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Thiazole moieties represent a vital category of heterocycles, offering versatile uses across drug
development, agricultural formulations, and advanced materials. Nevertheless, conventional methods for
their synthesis frequently depend on toxic solvents and rigorous conditions, which raise significant
environmental and safety concerns. Recently, ionic liquids (ILs) have gained recognition as sustainable
and versatile solvents due to their exceptional physico-chemical characteristics, namely minimal vapor
pressure, adjustable polarity, and recyclability. This review focuses on synthesizing thiazole derivatives
through ionic liquid-mediated strategies, emphasizing their alignment with the principles of green

chemistry. Recent advancements in catalyst-free protocols and recyclable ionic liquid (IL) systems are
Received 4th August 2025 di d in detail al ith . t ti l thods in t ¢ ri Thi
Accepted 15th October 2025 iscussed in detail, along with comparisons to conventional methods in terms of green metrics. This
review integrates recent advancements to deliver a focused and thorough summary of green synthetic

DOI: 10.1039/d5ra05665a approaches for thiazoles between 2004 and 2025. It highlights the current limitations and proposes
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1. Introduction

Achieving eco-friendly synthetic routes presents a key challenge
in the advancement of heterocyclic chemistry." Green chemistry
is a proactive scientific discipline focused on designing and
synthesizing chemical compounds that exert minimal Influence
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directions for future research toward greener and more scalable methodologies.

on ecological systems. The swift advancement of sustainable
chemistry reflects a growing awareness that eco-conscious
methodologies deliver not only ecological benefits but also
optimized efficiency, selectivity, and atom economy in
addressing pressing industrial needs.>* This progress is exem-
plified by advanced catalytic systems, including
nanotechnology-based and atomically precise catalysts, which
enable the selective, efficient, and sustainable synthesis of
complex heterocycles. Together, these developments highlight
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the convergence of green chemistry principles and synthetic
performance, paving the way for greener industrial processes
and novel therapeutic discoveries.* Heterocyclic chemistry is
a cornerstone of research in organic chemistry, due to its broad
applications and significance.” In modern and medicinal
chemistry, heterocyclic compounds containing nitrogen and
sulfur, such as thiazoles, have garnered considerable attention
because of their favourable electronic behaviour and structural
versatility, which support a wide spectrum of chemical and
biological functionalities.® Thiazole, systematically known as
1,3-thiazole, belongs to the azole family of heterocycles and
features a five-membered cyclic framework with three carbon
atoms, along with a sulfur and a nitrogen atom located at
positions 1 and 3, respectively.” The development of synthe-
sizing compounds containing the thiazole moiety has been
continuously progressing due to its importance in liquid crys-
tals,® sensors,” dyes,' pigments," and catalysts.”> Thiazole
derivatives occur naturally in numerous bioactive compounds
across diverse biological sources and have profound applica-
tions in materials science, pharmaceutical chemistry, and
agrochemicals, highlighting their significant importance across
multiple industries.”* There are over 20 FDA-approved drugs
that contain a thiazole scaffold.™ In addition, numerous
thiazole-containing drugs are used clinically, such as Cefotax-
ime,' serves as an effective antibiotic for managing infections
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of the lower respiratory tract and the genitourinary system;
simeprevir'® serves as an antiviral agent specifically indicated
for chronic HCV treatment; ritonavir'” and cobicistat,*® which
act as antifungal drugs for the treatment of HIV/AIDS; sulfa-
thiazole," is an antimicrobial agent employed in the treatment
of pyogenic skin infections; and nitazoxanide,* is an antipara-
sitic agent which is prescribed for managing diarrheal illnesses
associated with Cryptosporidium parvum and Giardia lamblia.
Dasatinib®* act as a Oncology drug, aimed at addressing
chronic myelogenous leukemia, acotiamide* functions as
a gastrointestinal drug for the treatment of functional
dyspepsia, edoxaban®** act as an angio-cardiopathic drug for
the treatment of Stroke and systemic embolism, meloxicam? is
classified as a musculoskeletal agent and is commonly used for
managing moderate to severe pain and febuxostat®** serves as
a therapeutic option for treating hyperuricemia associated with
gout. Moreover, alpelisib® is utilized for managing breast
cancer, and lusutrombopag is another drug molecule used in
oncology (Fig. 1). Owing to their broad spectrum of bioactivity,
thiazole-based compounds are considered promising candi-
dates for the development of treatments targeting numerous
diseases.**** Our research area focuses on the green synthesis of
thiazole moieties using ionic liquids, in line with sustainable
chemistry principles.*® This review offers the first in-depth
analysis of thiazole synthesis mediated by ionic liquids,
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systematically categorized based on addressing the behaviour of
the ionic liquid, possibly serving as a passive medium, a dual
solvent-catalyst system, a supported or immobilized system, or
in comparison with other non-ionic liquid green approaches. To
the best of our knowledge, no previous review has compre-
hensively addressed this perspective, making our work a novel
contribution. By highlighting the synthetic potential and envi-
ronmental advantages of ionic liquids, this review aims to fill
a critical gap in the literature and guide future innovations in
green heterocyclic chemistry.

2. Thiazole moieties: chemistry and
traditional synthetic strategies

Thiazole, systematically known as 1,3-thiazole, is an aromatic
heterocyclic compound of notable chemical interest, possessing
the molecular formula C;H3;NS and a molecular weight of
85.128 g mol~".?? Thiazole is a low-molecular-weight heterocy-
clic compound that exists as a volatile, flammable liquid with
a characteristic pale-yellow appearance. It exhibits a boiling
point in the range of 116-118 °C and possesses a dipole
moment of 1.6 D.** Thiazole exhibits aromatic character similar
to pyridine, consistent with Hiickel's rule, wherein the sulfur
atom contributes a lone pair of non-bonding electrons to the -
electron system (Fig. 2).**

Thiazole derivatives, owing to their planar and aromatic
nature with enhanced electron delocalization compared to
oxazole, serve as valuable model systems in chemical research.*®
The aromatic nature of the thiazole ring has been supported by
"H NMR spectroscopy, with proton signals appearing in the
range of 7.27-8.77 ppm, indicative of a pronounced diamag-
netic ring current. Additionally, an infrared spectroscopic
analysis (FTIR), performed within the 400-4000 cm™ " region,
identified nine key vibrational modes.**** Moreover, substitu-
tion at the C-2, C-4, and C-5 positions of the thiazole ring
significantly influences its reactivity, potentially introducing
ring strain and necessitating further structural evaluation.®® For
instance, the presence of a methyl group, an electron-donating
substituent, at various positions on the thiazole ring enhances
both its basicity and nucleophilicity. In contrast, introducing

K\N - %\ - A -\ \
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Fig. 2 Resonance forms of the thiazole compound.
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a strong electron-withdrawing group like a nitro moiety results
in a noticeable decline in these electronic properties.>**° Thia-
zole derivatives have garnered considerable research interest
owing to their broad range of applications. The key advantage
lies in their accessible synthesis from readily available precur-
sors through multiple methodologies, often affording high
product yields.” Among the earliest and most notable meth-
odologies are the Hantzsch synthesis, Cook-Heilbron synthesis,
and Gabriel synthesis.*?

2.1. Hantzsch synthesis

Among the various synthetic approaches, the Hantzsch thiazole
synthesis was first reported in 1887 by the German chemist
Arthur Hantzsch, which remains one of the most prominent
methods for constructing the thiazole ring.* This is also known
as synthesis from o-halocarbonyl compounds. This approach
involves the condensation of a-haloketones 1 (or o-halo-
aldehydes) with thioamides or thioureas 2, leading to the
formation of substituted thiazoles 3.** The a-carbon of the halo
carbonyl is attacked by the thioamide sulfur atom nucleophili-
cally, forming an intermediate that is then dehydrated to produce
the corresponding thiazole. This method is valued for its
simplicity, accessibility of starting materials, and ability to form
thiazole rings under relatively mild conditions (Scheme 1).**
Furthermore, thiazolium salts 6 can be efficiently synthe-
sized via a modified version of Hantzsch's thiazole protocol.
This approach is particularly advantageous for preparing
derivatives bearing aryl or heteroaryl substituents on the ring
nitrogen, which are often inaccessible through direct alkylation.
For instance, N-monosubstituted thioamides 5 have been
successfully cyclized with a-halocarbonyl compounds 4,
affording thiazolium salts in excellent yields (Scheme 2).%¢-*®

2.2. Cook-Heilbron synthesis

The Cook-Heilbron method, introduced by Allan Cook and Ian
Heilbron in 1923, is also recognized as a method for synthe-
sizing thiazoles.* The synthetic route involves combining a-
aminonitriles 7 with dithioacids compounds, isothiocyanates 8,
and CS, to afford 5-aminothiazoles 9 under environmentally
benign conditions.**** This method is historically significant
and was among the first to explore diverse thiazole-based
precursors (Scheme 3).°

2.3. Gabriel synthesis

The Gabriel synthesis, also referred to as the Gabriel phthali-
mide method, was first introduced by the German chemist

2
N R'= H, CHs, Ph
I \>_R3 =, 3
R2= CHjg, CoHs, Ph
R'] S
3 R3= CH3 CH,CH,OH, Ph

Scheme 1 Hantzsch synthesis of thiazole from a-haloketones and thioamides.

40914 | RSC Adv, 2025, 15, 40912-40966

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra05665a

Open Access Article. Published on 27 October 2025. Downloaded on 2/8/2026 7:05:00 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

Review RSC Advances
0 NH, Rz H Fr
N 1=
Rzk(sr . S)\R1 I YR R'= H, NHNH,
L — > R¥ S R®= CH3, Ph
R8= CHj3, CH,CH,0OC,H
4 5 6 3 2 2 215

Scheme 2 Synthesis of thiazolium salts.

N/
7 8

X oy

+ \)

_C ONH,  CS2 IS>_ SH
HoN

R= CH3, Csz, Ph

9

Scheme 3 Synthesis of thiazole from a-aminonitriles and carbon disulfide.
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Scheme 4 Synthesis of thiazole from the condensation of acyl amino carbonyl compounds.

Siegmund Gabriel in 1888.%* In the context of thiazole chem-
istry, this reaction represents a ring-closure transformation
involving an acylamino-ketone 10 and phosphorus pentasulfide
11, leading to the formation of 2,5-disubstituted thiazole
derivatives 12.** Mechanistically, this process is analogous to
the synthesis of other five-membered heterocycles containing
oxygen or sulfur, typically derived from 1,4-dicarbonyl precur-
sors (Scheme 4).%*

Collectively, these classical methods laid the foundation
for thiazole synthesis, providing versatile access to core scaf-
folds that continue to inform modern synthetic strategies.
Despite their historical importance and synthetic utility,
traditional methods are commonly linked to harsh condi-
tions, inefficient atom usage, and the employment of toxic or
hazardous chemicals. As the field of synthetic chemistry
continues to evolve toward more sustainable and innovative
practices, the integration of green solvents and alternative
reaction media has gained substantial momentum.®* Within
this context, ionic liquids have surfaced as a promising and
transformative category of solvents, exhibiting unique chem-
ical and physical traits that support environmentally
sustainable practices.>® The following section highlights the
increasing significance of ionic liquids in current organic
synthesis, emphasizing their application in green approaches
to thiazole synthesis.

© 2025 The Author(s). Published by the Royal Society of Chemistry

3. lonic liquid (IL) in organic synthesis

3.1. Introduction to ionic liquids

Over the past few decades, the rise of green chemistry has
spurred extensive research into designing compounds that offer
improved environmental and health profiles.”® Considering
these factors, advancements in industrial and scientific
research have significantly accelerated the development and
large-scale production of ionic liquids.*” Ionic liquids are a class
of salts made up solely of ions, usually consisting of an organic
cation combined with either an inorganic or organic anion,
and are characterized by low melting points, often at or below
100 °C.***® The extensive range of possible combinations
between known cations and anions, estimated between 10° and
1085 results in a broad range of ionic liquids, characterized by
distinct properties like resistance to high temperatures,
expansive electrochemical windows, and very low evaporation
tendencies. These appealing attributes have garnered signifi-
cant attention from both scientific researchers and industrial
sectors (Fig. 3).°°

3.2. Roles of ionic liquids in organic transformation

Ionic liquids (ILs) have been employed in green chemistry
primarily because they are non-flammable, recyclable, and non-

RSC Adv, 2025, 15, 40912-40966 | 40915
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Fig. 3 Varied structural features of ionic liquid constituents.

volatile, which lowers the risks of human exposure and envi-
ronmental pollution.*® Furthermore, task-specific ionic liquids
(TSILs), which are designed for increased reactivity or selectivity
in particular reactions, are produced by the capacity to fine-tune
their structures.® These features contributed ILs queued up
with important green chemistry principles, including waste
reduction, energy efficiency, and cleaner solvents.”” ILs play
multiple roles in organic synthesis, serving as solvents, co-
solvents, and occasionally as catalysts. They have been
successfully used in esterification, aldol condensations, oxida-
tions, reductions, multicomponent reactions, and cross-
coupling reactions.®*** Their ionic environment often stabi-
lizes reactive intermediates and improves selectivity. For
instance, task-specific ILs function as a solvent, base, and
ligand in unison, as well as a reaction medium for the
palladium-catalysed Heck reactions under phosphine-free
conditions, yielding good to excellent results (Scheme 5).%

3.3. Advantages over traditional solvents

Ionic liquids present several benefits when compared with
conventional volatile organic solvents:

e Non-volatility: this significantly reduces the need for
solvent recovery systems and minimizes the environmental
emissions associated with their use.*

e High thermal and chemical stability: ionic liquids exhibit
superior thermal and chemical stability compared to conven-
tional organic solvents, allowing their effective use under
demanding conditions such as elevated temperatures and
reactive environments.®

e Recyclability and reusability: ILs can often be reused
without significant loss in performance.**

e Tunability: through modification of their cation-anion
composition, ionic liquids can be tailored for specific applica-
tions, giving rise to task-specific ionic liquids (TSILs) with
improved efficiency and selectivity in chemical reactions.®

EtOH N*
\/\/N\/\/ + Br/\/\/Br BI'/\/\/ \_\;
reflux, 48 h A
/\/H\/\ K2COs
HO OH | EtOH, reflux, 24 h
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Scheme 5 Preparation of a functionalized ionic liquid for use in the Heck reaction.

40916 | RSC Adv, 2025, 15, 40912-40966

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra05665a

Open Access Article. Published on 27 October 2025. Downloaded on 2/8/2026 7:05:00 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

RSC Advances

Review
0 S Ph
1 OTs NH [bmim]PFg N4<S
R + 2 > ~
R2 r.t =Y
R? CH
16 17 18 NIGD3 o)
10 examples [bmim]PFg= [ \> PFg
R1= Ph, 4-MeC6H4, 4-MeOC5H4, 4-C|CGH4 71-83% yleld N
4-BrCgHy4, 3-Furyl, 3-Thienyl, Me, EtO K/\CH
R2= H, CO,Et °

Selective examples

Ph oh Ph

Nf\ S s s
H Me CO,Et H

80% 80% MeO 83%

Scheme 6 Synthesis of thiazole using the ionic liquid [bmim]PFg.
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Scheme 7 Synthesis of thiazole using ionic liquid [bbim]BF,.
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e Reduced toxicity and environmental impact: although the
toxicity profiles of certain ionic liquids remain under investi-
gation, many are considered environmentally friendlier substi-
tutes for traditional solvents. The emergence of sustainable ILs,
like those based on choline and deep eutectic solvents, reflects
a growing commitment to minimizing the ecological impact of
chemical processes.*”*®
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e Green catalysis and reaction efficiency: in catalysis, ILs
have demonstrated the ability to enhance reaction rates and
selectivity, particularly in catalytic processes such as palladium-
mediated coupling strategies and C-H bond functionalization
reactions.®” The ionic environment helps stabilize the catalyst
and intermediates, leading to higher yields and faster reactions
compared to traditional solvents. Additionally, ionic liquids can
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Scheme 9 Synthesis of thiazole using ionic liquid [bomim]BF,.
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simultaneously function as solvents and catalysts, making them
highly effective for conducting one-pot synthetic processes.
During the last several years, the utilization of ionic liquids
(ILs) has been expanded beyond general organic trans-
formations and into the realm of heterocyclic synthesis, where
their unique solvation and catalytic properties are being
increasingly exploited. ILs are proving to be a valuable tool in
enhancing reaction efficiency, improving yields, and reducing
reaction times, all while promoting eco-friendly processes.***
Thiazole-derived heterocycles are widely studied for their
versatile therapeutic applications, including their ability to

CO,H 0 0

.S
R/kNHz e s R

28 29 30

R'= CO,Et, 4-MeOCgHy,,
4-BI"C6H4

Ar= Ph, p-Tolyl
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combat infections, alleviate inflammatory responses, and
interfere with cancer cell proliferation.” The growing applica-
tion of ILs in constructing thiazole frameworks stems from their
efficiency in stabilizing transient species and enabling
sustainable, atom-conserving synthetic routes.”

These advances underscore the integration of green chem-
istry principles with modern heterocyclic synthesis. In the
following section, we delve into recent developments in thiazole
synthesis mediated by ionic liquids, highlighting key strategies,
reaction conditions, and the green benefits imparted by this
innovative solvent system.

R
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Scheme 10 Synthesis of thiazole using ionic liquid [bmim]Br.
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4. Thiazole synthesis via ionic liquids:
classification based on IL function

The synthesis of thiazole derivatives using ionic liquids (ILs)
can be systematically categorized based on the functional role
of the IL in the reaction medium, ranging from passive green
solvents to task-specific catalysts and supported IL systems.
This classification offers a clearer understanding of the mech-
anistic contributions and green potential of ionic liquids (ILs)
in thiazole synthesis.

4.1. Ionic liquids as passive green solvents

In 2006, Hou et al.”? introduced 1-butyl-3-methylimidazolium
hexafluorophosphate [bmim]PFs as a green and recyclable
reaction medium, presenting it as an eco-friendly substitute for
traditional organic solvents in the synthesis of 2-phenyl-
thiazoles 18. This transformation involved the cyclo-
condensation of diverse a-tosyloxy-substituted ketones 16 in
conjunction with aromatic thioamide 17, carried out efficiently
at ambient temperature in [bmim]PFs, yielding good results
(71-83%) of the desired product (Scheme 6). The key limitation
of this methodology is the absence of detailed mechanistic
elucidation, including the specific contributions of the cation

KOH, [bmIM]Br

NH, K"
1 L
I

H,0, 3-4.5 h

H

N
Lo

S

34
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and anion in stabilizing intermediates, which constrains
a comprehensive understanding of the reaction pathway.
Furthermore, the separation of products from ionic liquids is
generally uncomplicated, with the added benefit that these
solvents can be efficiently recovered and reused.

In the year 2007, Potewar et al.”® outlined a resource-efficient
and environmentally benign process for synthesizing 2,4-
disubstituted thiazoles 21 by reacting phenacyl bromide 19 with
substituted thiourea 20 in 1-butyl-3-methylimidazolium tetra-
fluoroborate [bbim]BF,, an ionic liquid, under ambient condi-
tions. The current approach enabled the instantaneous
development of amino- and methyl-substituted 4-arylthiazole
scaffolds, delivering high yields (87-96%) within 10-20
minutes. Moreover, it proved effective for the practical prepa-
ration of the anti-inflammatory agent fanetizole.

The reaction proceeds via the condensation step A of phe-
nacyl bromide 19 with substituted thiourea 20 in the presence
of an imidazolium-based ionic liquid (Scheme 7). The ionic
liquid, through its Lewis or Brensted acidic character, activates
the carbonyl group of the phenacyl bromide by interacting with
its oxygen, thereby increasing the electrophilicity of the carbon
centre. The sulfur atom of the substituted thiourea 20 then
attacks the activated carbonyl carbon, leading to the formation
of an intermediate that undergoes an intramolecular cyclization

M\ o
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Scheme 11 Thiazole formation facilitated by [bmIm]Br ionic liquid.
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Scheme 12 Synthesis of thiazole using ionic liquid [Bmim]Br.

step B to yield a five-membered heterocyclic intermediate.
Subsequent dehydration affords the corresponding thiazole
derivative 21. The methodology exhibits good functional group
tolerance, proceeding smoothly with both electron-donating
and electron-withdrawing substituents on the phenacyl
bromide. The main advantages of the procedure include
enhanced reaction efficiency, gentle processing parameters,
superior output levels, and sustainability-oriented benefits,
such as the exclusion of hazardous solvents and harmful cata-
lytic agents, minimized by-product formation, and the potential
for recycling and reusing the alternative reaction medium.

In 2011, Yuhta Izumisawa and co-authors™ developed
a clean and effective technique for synthesizing thiazoles 24
starting from ketones 22 and thioamides 23 using N-bromo-
succinimide (NBS) within room-temperature ionic liquids (ILs).
Notably, [bmim]PFs and [bmpy|Tf,N were employed as recy-
clable media, enabling effective o-bromination of ketones
involving p-toluenesulfonic acid as a catalyst, subsequently
enabling a one-pot synthesis of thiazole derivatives upon the

© 2025 The Author(s). Published by the Royal Society of Chemistry

incorporation of thioamides (Scheme 8). These ILs demon-
strated excellent reusability over several cycles without notable
degradation in product yield or quality. The study underscores
the utility of ILs as both solvents and catalytic systems for
heterocyclic construction, particularly thiazole scaffolds with
pharmaceutical significance. Moreover, the method exemplifies
green chemistry principles by offering a sustainable and eco-
conscious alternative to traditional organic solvent systems.

In the year 2012, Manoj Kumar Muthyala and co-workers™
presented a green and efficient synthetic route to obtain 2,4-
disubstituted thiazoles 27. This process involved the reaction of
substituted ketones 25 with phenyl trimethyl ammonium tri-
bromide (PTT), functioning as a bromine source generated
within the reaction medium, which is subsequently reacted
with thioamide or thiourea 26, all facilitated by the ionic liquid
1-butyl-3-methylimidazolium tetrafluoroborate [bmim]BF,
(Scheme 9). This methodology offers notable benefits such as
the avoidance of irritant compounds, minimizing the reliance

RSC Adv, 2025, 15, 40912-40966 | 40921
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Scheme 13 Synthesis of thiazole using ionic liquid [mpim]Br.

on dangerous solvents while obtaining the products in yields of
75% to 92%.

Subsequently, in 2014, Ashraf S. Shahvelayati and co-
authors” devised an effective multicomponent, one-pot proce-
dure for synthesizing functionalized thiazol-2(3H)-imines 31 by

40922 | RSC Adv, 2025, 15, 40912-40966
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combining «-amino acids 28, aroylisothiocyanate 29, and
bromo-functionalized ketones at the alpha position 30 in an
ionic liquid medium. The process was carried out using 1-butyl-
3-methylimidazolium bromide[bmim|Br as the reaction
medium at 50 °C, affording a variety of thiazole derivatives,

© 2025 The Author(s). Published by the Royal Society of Chemistry
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affording excellent yields in the range of 76-97%. This approach
underscores the effectiveness of ionic liquids as eco-friendly
and reusable reaction media, providing improved selectivity
and multiple reuses, all while maintaining chiral integrity, as
demonstrated by optical rotation analysis of selected
compounds (Scheme 10). The study demonstrates a practical
and sustainable approach to constructing thiazole frameworks,
contributing to the field of green heterocyclic synthesis.

While the precise mechanism of the reaction remains
unclear, a reasonable pathway can be proposed to explain the
formation of the final product.” Initially, the reaction proceeds
through the formation of a thiourea derivative A via the
condensation of a-amino acid 28 with aroylisothiocyanate 29.
The resulting intermediate then undergoes alkylation with
a bromo-functionalized ketone 30 at the a-position in an ionic
liquid medium, producing intermediate B. This intermediate
subsequently undergoes intramolecular cyclization to generate

(0] C//S
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+
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intermediate C, which upon dehydration yields the desired
functionalized thiazol-2(3H)-imines 31.

Waseem and co-workers” developed an improved domino
reaction technique for generating a series of biologically active
benzothiazole-2(3H)-one derivatives 34a-k under environmen-
tally benign conditions. The method employed readily acces-
sible 2-iodoanilines 32 and potassium thiocyanate 33 under the
influence of the ionic liquid, 1-butyl-3-methylimidazolium
bromide [bmIm]Br. The desired product was achieved in
excellent yields up to 90% (Scheme 11). The various molar ratios
of [bmim]Br and KOH were evaluated, and it was observed that
a 15 mol% catalyst provided the maximum product yield.
Interestingly, a further increase in the concentration of [bmim]
Br led to a decline in yield, which is advantageous from an
economic perspective due to reduced catalyst usage.

Furthermore, the reaction mechanism likely involves an
initial nucleophilic attack by the sulfur anion of potassium
thiocyanate 33 on 2-iodoaniline 32. Subsequent deprotonation
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Scheme 14 Synthesis of thiazole using ionic liquid [mpim]Br.
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of the -NH, group by the base generates an aniline nucleophile,
which then attacks the electrophilic centre formed through the
electrostatic interaction between the ionic liquid and the
cyanate moiety of potassium thiocyanate, affording interme-
diate A. The activated sulfur species subsequently promotes the
iodine displacement from 2-iodoaniline, resulting in interme-
diate B. This intermediate undergoes intramolecular cyclization
to form intermediate C, which finally transforms into a stable
and biologically active benzothiazole-2(3H)-one derivative 34.
The regeneration and subsequent application of [bmIm]Br
following the completion of the reaction highlighted an excel-
lent conclusion to the strategies. The reaction condition would
also be beneficial for other heterocyclic syntheses. This tech-
nique stands out for its novelty and superior efficiency, offering
shorter workup, higher yields, and reduced reaction times
compared to existing methods.
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In 2016, Ramprasad and co-workers” introduced a straight-
forward and effective single-step, three-reactant protocol for
synthesizing thiazole derivatives 38, utilizing the ionic liquid 1-
butyl-3-methylimidazolium bromide [bmim]|Br as the reaction
medium. This methodology was carried out in a one-pot
manner by combining fused heterocyclic aldehyde 35,
hydrazine-derived nucleophile 36, and fluorinated phenacyl
halide 37 in ethanol at 80 °C (Scheme 12). Moreover, the process
was accomplished within a relatively limited duration of 30
minutes under the described conditions. The reaction proceeds
through the condensation of a carbonyl compound with
hydrazine-derived nucleophile 36 in the presence of [bmim]|Br
(ionic liquid), which activates the carbonyl group through
hydrogen bonding, enhancing its electrophilicity. The resulting
thiosemicarbazone intermediate A undergoes S-alkylation with
phenacyl halide 37, followed by intramolecular cyclization B via
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Scheme 15 Synthesis of thiazole using both ionic liquids, [Hbim]BF,4 and [bbim]BF,.
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Scheme 16 Synthesis of thiazole using ionic liquid [bmim]BF,.
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nucleophilic attack of the azomethine nitrogen to form a thia-
zoline intermediate C. Subsequent dehydration and rearrange-
ment afford the final thiazole derivative 38, with the ionic liquid

1
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facilitating the process by stabilizing intermediates D and
promoting efficient conversion under mild, solvent-free condi-
tions. These derivatives 38 were isolated with high yields up to
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82-96%. The compounds 38a-w underwent in vitro analysis to
assess their antitubercular activity against the Mycobacterium
tuberculosis H37Rv strain. Among them, compound 38s
exhibited the most potent activity (MIC = 6.03 uM), surpassing
standard drugs such as ethambutol and ciprofloxacin. These
findings underscore the potential of IL-mediated synthesis and
rational hybrid design in developing selective, potent antitu-
bercular agents.

In the same year, Shahvelayati and co-authors”™ developed an
efficient four-component reaction, performed in a one-pot
manner without the need for the formation of functionalized
thiazolodepsipeptide 43, employing 1-methyl-3-
pentylimidazolium bromide [mpim]Br as an eco-friendly ionic
liquid medium. The reaction involves thiourea carboxylic acids
39, phenacyl bromides 40, isocyanides 41, and ketones 42 under
mild conditions (50 °C), yielding diverse thiazole-depsipeptide
hybrids in good yields (up to 96%). Interestingly, the IL was
effectively recovered and reused, as well as facilitated conden-
sation and cyclization via the Passerini-tandem process. Based
on the spectroscopic data obtained, the plausible reaction
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mechanism is illustrated in Scheme 13. The reaction begins
with the S-alkylation of thiourea carboxylic acids 39 by phenacyl
bromides 40, which subsequently promotes cyclization, leading
to the elimination of water and the formation of a thiazole-
linked carboxylic acid. The reaction then proceeds through
the protonation of the ion-dipolar intermediate, which is
generated from the isocyanide 41 and ketones 42. Finally, the
carboxylate ion attacks the protonated site, and after acyl group
rearrangement, the reaction affords the functionalized thiazo-
lodepsipeptide 43. The method exemplifies a sustainable,
multicomponent strategy aligning with green chemistry prin-
ciples through solvent recycling, a straightforward procedure
without the need for added catalysts.

In 2017, Shahvelayati and co-authors® developed an efficient
three-component tandem synthesis of a thiazole-based acetic
acid derivative 47, utilizing phenyl glycine 44, aroylisothio-
cyanate 45, and 4-methoxyphenacyl bromide 46 in the ionic
liquid 1-methyl-3-pentylimidazolium bromide [mpim]Br as
a green solvent. The experimental protocol proceeded at 50 °C
for 1 hour,