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Abstract :  The present review attempts to bring out some important and significant developments of pyridyl-thiazole heterocyclic 

compounds in pharmaceutical sector, in  the world of thiopeptide antibiotics, in the area of luminescence and pyridyl-thiazole as a 

ligand in coordination chemistry in recent years. The general purpose of this article is to give an exhaustive and clear picture in 

biheteroaryl ,  thiazole-pyridyl bond formation as well as its application in the synthesis of natural products, pharmaceuticals, 

catalyst , ligands and materials. Accordingly, this review aims to systematize the current information in this field and provide 

some perspectives for possible applications of this important class of coordination compounds. 

 

IndexTerms - Biheteroaryl , Pyridyl-thiazole , luminescence, cordination , ligand . 

  
 

I. Introduction 

 Biheteroaryls and their homologues , terheteroaryls , oligoheteroaryls and polyheteroaryls , are an 

important class of organic compounds. The different  biheteroaryls are always an important constituent in 

areas like liquid crystals , polymers,  advanced materials,  different natural products , ligands and  molecules 

of medicinal interest.  In consideration  of  applications of this biheteroaryls ,  it is therefore important to 

note that organic chemists have made extensive efforts to develop new, efficient and straightforward 

heteroaryl–heteroaryl bond-forming methods with excellent selectivity and high functional group tolerance 

under mild reaction conditions. Pyridyl-substituted thiazoles are not among the most studied heterocycles. 

In any case, some interesting applications as pharmaceuticals do exist. Depending on the substitution 

pattern, they may have fungicidal activity 1 or they may serve as inhibitors of 5-lipogenase. 2  Besides, they 

have also been used in medicinal chemistry to access bioactive lead molecules and drug candidates. 

 Trisubstituted and disubstituted 1,3-Thiazoles, linked to aryl or heteroaryl groups, are privileged 

structural motifs and have applications in different fields, such as materials science on the preparation of 

liquid crystals 3,  molecular switches 4,  sen-sors 5 or cosmetic industry (sunscreens). 6,7 From the viewpoint 

of coordination chemistry, biheteroaryls are diazadiene ligands and should be capable of forming complexes 

with metal ions. Multidonor heterocyclic ligands containing both nitrogen and sulfur atoms possess versatile 

coordination ability toward various transition metal ions; as a result, they have attracted considerable 

interest, particularly in the synthesis and applications of biomimicking and bioactive coordination 

compounds. 8,9,10 Among the ligands of this kind, electron-rich polyfunctional thiazole, isothiazole and 

thiadiazole-based derivatives assume an exceptional importance on the construction of metal complexes of 

different types, in particular valuable organometallic frameworks and functional materials. The highly 

fluorescent nature of the ligand can be advantageous for the spectroscopic investigation of complex 

formation and dissociation equilibria 
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 The general purpose of this review is to give an exhaustive and clear picture in biheteroaryl ,  

thiazole-pyridyl bond formation as well as its application in the synthesis of natural products, 

pharmaceuticals, catalyst , ligands and materials. Accordingly, this review aims to systematize the current 

information in this field and provide some perspectives for possible applications of this important class of 

coordination compounds. 

II. Pyridyl-thiazoles - in the medicinal chemistry 

 The halogen dance reaction using thiazole for the total synthesis of the pyridine-thiazole-containing 

natural product WS75624 B  is suggested by Eric L. Stangeland and Tarek Sammakia 11 which proceeds via 

the Stille coupling of appropriately functionalized pyridine and thiazole components. WS75624 A and B (1) 

are two related compounds that were isolated from the fermentation broth of Saccharothrix sp. No. 75624.12 

These compounds are potent endothelin converting enzyme (ECE) inhibitors and are potential 

antihypertensive agents. 13 There are two reported syntheses of WS75624 B in the literature, the first by Patt 

and Massa 14 and the second by Huang and Gordon, 15 and one synthesis of the structurally related molecule 

WS75624 A.16  

    

 A review of  thiazole based heterocycles for bioactive systems 17  described by Someshwar Pola . J. 

E. M. Koezen et. al.18 prepared numerous N-[4-(2-pyridyl)thiazol-2-yl]benzamides (2) , and these 

compounds exhibited adenosine affinities in the micromolar range .  

              

  Antimycobacterial activity of 2-aminothiazole derivatives (3) against Mycobacterium tuberculosis,  

H37Rv  were reported  by  Parameshwar Makam  and Tharanikkarasu Kannan.19 The reported 2-

aminothiazole derivatives contain commonly three aromatic cyclic systems in their structures viz. 

substituted phenyl, thiazole and pyridyl systems. The cell wall permeability , solubility factor were taken 

into consideration during designing of  2-aminothiazole derivatives, again naphthalene , substituted phenyl 

rings and positional  isomeric pyridyl systems have been incorporated to induce lipophilicity and 

hydrophilicity likewise.  
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  Different biological targets for the antitumor activity involves mainly aryl thiazole.20,21,22,23 Phenyl-

(5-(4-pyridinyl)-2-thiazolyl)-amine (4) reported to induce  autophagic cell death 24 ,  Fatostatin (5) was 

reported for metabolic diseases as well as cancer progression through blocking activation of sterol 

regulatory element-binding proteins (SREBP). 25 The study continued by Wenbo Zhaou et al .26 for the 

effects of the series of pyridinyl-thiazolyl carboxamide derivatives (6) against angiogenesis through a 

colony formation assay of human umbilical vein endothelial cells (HUVECs) in vitro. 

    

 

  Dae-Kee K et al. 27  produced a set of 5-(pyridin-2-yl)thiazoles  (7) enclosing a para or meta 

carboxamide or carbonitrile-substituted phenylmethylamino moiety at the 2-position of the thiazole ring and 

was estimated for activating receptor-like kinase 5 (ALK5) inhibitory activity in cell-based luciferase 

publisher assays. 

   

  

 

 

 

   

  Courtney C. Aldrich et al 28 described the systematic and comprehensive SAR analysis of this 

aminothiazole scaffold and in vitro drug metabolism studies that resulted in compounds with improved 

activity profiles over the parent hit compounds. The SAR shows the central thiazole moiety and the 2-

pyridyl moiety at C-4 of the thiazole are intolerant to modification. However, the N-2 position of the 

aminothiazole exhibits high flexibility and successfully improved the antitubercular activity of the initial hit 

by more than 128-fold through introduction of substituted benzoyl groups at this position. 29,30,31,32,33  Based 

on this parameters synthesis of N-2-acyl analogues ,  key bullding block 2-2-amino-4-(pyrid-2-yl) thiazole 
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(8) was prepared  by condensation of 2-bromoacetylpyridine hydrobromide with thiourea (Scheme 1). 

Subsequent coupling of this amine with various aliphatic, aromatic and heteroaromatic acids provided the 

desired amides. 

  

Aminothiazole scaffold  from TAACF  HTS Campaign 

 

  Samir Bondock et al 34 synthesized a series of novel 2-(3-pyridyl)-4,5-disubstituted thiazoles (9) and 

characterized by spectral and elemental analyses. The newly synthesized compounds were evaluated for 

their in vitro antimicrobial activity against ten bacterial and five fungal human pathogenic strains . From 

structure activity relationship (SAR) point of view, increasing the size of the substitutions either at position 

4 or 5 on the thiazole nucleus decreased the antimicrobial activity. 

       

 

 Fatostatin (10) is composed of three aromatic rings : pyridine, thiazole, and toluene. Fatostatin 

(125B11) was originally discovered from a chemical library as a synthetic small molecule that inhibited 

insulin-induced adipogenesis and serum-independent growth of cancer cells in cell culture.35 Fatostatin 

inhibits activation of sterol regulatory element-binding protein (SREBP), blocks biosynthesis and 

accumulation of fat in obese mice. The methyl group of toluene is often oxidized in vivo by cytochrome 

P450. Therefore, the effects of substitutions of the toluene moiety of fatostatin  were examined by Salih J. 

Wakil et al 36 and  synthesized a series of fatostatin derivatives (11 and 12), led to the identification of N-(4- 

(2- ( 2-propylpyridin-4-yl ) thiazol-4-yl ) phenyl) methanesulfonamide ( FGH10019) as the most potent drug 

like molecule among the analogues tested with  high aqueous solubility and membrane permeability and 

may serve as a seed molecule for further development. 
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 A series of 4-substituted methoxybenzoyl-aryl-thiazoles (13) (SMART) have been discovered and 

synthesized as a result of structural modifications of the lead compound 2-arylthiazolidine-4-carboxylic acid 

amides (ATCAA) by Yan Lu et al.37 The antiproliferative activity of the SMART agents against melanoma 

and prostate cancer cells was improved from μM to low nM range compared with the ATCAA series. 

Preliminary mechanism of action studies indicated that these compounds exert their anticancer activity 

through inhibition of tubulin polymerization. Present SAR studies revealed that 3,4,5-trimethoxyphenyl was 

the essential group  to keep excellent antitumor potency. p-Fluoro, p-NH2, and p-CH3 substituents in 

phenyl ring will increase the activity in place of 4-pyridyl ring , with no clear difference in effect on activity 

between EWG and EDG substituents The carbonyl linkage played an important role for the high potency.  

     

 

  Miwatashi et al. reported 4-phenyl-5-pyridyl-1,3-thiazole derivatives (14) as potent adenosine A3R 

antagonists.38 The compounds possessed nanomolar range activity with good selectivity over other 

adenosine receptor subtypes. Pharmacokinetic  studies demonstrated good oral absorption profile and 

bioavilability. Molecular docking studies of this compound displayed good binding in active site of A3R and 

necessary interactions with active amino acids. 

      

 

 

  

The Cell division cycle 7 (Cdc7) protein kinase is essential for DNA replication and maintenance of genome 

stability. Andreas Reichelt et al 39 systematically explored trisubstituted thiazole-based compounds (15) as 

inhibitors of Cdc7 kinase activity in cancer cells. Cdc7 has been considered as a novel target for cancer 

therapy.40,41,42  The studies resulted in the identification of a potent, selective Cdc7 inhibitor that decreased 

phosphorylation of the direct substrate MCM2 in vitro and in vivo, and inhibited DNA synthesis and cell 

viability in vitro. Synthesis and SAR of trisubstituted thiazoles as a protein kinase inhibitors, for their low 

molecular weight and high binding efficiency is proved. 
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III.  Pyridyl-thiazoles - as thiopeptide antibiotics 

 The increasing trend in the resistance to antibacterial agents has made it necessary to develop new 

chemical entities with low side effects and no resistance. A library of new thiazole derivatives have been 

reported and proved to be efficient as compared to β-lactam antibiotics regarding bacterial resistance. 

Thiopeptide  antibiotics are  a group of highly modified peptide metabolites. Hughes R. A. et al reported the 

total synthesis of the Thiopeptide Antibiotic Amythiamicin D (16) . Thiostrepton  or thiopeptide are a class 

of sulfur containing highly modified cyclic peptides characterised by several common structural features 

that is the presence of thiazole and a centerpiece heterocycle containing tri  or tetrasubstituted pyridine all in 

a macrocyclic array 43,44 possessing cytotoxic, antimicrobial and free radical scavenging activity. The 

thiopeptide antibiotics are a class of sulfur containing highly modified cyclic peptides with interesting 

biological properties, including reported activity against MRSA and malaria. 

     

 

 Sulfomycins are members of the thiopeptide group of antibiotics. Bagley and coworkers 45  

synthesized a central oxazole-thiazole-pyridine domain of sulfomycins I−III . Use of a functionalized β-

ketoamide led to dimethyl sulfomycinamate , (Scheme 2). The multicomponent Bohlmann−Rahtz reaction 

proceeded in 81% yield, and different steps were necessary to complete the synthesis of dimethyl 

sulfomycinamate.       

    

Scheme 2. Application of the Bohlmann−Rahtz Reaction to the Synthesis of Dimethyl Sulfomycinamate  
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 Thiocillin I  and its congeners are thiopeptide antibiotics 46 isolated from Bacillus cereus.47 This 

substance has become of special significance in recent times, notably through the work of Walsh,48 in that 

biosynthetic investigations have enabled the production of analogues displaying useful biological properties 

through the genetic manipulation of producing organisms. Such efforts could lead to novel anti-infective 

agents with improved therapeutic properties, thereby alleviating the ongoing antibiotic crisis.49 Thiocillin I 

is another natural product from this family; its total synthesis was completed in 2011 by Aulakh and 

Ciufolini.50 The pyridine-thiazole core was assembled by a three-component reaction involving substituted 

alkynone , 1,2-bisthiazolo-ethynone , and ammonium acetate in refluxing acetic acid (Scheme 3).  Under 

these conditions the trisubstituted pyridine , in which the TBS protecting group was cleaved and replaced by 

an acetate group, was obtained in 52% yield. Completion of the synthesis of thiocillin I was achieved in 13 

steps 

   

Scheme 3 : Total Synthesis and Complete Structural Assignment of Thiocillin I 

 

 Marco A. Ciufolini et al 51  have produced noteworthy methods for the assembly of the pyridine-

thiazole core of thiopeptide  antibiotics (17) . The biomedical potential of thiopeptide antibiotics 52  and the 

manifold chemical issues associated with a synthetic attack on these molecules have elicited considerable 

activity during the past decade.53 The oxidation of 2-Methylthiazoles to 2-Formylthiazoles simplifies the 

implementation of the Bagley variant of the Bohlmann-Rahtz reaction as a key step (Scheme 4)  in a 

concise new route to pyridine cores of thiopeptide antibiotics. 

  

       Scheme 4.  One-Step Bohlmann-Rahtz Synthesis of Thiopeptide Cores 
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 Bulbul P. et al 54 reported the proteasome inhibitory activity of compound (18) having central 

pyridine and substituted thiazole ring in its structure. Compound (18) is a naturally occurring thiopeptide 

antibiotic, characterized by highly complex sulfur-containing heterocyclic rings which has demonstrated a 

variety of physiological activities including antibacterial, antiparasitic. Thiazole peptide antibiotics block 

protein synthesis in bacteria targeting ribosome. Andrei L. G.55  reported the synthesis of modified natural 

thiazole peptide antibiotic wherein the side chain phenyl was replaced by methyl group and demonstrated 

that the modified derivative (19) showed enhanced inhibitory activity (55 times more active than the natural 

antibiotic). 

  

 

 Wided H. et al.56 synthesized 2-(hetero) arylated pyridines (Antibiotic GE 2270) (20) and showed to 

posses good anti-biotic and anti-inflammatory activities. 

    

 

IV.  Pyridyl-thiazoles - highly luminescent heterocyclic compounds 

 Five membered heterocycles containing two heteroatom's at 1,3 relative position possess certain 

level of flexibility compared with the condensed 1,3 Azoles. These compounds possess three carbon atoms 

to which a wide variety of substituents can be attached. Depending on the size of the introduced substituents 

the core structure may adopt twisted three dimensional structure. This feature may give rise to their unique 

fluorescent properties. Incorporation of  electron-donating and attracting groups to an appropriate positions 

of  monocyclic heteroaromatic compounds provides D-A molecules. 57 Increasing attention has been paid to 

fluorescent 1,3-Imidazoles, 58  oxazoles 59  and thiazoles. 60  

Ulrich-W. Grummt et al 61 reported an  acid-base properties of 5-Methyl-2-Pyridine-2-yl-1,3-Thiazole-4-yl-

oxyacetic acid (PTOA) and its methyl ester (21) as well as on the fluorescence properties of these 

molecules. PTOA is a highly fluorescent bidentate ligand. According to calculations, the alkoxy substituent 
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is essential for the longest wavelength transition. This group causes a considerable bathochromic shift with 

respect to the unsubstituted  2,2'-Pyridylthiazoles . Fluorescence quantum yields close to unity are found. 

Large Stokes shift values are explained by the shortening of the inter-ring bond in the excited state. These 

compounds may be useful for metal sensing and as laser dyes. 

     

 

 A family of linear asymmetrical D−π−A and symmetrical D−π−D types of thiazole-based aromatic 

heterocyclic fluorescent compounds (22) bearing various electron-donating and electron-withdrawing tails 

(bromo, triphenylamino, pyridyl, thienyl and benzoic acid) have been designed and prepared successfully by 

Wei Huang et al.62 Synthetic, structural, thermal, spectral and computational comparisons have been carried 

out for related compounds because of their adjustable electronic properties.  All of these multiple N-donor-

containing compounds have effective π-conjugated systems and different triphenylamino, pyridine, 

thiophene, and benzoic acid tails showing symmetrical D−π−D and asymmetrical D−π−A structures. 

     

 

 Toshiaki  Murai  et al 63  reported  synthesis of  1,3-Azoles using  metal-free coupling reaction 

between secondary thioamides and thioformamides with diarylamino  groups  attached to the 5-position . 

This method is in marked contrast to the established method for preparing thiazoles using primary 

thioamides, which is known  as Hantzsch thiazole synthesis. 64   The resulting 5-aminothiazoles (23) adopt 

highly deviated conformations, but they show strong blue fluorescence. 

     

 

 Greaney and co-workers 65 developed the first direct C5-heteroarylation of  2-arylthiazoles with aryl 

iodides on water (Scheme 5). The reactions were performed at 600c in the presence of Ag2CO3 and 

[Pd(dppf)Cl2] .CH2Cl2/PPh3 catalyst. 
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 Fluorescent dyes are widely used for detection and monitoring in the fields of chemistry, 

biochemistry, molecular biology, medicine and material sciences. Due to sensitive and selective detection 

methods and unproblematic toxicology they have almost completely replaced radioactive tags. Widely used 

representatives include dansyl chloride, fluoresceins, rhodamines and boron-dipyrromethenes (BODIPYs). 

66 Molecular probes are widely used tools in chemical biology that allow tracing of bioactive metabolites 

and selective labeling of proteins and other biomacromolecules. A successful class of fluorophores also used 

for probing in life science comprises the heterocyclic thiazoles. This structural element can be found in 

commercial products, such as thiazole orange, SYBR® Green I or TOTO®, which are, e.g., used for DNA 

labelling. In these compounds the thiazole ring is part of a benzothiazole. Based on the luminescent 

properties of pyridylthiazoles George Pohnert et al 67  reported the synthesis of BPT (4-(3-azidopropoxy)-5-

(4-bromophenyl)-2-(pyridin-2-yl)thiazole) (24) with superior properties for fluorescence, UV and mass 

detection compared to other common reporters  

     

V. Pyridyl-thiazoles -as ligand  in coordination chemistry  

 A vast number of 1,3-Thiazole-based compounds were described in the literature as ligands due to 

their capacity to coordinate different metal ions. 68 The coordinating ability of thiazolyl ligands is largely 

attributed to the presence of nitrogen and sulfur atoms in the five-membered ring as potential donor sites. 

Concerning the coordinating power of S and N atoms in 1,3-Thiazole ring, commonly, the nitrogen atom is 

much more effective as donor than sulfur. Furthermore, the nature of the metal as well as the substituents on 

the heterocyclic ligand are important in determining the exact nature of these ligand metal interactions. The 

1,3-Thiazole fragment can connect several donor atom containing fragments of recognized coordination 

ability (e.g. pyridyls), thus creating bridging ligands and acting as a spacer. This type of functionality has 

been particularly applied in the syntheses of different coordination oligomers, polymers and metal 

coordination frameworks. The common structural base for all these compounds is a biheteroaryl pyridyl-

thiazole. 

As it can be seen  from structures that, thiazoles possess a great potential for modification and introduction 

of a variety of substituents with electron donating heteroatoms. For instance, pyridyl-, carboxylic-,amido-, 
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phosphine- and many other groups possessing coordination ability can be placed in position 2 of the five-

membered ring. Another notable application of 1,3-thiazole derivatives as ligands was described by Luconi 

and colleagues in 2014. 69 The authors designed several neutral bis(alkyl)-organolanthanidecomplexes of 

specifically tailored tridentate {N,N,N} 5-methylthiazole- or benzothiazole-amidopyridinate ligands, and 

showed that the nature of the thiazole unit (benzothiazole vs. 5-methylthiazole) controls the complex 

stability in solution. The complexes performed well as homogeneous catalysts in the industrially important 

isoprene polymerization, after activation with some organoborates. The activation with organoborates 

generates homogeneous catalytic systems for living isoprene polymerization with activity and selectivity 

depending on the nature of the metal ion and theused activator(s). In the Lu3+complex, a rearrangement of 

ametal coordination sphere occurs through a metal-to-ligandalkyl migration with subsequent benzothiazole 

ring-opening andgeneration of the Lu3+mono(alkyl)-arylthiolate species stabilized by a tetradentate 

{N,N,N,S} dianionic ligand. Depending on the rare-earth ion, a prevalent trans-1,4 or 3,4 regioselectivity in 

the polymer microstructure can be assessed very recently by  Lyubov and co-workers.70,71,72,73. 

  

Structures of  Pyridyl-thiazole ligands in the preparation of metal  complexes  and the metal atoms 

 

Conclusions  

 The biheteroaryl pyridyl-thiazole derivatives possess significant applications in diverse fields such 

as medicinal, agro-chemistry, light harvesting , cosmetic industry , catalysis, molecular switches, production 

of LEDs , photochromes , nonlinear optical materials and many more. In this review, we examined the 

potentialities of representative  pyridylthiazoles,  as ligands for the construction of various types of metal 

coordination compounds and metal–organic architectures with different complexities and uses. From the 
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literature survey it is clear that the applications of this biheteroaryl as catalysts, drugs and functional 

materials have a promising future.  

 By considering the importance and applications of  this biheteroaryl (pyridyl-thiazole)  in different 

areas like coordination complexes , medicinal ,  fluoroscence and there has always been a need for new and 

novel chemical entities with diverse biological activities. Our efforts are focused on the introduction of 

chemical diversity in the molecular frame work in order to synthesize pharmacologically interesting 

compounds. During the course of our research work, several entities containing pyridyl-thiazole have been 

designed, generated and characterized using spectral studies and are reported in relevant chapters.  
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