd. for C19H15F3N4O3S [M+H]+ 

: 436.41, found: 437.0961. Elemental analysis: C, 52.29; H, 3.46; N, 12.84. 

 

In vitro Anticancer activity 

The anticancer activity of the synthesized compounds was evaluated against four cancerous 

cell lines; human breast (MCF-7), cervical cancer (C33A), oral (KB) and prostrate (DU-

145) using (SRB) colorimetric assay. Erlotinib was included in the experiments as reference 

cytotoxic compounds for all the tested cell lines. The results were expressed as median 

growth inhibitory concentration (IC50) values, which represent the concentration of a drug 

that is required for 50% inhibition of cell growth after 48 h of incubation, compared to 

untreated controls [27-28].  

 

In Silico Likeness  

In-silico study of synthesized compounds (3a-3h) was performed for prediction of ADME 

properties. Polar surface area (TPSA) and molecular volume were calculated online using 

Swiss ADME tool [29-30]. 

Molecular Docking Study  

The molecular docking studies of the synthesized peptides was performed on Windows 

10(64-bit) operating systems with 64 GB RAM and AMD Ryzen 9 5950X 16-Core 

Processor3.40 GHz. Autodock tools, Autodock Vina, PyRx, Pymol and Maestro Visualiser 

tools were used. 

The crystallographic 3D structure of E. coli thymidylate Synthase complexed with an 

anticancer drug ZD1694 (PDB ID: 2KCE) was accessed from Protein Data Bank. The 

resolution of the XRD structure of pdb (2KCE) is 2.20 Å. The structure of PDB complexes 

was downloaded from RCSB database and protein preparation was carried out using the 

Autodock Wizard by deleting attached water molecules, bound heteroatoms/ligand, adding 

polar hydrogens, kollman charges, spreading charge equally over all atoms and checking 
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for missing atoms on residues. The PDB files were then converted to the PDBQT format 

for executing the next step [31-35].  

The 2D structures were drawn by Chemdraw and converted into 3D format. The ligands 

were minimized by MMFF94 Force Field and converted to PDBQT format by openbabel in 

PyRx tool. 

For carrying out docking between prepared receptors and ligands, grid was generating by 

taking the center on attached ligand. The grid dimensions for PDB ID: 2KCE was number 

of points as 25, 25, 25 in X,Y,Z direction 14.1, 13.6, 34.4 with default spacing. 

 

Results and Discussion 

In step 1 performed the thiazole cyclization followed by reflux of ethyl 2-amino-2-

thioxoacetate and 2-bromo-1-phenylethanone to get the desire, in step 2 get the desired acid 

followed by hydrolysis using LiOH, final step amide coupling we prepared compound 2a-

2h and compound 3a-3h, using HATU and DIPEA in DCM at room temperature.  

The reaction was monitored by TLC and melting point. The structures of the compounds 

were confirmed by IR, NMR and Mass spectrometry. The purity of compounds was 

established by elemental analysis. 

The synthesized thiazole-incorporated semicarbazone derivatives (3a–3h) were screened 

for their anticancer activity against four different human cancer cell lines are DU 145 

(Prostate cancer), MCF7 (Breast cancer), C33A (Cervical cancer) and KB (Oral cancer). 

The IC₅₀ values (µg/ml) for each compound were determined using the MTT assay, and the 

results were compared with the standard anticancer drug Erlotinib. The data are presented 

in the table 1 and figure 1. 

Among all synthesized derivatives, compound 3h exhibited the most potent anticancer 

activity, with IC50 values of 0.7 µg/ml (DU 145), 1.4 µg/ml (MCF7), 2.5 µg/ml (C33A), 

and 1.8 µg/ml (KB). The activity of 3h was comparable to the standard drug Erlotinib, 

suggesting its potential as a promising anticancer lead compound. 

Compounds 3a and 3d displayed moderate anticancer activity, with IC50 values below 10 

µg/ml for most cell lines. Compound 3d (IC50= 2.1 µg/ml for DU 145, 3.5 µg/ml for MCF7, 

2.9 µg/ml for C33A, and 4.5 µg/ml for KB) showed particularly good activity across all 

tested cancer cell. The significantly lower IC₅₀ of compound 3h suggests the presence of 

trifluoromethyl group at 4th postion enhancing its anticancer activity. Compounds 3d and 

3a, with moderately low IC₅₀ values, substitution of 2-CF3 and 4-OCH3 respectively that 

contribute to their cytotoxicity. 

Table 1: In vitro anticancer activity of Compound 

Compound IC50 (µg/ml) 

DU 145 MCF7 C33A KB 

3a 3.8 6.4 8.2 7.9 

3b 14.4 19.2 21.8 22.3 

3c 21.1 24.9 19.8 16.7 

3d 2.1 3.5 2.9 4.5 

3e 7.6 11.9 14.3 17.8 

3f 24.7 28.1 32.1 21.9 
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3g 8.2 6.9 11.3 17.4 

3h 0.7    1.4   2.5   1.8    

Erlotinib 2.6 1.3 1.5 1.2 

 

 
Figure 1: In vitro Anticancer activity 

 

All derivatives followed Lipinski’s rule of five, indicating good drug-likeness properties. 

Compounds 3a, 3b, 3c, 3e, 3f, and 3g exhibited high gastrointestinal (GI) absorption, 

making them promising candidates for oral bioavailability. However, compounds 3d and 

3h showed low GI absorption, which may require further optimization to improve their 

pharmacokinetic profiles (Table 2). 

Table 2: In silico Drug Likeness and absorption 
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High 0 

3b 382.44 8 4 3 120.59  2.96 
 

High 0 

3c 386.40 8 5 3 120.59 2.70 High 0 

3d 436.41 9 7 3 120.59 2.87 Low 0 

3e 368.41 8 4 3 120.59 2.72 High 0 

3f 437.51 9 4 3 123.83 3.30 High 0 

3g 411.48 9 4 3 123.83 3.02 High 0 

3h 436.4 9 7 3 120.59 2.93 Low 0 
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The molecular docking analysis of the thiazole-incorporated semicarbazone derivatives was 

conducted to evaluate their binding affinity and interactions with the target protein. The 

docking scores (binding energies) ranged from -8.6 to -9.4 kcal/mol, with compound 3h and 

3f exhibiting the most favorable docking scores (-9.4 kcal/mol), surpassing the reference 

drug Erlotinib (-8.4 kcal/mol) (Table 3). 

All compounds demonstrated strong hydrophobic interactions with critical residues such as 

PHE176, TYR209, ILE79, TRP80, and CYS146, which are known to be crucial for ligand 

binding and stability. 

Most compounds exhibited at least one hydrogen bond, with HIS207, ASP169, and SER167 

being the most frequently involved residues. Compound 3d showed an additional 

interaction with ASP169, which might contribute to its slightly higher binding affinity. 

 

Table 3: Molecular Docking Study Results of PDB Id: 2KCE 

Compound 

No. 

Hydrophobic Interactions H-bond Energy 

3a LEU143, CYS146, PHE176, ILE79, TRP80, 

LEU172, TYR209 

HIS207 -8.7 

3b TYR209, LEU172, PHE176, ILE79, TRP80, 

CYS146, LEU143 

HIS207 -8.9 

3c TYR209, PHE176, ILE79, CYS146, LEU172 HIS207 -8.6 

3d PHE176, CYS146, TRY209, CYS168, TRP83, 

TRP80, ILE79 

ASP169 -9.3 

3e LEU143, CYS146, TYR209, PHE176, ILE79, 

TRP80, LEU172 

HIS207 -8.7 

3f TRY209, LEU172, VAL262, PHE176, ILE258, 

ILE79, TRP80, TRP83, LEU143, CYS146 

ILE79, 

SER167 

-9.4 

3g ALA263, VAL262, PHE176, ILE79, LEU172, 

TRP83, CYS146, LEU143 

- -8.8 

3h TRY209, TRP83, CYS50, PHE176, LEU172, ILE79, 

CYS146 

HIS207 -9.4 

Erlotinib GLU58, TRP80, ILE79, TYR94, VAL262, PHE176, 

ALA263, LEU143, CYS146, TYR209, HIS207, 

SER167, ASP169, CYS168, GLY173, ASN177, 

HIS147, 

 -8.4 
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3f 

 
3h 

Figure 2: Binding Pattern of Synthesized compounds (3f and 3h) against 2KCE 
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Conclusion 

Overall, the study highlights compound 3h as the most potent anticancer agent, with 

favorable molecular properties, strong cytotoxic effects, and promising drug-likeness 

characteristics. Future research should focus on further structural modifications, 

mechanistic studies, and in vivo evaluations to enhance the therapeutic potential of these 

derivatives in cancer treatment. 
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