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Abstract: A transnational concern for the healthy development of human beings is antimicrobial
resistance (AMR). The rising rates of microbial resistance present a serious issue for the development
of human life and hence it is essential to find and create newer antimicrobial drugs with unique modes
of action. One approach used these days to solving this challenge is the use of heterocyclics to create
hybrid compounds by fusing two or more bioactive heterocyclic moieties into a single molecular
platform. This study discusses the many hybrid approaches that have been used to produce possible
novel antimicrobial medicines that are both safe and effective. The landscaping of heterocycles such as
thiazole derivatives is covered in the current review paper. In this paper, all the extensive approaches
of heterocyclic composites, primarily thiazole derivatives, exhibit vibrant biological activity. The
purpose of this work is to support methods that may be used to create various thiazole derivatives
and their biological activity. This paper will offer great recommendations for potential medicine
designs in the future.
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1. Introduction

Thiazole is a five-membered molecule with two hetero atoms—N and S—in the 1 and
3 positions of the ring, placing it in the most significant group of heterocyclics. Both an
electron-donating (-S-) and an electron-accepting (-C=N-) group are present in this five-
membered heterocyclic nucleus, and together they produce a stable heterocyclic molecule.
Due to its adaptable building blocks as bioactive chemicals, thiazole is a wonder nucleus.
This substance does not exist naturally, although it can be found in a variety of natu-
ral products, including cyclopeptides, alkaloids, anabolic steroids, flavones, and vitamin
Bl-thiamine [1-3]. The pharmacophores of the molecules that include thiazole and its
derivative nucleus have substantial biological promise [2,3]. These thiazoles and their
derivatives all exhibit several biologically significant biological activities, including antibac-
terial (active against a bacterial infection), antiprotozoal (active against protozoan infection),
antitubercular (active against mycobacterium tuberculosis), and antifungal (active against
mycoses, such as athlete’s foot, ringworm, candidiasis, and serious systemic infections),
anthelmintic [4,5] (against infections of animals with parasitic worms) [6], anti-diuretic,
and anti-Alzheimer (effective against amyloid plaques, which are brain lesions linked to
Alzheimer’s disease) (active in opposing diuresis) (Figure 1). Additionally, because of
their numerous uses in the pharmaceutical industry, all of these thiazole derivatives have
garnered a lot of attention.
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Figure 1. The structure (1-6) having thiazole moiety and possess substantial biological activities [1-6].

A recent study by several researchers revealed the amphiphilic properties of thia-
zole derivatives. Due to their amphiphilic nature, these derivatives can work against
microorganisms and make it easier for them to become entrenched in the cell membranes
of microbes such as bacteria and fungi. Figure 2 provides a very clear illustration of the
amphiphilic nature of thiazole derivatives. Figure 2 depicts the hydrophobic (which has a
high affinity for lipids) and hydrophilic components. This characteristic boosts its capacity
to easily permeate into bacterial cell membranes for inhibitory activities [7]. These thiazole
compounds are effective against both species of bacteria, i.e., due to their hydrophilic
and hydrophobic properties, they may be both effective against Gram-positive and Gram-
negative bacteria [8]. The process of embedding in the cell membrane of microbes will lead
to the leakage of cytoplasm, cell physiology disturbances, and apoptosis [9].
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Figure 2. This figure depicts the amphiphilic character of thiazole derivatives [10,11].

Figure 3 shows the resonance of thiazole structures (delocalization of electrons is
displayed in the structure of a molecule if that structure bonding cannot be described by
the Lewis formula). The bond order of the p orbital is represented in these resonating forms
of thiazoles using a variety of molecular orbital approaches. These distinctive molecular
orbital approaches list the several ways that this thiazole molecule is aromatic with diene-
like characteristics [12]. Thiazole’s structure adheres to Huckel’s rule of aromaticity, which
is characterized by the delocalization of electrons and correlates to sulfur’s loan pair of
electrons-based Huckel rule [13]. Thiazole derivatives are sought-after model substances
for chemical research because of their planar and aromatic structures, which display greater
electron density [14].

OO0
(b)

+
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Figure 3. The thiazole resonating structures are shown in this illustration. The Subfigures (a—e) showed
movement of electron and displayed that the molecule is aromatic with some diene character. [15].

The method employed to characterize the aromatic behavior of this heterocyclic ring
was verified using 1H NMR spectroscopy since thiazole adheres to the Huckel rule. The
chemical shift (the frequency of an atomic nucleus that is resonant in relation to a standard
in a magnetic field) of the protons in this molecule was reported to be between 7.27 and
8.77 ppm [16]. According to several published investigations, the replacement of different
substituents at various positions of the carbon atoms, i.e., at positions 2, 4, and 5 slowed
down the pace of the reaction of thiazole and its numerous derivatives, which may warrant
additional structural thought [17]. The influence of various groups, such as electron-
donating or withdrawing substituents, was recognized when they were present in any
position of the thiazole ring and its derivatives, which serves as a better example of the
replacement of various functional groups at the carbon position. Because of these groups,
the molecule’s basicity or acidity will increase.

Now let’s discuss another highly potent thiazole derivative, thiazolidinone, which is a
physiologically significant heterocyclic ring with sulfur at position 1, nitrogen at position 3,
and a carbonyl group at either position 2, 4, or 5 (Figure 4).
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Figure 4. This figure depicts the structures of Thiazolidinone. The subfigures (A-E) examples of
derivatives of thiazolidinone that have variable activity based on the substitution at different position
of ring [17].

In Figure 4, 2-thiazolidinone (A), 4-thiazolidinone (B), 5-thiazolidinone (C), 2-thioxo-
4-thiazolidinone (D), and thiazolidine-2,4-dione (E) are examples of derivatives of thi-
azolidinone that have variable activity based on the substitution at different locations.
The BRD4 bromodomain, which predicts the behavior of histone proteins and controls
the conversion of cell DNA to RNA, has recently been identified as 2-thiazolidinone’s
most significant pharmacological effect. The inhibitors 5-thiazolidinone and 2-thioxo-4-
thiazolidinone (commonly known as rhodanine) are essential scaffolds of several drug-
like compounds, and it further stimulates the growth and proliferation of tumor cells.
Thiazolidine-2,4-dione (TZD), a clinically utilized medication to treat type 2 diabetes, has
a powerful hypoglycemia ingredient [1-7,14,15]. A wide range of biological activities,
including antitubercular, antibacterial, anti-inflammatory, antiviral, and antidiabetic, have
been linked to the 4-thiazolidinone moiety, often known as the “wonder nucleus” or “magic
moiety”. In the current review, the literature study was carried out utilizing online research,
including database searches in Springer, Google Scholar, Science Direct, PubMed, and
SCOPUS between 2000 and 2022. The broad methods of heterocyclic composites, espe-
cially thiazole derivatives, that demonstrate lively biological activity as well as numerous
enzymes involved in bacterial growth that are inhibited by 4-thiazolidinones have been
discussed in this work.

The purpose of this work is to support the methods that may be used to create various
thiazole derivatives and their biological activity. This paper will offer great recommenda-
tions for potential medicine designs in the future.

2. Synthesis of Thiazole Derivatives
2.1. General Information

An intriguing area of therapeutic science has been the synthesis of heterocyclic rings.
Different heterocyclic compounds of nitrogen and sulfur offer adaptable structural frame-
works for medication discovery and design. Numerous synthetic techniques, including
one-pot and two-pot processes as well as environmentally friendly synthesis methods, are
available to create different thiazolidinone derivatives. The 2, 3, and 5 locations are the
active sites, as was already mentioned, and the nucleus exhibits outstanding biological
features with even the smallest substitution. The various types of substituted derivatives
include dialkyl thiazolidinones, substituted 2-thiono-4 thiazolidinones, substituted 2,3-
disubstituted thiazolidine-dineones, substituted 2,4-disubstituted thiazolidinones, and
more. Regarding their synthesis, we talk about a couple of them here.

2.2. Synthesis of 2,3-Disubstituted Thiazole

In order to create potent therapeutic agents for the treatment of cancer, Santana
et al. [18] reported the synthesis of novel compounds such as (Z)-2-(((E)-4-(trifluoromethyl)
benzylidene) hydrazono)-2,3-dihydrothiazole, which belong to thiosemicarbazones and
thiazoles. In Figure 5, reaction involving 4-trifluoromethylbenzaldehyde and the corre-
sponding thio-semicarbazide under reflux and a catalytic quantity of HCI, the intermediate
thiosemicarbazones were created. These intermediate compounds subsequently combine
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with various halogenated ketones to produce a range of products with yields ranging from

22% to 94%.
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Figure 5. Synthesis of 2,3-disubstituted thiazole derivatives [18].

2.3. Synthesis of 2,3,4-Trisubstituted Thiazole

The synthesis of substituted thiazoles starting from enamines and elemental sulfur
depicted in Figure 6 through to the production of carbon and sulfur bonds was described
by Yan et al. [19]. Enamines are created when a secondary amine reacts with an aldehyde
or ketone. They are nucleophilic because they have a substantial resonance form in which
the alpha carbon carries a negative charge. Enamines interact with electrophiles such as
Michael acceptors and alkyl halides to form reactions.

A
A, 2
N N
3
A 3
S8 — A,
A" N S
1 H Aj 0)

Enamines Elemntal Sulphur Substituted Thiazoles

Figure 6. Synthesis of 2,3-disubstituted thiazole derivatives [19].

2.4. Synthesis of Thiazoyl Derivatives

By reacting 5-acetyl-2-amino-4-methylthiazole with thiocarbohydrazide (CH6N4S)
and thiosemicarbazide (CH5N3S) in 100% ethanol and the presence of a catalytic quantity
of concentrated HCl, as shown below, Gomha et al. [20] reported the synthesis of novel
thiazolyl-thiazole derivatives depicted in Figure 7.

(0]
S
S CHS5N3S in ethanol NN
HoN H2N NH2 » |\ NNH
\ + N N S S
N H H H,N

HN

S-acetyl-2-amino-4-methylthiazole thiosemicarbazide thiazolyl-thiazole derivatives R

Figure 7. Synthesis of thiazolyl-thiazole derivatives [20].

2.5. Synthesis of 2,5-Disubstituted Thiazole Derivatives

A copper-catalyzed aerobic three-component annulation shown in the Figure 8 for
the synthesis of 2,5-disubstituted thiazole derivatives has recently been revealed by the
Jiao group [20]. These substituted amines, substituted benzaldehyde, and elemental sulfur
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reactions resulted in the formation of these thiazole derivatives in the presence of copper
bromide (CuBr2), 1,10-phenanthroline (1,10-Phen).

N
S8, CuBr;,_1,10-Phen, DBU, O, (latm
/\ + /\ /@\
R,  CHO R, S R

R1 NH,

Substitued amines

Substitued Benzaldehyde 2,5-disubstituted thiazole derivatives

Figure 8. Synthesis of 2,5-disubstituted thiazole derivatives [20].
2.6. Synthesis of 2,4,5-Trisubstituted Thiazoles

A modular multi-component system was created by Jiang et al. [21] for the efficient
synthesis of 2,4,5-trisubstituted thiazoles explained in Figure 9.
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Figure 9. Synthesis of 2,4,5-trisubstituted thiazoles [21].

2.7. Synthesis of 2-Thio-3-methyl-5-thiazolidinone

After reacting N-methylglycine amide with carbon disulfide in the presence of methanol
to produce N-methyl-N-(carbamoylmethyl) ammonium N-methyl-N-(carbamoylmethyl)
dithio-carbamate, 2-Thio-3-methyl-5-thiazolidinone derivatives were created. To produce
the finished product (Figure 10), this dithiocarbamate was finally acidified using strong
HCl or PCI3 [22]. According to reports, a wide range of reactants with the NCS fragment
undergo cyclization to produce thiazolidinones when they interact with halocarbonyl com-
pounds. According to reports, a wide range of reactants with the NCS fragment undergo
cyclization to produce thiazolidinones when they interact with halocarbonyl compounds.

(0]

1. Methanol

2 ’ /
2. HCI/PCl, R
2R——HN NH,

S

Figure 10. Synthesis of 2-Thio-3-methyl-5-thiazolidinone derivatives [22].
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2.8. Synthesis of 2-Thioxo-4-thiazolidinone

Rhodanine is a member of the important class of chemical compounds known as
2-thioxo-4-thiazolidinone, which has key biological effects. There have been numerous
attempts to develop environmentally friendly alternatives to the conventional method of
synthesizing rhodanine. One such cutting-edge technology uses a catalyst made of Fe304
nanoparticles combined with a biopolymer called carrageenan. Fe30O,@—carrageenan, the
resultant nanocomposite, is magnetically active and thus readily separable and reusable.
Rhodanine is produced by condensing the reactants amine, CS;, and dialkyl acetylenedi-
carboxylate in aqueous conditions (Figure 11) [23].

S

+ +

R )k
N S
cs, MeOOC==cooMme —_— H
0 \ COOMe

Figure 11. Green synthesis of rhodamine derivatives [23].

3. Biological Potential of Thiazole

Thiazole derivatives have a broad range of applications in biology and pharmacol-
ogy and are well-known for their efficacy as pharmaceuticals. They were said to act in
an antibacterial [24,25], antioxidant [26], anticancer [25], and antitubercular [25] manner.
Thiazole compounds have additionally been investigated as therapeutic candidates for
antibacterial agents. The emergence of antibiotic (drug) resistance against bacterial strains
has sparked intense interest in the search for and creation of a new and effective antimicro-
bial medicine. Investigations into thiazole derivatives as an antibacterial agent have been
intensively pursued because the thiazole moiety is well-known for its biological action.
The introduction of different substituents in the primary molecular framework of thiazole
produced encouraging results against the tested bacterial strains [27]. The chemical struc-
tures of thiazole derivatives for antimicrobial applications have been extensively studied.
The Trichloro phenyl thiazole molecule, in particular, has shown a significant inhibitory
impact against a variety of Gram-positive and Gram-negative organisms, including Bacil-
lus subtilis, Escherichia coli, Staphylococcus epidermidis, Staphylococcus aureus, and
Pseudomonas fluorescens [28].

A series of 2,4-disubstituted 1,3-thiazole derivatives with distinguishable in vitro
antibacterial properties (Figure 12) were designated as a result of the protracted synthesis
of active antimicrobial agents [29]. The 36 and 37 analogues that had nitro groups at phenyl
substituents showed activity against B. S. subtilis E. coli and A. Compound 38 had MIC
values of 4.51, 4.60, and 4.32 compared to E. coli, which had values of 3.92-4.01, 3.39-4.11,
and 3.59-4.23, respectively. This is because the studied microorganisms had a nitro moiety
at the para position, which forms a powerful hydrogen bond with the amino acid residue.
Thus, it may be inferred that the thiazole ring, which has nitro at position 4, was significant
in inhibiting the activities of microorganisms and in improving the substituent at the
ring [28].
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Figure 12. Series of 2,4-disubstituted thiazole derivatives as antimicrobial agents [28,29].

Another study found that the -C=N spacer in thiazole was beneficial for the com-
pound’s antifungal behavior [30]. The A and B compounds that were synthesized (Figure 13)
showed strong antifungal activity against U. P. striiformis and T. tritici.

:\>7N“©7"\¥NH\ /(Izny&F

Figure 13. Series of 2,4-disubstituted thiazole derivatives as antimicrobial agents [30].

4. Conclusions

In conclusion, a wide range of techniques have been reported for the synthesis of
thiazole derivatives. The high-yield synthesis of thiazole derivatives can be achieved
by developing a novel practical approach. In order to enhance the biological activities,
various novel compounds were created and synthesized for use in biological applications by
changing the substituent at the thiazole ring with the appropriate substituent groups. Due
to its unique characteristics and promise, research on thiazole derivatives may, therefore,
be the focus of a further investigation. Therefore, it can be inferred that the thiazole ring
with nitro at position 4 played significant roles in inhibiting microorganism activities as
well as the optimization of the substituent at the ring [28].
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