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ABSTRACT 

Thiazoles and pyrazolines represent a class of heterocyclic compounds with attractive and 

considerable interest in medicinal chemistry due to their diverse pharmacological activities. 

Hybridizing thiazole and pyrazoline moieties has emerged as an innovative approach to drug 

discovery, enabling the synthesis of novel compounds with enhanced therapeutic potential. The 

hybridization of thiazole and pyrazoline scaffolds allows for incorporating different functional 

groups and substitution patterns, which can influence the compound's bioactivity, selectivity, and 

pharmacokinetic profile. The hybridization of these two heterocyclic moieties has resulted in 

compounds with diverse pharmacological properties, such as antimicrobial, antitumor, anti -

inflammatory, and antioxidant. Furthermore, thiazolyl-pyrazolines' ability to interact with specific 

molecular targets, such as enzymes, receptors, or signalling pathways, makes them attractive 

candidates for drug development. This abstract provides an overview of the hybridization strategy 

and highlights the medicinal chemistry aspects and biological activities of thiazolyl -pyrazolines. 
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1 Introduction  

Heterocyclic compound plays an essential role in biological activity. Researchers in this 

discipline have always been attracted to heterocycles that include sulfur or nitrogen due to their 

diverse biological activities. Pharmacophoric hybridization is a modern but successful method for 

creating therapeutic anti-cancer, anti-microbial, anti-inflammatory, and anti-diabetic drugs (1, 2). 

Combines many bioactive groups into a single molecule to obtain more efficacy than single 

scaffolds. Interestingly, in medicinal chemistry, heterocyclic compounds with oxygen, nitrogen, 

and sulphur atoms, such as thiazoles and pyrazolines, are viewed as the foundation for creating 

newer entities (3, 4). The thiazolyl-pyrazoline scaffold offers diverse chemical functionalities, 

making it an attractive target for medicinal chemistry research. Thiazolyl-pyrazoline hybrids' 

antitubercular, anti-inflammatory, anti-microbial, anti-mycobacterial, and FabH inhibitor 

properties have been demonstrated (5). Furthermore, it has been discovered that thiazolyl-pyrazole 

scaffolds have promise as medicines for combating cancer and as inhibitors of multi -targeting 

kinases. (6). 

2 Pyrazoline chemistry 

Pyrazolines have an endocyclic double bond with two neighbouring nitrogen atoms in a 

five-membered heterocycle. They are mostly formed via Claisen-Schmidt condensation or by 

synthesising 1,3-dicarbonyl compounds mediated by basic catalysts. The most prevalent of the 

three tautomeric forms of pyrazolines is 2-pyrazoline. The commonly employed procedure for 

synthesizing 2-pyrazoline involves the reaction of α, β-unsaturated aldehydes and ketones with 

hydrazines. This reaction forms a hydrazone intermediate, which can undergo cyclization to yield 

2-pyrazoline. The first figure is depicted in the following illustration (7). 

 

Figure 1: The reaction of α, β-unsaturated aldehydes, and ketones with hydrazines. 

Another method involves 1,3 dipolar cycloaddition of nitrile imines Figure 2 (7). 
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Figure 2: 1,3 dipolar cycloaddition of nitrile imines. 

 

Another method for synthesis of pyrazolone derivatives from ethyl acetoacetate and phenyl 

hydrazine derivatives Figure 3 (8). 

 

Figure 3: The synthesis of pyrazolone derivatives. 

 

Maleki et al. produced a series of 1, 3, 5-trisubstituted-2-pyrazoline derivatives by 

thermally cyclizing phenyl hydrazine with unsaturated ketones while utilizing methanoic acid as 

a catalyst Figure 4 (9). 

 

Figure 4: The reaction of unsubstituted ketones with phenylhydrazine 

It has been observed that variously substituted pyrazolines exhibit a variety of 

pharmacological properties, including anticancer activity (10, 11), anti-inflammatory (12), 

antimicrobial (12, 13), anti-fungal (13, 14), anti-oxidant (14), analgesic (15), antidepressant (16), 

and anticonvulsant activities (17). Certain cytotoxic medicines derived from pyrazoline 

compounds also exhibit cancer chemo-preventive characteristics. Following the identification of 

pyrazofurin, a naturally occurring C-glycoside of pyrazole, which exhibited a broad spectrum of 

antibacterial activity, pyrazole gained significant interest as a potential antimicrobial agent (18, 

19). 
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3 Thiazole chemistry  

The thiazole compound is characterized by a five-membered heterocyclic ring, which 

possesses an electron-donating group in the form of a sulfur atom (-S-) and an electron-accepting 

group in the form of a carbon-nitrogen double bond (C=N). According to Huckle's rule, the 

delocalization of a lone pair of electrons from the sulphur atom to electron-withdrawing nitrogen 

atoms causes thiazoles to become aromatic. The structural pattern of those compounds can be 

activated by substituting suitable moieties at positions 2, 4, and 5 of hydrogen atoms in thiazole 

derivatives. There are different methods for synthesising thiazole and its derivatives (20).  

• The primary method proposed by Hantzsch in 1889 involves the reaction between α-

halocarbonyl compounds and thiourea or thioamides (21). 

 

Figure 5: Hantzsch synthesis of thiazoles. 

• The cook-Heilbron method is another method to synthesize 2,4-disubstitute5-amino 

thiazoles, where aminonitrile reacts with carbon disulfide Figure 6 (22). 

 

Figure 6: Cook–Heilbron thiazole synthesis. 

• Lingaraju et al. synthesized thiazole derivatives by cyclizing active methylene isocyanides 

with methyl arene- and hetarenecarbodithioates in basic conditions Figure 7 (23).  

 

Figure 7: Cyclization of isocyanide with methyl arene- and hetarenecarbodithioatesa. 
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• Gabriel synthesis is an alternative synthetic process for thiazole derivatives. This method 

depends on the closure of the thiazole ring by heating acylamino-ketone with phosphorus 

pentasulfide, producing 2,5- disubstituted thiazole derivatives Figure 8 (24). 

 

Figure 8: Synthesis of thiazole compound via Gabriel reaction (24) 

 

Thiazole has a wide range of activities, including antioxidant, anticonvulsant, antibacterial, 

anticancer, cardiovascular, antimalarial, antifungal, antitubercular, antiviral, anthelmintic, 

antidiabetic, and anti-inflammatory activities (25). 

Numerous anticancer medications contain the thiazole ring, including bleomycin, 

epothilone, vosaroxin, sulfathiazole, thiazofurine, and dasatinib. These medications' excellent 

pharmacological profiles make the thiazole ring an excellent candidate for developing more potent 

and secure medications, particularly for cancer.  

 Thiazole-derived compounds exhibit considerable potential as potential candidates in the 

realm of anticancer drug exploration, offering a diverse array of therapeutic advantages. They have 

been identified as: 

a. Participating in the activity of inosine monophosphate dehydrogenase (IMPDH) and the 

cytokine known as tumour necrosis factor TNF-α. The enzyme responsible for regulating 

the rate of de novo synthesis of guanine nucleotides, known as inosine 5' monophosphate 

dehydrogenase (IMPDH), has exhibited significant upregulation in cells with high 

proliferation rates. Tiazofurin, a synthetic nucleoside analogue, is a powerful inhibitor of 

IMPDH. By decreasing GTP and dGTP production, blockage of this enzyme prevents the 

development of tumour cells. With potential value for treating lung tumours and 

metastases, tiazofurin is a high-priority candidate for clinical studies (26, 27).  
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b. Apoptosis induction: The epothilones with a thiazole side chain exhibited the highest 

potency level in inducing apoptosis (28). 

 

c. Selective inhibitors to PIK3 in the PI3K/AKT kinase signaling pathway, such as Alpelisib 

(FDA approved, 2019), are used in certain types of breast cancer (29). 

 

 

4 Thiazoly-pyrazoline scaffold 

 

From the aforementioned data about thiazole and pyrazoline as abroad spectrum scaffolds 

and their multifarious pharmacological activities that inspire us to review the biological activity of 

the hybridization of these promising scaffolds. In the last decades, many researchers have focused 

on synthesising different series of thiazolyl-pyrazoline, and their biological activity has been 

evaluated. Thiazolyl-pyrazoline hybrids have displayed antitubercular, anti-inflammatory, 

antimicrobial, antimycobacterial activities, FabH inhibitors, and others (30-32). 
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4.1 Thiazolyl-pyrazoline as a protein kinase inhibitor 

One of the largest and most functionally varied gene families, protein kinases perform 

crucial regulatory roles in almost every area of cellular function. Protein kinases control the 

biological activity of proteins by phosphorylating particular amino acids using ATP as the source 

of phosphate and changing the protein's shape from an inactive to an active state. Their 

classification is determined based on the side chain of the amino acid that they phosphorylate. In 

the last decades, many researchers have designed and synthesized different series of thiazolyl-

pyrazoline, which were biologically evaluated as kinase inhibitors. 

 

4.1.1  Serine/threonine kinase inhibitors 

A class of enzymes known as serine/threonine kinases phosphorylates serine or threonine 

residues in proteins. They participate in various fundamental cellular signalling pathways that 

control cellular functions. Examples include the glycogen synthase kinase-3 (GSK-3) pathway, 

which controls a variety of cellular processes, the phosphoinositide 3-kinase (PI3K)/protein kinase 

B (AKT) pathway, which is involved in cell survival and metabolism, and the mitogen-activated 

protein kinase (MAPK) pathway, which regulates cell growth and differentiation (33, 34). 

 

4.1.1.1 RAF Inhibitor 

The RAF family is serine/threonine protein kinase, which phosphorylates and activates 

downstream MEK1/2, including A-RAF, B-RAF, and C-RAF. Meng-Yue Zhao et. Al, developed 

new pyrazole-based compounds as potential BRAF-targeting anticancer agents (32). Compound 

2h displayed potent activity (IC50 = 0.05 µM) against BRAFV600E kinases. Furthermore, this 

compound also displayed significant in vitro antiproliferative activity against MCF-7 with IC50 of 

0.16 µM, comparable to the standard drug Sorafenib (IC50;0.19 µM) (32). 
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4.1.1.2 mTOR Inhibitor 

Cell proliferation, autophagy, and cytoskeletal architecture are regulated by the 

serine/threonine kinase known as the Mammalian Target of Rapamycin (mTOR). Multiple human 

diseases, including malignancies like breast and lung cancer, were linked to the dysregulated 

activity of mTOR. The mTOR pathway has several potential uses in treating different solid 

tumours and haematological malignancies because of the crucial role that proliferation plays in 

various malignant cell types (35). Zhao Min Lin et al. developed a series of fluorescent thiazole-

pyrazoline derivatives. They biologically assessed them against non-small cell lung cancer 

(NSCLC) A549 cells in a dose- and time-dependent manner in vitro. Compound 3 of this series 

displayed inhibition of mTOR via FKBP12, an mTOR activator and autophagy inhibitor. 

Additionally, it inhibited growth and promoted autophagy of A549 cells. Furthermore, compound 

3 showed selectivity without affecting the development of chorioallantoic membrane (CAM) 

capillaries or normal vascular endothelial cell proliferation in chick embryos (36). 
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4.1.1.3 Tyrosine Kinase Inhibitors  

Tyrosine kinase (TK) is a class of proteins that controls several physiological and 

biochemical processes, including cell development, differentiation, and death. The aberrant 

expression of TK could cause tumorigenesis, metastasis, tumor angiogenesis, and tumor 

chemotherapy resistance. Therefore, they have become a popular target for anti-tumor drug 

research. Protein-tyrosine kinases (90 members), and tyrosine kinase-like proteins (44 members). 

90 protein-tyrosine kinases are present, 58 of which are receptor tyrosine kinases (RTKs), and 32 

of which are non-tyrosine kinases (nRTKs) (37), the former includes the insulin receptor and the 

receptors for many growth factor families such as epidermal growth factor (EGF), vascular 

endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), and fibroblast growth 

factor (FGF). Tyrosine kinase inhibitors (TKI) can be classified into many types based on the mode 

of binding and conformation of kinase in the ATP pocket (38-40). 

4.1.1.4 EGFR inhibitors 

 

During the early 1960s, Cohen discovered epidermal growth factor (EGF) as a protein that 

stimulated the proliferation of epithelial cells. This finding led to the coining the name epidermal 

growth factor receptor (EGFR). The EGFR family consists of four transmembrane receptor 

tyrosine kinases, including EGFR (HER1), HER2 (ErbB2, neu), HER3 (ErbB3), and HER4 

(ErbB4). Extracellular stimuli are transmitted to intracellular signal transduction pathways, which 

regulate various cellular responses such as proliferation, survival, and differentiation (41-43). 

Enhanced EGFR signalling in human malignancies can be attributed to many factors such as the 

overexpression of the EGFR receptor, gene amplification or rearrangement, and the 

overproduction of EGFR receptor-specific ligands. 
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Previous studies have provided evidence indicating a positive association between the 

upregulation of receptors and ligands and the invasiveness and metastatic potential of tumors. 

Moreover, this upregulation is associated with an unfavorable prognosis and reduced overall 

survival time (44-47). 

In 2011, Zhu et al (48) targeted a series of thiazolyl pyrazoline derivatives as EGFR 

inhibitors; the most active compound 4 gave IC50 = 60 nm.  

In addition, conjugated thiazolyl−pyrazoline derivatives were demonstrated to possess 

potent EGFR kinase inhibitory activities by introducing the adamantane ring to the thiazole 

pyrazoline scaffold. They demonstrated the effect of the lead compound on EGFR signalling. 

 After that, many researchers synthesis series of thiazolyl pyrazoline bulkier group on C5 

of pyrazoline, but the activity against EGFR or HER2 decreased (compound 5 gave 180 nM against 

HER2 while compound 6 gave 3.69 µM against EGFR).  

After that, further studies targeted thiazolyl-pyrazoline as EGFR inhibitor by introducing 

groups able to form H-bond or bulkier groups on thiazole, aiming to increase selectivity.  

In 2019, 3 series of thiazolyl-pyrazoline quinoline based were designed and synthesized by 

George et al., (49).  

Between these series, compounds 7, 8, and 9 gave promising inhibition activity against 

EGFR 31.8, 63.08, and 42.52 nM, respectively.  

In the same year, a series of thiazolyl-morpholino phenyl-pyrazoline was designed and 

evaluated as a dual inhibitor EGFR and HER2 compound 10 (50).  

In 2022, Fakhry et al. synthesized a new series of dimethoxy aryl thiazolyl-pyrazoline.  

Compounds 12 and 13 demonstrated promising inhibition with IC50 values of 0.009 and 

0.051 µM, respectively, for EGFR, and 0.013 and 0.027 µM, respectively, for HER2 (51).  
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4.1.1.5 VEGFR inhibitors 

It has been demonstrated that the vascular endothelial growth factor (VEGF) and its 

receptor (VEGFR) are important players in both healthy and pathological angiogenesis, including 

cancer. VEGF-A controls angiogenesis and vascular permeability by activating the two receptors 

VEGFR-1 and VEGFR-2. On the other hand, VEGF-C/VEGF-D and their receptor, VEGFR-3, 

mainly regulate lymphangiogenesis. VEGFR-2, the main signal transducer for angiogenesis, 

preferentially uses the PLCγ-PKC-MAPK pathway for signalling. The VEGF-VEGFR system is 

a crucial target for anti-angiogenic therapy in cancer therapy, and it is also a desirable system for 

pro-angiogenic therapy in the management of ischemic disorders and neuronal degeneration (52). 

In 2019, New thiazolyl-pyrazoline coumarin-based derivatives were synthesized and their 

anti-proliferative effects on five different human cell lines (breast MCF-7, lung A549, prostate 

PC3, liver HepG2, and normal melanocyte HFB4) were assessed in vitro. Compound 14 of this 

series displayed higher sensitivity towards MCF7 with IC50 = 5.41 μM compared to the reference 

drug doxorubicin (IC50 = 6.73 μM). Moreover, in vitro studies of the VEGFR-2 inhibition showed 

potent inhibition (IC50 = 0.034 μM) compared to sorafenib (IC50 = 0.019 μM) as a reference drug 

(6). 
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In 2022, thiazolyl-pyrazoline derivatives were synthesised and assessed for their potential 

as dual EGFR and VEGFR-2 inhibitors. An efficient strategy for overcoming the observed 

resistance in NSCLC is the concurrent inhibition of both EGFR and VEGFR. In addition, VEGFR-

2 inhibition enhances the cytotoxic effect of EGFR inhibitors, whereas VEGFR-2 activation results 

in accelerated tumour growth independent of EGFR signalling, thereby facilitating the emergence 

of resistance to EGFR inhibitors. Compounds 15 and 16 of that series exhibited potent and 

selective inhibitory activity: EGFR (IC50 = 40.7 and 32.5 nM, respectively) and VEGFR-2 (IC50 = 

78.4 and 43.0 nM, respectively) (31). 

 

4.2 As acetylcholinesterase and carbonic anhydrase inhibitors 

Memory loss and impairment in daily functioning are hallmarks of Alzheimer's disease 

(AD), a progressive neurodegenerative condition of the brain. Carbonic anhydrase (CA) is an 

enzyme that plays a crucial role in maintaining the balance of carbon dioxide and pH levels in 

various tissues and organs, including the brain. Additionally, recent research has shown that human 

carbonic anhydrases (hCAs) are crucial targets for the therapy of AD (53). 

Belgin et. al, in 2020 synthesized a series of morpholino thiazolyl-pyrazoline that exhibit 

effective inhibition against hCA I with IC50 in the range of 11.61 ± 0.66–22.91 ± 0.27 nM. 

Compound 17, without any substitution, was defined as the most significant and selective AChE 

inhibitor. Compound 18 exhibited the most potent and selective inhibition towards hCA II (54).  
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4.3 As anti-oxidant and anti-inflammatory agents 

Antioxidants and anti-inflammatory effects are closely interconnected. Antioxidants help 

mitigate oxidative stress, a driver of inflammation while modulating key inflammatory pathways 

and immune responses. Antioxidants help prevent or neutralize the damaging effects of reactive 

oxygen species (ROS) and free radicals in the body. These highly reactive molecules are produced 

as natural byproducts of cellular metabolism and can cause oxidative stress, leading to cellular 

damage and inflammation. Antioxidants donate electrons or hydrogen atoms to stabilize and 

neutralize these harmful species, reducing oxidative stress. 

On the other hand, inflammation is a complex biological response triggered by various 

stimuli, such as infection, tissue injury, or immune system dysregulation. While acute 

inflammation is a normal protective response, chronic inflammation can lead to tissue damage and 

the development of various diseases, including cardiovascular diseases, neurodegenerative 

disorders, and certain cancers. Inflammation involves the release of pro-inflammatory mediators, 

such as cytokines, chemokines, and prostaglandins, which promote immune cell activation and 

tissue inflammation (55, 56).  



ERURJ 2024, 3, 4, 1738-1760  

 

1752 
 

The relationship between antioxidants and anti-inflammatory effects can be understood 

through several mechanisms. One of them is Scavenging Reactive Oxygen Species (ROS): 

Antioxidants can directly scavenge and neutralize ROS, thereby reducing oxidative stress and 

preventing the activation of pro-inflammatory pathways. By reducing oxidative damage, 

antioxidants indirectly contribute to the suppression of inflammation. Another mechanism is 

interaction with Anti-Inflammatory Enzymes. Some antioxidants can interact with specific 

enzymes involved in regulating inflammation, such as cyclooxygenase (COX) and lipoxygenase 

(LOX), which are responsible for synthesising pro-inflammatory mediators. By inhibiting these 

enzymes, antioxidants can reduce the production of inflammatory molecules (57). 

From this point of view, Dattatraya et al., in 2020, synthesized a series of asymmetric 

thiazolyl pyrazolines, and their activity as antioxidants and anti-inflammatory was evaluated. 

Thiazolyl derivatives have the ability to capture radical species and inhibit them from causing 

injury by donating electrons to unstable free radicals to convert them into more stable species. The 

final compounds exhibited moderate to good H2O2 scavenging activity comparable to ascorbic 

acid, with excellent SOR scavenging activity (58).  

Antioxidant activity result reveals that compound 19 b (43.21%) showed excellent 

suppression of H2O2 radical inhibiting activity, reveals that compound 19 c (48.95%) was exhibited 

excellent inhibition of NO radical compared to standard ascorbic acid (32.32%) according to the 

NO radical inhibiting activity result. In comparison to ascorbic acid, the compounds 19 a (76.19 

percent), 19 b (90.41 %), 19 c (85.71 %), and 19 d (80.95 %) showed possible suppression of 

superoxide scavenging radical activity (74.07 %). 

For the anti-inflammatory screening of the final compounds, 19 b (91.74%) exhibited 

excellent anti-inflammatory activity compared to Diclofenac sodium (90.21%) as standard. 
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4.4 As antimicrobial agents 

Ozdemir et. al, in 2006 (59) developed 1-(4-aryl-2-thiazolyl)-3-(2-thienyl)-5-aryl-2-

pyrazoline series. All of the compounds of this series showed effective antibacterial and antifungal 

activity when compared with reference drugs. Compounds 20 and 21 especially showed very high 

activity against S. faecalis, while compounds 22 showed strong activity. This series also showed 

significant activity against A. hydrophila, as compounds 20 and 22 showed very high activity. 
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Mansour et. al, in 2019, developed a series of thiazolyl pyrazoline derivatives linked to 

benzo[1,3]dioxole moiety and investigated for biological properties as antimicrobial agents. 

Between this set, compound 23 showed interesting antimicrobial activity in addition to significant 

antifungal activity with inhibition zone 2.5 mm against A. funigatus. While compound 24 had a 

promising activity with MIC value of 0.115 mg/mL against S. aureus (60). 

                  

Nofal et al., in 2021 developed a new set of pyrazole fragments coupled with (N-

substituted) benzimidazole or phenyl moieties in a pyrazol-thiazole-p-substituted phenyl scaffold. 

This series was designed based on the biological importance of thiazole as anti-microbial, pyrazole 

derivatives heavily researched heterocycles in anti-microbial treatment as Lonazolac, Fipronil, and 

Tolpiprazole drugs bearing pyrazole nucleus, and using benzimidazole as significant core in many 

anti-microbial commercial drugs (61-64). The resulting compounds were tested for their 

antibacterial abilities against Gram-positive bacteria (Staphylococcus aureus ATCC29213) and 

Gram-negative bacterium Escherichia coli (65). Compounds 25 and 26 showed no promising 

activity. Optimization and structural improvement are required for more effective antimicrobial 

analogues. 
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5.Conclusion 

In conclusion, the hybridization of thiazole and pyrazoline heterocycles has emerged as a 

promising strategy in medicinal chemistry, leading to the development of novel hybrid scaffolds 

with diverse biological activities. The combination of these two heterocyclic frameworks has 

proven to be highly successful in creating compounds with enhanced potency, selectivity, and 

therapeutic potential. The synthesis of thiazole-pyrazoline hybrids has been achieved through 

various synthetic methodologies, including conventional approaches and modern techniques, 

allowing researchers to efficiently generate a wide range of hybrid molecules, enabling researchers 

to explore their biological properties. One of the key advantages of thiazole-pyrazoline hybrids is 

their ability to exhibit multitargeted activities. These compounds have demonstrated promising 

results in various biological assays, including anti-proliferative, antioxidant, antimicrobial, 

antiviral and anti-inflammatory activities. 

Furthermore, the exploration of the mechanism of action of thiazole-pyrazoline hybrids has 

shed light on their mode of interaction with biological targets. These compounds have been found 

to modulate various signalling pathways and enzymatic activities, thereby affecting key cellular 

processes. The elucidation of their molecular targets has paved the way for further optimization 

and rational design of hybrid molecules with improved activity and reduced toxicity. Thiazole-

pyrazoline hybrids have also demonstrated potential in overcoming drug resistance, a significant 

issue in the field of chemotherapy. The hybrids have exhibited synergistic effects when combined 

with existing drugs, leading to enhanced efficacy against drug-resistant strains. This highlights the 

potential of these hybrid scaffolds as adjuvants in combination therapy approaches. Further 

investigation regarding particular pharmacophoric features covering more chemical spaces around 

the thiazolyl-pyrazoline core and their effect on certain phenotypic, biological abnormalities was 

needed. Utilizing thiazolyl-pyrazoline moiety potentiates fruitfully the pharmacological activities, 

particularly regarding developing cancer-targeted therapeutics, which encourages researchers to 

design new compounds containing hybrid thiazolyl-pyrazoline scaffold. In conclusion, the 

hybridization of thiazole and pyrazoline heterocycles represents a promising approach in medicinal 

chemistry, leading to the discovery of novel hybrid scaffolds with diverse biological activi ties. The 

development of these hybrid molecules has demonstrated their potential as multitargeted agents 

against various diseases. Continued research in this area holds great promise for the future 

development of hybrid compounds with improved therapeutic outcomes. 
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