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ABSTRACT 
Thiazoles displayed broad range of biological activities and found in many potent biologically active molecules such as 
Sulfathiazol (antimicrobial drug), Ritonavir (antiretroviral drug), Abafungin (antifungal drug) and Tiazofurin 
(antineoplastic drug). So far, modifications of the thiazole ring have proven highly effective with improved potency and 
lesser toxicity. The present review highlights the recently synthesized thiazoles possessing important biological activities. 
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INTRODUCTION 
Thiazole is a heterocyclic compound featuring both a 
nitrogen atom and sulfur atom as part of the aromatic five-
membered ring. Thiazole and related compounds are called 1, 
3-azoles (nitrogen and one other heteroatom in a five-
membered ring). They are isomeric with the 1, 2-azoles, the 
nitrogen and sulfur compound being called isothiazole. The 
numbering system is shown below for naming derivatives of 
thiazole. 
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Thiazole is aromatic on the basis of delocalization of a lone 
pair of electrons from the sulfur atom completing the needed 
6 π electrons to satisfy Huckel’s rule. The resonance forms 
are: 
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Thiazole is a clear to pale yellow liquid with a boiling point 
of 116-118oC. Its specific gravity is 1.2 and it is sparingly 
soluble in water. It is soluble in alcohol and ether. The odor 
of thiazole is similar to pyridine. It is used as an intermediate 
to manufacture synthetic drugs, fungicides, and dyes. A 
thiazole ring is found naturally in the essential vitamin BB1 
(thiamin). 
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Thiamin 

Thiamin is a water soluble vitamin that helps the body 
release energy from carbohydrates during metabolism. It also 
helps in the normal functioning of the nervous system by its 
role in the synthesis of acetylcholine, a neurotransmitter. 
Thiamin is found mostly in pasta and breads made from 
refined flours. It is also found in ready-to-eat cereals and in 
navy and kidney beans.    
1.2. BIOLOGICAL ACTIVITIES 
Thiazoles are important class of heterocyclic compounds, 
found in many potent biologically active molecules such as 
Sulfathiazol (antimicrobial drug), Ritonavir (antiretroviral 
drug), Abafungin (antifungal drug) with trade name Abasol 
cream and Bleomycine and Tiazofurin (antineoplastic drug). 
It has been noticed continuously over the years that 
interesting biological activities [1-2] were associated with 
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thiazole derivatives. Recently the applications of thiazoles 
were found in drug development for the treatment of allergies 
[3], hypertension [4], inflammation [5], schizophrenia [6], 
bacterial [7], HIV infections [8], hypnotics [9] and more 
recently for the treatment of pain [10], as fibrinogen receptor 
antagonists with antithrombotic activity [11] and as new 
inhibitors of bacterial DNA gyrase B. [12] A brief review of 
thiazoles associated with large number of biological activities 
is presented below. 
1.2.1. Antitumor activity 
Ramla et al [13] synthesized a variety of 1-substituted-2-
methyl-5-nitrobenzimidazoles and evaluated them for anti-
tumor activity. The anti-tumor effect of compound [1] was 
found to be significant. 
Popsavin et al [14] reported a set of 2-(2, 3-anhydrofuranosyl) 
thiazole-4-carboxamide (2', 3'-anhydro tiazofurin) derivatives 
and screened them for their anti-tumor activity. The most 
active compound was found to be [2] against K562 malignant 
cells, with IC50 vlues ranging from 0.09-0.49 μM. 
Gulsory et al [15] presented a series of arylidene hydrazides 
from [6-(4-bromophenyl) imidazol-3yl] acetic acid 
hydrazide. The synthesized compounds were evaluated one 
dose primary cytotoxicity assay. Compound [3] demonstrated 
the most effective agents on a prostate cancer cell lines. 
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1.2.2. Anti-inflammatory activity 
 Kumar et al [16] synthesized a group of 3-[4'(p-chlorophenyl) 
thiazol-2'-yl]-2-[(substituted azetidinone/thiazolidinone)-
aminomethy]-6-bromoquinazolin-4-ones and screened them 
for anti-inflammatory and analgesic activities. Compound [4] 
was found to be highly active in both the activities. They 
found that the presence of thiazolidinone ring have shown 
much better anti-inflammatory as well as analgesic activity at 
50 mg/kg po as compared to their parent compounds. 
Compound substituted with chloro group at 2nd position of 
phenyl ring has shown almost equal anti-inflammatory 
activity to that of the standard drug phenylbutazone at 50 
mg/kg. 
Holla et al [17] reported different series of arylaminothiazoles, 
arylidene/5-aryl-2-furfurylidene hydrazinothiazoles and 
screened them for their antibacterial and anti-inflammatory 
activities. Two of the newly synthesized compounds [5] and 
[6] showed anti-inflammatory activity comparable with that 
of ibuprofen. 
Kalkhambkar et al [18] reported triheterocyclic thiazoles 
containing coumarin and carbostyril (1-aza coumarin). The 
newly synthesized compounds were tested for their in vitro 
analgesic and anti-inflammatory activities. Among the tested 

compounds, [7] and [8] significantly inhibited the acetic acid 
induced writhing. 
Rostom et al [19] reported two groups of structure hybrids 
comprising basically the antipyrine moiety attached to 
polysubstituted thiazole or 2, 5-disubstituted-1, 3, 4-
thiadiazole counterparts through various linkages. Twelve 
compounds were evaluated for their anti-inflammatory 
activity, ulcerogenic effects and acute toxicity. The analgesic 
activity of the same compounds was also evaluated. 
Additionally, their in vitro antimicrobial activity was 
evaluated. Some compounds [9] and [10] displayed 
remarkable anti-inflammatory and analgesic profiles with a 
fast onset of action together with a super GI safety profile 
and safety margin. Additionally, some compounds exhibited 
broad-spectrum antimicrobial activity. 
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1.2.3. Antimicrobial activity 
Pandeya et al [20] prepared a series of Schiff and Mannich 
bases derived from isatin derivatives and N-[4-
(4'chloropheyl) thiazol-2-yl] thiosemicarbazide. Investigation 
of antimicrobial activity of compounds was done by agar 
dilution method against 28 pathogenic bacteria, 8 pathogenic 
fungi and anti-HIV-1 (IIIB) in MT-4 cells. Among the 
compounds tested [11] showed the most favorable 
antimicrobial activity. 
Shiradkar et al [21] reported a series of N-{4-[(4-amino-5-
sulphanyl-4H-1, 2, 4-triazol-3-yl) methyl]-1, 3-thiazol-2-yl}-
2-substituted amide derivatives. The compounds were tested 
for their preliminary in vitro antibacterial activity against S. 
aureus, E. coli, P. aeroginosa and S. typhosa and then were 
screened for antitubercular activity against M. tuberculae 
H37Rv strain by both micro dilution assay method. 
Compound [12] and [13] showed best activity. They revealed 
that the compounds that have shown more than 90% 
inhibition were obtained by S-alkylation with acetonitrile. It 
was noted that the cyano group may not have any role in 
increase in the activity. When the sulfhydryl group were 
optimized and investigated, it resulted into the loss of 
activity. 
Xin et al [22] reported sixteen novel oxazolidinone analogue 
containing substituted thiazole/ fused bicyclic [imidazo[1,2-
b] pyradazine/imidazo [2,1-b] thiazole groups were designed 
and synthesized. All the compounds were evaluated for their 
in vitro antibacterial activity against S. aureus. Among them 
compound [14] displayed promising antibacterial activity 
comparable to that of linezolid.  
Vicini et al [23] produced a new set of 2-thiazolylimino-5-
arylidene-4-thiazolidinones and assayed in vitro for their 
antimicrobial activity against Gram positive and Gram 
negative bacteria, yeast and mould. All the compounds 
especially compound [15] exhibited potent against Gram 
positive bacteria. They have studied the structure-activity 
relationship and found that the 5-arylidene derivatives 
showed a significant antibacterial efficacy greater than that of 
the parent compound suggesting that the unsubstituted and 
substituted 5-arylidene moiety plays an important role in 
enhancing the antimicrobial properties of this class of 
compounds. 
Dundar et al [24] presented a set of thiazolyl thiazolidine-2,4-
dione derivatives and screened them for their antibacterial 
and antifungal activities against methicillin resistant S. 

aureus, E. coli and C. albicans. All the compounds 
particularly [16] were found to be moderately potent against 
screened microorganisms. The structure-activity relationships 
showed that the anti-fungal activity of the substituents at the 
phenyl ring is H, Cl, Br, o,p-diCl > F, NO2 for benzylic 2,4-
TZD compounds. As for phenacyl 2,4-TZD compounds, it is 
Cl, Br > H, F, o,p-di-Cl, NO2. 
Cukurovali et al [25] reported a series of Schiff bases 
containing 2, 4-disubstituted thiazole and cyclobutane rings 
and hydrazones moieties in the same molecule and evaluated 
them for antibacterial and antifungal activities. Among the 
tested compounds, the most effective compound providing a 
MIC value of 16 μg ml-1 was found to be [17] against C. 
tropicalis and B. subtilis. They studied the lowest effective 
substance against all the microorganisms and found that 
despite all the substances have very similar structures, their 
antibacterial and antifungal activities are very different. Most 
of them demonstrate weak activity against gram-positive and 
gram-negative bacteria and fungi in comparison to the 
reference drugs. 
Zitouni et al [26] reported new thiazole derivatives of triazoles 
and evaluated for antifungal and antibacterial activity. Their 
antimicrobial activities against Candida albicans (two 
strains), C. glabrata, E. coli, S. aureus, P. aeruginosa were 
investigated. The results showed that some of the compounds 
[18] have very strong antifungal activity. 
Abdel-Wahab et al [27] synthesized a series of 1-(benzofuran-
2-yl)-4-nitro-3-arylbutan-1-ones and 3-(benzofuran-2-yl)-
4,5-dihydro-5-aryl-1-[4-(aryl)-1,3-thiazol-2-yl]-1H-
pyrazoles. All the synthesized compounds were screened for 
their antibacterial and antifungal activities. Compound [19] 
showed a significant activity against E. coli higher than that 
of the control drug, whereas antifungal activity against 
Aspergillus niger was also exhibited by some of the 
compounds equal to that of the reference drug. 
Karegoudar et al [28] synthesized a series of novel 4-aryl-2-(2, 
3, 5-trichlorophenylidenehydrazino)-1, 3-thiazoles in good 
yield. The newly synthesized compounds were screened for 
their antibacterial and antifungal activities. Preliminary 
results reveal that derivatives of synthesized compound [20] 
are showing promising antimicrobial activity.                                         
.                                              
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1.2.4. Antifungal activity 
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Narayana et al [29] prepared a series of 5-{2-[(N-substituted 
aryl) amino]-1, 3-thiazol-5-yl} 2-hydroxy benzamides by 
reacting 5-(bromoacetyl) salicylamide with thiourea, 
thioformamide, thioalkylamide and substituted thioureas in 
absolute ethanol. These compounds were converted to 5-(2-
substituted–1, 3-thiazol-5-yl)-2-alkoxybenzamides and 5-(2-
N-(substituted aryl)-1, 3-thiazol-5-yl)-2-alkoxy benzamides 
by reacting with n-alkylbromides in presence of a base. The 
newly synthesized compounds were screened for their 
antifungal activity. The derivatives of compound [21] 
exhibited significant activity. 
Beuchet et al [30] synthesized polymethoxylated and 
polyhydroxylated derivatives of 2-amino-4-arylthiazoles 
bearing a halogenobenzenesulfonamide moiety at position 2 
as azole antifungal analogues. In vitro assays against various 
pathogenic fungal strains (Candida and Trichophyton 
species) showed no activity in comparison to econazole as 
reference. 
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Chimenti et al [31] reported the synthesis of a novel series of 
2-thiazolylhydrazone derivatives and the influence of the 
substituents on the thiazole ring on antifungal activity. All 
synthesized compounds were screened for their in vitro 
activities against 22 clinical isolates of Candida sp., 
representing six different species, compared to clotrimazole 
as a reference compound. Some of the tested compounds 
were found to possess significant antifungal activity when 
compared to clotrimazole, in particular compound [23] which 
exhibited higher potency against most of the Candida sp. 
considered. The compounds that were most active as anti-
Candida agents were also submitted to cytotoxic screening by 
the Trypan Blue dye exclusion assay and in general they 
were shown to induce low cytotoxic effects. 
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1.2.5. Antitubercular activity 
Shiradkar et al [32] synthesized a series of N-{4-[(4-amino-5-
sulfanyl-4H-1, 2, 4-triazol-3-yl) methyl]-1, 3-thiazol-2-yl}-2-
substitutedamide [24], [25] and [26] derivatives in good 
yields. The compounds were evaluated for their preliminary  
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in vitro antibacterial activity against S. aureus, E. coli, P. 
aeruginosa and S. typhosa and then were screened for 
antitubercular activity against Mycobacterium tuberculosis 
H37 Rv strain by broth microdilution assay method. The 
antibacterial data of the tested compounds indicated that most 
of the synthesized compounds showed better activity against 
bacteria compared to reference drugs. The in vitro 
antitubercular activity reports of tested compounds against 
M. tuberculosis strain H37 Rv showed moderate to better 
activity. It was noted that the cyano group may not have any 
role in increase in the activity. When the sulfhydryl group 
were optimized and investigated, it resulted into the loss of 
activity. 
Shiradkar et al [33] reported the synthesis of thiazolyl triazole 
derivatives, starting from ethyl acetoacetate, by microwave 
organic reaction enhancement method (MORE). Results of 
investigations of their antimycobacterial and antimicrobial 
activities were also produced. Many compounds [27], [28], 
[29] have shown promising activity while others were 
inactive. They found that two compounds that have shown 
97% and 100% inhibition were obtained by the S-alkylation 
with acetonitrile. When the acetate derivatives were 
converted into the hydrazide derivatives, the 
antimycobacterial activity was quite interesting as all of these 
compounds have shown inhibition above 90 %. 
Aridoss et al [34] synthesized some new thiazolidinones and 
thiazoles based on t-3-alkyl-r-2,c-6-diarylpiperidin-4-ones 
and evaluated them for antimycobacterial and antimicrobial 
activity and it was revealed after screening that substitution 
of electron withdrawing or donating substituents at the para 
position of the phenyl groups besides methyl group at N-1 
and C-3 exerted better biological profiles [30], [31]. 

1.2.6. Acetyl-Co-A carboxylase inhibitors 
Clark et al [35] presented a new series of phenoxy thiazolyl 
derivatives and screened them for their acetyl-Co-A 
carboxylase inhibitory profile. Compound [32] was found to 
be highly active in the inhibition of acetyl-Co-A carboxylase 
isozyme. 
1.2.7. Diuretic activity 
Andreani et al [36] synthesized a series of imidazo[2,1-b] 
thiazole acetohydrazones and screened them for their diuretic 
activity. A potent diuretic activity was confirmed for the 2-
methyl derivative bearing a phenyl ring at position C-6 [33]. 
Evaluation of the diuretic activity of both the saturated 
compounds and their unsaturated analogues shows that 
among the 6-position substituents, which were synthesized, a 
phenyl or substituted phenyl group was superior. This was 
confirmed by the results obtained with the analogues, 2- and 
3-methyl derivatives which, considering the dose employed 
and the acute toxicity were the most promising derivatives. 
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1.2.8. Neuroprotective and antioxidant activity 
Koufaki et al [37] designed synthesized new analogues 
containing 1, 2-dithiolane derivatives and screened for 
neuroprotective activity. Compound [34] was found to be 
highly neuroprotective. The structure-activity relationship 
revealed that when the amide functionality was replaced by 
the tetrazole ring, they were found to be the strngest 
neuroprotectant, while the 1, 3, 4-oxadiazole derivative was 
somewhat less potent. Thus, it appeared that the replacement 
of the amide functionality by the aromatic heterocycles 
conveyed greater neuroprotective activity to the resulting 
compounds. 
Shih et al [38] synthesized a series of sydnonyl substituted 
thiazolidinone and thiazoline derivatives and evaluated them 
for antioxidant activity. The antioxidant activity of 
derivatives of compound [35] exhibited the significant DPPH 
(1, 1-diphenyl-2-picrylhydrazyl) radical scavenging activity, 
comparable to that of vitamin E. 
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1.2.9. Anticonvulsant activity 
Amin et al [39] reported some new substituted coumarinyl 
thiazolines, coumarinyl thiazolidin-4-ones and substituted 
chromenothiazoles and evaluated for anticonvulsant activity. 
Compounds [36] and [37] were the most active of the series 
against PTZ induced seizures 
Dawood et al [40] reported a series of newly synthesized 
compounds and evaluated them for anti-inflammatory and 
anticonvulsant activity. The newly synthesized compounds 
[38] were found to possess anticonvulsant and anti-
inflammatory activities with the same mechanism of action 
of selective COX-2 inhibitors. From the structure-activity 
relationship viewpoint, the anti-inflammatory activity of 5-
acetyl-1, 3, 4-thiadiazole derivatives were found to be high in 
the case of unsubstituted phenyl derivatives and decreases 
with substitution in the order H > 4-CH3 > 4-Cl. Also, the 
anti-inflammatory effect of the thiazolidine ester derivative is 
higher than that of its acetyl derivatives. In addition, the 
chlorinated ester derivatives of 1, 3, 4-thiadiazole system was 
found to be more effective than its non-chlorinated 
derivatives. 
Azam et al [41] designed and synthesized a series of N4-
(naphtha[1,2-d]thiazol-2-yl)semicarbazides [39] and 
evaluated for their anticonvulsant and neurotoxicity studies. 
The biochemical estimations of malondialdehyde (MDA), 
superoxide dismutase (SOD) and glutathione peroxidase 
(GSH-Px) from brain homogenate for selected compounds 
were performed to study their antioxidant property. 
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1.3. CURRENT ASPECTS OF THIAZOLE 
Zhu et al [42] have performed the structure-based 3D-QSAR 
studies on 20 thiazoles against their binding affinities to the 
5-HT3 receptor with comparative molecular field analysis 
(CoMFA) and comparative molecular similarity indices 
analysis (CoMSIA). The thiazoles were initially docked into 
the binding pocket of a human 5-HT3A receptor homology 
model, constructed on the basis of the crystal structure of the 
snail acetylcholine binding protein (AChBP), using the 
GOLD program. The docked conformations were then 
extracted and used to build the 3D-QSAR models, with 
cross-validated τ2

cv values 0.785 and 0.744 for CoMFA and 
CoMSIA, respectively. An additional five molecules were 
used to validate the models further, giving satisfactory 
predictive values of 0.582 and 0.804 for CoMFA and 
CoMSIA, respectively. The results would be helpful for the 
discovery of new potent and selective 5-HT3 receptor 
antagonists. 
Deeb et al [43] have performed the QSAR analysis of a set of 
96 heterocyclics with antifungal activity. The results revealed 
that pyridine ring was more favorable than benzene as the 6-
membered ring, for high activity, but thiazole was 
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unfavorable as the 5-membered ring relative to imidazole or 
oxazole. Methylene was the spacer leading to the highest 
activity. The descriptors used were indicator variables, which 
account for identity of substituent, lipophilicity and volume 
of substituent, and total polarizability. 
This has been noticed so far, that modifications on thiazole 
moiety displayed valuable biological activities. It will be 
interesting to observe that these modifications can be utilized 
as potent therapeutic agents in future. Thus the quest to 
explore many more modifications on thiazole moiety needs 
to be continued. 
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