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Abstract: The rise in bacterial infections, driven by antibiotic resistance, global travel, and
poor infection control, poses a major healthcare challenge. Bacteria grow and spread
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through binary fission, nutrient acquisition, and immune evasion, with the peptidoglycan
layer (consisting of sugars and peptides) being crucial for cell wall integrity and protection.
Thiazole, a heterocycle containing nitrogen and sulphur, is important in medicinal chemis-
try and is found in compounds, such as vitamin Bl (thiamine) and penicillin derivatives
(sulfazole, ritonavir, abafungin). These thiazole derivatives disrupt bacterial cell wall syn-
thesis by interfering with peptidoglycan-forming enzymes. They are also used as vulcaniz-
ing accelerators, anthelmintics, and anticancer agents. This review synthesizes current
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knowledge on the biological relevance and synthetic approaches of antibacterial thiazole

derivatives, with a focus on their mechanisms of action and recent advances in their development.
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1. INTRODUCTION

The bacterial cell wall plays a crucial role in preserving struc-
tural integrity, shape, and stress endurance, thereby supporting bac-
terial viability. This barrier, present in both gram-positive and
gram-negative bacteria, is primarily composed of a cross-linked
polymer called peptidoglycan [1-3]. The synthesis of peptidoglycan
starts in the cytoplasm, where precursor molecules are created and
subsequently transported across the cytoplasmic membrane by flip-
pases. Outside the membrane, enzymes known as glycosyltransfer-
ases and transpeptidases polymerize these precursors to form the
peptidoglycan sacculus. This mesh-like structure is crucial for
providing structural integrity and countering osmotic pressure,
which is vital for bacterial growth and division [4]. Disrupting pep-
tidoglycan synthesis inhibits bacterial growth and is a primary tar-
get for many antibiotics, as it compromises cell wall integrity and
reduces bacterial proliferation [5]. To address this challenge, me-
dicinal chemistry has turned to novel molecular scaffolds, particu-
larly heterocyclic compounds, known for their structural diversity
and broad pharmacological potential [6-9]. Among these, thiazole
derivatives have garnered significant attention. First synthesized by
Hantzsch and Weber in 1887, thiazoles are five-membered hetero-
cycles containing nitrogen and sulphur atoms, exhibiting properties
akin to pyridine and pyrimidine. Molecular electrostatic potential
(MEP) analysis reveals that the nitrogen atom carries the highest
negative charge, while sulphur and carbon remain relatively neutral
[10-11]. Thiazole derivatives exhibit a wide range of biological
properties, encompassing antioxidant, analgesic, and antimicrobial
effects, such as antibacterial, carbonic anhydrase enzyme inhibition
[12-13], antifungal, antimalarial, anticancer, antiallergic, antihyper-
tensive, anti-inflammatory, and antipsychotic properties (Fig. 1)
[14-22].
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Fig. (1). Biological activity of thiazole.

Remarkably, more than 18 FDA-approved drugs, including ri-
tonavir (a), febuxostat (b), pramipexole (c), dasatinib (d), dabraf-
enib (e), ixabepilone (f), tiazofurin (g), alpelisib (h), cefotaxime (i),
isavuconazole (j), simeprevir (k), nitazoxanide (1), meloxicam (m),
cefocoiderl (n), avatrombopag (o), edoxaban (p), perospirone (q),
and ziprasidone (1), as well as numerous experimental compounds,
contain the thiazole framework (Table 1) [23-24].

A recent study has underscored the amphiphilic nature of thia-
zole derivatives, revealing their efficacy against microorganisms by
integrating into microbial cell membranes, including those of bacte-
ria and fungi. This unique property is attributed to the combination
of hydrophobic (lipid-attracting) and hydrophilic elements within
the thiazole structure (Fig. 2), which enhances their ability to pene-
trate bacterial cell membranes and exert inhibitory effects. Conse-
quently, thiazole compounds are effective in both types of bacteria.
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Table 1. FDA-approved thiazole-containing drugs.
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This integration into microbial cell membranes causes cyto- 2. STUDY DESIGN
plasm leakage, disrupts cell physiology, and ultimately induces A comprehensive literature search was conducted using Pub-

apoptosis [19, 25, 26].
/

Med, ScienceDirect, Scopus, Web of Science, and Google Scholar

R to identify relevant studies on thiazole derivatives. Keywords, such
=\ [ Hydrophilic Bind to bacterial i as "thiazole," "antibacterial," "antimicrobial," "mechanism of ac-
S\/< enzymes,inhibiting their function tion," "synthesis," and "SAR," were used with Boolean operators.
NH Inclusion criteria comprised peer-reviewed original research, sys-
@—>Hydrophobic __, Integrates into bacterial tematic reviews, and patents related to the synthesis, antibacterial

membranes, destabilizing them

Fig. (2). Amphiphilic nature of thiazole.

evaluation, and mechanisms of thiazole derivatives, published in
English. Non-English articles, studies on unrelated biological ac-
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tivities, and those lacking sufficient data were excluded. Two inde-
pendent reviewers screened titles, abstracts, and full texts for rele-
vance, resolving any disagreements through discussion. Relevant
data, including compound type, synthesis method, bacterial targets,
mechanisms of action, and SAR insights, were extracted and the-
matically analyzed.

3. CHEMISTRY OF THIAZOLE

Pure thiazole is a pale-yellow, flammable liquid with a pyri-
dine-like smell and boils between 116-118 °C. Its aromatic nature
stems from the electron delocalization from the sulphur atom, form-
ing a 6m-electron system. This high aromaticity is confirmed by
proton NMR, where the chemical shifts of protons in the thiazole
ring range from 7.27 to 8.77 ppm (Fig. 3) [27-28].
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Resonance effect in thiazole enhances its antibacterial potential by:
. Stabilizing reactive intermediates

. Improving binding affinity to bacterial enzymes/DNA

.Modulating electronic properties via substituents

Fig. (3). Resonating structure of thiazole.

The calculated m-electron density indicates that electrophilic
substitution is most likely to occur at the C-5 position, with the C-4
position as the next favoured site. On the other hand, nucleophilic
substitution tends to take place at the C-2 position (Fig. 4) [29].
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The p-electron density distribution makes the C-5 position of thiazole electron-rich
(nucleophilic), while the C-2 position is relatively electron-deficient (electrophilic), This|
allows thiazole derivatives to:

.Form hydrogen bonds with bacterial proteins.

.Participate in charge-transfer interactions with microbial enzymes

Fig. (4). Pi-electron density of thiazole.

4. BACKGROUND ON BACTERIAL CELL WALL AND
PEPTIDOGLYCAN

The bacterial cell wall is essential for preserving the structural
integrity and shape of bacterial cells. It safeguards against osmotic
pressure and environmental stress. The peptidoglycan layer, made
up of cross-linked polymers, is crucial to the cell wall's structure
and function. Peptidoglycan synthesis begins in the cytoplasm,
where precursor molecules are produced, which are then transport-
ed across the cytoplasmic membrane [30]. Enzymes like glycosyl-
transferases and transpeptidases polymerize these precursors to
form the peptidoglycan sacculus. Disruption of this process com-
promises cell wall integrity, leading to inhibited bacterial growth
[31]. Several widely used antibiotics, including penicillin, sulfathi-
azole, ampicillin, ceftriaxone, and cefotaxime, exhibit significant
efficacy in inhibiting peptidoglycan synthesis (Fig. 5). These drugs
target key enzymes involved in the formation of the peptidoglycan
layer, an essential component of the bacterial cell wall, thereby
disrupting bacterial growth and proliferation. Their availability in
the market underscores their critical role in combating bacterial
infections and maintaining public health [32].
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Fig. (5). Thiazole-containing antibiotics.

5. THIAZOLE DERIVATIVES: CHEMICAL STRUCTURE
AND BIOLOGICAL ACTIVITY

Thiazole, a heterocyclic compound containing nitrogen and sul-
phur atoms, plays a crucial role in inhibiting peptidoglycan synthe-
sis. Its presence in various natural and synthetic compounds under-
scores its effectiveness in targeting the bacterial cell wall, thereby
disrupting its formation, impairing bacterial growth and survival
[33]. This study will detail the chemical structure of thiazole deriva-
tives and their role in inhibiting bacterial cell wall synthesis.

6. MECHANISMS OF INHIBITION

Various thiazole derivatives inhibit peptidoglycan synthesis
(Fig. 6).

6.1. Enzymatic Mechanism

D-Ala-D-Ala ligase is an important enzyme in microbiology
and pharmacology due to its crucial role in bacterial cell wall syn-
thesis. It participates in the production of peptidoglycan, a key
component responsible for maintaining bacterial cell integrity and
shape [34]. Thiazole antibiotics target this enzyme, disrupting the
assembly of the peptidoglycan layer, which leads to bacterial cell
wall breakdown and ultimately bacterial cell death [35]. Several
synthetic thiazole derivatives (1-4) have demonstrated substantial
activity against D-Ala-D-Ala ligase, as illustrated in Fig. (7) [36-
38].

Disruption of the lipid II cycle is a crucial mechanism by which
synthetic thiazole derivatives inhibit bacterial cell wall synthesis.
Lipid II is a key precursor in the peptidoglycan biosynthesis path-
way, and its disruption leads to weakened cell walls and bacterial
cell death. Thiazole derivatives can interfere with enzymes involved
in the lipid II cycle, such as MurA and MurB, key components of
peptidoglycan synthesis and crucial for bacterial cell wall integrity.
MurA catalyzes the first step in this process, converting UDP-N-
acetylglucosamine to UDP-N-acetylenolpyruvylglucosamine. In-
hibitors, including thiazole derivatives, bind to MurA’s active site,
preventing this conversion through hydrogen bonds and n-n interac-
tions. MurB, which reduces UDP-N-acetylenolpyruvyl-
glucosamine to UDP-N-acetylmuramic acid, is similarly targeted by
thiazole derivatives that bind tightly to its active site, disrupting
peptidoglycan formation [39-41].

6.2. Synergistic Mechanisms

The synergistic mechanism of thiazole derivatives involves en-
hancing antibacterial activity when combined with other antimicro-
bial agents. They increase the binding affinity of antibiotics to tar-
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Fig. (6). Mechanisms of inhibition of peptidoglycan by thiazole derivatives. (4 higher resolution / colour version of this figure is available in the electronic

copy of the article).

Fig. (7). Synthetic thiazole antibiotics demonstrating activity against D-Ala-D-Ala ligase [36-38].

get sites, disrupt multiple bacterial processes, such as cell wall syn-
thesis and membrane integrity, reduce resistance development by
attacking multiple targets simultaneously, and improve antibiotic
penetration into bacterial cells. These combined effects make thia-
zole derivatives effective in developing new combination therapies
to combat antibiotic-resistant bacteria [42].

Examples:

The following are examples of thiazole derivatives that exhibit
notable antibacterial activity:

6.2.1. Azo-thiazole Derivatives vs. S. aureus
Compound Tested: Azo-thiazole derivatives (5-7)

Potency: MIC =10 pg/mL against Staphylococcus aureus (4%
lower than azithromycin [40 pg/mL]) (Fig. 8).

Implication: Structural modifications (azo linkage) enhance
anti-staphylococcal activity [43].

6.2.2. Synergy with f-Lactams vs. MRSA
Combination: Thiazole derivative + ampicillin

Result: Significant synergy (decrease bacterial growth vs.
monotherapy; p < 0.01).

Implication: Re-sensitizes MRSA to B-lactams [44].
6.2.3. Ciprofloxacin Potentiation vs. Gram-Negatives
Combination: Thiazole derivative + ciprofloxacin

Result: Enhanced inhibition of E. coli and P. aeruginosa (p <
0.05).

Implication: Overcomes resistance in Gram-negative patho-
gens [45].
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Fig. (8). Potent azo-thiazole derivatives against the bacterial cell wall.

6.3. Binding Mechanism

Designing small molecules that can bind to disease-associated
proteins is a crucial aspect of new drug discovery. Atomistic com-
putational modeling significantly enhances the efficiency of this
process. However, accurately determining the binding free energy
between a small molecule (ligand) and its target protein remains a
major challenge. Molecular docking is a widely used computational
technique that predicts ligand binding positions within target pro-
teins and estimates protein-ligand binding energies. These binding
energies help identify the most promising compounds for specific
target proteins [46]. Thiazole compounds have demonstrated strong
binding affinities for various important proteins, as shown in Table
2, highlighting their potential to modulate these targets [47-49].

6.4. In Vitro and In Vivo Studies

Recently, there has been increasing interest in developing new
antimicrobial agents to combat microbial resistance. Consequently,
greater emphasis is being placed on screening and evaluating anti-
microbial activity. Well-established bioassays, such as disk diffu-
sion, well diffusion, and broth or agar dilution, are commonly em-
ployed. Advanced techniques, including flow cytometry and biolu-
minescent assays, can rapidly provide insights into antimicrobial
effects and cell damage; however, their use is limited due to the
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Table 2. Synthetic thiazole derivatives with their binding energy, target protein, and structural feature.

S. No. Thiazole Derivatives Structure Feature Target Protein PDB ID(Suggested) | References
Thiazole ring fused with substituted
1 Thiazole-oxadiazole hybrids 1azoe rng L.lse Wl. substitute Penicillin-binding proteins 3FWL [50]
oxadiazole ring
Substitution of hyd: t posi-
2 4-Hydroxythiazole derivatives ubshitution o ti}(l)nr(;;y group at post Penicillin-binding proteins 3FWL [51]
Substitution due to substituted b, 1-
3 2,5-Disubstituted thiazole derivatives ubstitution due fo substituted benza D-Ala-D-Ala 1R44 [52]
dehyde
4 2,4-Disubstituted 1,3-thiazole Substitution of nitro group on phenyl D-Ala-D-Ala 1QMF [53]
2-Thioxo-4-thiazolidinone Sulphur based substitution on thiazole .
5 L . Transpeptidase Enzyme 3VMA [54]
based substitutions rng
Thiazole fused with substituted thiazol-
6 Thiazole-thiazolidine hybrid 1azote fused with substituted fiazo Penicillin-binding proteins 3PTE [55]
idinone
7 2-Amino-4-phenylthiazole Substitution at amine and phenyl group D-Ala-D-Ala 1R44 [56]
Substitution by the hal d nit
8 Thiazole-NCS derivatives ubstitution ygr(e)upa Ogen and mko Cell wall biosynthesis enzyme 1UAE [57]
9 Thiazole-imidazole conjugate Thiazole fused with imidazole ring Transglucosylase enzyme 1QOK [58]
Table 3. In vivo and in vitro activity of the synthetic thiazole derivatives with their structural features.
S. No. Structural Features In Vivo Activity In Vitro Activity References
Schiff Base of Thiazolyl-Triazole Thiazole-Triazole ring system Assessing the effectiveness of treat- Compounds demonstrated antibacte- [60-61]
ments in mice infected with MRSA rial activity against Staphylococcus
and S. pneumoniae aureus and Listeria monocytogenes
Thiazole-Hydrazone Derivatives Thiazole is attached with the hydra- Potent against the S. aureus and M. Improved survival rate in mice infect- [62-63]
zone group in a moiety tuberculosis ed with M. tuberculosis
Thiazole-Aminothiazole Derivative Substitution of aminothiazole on Inhibited penicillin-binding proteins Potent against the E. coli-infected [64-65]
thiazole ring (PBPs) and transglycosylase enzymes murine models
in Staphylococcus aureus
Thiazole-Pyrimidine Derivative Substituted pyrimidine is attached Potent against the S. pneumoniae and Effective in reducing inflammation in [66]
with substituted thiazole derivative S. aureus stain. mice infected with S. pneumoniae
Thiazole-Benzene Sulphonamide Thiazole is linked with the benzene Active against the S. aureus and E. Reduced bacterial load in murine [67]
Hybrid sulphonamide coli model of S. aureus
Benzimidazole-Based Organophos- Benzimidazole-based organophospho- Evaluated for general cytotoxic and 68
phorus Compounds rus compounds . systemic toxic effects [68]

need for specialized equipment and further validation to ensure
reproducibility and standardization [59]. Thiazole derivatives have
demonstrated significant potency against bacterial cell wall synthe-
sis, with both in vitro and in vivo activity summarized in Table 3.

7. SYNTHESIS OF THIAZOLE DERIVATIVES

The investigation of thiazole derivatives has gained prominence
over the years due to their diverse applications. One of the most
appealing features of these compounds is that they can be synthe-
sized in high yields from readily available starting materials using
straightforward synthetic methods. The unique structure and signif-
icance of thiazole compounds have driven the development of vari-
ous synthetic strategies employing different conditions, catalysts,
and approaches (Table 4) [69]. Several synthetic routes for thiazole
derivatives have been reported, including:

7.1. Hantzsch Thiazole Synthesis

N,N,5-trimethyl-4-phenylthiazole-2-amine is formed through
the reaction between methylpropane thioamide and 2-chloro-1-
phenylpropane-1-one using methanol (CH;0H). The reaction pro-
ceeds over 3 hours, yielding a product with a good yield (Fig. 9)
[70].

S
i i CH30H QIN%N\/
3
\)LH/ ¥ ©)J\CI/ 3hr.
Fig. (9). Synthesis of thiazole by hantzsch synthesis.

7.2. Synthesis of Aminothiazoles

The Hantzsch  condensation reaction between  2-
bromoacetophenones and thiourea, without the use of any catalyst,
leads to the formation of 2-aminothiazoles (Fig. 10) [71].

NH,
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+ JSL Heat S N
Br  Ho,N” “NH,

Fig. (10). Synthesis of aminothiazoles.

7.3. One-Pot Synthesis

The reaction of 1-iodo-2-nitroarenes with aldehyde and sodium
sulphide, using copper as a catalyst, results in the formation of 2-
substituted benzothiazoles. This three-component reaction proceeds
at 100°C for 12 hours (Fig. 11) [72].
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Fig. (11). Thiazole derivatives synthesized by the one-pot method.

s
)R
N




6 Current Organic Chemistry, XXXX, Vol. XX, No. XX

7.4. Synthesis of 5-aryl Thiazoles

The reaction involves N-formyl-N-(2-oxo-2-phenylethyl)
formamide reacting with trimethylamine and phosphorus pentasul-
fide at 60°C for 45-60 minutes to obtain 5-phenylthiazoles (Fig. 12)

[73].
©\H/\N/CHO P>Ss,NEt; N/Y©
\ CHCI,60°C

0 CHO N8
Fig. (12). Synthesis of 5-phenylthiazoles.

7.5. Synthesis of 4-Substituted 2-aminothiazoles

The reaction between potassium thiocyanate and vinyl azides,
using palladium (III) acetate as a catalyst, takes place at 80°C for
12 hours. Upon completion, this reaction results in the formation of
4-substituted 2-aminothiazoles (Fig. 13) [74].

N3 S/\<
N
. 5 mol-% Pd(OAC), S
KSCN —5.61.80°C, 12hr _

Fig. (13). Synthesis of 4-substituted aminothiazoles.

7.6. Synthesis of 2-Arylbenzothiazoles
The process starts with 2-aminothiophenol and an aryl aldehyde

in air, using a DMSO oxidant system without a catalyst, to form 2-
arylbenzothiazoles (Fig. 14) [75].

sH i Air,DMSO
Ir,
©i ' FN b
NH, ¥

Fig. (14). Formation of 2-arylbenzothiazoles.

7.7. Preparation of 2-Amino-4-methylthiazole, Followed by a
Condensation Reaction
The reaction of chloroacetone with thiourea, followed by the

addition of solid sodium hydroxide (NaOH), results in the for-
mation of 2-amino-4-methylthiazole (Fig. 15) [76].

o s HsC,

L NaOH U\

HJ\CH3 T HNTONH, T e fiux 2hr s~ NH;

Cl

Fig. (15). Synthesis of thiazole derivatives by condensation reaction.

7.8. Synthesis of 2-Aryl-4,5-Dihydeothiazole-4-Carboxylic Acid
The reported product, 2-aryl-4,5-dihydrothiazole-4-carboxylic
acid, is obtained by condensing L-cystine with aryl nitriles over 24-

48 hours. Racemization occurs in a NaHCO;/NaOH buffered aque-

ous alcoholic medium (Fig. 16) [77].
COOH
CN  HN S N\

2N _cooH
. t NaOH
SH CH40H

Fig. (16). Synthesis of 2-aryl-4,5-dihydeothiazole-4-carboxylic acid.

8. LITERATURE SURVEY

Recent studies have demonstrated the antibacterial potential of
thiazole derivatives, highlighting their effectiveness against various
bacterial strains. These compounds have shown significant promise
as potential alternatives to traditional antibiotics.

Bobade and colleagues conducted a comprehensive study eval-
uating the antibacterial potential of several thiazole derivatives
(compounds 8 and 9a, 9b). Their results demonstrated significant

Sharma and Kumar

inhibitory effects against both Gram-positive bacteria (Staphylo-
coccus aureus, Enterococcus faecalis) and Gram-negative bacteria
(Escherichia coli, Pseudomonas aeruginosa), with MIC values
ranging from 0.25 to 128 pg/mL depending on the strain and com-
pound (Fig. 17) [78].

~ NCH,C NCH,C
N 2L, 20
A I
>\S o o
EN/i N//S N>/\S
-
R K [Q
s s s
8 9a 9b

Fig. (17). Potent thiazole derivative against the various bacterial strains.

Sharifzadeh and colleagues synthesized a series of novel com-
pounds (10a-i) and evaluated their antibacterial activity. Com-
pounds 10a-d showed moderate efficacy against E. coli, while 10e-i
exhibited reasonable activity against S. aureus; however, the study's
lack of mechanistic insights, comparative data with clinical antibi-
otics, and in vivo validation limits the interpretability of these prom-
ising in vitro results, highlighting the need for further investigation
to assess their true therapeutic potential (Fig. 18)[79].

Fig. (18). Synthetic thiazole derivative effective against E. coli and Staphy-
lococcus aureus bacteria.

Desai and colleagues investigated 1,3,5-triazine-based triazole
derivatives (11a-11c), which demonstrated significant antibacterial
activity against E. coli, S. aureus, P. aeruginosa, andS. py-
ogenes using the Mueller-Hinton broth dilution method. While the
broad-spectrum efficacy is promising, the study lacks mechanistic
insights into the compounds' mode of action, dose-response rela-
tionships, and cytotoxicity data, which are crucial for evaluating
therapeutic potential. Additionally, comparative studies with stand-
ard antibiotics would help contextualize the reported activity. Fur-
ther in vivo and pharmacokinetic studies are needed to validate
these in vitro findings and assess clinical applicability (Fig. 19)
[80].

Aliamali and colleagues reported that novel thiazole derivatives
(12a-12¢) demonstrated significant antibacterial activity when test-
ed using the agar diffusion method. These compounds exhibited
potent inhibitory effects against several oral pathogens, including
bacteria commonly associated with dental caries and tooth decay,
such as Streptococcus mutans and Lactobacillus acidophilus (Fig.
20) [81].
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Table 4. Comparative table of thiazole synthesis methods.
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. . . . Temperature / . .
Synthesis Method Starting Materials Catalyst/Conditions Time Key Product Figs. Yield/Note
Hantzsch Thiazole Methylpropane thioamide + 2- Room temp / 3 N, N,5-trimethyl-4- . .

Synthesis chloro-1-phenylpropane-1-one Methanol as a solvent hrs phenylthiazole-2-amine (Fig. 9) Good yield
Aminothiazole Synthe- 2-B toph + Thiou- Simple, effi-
frne laz.o ¢ synthe romoacetophenone tou Catalyst-free Not specified 2-Aminothiazoles (Fig. 10) 1mp‘e A
sis rea cient
1-Iodo-2-nitroarene + Aldehyde 2-Substituted Benzothia Three-
. . - =L o - - .
One-Pot Synthesis + Sodium sulfide Copper catalyst 100°C / 12 hrs zoles (Fig. 11) componént
synthesis
5-Aryl Thiazole Synthe- N-F 1-N-(2-o0x0-2- 60°C / 45-60 Moderat
Y la.Zo e synthe ormyl-N-( OXO. P,Ss + Trimethylamine . 5-Phenylthiazoles (Fig. 12) 0. era‘e
sis phenylethyl)formamide mins reaction time
4-Substituted 2- . . . . . Pd-catalyzed C-
Vinyl azide + Pot thiocy- 4-Substituted 2-
Aminothiazole Synthe- oyt azide + torassium tHocy Pd(III) acetate 80°C /12 hrs ubstite (Fig. 13) N and C-S
. anate Aminothiazoles .
sis coupling
2-Arylbenzothiazole 2-Aminothiophenol + Aryl . . . . Green chemis-
Synthesis aldehyde DMSO, no catalyst Ambient, Air 2-Arylbenzothiazoles (Fig. 14) try approach
Chl tone + Thi + No catalyst (NaOH
Condensation Reaction oroace ;nanH rourea a dzeccflfo}s]ts-re(:a(iion) Not specified 2-Amino-4-methylthiazole (Fig. 15) Simple workup
. . 2-Aryl-4,5- o
Dihydrothiazole Car- L-Cystine + Arvl nitril. NaHCOs/NaOH buff- Room temp / dihvdrothiazole-4 Fig. 16) Racemization
boxylic Acid Synthesis -Lystne Tyl nriries ered medium in alcohol 24-48 hrs Y L (Fig. occurs
carboxylic acid
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Fig. (19). Potential thiazole derivative against various stains.
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Fig. (20). Thiazole derivative effective against tooth decay.

Desai N C and colleagues synthesized a series of novel 1,3,4-
oxadiazole-based thiazole derivatives (13a-13f) and evaluated their
antibacterial properties using the broth dilution method. The find-
ings revealed that these derivatives exhibited significant activity
against S. pyogenev and P. aeruginosa bacteria (Fig 21) [82].

ot MQ o

Fig. (21). Thiazole derivative effective against S. pyogenes and P. aerugino-
sa bacteria.

Ansari and colleagues reported a series of novel 3-(2-(5-(2-
chloroquinoline-3-yl)-3-substituted phenyl-4,5-dihydro-1H-
pyrazol-1-yl)thiazol-4-yl)-6-H/halo-2H-chromen-2-ones derivatives
(14a-c). The antibacterial activity of these derivatives was evaluated
using the serial plate dilution technique. The findings showed that
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Fig. (22). Thiazole derivative against E. coli and S. aureus.

Nastasa and colleagues described the synthesis of new hydra-
zone-containing thiazole derivatives (15a-15g) and assessed their
antibacterial properties using the agar diffusion method. The find-
ings showed that these compounds demonstrated strong biological
activity against S. aureus and E. coli bacteria (Fig. 23) [84].
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Fig. (23). Hydrazone -Thiazole derivative against S. aureus and E. coli.

Gaffer and colleagues investigated a series of aryl azothiazole
derivatives (16a-16b) and assessed their antibacterial activity using
the agar diffusion method. The results showed that both derivatives
exhibited strong antibacterial activity against Gram-positive bacte-
ria, including Staphylococcus aureus and Bacillus subtilis, suggest-
ing notable efficacy within this class (Fig. 24) [85].

Yurttag and colleagues identified a series of novel hydrazone-
bridged thiazole-pyrrole derivatives (17a-f) and evaluated their
antimicrobial activity using the broth dilution method. Their analy-
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sis showed that all compounds exhibited potent activity against
Staphylococcus aureus and Enterococcus faecalis, with MIC values
typically in the low micromolar range (< 10 pg/mL), demonstrating
noteworthy antibacterial efficacy (F ig 25) [86].
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Fig. (24). Thiazole derivatives effective against Gram-Positive bacteria.
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Fig. (25). Potent thiazole derivative effective against various bacteria.

Yadlapalli and colleagues synthesized a new derivative (18)
that demonstrated strong antibacterial activity against Bacillus li-
cheniformis, Enterobacter cloacae, and E. coli-like bacteria, at-
tributed to the inclusion of the 4-NO, group (Fig. 26) [87].
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Fig. (26). Potent thiazole derivative effective against Bacillus licheniformis,
Enterobacter cloacae, and E. coli.

Mohamed and colleagues synthesized several antibacterial
agents, and the antibacterial activities of several fluorinated-2- (3-
(benzofuran-2-yl)pyrazol-1-yl)thiazole derivatives (19a-19c) were
assessed against B. subtilis and S. aureus. Ciprofloxacin was used
as a reference drug. The results demonstrated that the compounds
exhibited robust antibacterial activity against various bacteria,
comparable to that of the reference drug (Fig. 27) [88].
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Fig. (27). Potent thiazole derivatives effective against B. subtilis and S.
aureus.

Sreedevi M and colleagues synthesized a series of derivatives
(20a-20b) that exhibited enhanced antibacterial activity against
various pathogens, including Staphylococcus aureus, Escherichia
coli, and Pseudomonas aeruginosa, as evaluated by the cup-plate

method (Fig. 28) [89].
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Fig. (28). Thiazole derivatives showed antibacterial activity using the cup
plate method.

Arora P and colleagues conducted an extended synthesis pro-
cess, resulting in a series of 2,4-disubstituted 1,3-thiazole deriva-

Sharma and Kumar

tives (21a-21c) with notable antibacterial activity. The presence of
nitro groups on the phenyl substituents contributed to their activity,
demonstrating effectiveness against Bacillus subtilis and Escherich-
ia coli (Fig. 29) [90].
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Fig. (29). Potent thiazole derivatives effective against B. subtilis and E. coli.

Deepika Sharma and colleagues synthesized a novel series of 4-
(4-bromophenyl)-thiazol-2-amine derivatives. These compounds
were confirmed by their physicochemical and spectral properties.
The antimicrobial activity results indicated that compounds (22a-
22d) exhibited potential antibacterial effects when compared to the
standard drug, norfloxacin. These newly discovered compounds
exhibited promising in vitro antibacterial activity against Staphylo-
coccus aureus, Bacillus subtilis, and Escherichia coli (Fig. 30) [91].

. HaC
H O S -CHs

Br. Br
\©\[N _ on N H
NN _/ :
\ s>/ H o H | S\>/N H o H

22a 22b

HsC

9 &

Br- Br.
OH

N>/N/ N
L o O | \>»N/
s ‘H, CHs s HO
22c 22d

Fig. (30). Potent thiazole derivatives effective against Staphylococcus aure-
us, Bacillus subtilis, and Escherichia coli.

Saima Ejaz and colleagues synthesized 2-aminothiazole deriva-
tives. At concentrations of 375 pg/mL and 250 pg/mL, derivatives
23a and 23b demonstrated significant antibacterial activity against
the gram-negative Pseudomonas aeruginosa and the gram-positive
Staphylococcus epidermidis (Fig. 31) [92].
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Fig. (31). Potent thiazole derivative effective against the Gram-Negative P.
aeruginosa and the gram-positive S. epidermidis.
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Karegoudar and colleagues synthesized a series (24a-24c) of
antibacterial agents. In which 2,3,5-trichlorobenzene carbothioam-
ide was condensed with phenacyl bromide or dichloroacetone. Ad-
ditionally, the reaction of 2,3,5-trichlorobenzaldehyde thiosemi-
carbazone with phenacyl bromides resulted in the formation of the
(phenylidenehydrazino)-1,3-thiazole derivative. According to their
susceptibility testing, these compounds demonstrated strong anti-
bacterial activity, with MIC values comparable to the standard
ciprofloxacin dose (Fig. 32) [93].

Swath Krishna and colleagues developed a novel antibacterial
molecule (25) featuring a triazole moiety on the side chain of a
thiazole core. This compound exhibited effective antibacterial ac-
tivity against Pseudomonas aeruginosa, Escherichia coli, Staphylo-
coccus aureus, and Bacillus subtilis in tests. The primary distinction
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between this and other hybrid compounds, such as -CH3, -NO2,
and -F derivatives, was its broad spectrum of activity (Fig. 33) [69].
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Fig. (32). Thiazole derivatives showing strong antibacterial activity in sus-
ceptibility testing.
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Fig. (33). Thiazole derivative effective against Pseudomonas aeruginosa,
Escherichia coli, Staphylococcus aureus, and Bacillus subtilis.

Sherif M. H. Sanad and colleagues reported the synthesis of
new hybrid thiazole (26) using a one-pot, three-component method-
ology. The prepared compound demonstrated significant activity
against S. aureus, S. mutans, and E. coli compared with reference
antibiotics (Fig. 34) [94].
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Fig. (34). Thiazole derivative effective against S. aureus, S. mutans, and E.
coli.

El-Naggar AM and colleagues synthesized heteroaryl thiazole
derivatives (27a-27b) and assessed their antibacterial activity

against E. coli, B. cereus, and S. Typhimurium (Fig 35)[95].
s
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Fig. (35). Thiazole derivatives effective against E. coli, B. cereus, and S.
typhimurium.

Fitsum Lemilemu and colleagues synthesized a thiazole-based
Schiff base compound (28) that demonstrated favourable activity
against both gram-negative E. coli and gram-positive S. aureus.
These activities were notable compared with the reference antibi-
otic, amoxicillin (Fig. 36) [96].
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Fig. (36). Thiazole derivative effective against E. coli and S. aureus.

9. FUTURE DIRECTION AND RESEARCH

Given the increasing challenge posed by antibiotic-resistant
bacterial infections, continued research into thiazole derivatives is
crucial. Future studies should focus on.

9.1. Mechanisms of Action

Exploring the precise mechanisms by which thiazole deriva-
tives inhibit peptidoglycan synthesis to provide deeper insights into

Current Organic Chemistry, XXXX, Vol. XX, No. XX 9

their antibacterial efficacy and potential as new therapeutic agents
[97-98].

9.2. Structural Modifications

Investigating structural modifications and the synthesis of novel
thiazole derivatives in order to lead to the discovery of more potent
and selective antibacterial agents. Incorporating computational
methods, such as molecular docking and SAR studies, will aid in
the design of effective derivatives [99-100].

9.3. Broad-Spectrum Activity

Assessing the spectrum of activity of thiazole derivatives
against a wider range of bacterial strains, including multidrug-
resistant pathogens, to evaluate their potential as broad-spectrum
antibiotics [101-103].

9.4. Combination Therapies

Evaluating the synergistic effects of thiazole derivatives with
existing antibiotics to enhance their antibacterial efficacy and po-
tentially reduce the development of resistance [104].

9.5. Bioavailability and Pharmacokinetics

Conducting in-depth studies on the bioavailability, pharmaco-
kinetics, and toxicity of thiazole derivatives to ensure their safety
and efficacy in clinical applications [105-107].

CONCLUSION

Thiazole derivatives hold significant promise in medicinal
chemistry, particularly for combating antibiotic-resistant bacterial
infections by targeting peptidoglycan synthesis and disrupting cell
wall integrity. Structure-Activity Relationship (SAR) analysis re-
veals that electron-withdrawing groups (such as halogens and nitro
substituents), lipophilic side chains, and fused heterocyclic or aryl
systems significantly enhance antibacterial potency. Derivatives
featuring halogenated phenyl rings and alkylthio groups exhibit the
highest activity. These findings highlight the importance of strate-
gic structural modifications to improve efficacy and the spectrum of
activity. Future research should focus on optimizing these features,
assessing safety and pharmacokinetics, and exploring synergistic
combinations to fully harness the therapeutic potential of thiazole-
based compounds.
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