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Thiazole, a five-membered heteroaromatic ring, is an important scaffold of a large number of synthetic compounds.
Its diverse pharmacological activity is reflected in many clinically approved thiazole-containing molecules, with an
extensive range of biological activities, such as antibacterial, antifungal, antiviral, antiparasitic, antitumor,

antiparkinsonian, and anti-inflammatory effects.

thiazole bisthiazole synthesis derivatives

| 1. Introduction

Nitrogen-containing heterocyclic compounds play an important role in the drug discovery process, as
approximately 75% of FDA (Food and Drug Administration)-approved small-molecule drugs contain one or more
nitrogen-based heterocycles W. Thiazole, or 1,3-thiazole, belongs to the class of azoles and contains one sulfur
atom and one nitrogen atom at positions 1 and 3. Its diverse biological activity is reflected in a large number of
clinically approved thiazole-containing compounds with an extensive range of pharmacological activities. Most of
these compounds are 2,4-disubstituted thiazole derivatives, and only a few are 2,5-disubstituted or 2,4,5-

trisubstituted thiazoles 2.

Several drugs such as sulfathiazole; aztreonam; numerous cephems (ceftaroline, cefotiam, ceftibuten, cefixime,
ceftriaxone, cefotaxime, ceftazidime, cefmenoxime, ceftizoxime, cefepime, cefdinir) with antibacterial effects;
pramipexole with antiparkinsonian activity; edoxaban with antithrombotic effects; isavuconazole with antifungal
effects; famotidine and nizatidine with antiulcer activity; meloxicam with anti-inflammatory effects; tiazofurin,
dabrafenib, dasatinib, ixabepilone, and epothilone with antitumor effects; mirabegron as a 3-adrenergic receptor
agonist; nitazoxanide and thiabendazole with antiparasitic effects; and febuxostat with antigout activity contain one
thiazole moiety in the structure (Figure 1) [ZIEI4],
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Figure 1. Clinical drugs bearing one thiazole ring.

Compounds bearing two thiazole rings, such as the antitumor drug bleomycin, the antiretroviral agent ritonavir, the

pharmacokinetic enhancer for HIV drugs cobicistat, and the antibacterial agent cefditoren, have been authorized on

the pharmaceutical market (Figure 2) 23],
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Figure 2. Clinical drugs bearing two thiazole rings.

The high medicinal significance of this scaffold has attracted considerable attention from many researchers and

encouraged the design and synthesis of numerous thiazole- and bisthiazole-containing compounds with diverse
pharmacological activities, such as antibacterial 8, antifungal [, antiprotozoal &, antiviral R19  anticancer (11,

anti-inflammatory [2I13I14]115][16]  antioxidant L4, analgesic 18 anticonvulsant 19 antidiabetic 2% and
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antihypertensive 21 activities. Furthermore, thiazole compounds exhibiting a promising biological potential for the

treatment of Alzheimer’s disease (221231 agnd metabolic syndrome 24 have been reported in the scientific literature.

Nowadays, research in the field of antimicrobial drug design is focused on the discovery of novel targets and
chemical entities that possess antibacterial activity in order to overcome the rapid development of drug resistance.
The few antibiotics that have been recently approved are structurally related to older drugs, being susceptible to
the same mechanisms of resistance 22, Tropical diseases such as Chagas disease, leishmaniasis, and malaria
occur especially in underdeveloped countries, around 266 million cases being reported globally 281, At the present
time, only a small number of drugs are available on the pharmaceutical market for the treatment of protozoan
infections (22, Cancer remains one of the leading causes of mortality worldwide. The lack of selectivity and target
specificity, as well as the presence of toxicity and resistance, is an inadequate feature of the currently available
anticancer drug therapy Bl. Considering all the above, there is an urgent need for continuous progress in the

design and development of anti-infective and antitumor agents.

| 2. Chemistry of Thiazole

Free thiazole is a pale-yellow flammable liquid, with a pyridine-like odor and a boiling point in the range of 116-118
°C. It has an aromatic character, due to the delocalization of a lone pair of electrons from the sulfur atom, resulting
in a 6T-electron system. Also, its high aromaticity is highlighted by proton nuclear magnetic resonance, the
chemical shift values of each proton within the thiazole ring being situated between 7.27 and 8.77 ppm. The

resonance structures of thiazole are illustrated in Figure 3 [28129],

D05 -5

Figure 3. The resonance structures of thiazole.

The calculated Tt-electron density revealed that the electrophilic substitution takes place preferentially at the C-5

position, followed by the C4-position (Figure 4). The nucleophilic substitution occurs at the C-2 position 32,
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Figure 4. Calculated 1t-electron density of thiazole.

The acidity given by the presence of the three hydrogen atoms decreases in the order H2 >> H5 > H4 [,

| 3. Synthesis of Thiazole and Bisthiazole Derivatives

Hantzsch synthesis is the oldest and most widely known method for the synthesis of a thiazole ring. The method
consists of a cyclization reaction between alpha-halocarbonyl compounds and various reactants containing the N-
C-S fragment. Examples of such compounds include thiourea, thioamides, thiosemicarbazides, and
thiosemicarbazones 11,

The condensation of thioamides with various alpha-halocarbonyl compounds is commonly used. Many thiazoles
with alkyl, aryl, or heteroaryl substituents at position 2, 4, or 5 can be obtained through this reaction. The reaction
mechanism consists of the nucleophilic attack of the thioamide sulfur atom on the alpha carbon of the alpha-
halocarbonyl, with the formation of an intermediate compound, which by subsequent dehydration leads to the
corresponding thiazole (Scheme 1).
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Scheme 1. Reaction mechanism of Hantzsch thiazole synthesis.

By the reaction of thiourea with alpha-halocarbonyl compounds, monosubstituted or disubstituted 2-aminothiazoles

can be obtained, while by using other compounds containing thioamide moieties, such as thiosemicarbazides and
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thiosemicarbazones, 2-hydrazinothiazole and thiazol-2-yl-hydrazone derivatives can be synthesized in good yields.
The condensation reactions occur through imino thioether and hydroxythiazoline intermediates, which are
sometimes stable and isolable. The alpha-halocarbonyl component may be represented by alpha-haloketones and
alpha-haloesters [321[23],

Another method of obtaining thiazoles is represented by Gabriel synthesis, which consists of the cyclization
reaction of acylaminocarbonyl compounds and a stoichiometric amount of phosphorus pentasulfide at 170 °C
(Scheme 2) [281134],

Scheme 2. Gabriel thiazole synthesis.

Cook—Heilbron synthesis leads to 2,4-disubstituted 5-aminothiazole derivatives by the reaction of an a-aminonitrile
and dithioacids or esters of dithioacids, carbon disulfide, carbon oxysulfide, or isothiocyanates under mild reaction
conditions (Scheme 3). When carbon disulfide is used in the reaction, 5-amino-2-mercaptothiazole compounds are
formed (Scheme 4) 321(33],
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Scheme 3. Cook—Heilbron synthesis of 5-aminothiazoles.
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Scheme 4. Cook—Heilbron synthesis of 5-amino-2-mercaptothiazoles.

Lingaraju et al. (22 efficiently synthesized a series of 4,5-disubstituted thiazole derivatives from active methylene
isocyanides and methyl carbodithioates (Scheme 5). The reaction took place in the presence of a strong base,

sodium hydride, and dimethylformamide (DMF) as a solvent. The short reaction time (10—30 min) and obtaining
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sufficiently pure final products in good yields are the main advantages of this method. Moreover, this procedure
made it possible to obtain 2-unsubstituted thiazoles, which cannot be easily synthesized through other approaches
such as Hantzsch or Cook—Heilbron synthesis.
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Scheme 5. Synthesis of thiazoles from isocyanide derivatives and carboxymethyl dithioates.

The proposed mechanism is illustrated in Scheme 6. Carbanion 2, formed by removing a proton from the active
methylene group of compound 1, in the presence of sodium hydride, attacks dithioester 3, generating an unstable
intermediate 4. Subsequently, in the presence of sodium hydride, carbanion 5 is obtained, being in equilibrium with

the enethiolate anion 6. In the end, thiazole nucleus 7 is formed following the intramolecular cyclization of

compound 6.
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Scheme 6. The proposed mechanism for the synthesis of 4,5-disubtituted thiazole derivatives.

Castagnolo et al. 38 reported the synthesis of 2-aminothiazoles by a domino alkylation-cyclization reaction starting
from various substituted propargyl bromides and thiourea derivatives. The synthesis was carried out in the
presence of a stoichiometric amount of potassium carbonate and DMF as a solvent, at a temperature of 130 °C,

under microwave irradiation, for 10 min (two cycles of 5 min each), as illustrated in Scheme 7.
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Scheme 7. Synthesis of 2-aminothiazoles from substituted propargyl bromide and thioureas.

This method is attractive due to the high availability of alkynes, which are an important alternative to a-haloketones

used in Hantzsch synthesis, the main disadvantage of the latter being the strongly irritating character.

The proposed reaction mechanism is shown in Scheme 8. The initial step consists of the alkylation of thiourea or
substituted thioureas, leading to the formation of intermediate 8. Subsequently, compound 8 undergoes a 5-exo-dig
cyclization reaction with the generation of intermediate 9, which is transformed through an isomerization reaction

into the final reaction product, 2-aminothiazole 10.
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Scheme 8. The proposed mechanism for the synthesis of 2-aminothiazole derivatives.

Tang et al. 87 developed a method of obtaining thiazoles by a copper-catalyzed cyclization reaction starting from
oximes, anhydrides, and potassium thiocyanate (Scheme 9). To optimize reaction conditions, the authors examined
various solvents, such as 1,2-dichloroethane, 1,4-dioxane, acetonitrile and toluene, different copper salts (such as
Cul, CuCl, CuBr, CuBr,, Cu(OAc),, and Cu(OTf), and their replacement with other metal salts such as Fe(OAc),,
FeBr,, FeBr;, FeCls, PdCl,, and AgCl), and different sulfur sources such as KSCN, NaSCN, NH,SCN, S, and
Na,S.
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Scheme 9. Synthesis of thiazoles from oximes, anhydrides, and KSCN.

Good to excellent yields (up to 85%) were obtained when toluene was used as a solvent, copper(l) iodide as a
catalyst, and two equivalents of KSCN as a sulfur source. The reaction took place at a temperature of 120 °C,
under a nitrogen atmosphere, for 24 h.
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Wang et al. 28 obtained a series of thiazole derivatives starting from aldehydes, amines, and element sulfur
through an oxidation reaction catalyzed by copper salts in the presence of molecular oxygen (Scheme 10). The
main advantages of this method are the high availability of the starting materials, the low-cost catalyst, and the use
of a green oxidant.

Cu(ll) cat.

Ri_s
DMSO, O,, 80 °C ] \h!lrf Re

Scheme 10. Synthesis of thiazoles from aldehydes, amines, and element sulfur.

R “NH, + sz\ﬁo + S

Chen et al. B successfully synthesized 4-substituted 2-aminothiazoles and 4-substituted 5-thiocyano-2-
aminothiazoles starting from substituted vinyl azides and potassium thiocyanate under different reaction conditions.
They found that the use of palladium(ll) acetate as a catalyst and n-propanol as a solvent led to 4-substituted 2-
aminothiazoles, after a reaction time of 12 h, at 80 °C, while in the presence of iron(lll) bromide as a catalyst and

acetonitrile as a solvent, 4-substituted 5-thiocyano-2-aminothiazoles were formed (Scheme 11).
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Scheme 11. Synthesis of thiazoles from vinyl azides and potassium thiocyanate under different reaction

conditions.

When palladium(ll) acetate was used as a catalyst, vinyl azides could be substituted with either aromatic (phenyl,
naphthyl) or alkyl substituents, while the reaction catalyzed by iron(lll) bromide took place only when vinyl azides
were substituted with aromatic residues. In both cases, if the phenyl residue is substituted with an electron-
withdrawing group (-NO,, -COOCH3;), the reaction yield decreases. Moreover, if an electron-withdrawing group,
such as an ester or a benzoyl group, binds directly to the alpha-carbon of vinyl azide, the reaction no longer takes

place.
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The study of the mechanism showed that the reaction occurred through an ionic mechanism, in the presence of
palladium(ll) acetate, and through a radical mechanism, in the presence of iron(lll) bromide, thus explaining the
formation of different reaction products 39,

Numerous heterocyclic compounds possessing the thiazole ring have been obtained in good to excellent yields
using microwave irradiation #9411 Compared to conventional methods, microwave-assisted synthesis has several
advantages, being an environmentally friendly and cost-effective tool, that leads to improved yields in short
reaction times [42],

Asif et al. [43] developed a simple, one-pot, efficient method for the synthesis of novel steroidal thiazole derivatives
through the condensation reaction of 2-bromoacetophenone, thiosemicarbazide, and steroidal carbonyl
compounds (Scheme 12). The reaction took place under microwave heating at 60 °C, in ethanol, for 35-45 min,
obtaining the target compounds in good yields (80—85%).

Scheme 12. Synthesis of thiazoles from thiosemicarbazide, ketones, and 2-bromoacetophenone under microwave
irradiation.

Mamidala et al. ¥4 reported the synthesis of new coumarin-based thiazole derivatives, starting from
thiocarbohydrazide, aldehydes, and a-halocarbonyl coumarins in a molar ratio of 1:2:1, under microwave heating
(Scheme 13). Various solvents like methanol, ethanol, dimethyl sulfoxide (DMSO), and acetonitrile and different
catalysts such as acetic acid, sulfuric acid, and hydrochloric acid were investigated in order to optimize the reaction
regarding time and yield. Thus, it was observed that using ethanol as a solvent and a catalytic amount of acetic
acid under microwave irradiation (70 °C, 210 W) led to high yields (88-93%) and short reaction times (5—-8 min).
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Scheme 13. Synthesis of thiazoles from thiocarbohydrazide, aldehydes, and a-bromoketones under microwave
irradiation.

Chinnaraja and Rajalakshmi 43 reported the microwave-assisted synthesis of novel hydrazinyl thiazole derivatives
within 30-175 s under solvent- and catalyst-free conditions. Starting from either various carbonyl compounds,
thiosemicarbazide, and alpha-haloketones or substituted thiosemicarbazones and alpha-haloketones (Scheme 14),
the target compounds were obtained in good to excellent yield and high purity through an eco-friendly, one-pot
procedure.

R

Scheme 14. Synthesis of thiazoles from thiosemicarbazones and a-bromoketones under microwave irradiation.
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