Send Orders for Reprints to reprints@benthamscience.net

Mini-Reviews in Organic Chemistry, 2022, 19, 1-15 1

MINI-REVIEW ARTICLE

Recent Advances in the Synthesis of Thiazole Ring: Mini Review

Inas G. Shahin', Khaled O. Mohamed?, Azza T. Taher*®, Abdelrahman S. Mayhoub‘l’5 and

Asmaa E. Kassab>"

'Department of Organic Chemistry, Faculty of Pharmacy, October University for Modern Sciences and Arts, Giza,
11787, Egypt; ’Department of Pharmaceutical Organic Chemistry, Faculty of Pharmacy, Cairo University, Cairo,
11562, Egypt; *Department of Pharmaceutical Organic Chemistry, College of Pharmacy, October 6 University, 6-
October, Giza, Egypt; *Department of Pharmaceutical Organic Chemistry, College of Pharmacy, Al- Azhar University,
Cairo, 11884, Egypt; *University of Science and Technology, Nanoscience Program, Zewail City of Science and Tech-

nology, October Gardens, 6th October, Giza, 12578, Egypt

ARTICLE HISTORY

Received: January 10, 2022
Revised: February 01, 2022
Accepted: February 28, 2022

Abstract: The thiazole scaffold is an essential structural foundation in a plethora of pharmaceutical
products having an extensive array of biological activities. Consequently, its synthesis has been exten-
sively discussed in the literature. In this mini review, we have summarized the recent advances in thi-
azole synthesis, covering articles published between 2002 and 2021. We have reviewed and discussed
various recent and novel routes for synthesizing compounds containing thiazole rings from various

starting materials such as thiourea, thioamide, or thiosemicarbazone. Additionally, we have illustrated
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environmentally benign methods for thiazole synthesis. We hope that this review can help other re-

searchers efficiently synthesize the thiazole ring.
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1. INTRODUCTION

The thiazole ring is a fundamental structural component
for an extensive range of biologically active compounds,
including anticonvulsants [1], anticancer [2], antiviral [3],
antibacterial agents [4-6], antifungal [7], anti-inflammatory
[8], analgesic [9], and antidiabetic agents [10].

Since 1887, when Hantzsch and Weber first synthesized
the thiazole ring by condensation of a-haloketones (or alde-
hydes) and thioamides, there have been numerous reported
methods with variations in the key starting compounds. This
is mainly due to some of its shortcomings, such as toxic sol-
vents, long reaction times, low yields, and drastic reaction
conditions. In spite of this, due to its biological significance,
there has been extensive attention to the development of syn-
thetic routes for the synthesis of compounds containing thia-
zolyl derivatives [11, 12]. Based on their extensive applica-
tion and drug design fundamentals, hydrazine compounds
would possess stronger bioactive properties if a thiazole ring
was introduced [13, 14].

Consequently, instead of thiourea, other thio-ketone de-
rivatives were condensed with a-haloketones such as thioam-
ides [15,16], dithiocarbamates [17], and thiosemicarbazones
[12, 18].

Therefore, a brief survey of the synthesis of thiazole
rings will be explored from the above findings and facts.
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2. NEW APPROACHES IN THIAZOLE SYNTHESIS

Many of the synthetic methods of thiazole rings involve
the ‘Hantzsch synthesis” method due to its simplicity, which
in turn can introduce many functional groups and is used
widely at present [19-21]. Nevertheless, due to its shortcom-
ings that involve drastic reaction conditions, expensive cata-
lysts, slow reaction rates, complicated postprocessing, and
toxic solvents, the discovery of novel methods that employ
ecofriendly solvents, lower reaction time, and easier product
separation procedures has been an important research direc-
tion and a hot topic [22-24].

There are three main approaches to the synthesis of the
thiazole ring. The most extensive methods can be summa-
rized in the reaction of a carbonyl compound with thiourea,
thioamide, or thiosemicarbazone precursors.

2.1. Synthesis of Thiazole Ring from Thiourea or its De-
rivatives

A search in the literature revealed a myriad of thiazole
cyclisation methods. Therefore, in 2011, imine thiazole de-
rivatives 2 and 3 were prepared by refluxing the thiourea
derivative 1 with ethyl bromoacetate or phenacyl bromide,
respectively, in the presence of anhydrous sodium acetate
using absolute ethanol as a solvent (Scheme 1) [25].

Researchers adopted new methods for thiazole synthesis
with different precursors or different reaction conditions
from those of Hantzsch. In 2010, Chen et al.[26], reacted
ethyl-B-ethoxyacrylate with thiourea in the presence of N-
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bromosuccinimide (NBS) to afford ethyl 2-aminothiazole-5-
carboxylate 4 (Scheme 2).
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Scheme 1. Synthesis of thiazole derivatives 2 and 3.
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Scheme 2. Synthesis of thiazole derivative 4.

Another approach required the mixing of B-ketoesters
with thiourea in the presence of Xanthan, sulfuric acid, and
NBS as a catalyst at room temperature to produce the 2-
aminothiazoles 5 (Scheme 3) [27].

R

N
1\ O-gt
@ j\ Xanthan sulfuric acid HzN/kS‘X\\( :
1 anthan suliuric acu
R)J\/U\O/R + H,N” ONH, ©

NBS/r.t.

R= CH3, CH(CHj3),, C(CH3)3, CeHs
R'= CHj;, C;Hs, C4H,

Scheme 3. Synthesis of thiazole derivative 5.

To produce thiazole derivatives from unconventional
precursors like propargylamine, this investigation initially
prepared N-propynyl-N’-benzoylthiourea 6, which was pre-
pared from benzoyl chloride, NH4SCN, and propargylamine.
Cyclisation of thiazolidine 7 takes place by treating com-
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Scheme 4. Synthesis of thiazole derivative 8.
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pound 6 with KOH in ethanol at room temperature, resulting
in the formation of the thiazolate 8 by refluxing with DMSO
(Scheme 4) [28].

A search in the literature revealed that this method simp-
ly adopts the cyclisation of a thiourea derivative and chloro-
ketone 9 at room temperature into the respective substituted
thiazole ring 10 (Scheme 5) [29].
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Scheme 5. Synthesis of thiazole derivative 10.

In continuous efforts to improve the reaction conditions
and product yields, Lin ef al. discovered an efficient method
for the cyclo-condensation of several a-tosyloxyketones 11
with thiourea derivatives. The reaction was conducted in
polyethylene glycol-400 (PEG-400) at room temperature
with the aid of sodium carbonate and required only 1 h, af-
fording a highly satisfactory yield (85-94%) of 2-
aminoarylthiazole derivatives 12 (Scheme 6) [30].
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Scheme 6. Synthesis of thiazole derivative 12.

Madhav et al. [31] described a novel method of phenyl-
thiazole synthesis where arylacetylene was employed as a
precursor. In this study, the thiazole derivatives 14 were ob-
tained through a one-pot, eco-friendly procedure, in a single
step in which arylacetylene derivatives bind to NBS to give
dibromo intermediates 13, which react in situ with thiourea
compounds to furnish the desired thiazole derivatives 14
(Scheme 7).

A series of one-pot reactions resulted in an array of thia-
zole cyclo-condensation products. Zhu et al. [32] managed to
obtain 2-aminothiazoles 15 from easily available aromatic
ketones and thiourea assisted by I,/CuO in absolute ethanol
(Scheme 8).

Similarly, another research adopted an analogous proce-
dure while using iodine, toluene sulphonic acid(TsOH), and
dimethyl sulphoxide DMSO for halogenation followed by
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Scheme 7. Synthesis of thiazole derivative 14.

cyclocondensation of various aromatic ketones and thiourea
in a ratio of 2:1, respectively, to obtain 16 (Scheme 9) [33].
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Scheme 8. Synthesis of thiazole derivative 15.
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Scheme 9. Synthesis of thiazole derivative 16.

Furthermore, in another study, the thiazole target com-
pounds 17 were synthesized via refluxing thiourea with aro-
matic ketones and sodium dichloroiodate (NalCl,) in THF

(Scheme 10) [21].
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R= C¢Hs, 4-CH;-C¢Hy, 4-NH,-CgH,, 4-OCH;-CgHy,
Scheme 10. Synthesis of thiazole derivative 17.

Another one-pot method of synthesizing substituted thia-
zoles was reported in 2016 by Tsai and coworkers [34]. They
constructed a reaction between 2-hydroxy-4-methoxyaceto-
phenone (paeonol) (18) and thiourea along with iodine in
ethanol, leading to the formation of 2,4-disubstituted thiazole
derivative 19 through condensation followed by cyclisation
reaction (Scheme 11).

Furthermore, a one-pot method of synthesis of 2-
aminothiazoles 20 was devised in 2016, where nanochitosan
is used as a green catalyst in the presence of iodine. The best
results of this method were obtained when the carbonyl
compounds were refluxed with thiourea derivatives in etha-
nol in the presence of the catalyst to produce 20 (Scheme 12)
[35].
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Scheme 11. Synthesis of thiazole derivative 19.
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Scheme 12. Synthesis of thiazole derivative 20.

In 2020, the base-promoted cyclisation of compound 21
with phenacyl bromide in tetrahydrofuran produced the thia-
zole derivative 22 (Scheme 13) [36].
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Scheme 13. Synthesis of thiazole derivative 22.
2.2. Synthesis of Thiazole Ring from Thioamide Deriva-
tives

Miller et al. [37] prepared 2-substituted thiazole 24 via
refluxing the appropriate thioamide 23 and bromoacetalde-

hyde diethyl acetal with catalytic amounts of 4M
HCl/Dioxane in acetone (Scheme 14).
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Scheme 14. Synthesis of thiazole derivative 24.
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In 2012, a group of scientists conducted a reaction to fur-
nish 2-methyl-4-[(trimethylsilyl)ethynyl]thiazole (26) by
treatment of 1-chloro-4-(trimethylsilyl)but-3-yn-2-one (25)
with thioacetamide in DMF at room temperature (Scheme
15) [38].
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Scheme 15. Synthesis of thiazole derivative 26.

In an attempt to avoid the use of common organic sol-
vents in reactions and separations, due to their destructive
and flammable properties, deep eutectic solvents (DES) were
employed as environmentally friendly reaction media. This
research focuses on the use of choline-chloride-urea as a
DES in a one-pot reaction of 1,3 diketones, thioamide deriv-
atives, and NBS at a temperature of 60 °C to furnish the cor-
responding thiazole derivatives 27 (Scheme 16) [39].
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Scheme 16. Synthesis of thiazole derivative 27.

A very efficient method of synthesis was provided by
Heravi et al., and the reaction was conducted at room tem-
perature by grinding the suitable phenacyl bromide with thi-
oacetamide to produce the designated 2,4-disubstituted thia-

zoles 28 (Scheme 17) [40].
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Scheme 17. Synthesis of thiazole derivative 28.

In their conquest to synthesise several thiazole deriva-
tives, Jeankumar et al. [41] forged the condensation of thio-
amide derivatives with diethyl bromomalonate with the help
of pyridine and toluene as solvent, followed by cyclisation,
which afforded 4-hydroxythiazoles 29 (Scheme 18).
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Scheme 18. Synthesis of thiazole derivative 29.

Shahin et al.

The synthesis of trisubstituted thiazole derivative 30 was
achieved through the condensation cyclisation processes of
2-bromo-1-(4-bromophenyl)propan-1-one with thioacetam-
ide to produce the targeted compound (Scheme 19) [42].

Br Br

Scheme 19. Synthesis of thiazole derivative 30.

In 2020, Fan et al. managed to synthesize the crucial in-
termediate in their research, phenyl thiazole 31, through the
simple condensation of thiobenzamide with ethyl bromopy-
ruvate in ethanol (Scheme 20) [43].
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Scheme 20. Synthesis of thiazole derivative 31.

One year later, the thiazole ring was formed via reacting
4-(trifluoro)thiobenzamide with 2-chloroacetylacetate to get
ethyl 4-methyl-2-(4-(trifluoromethyl)phenyl)thiazole-5-
carboxylate 32 (Scheme 21) [44].
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Scheme 21. Synthesis of thiazole derivative 32.

2.3. Synthesis of thiazole Ring from Thiosemicarbazone

In 2013, Makam ef al. [45] employed thiosemicarbazones
33 with aliphatic a-chloroketones in ethanol as a solvent to
afford the desired hydrazinyl thiazole 34 (Scheme 22).

In 2013, a trial to synthesise the title thiazole compound
37 through the reaction of intermediate 35 with aryl thio-
semicarbazones 36 resulted in a good yield (63-86%) using
ethanol as a solvent under reflux conditions at 60 °C
(Scheme 23) [14].

Aggarwal et al. [46] managed to produce arylthiazole de-
rivative 39 by grinding o-haloketones with 3,5-
dimethylpyrazol-1-thiocarboxamide (38) enhanced by sodi-
um carbonate in solvent-free conditions (Scheme 24).

In 2016, Gomes et al. [47] conducted the synthesis of 1,3
thiazoles through the reaction of thiosemicarbazones 40 with
various a-halo aromatic ketone derivatives in 2-propanol at
room temperature to furnish the respective thiazole deriva-
tives 41 (Scheme 25).

Demirici S. [48] reported the synthesis of 1,3-thiazole de-
rivative 43 via the cyclisation of the thiosemicarbazone de-
rivative 42 through its condensation with 2-bromo-1-(4-
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Scheme 22. Synthesis of thiazole derivative 34.
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Scheme 23. Synthesis of thiazole derivative 37.
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Scheme 24. Synthesis of thiazole derivative 39.
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Scheme 25. Synthesis of thiazole derivative 41.
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Scheme 26. Synthesis of thiazole derivative 43.

chlorophenyl)ethanone in the presence of sodium acetate Treatment of compound 44 with hydrazonyl chloride 45
under reflux (Scheme 26). in absolute ethanol containing 5 drops of triethylamine at
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reflux afforded the corresponding substituted 1, 3-thiazole
derivative 46, in good yields (85-86%). On the other hand,
the reaction of 44 with chloroacetone afforded the thiazole
derivative 47 (Scheme 27) [49].
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NN
| R= CgHs, 4-CH;CgHy, 4-CICgH,
N o
llIH N

Scheme 27. Synthesis of thiazole derivatives 46 and 47.

In 2021, the target pyridine-thiazole compounds 49 were
obtained by the reaction of equimolar quantities of thiosemi-
carbazone derivative 48 with phenacyl bromide (Scheme 28)
[50].

The thiosemicarbazone derivative 50 reacted with -
chloro-acetylacetone in refluxing ethanol to afford the
acetylthiazole derivative 51 (Scheme 29) [51].

A group of researchers reported that the reaction of bis-
thiosemicarbazone 52 with hydrazonoyl chloride 53 in re-
fluxing dioxane in the presence of catalytic triethylamine
delivered the target bis-thiazole 54 (Scheme 30) [52].

3. SYNTHESIS OF THIAZOLES FROM OTHER PRE-
CURSORS

The synthesis of the thiazole ring involves several rea-
gents that react to furnish the target ring other than those in
the Hantzch synthesis [53].

Literature survey revealed that S-arylthiazoles 56 were
also synthesised by incorporating ketone derivative 55 with
phosphorus pentasulfide in chloroform and triethylamine as
a base (Scheme 31) [19].

To produce 2-aminothiazole derivative 58 from uncon-
ventional progenitor compounds, Sasmal and coworkers [54]
designed a mild and efficient procedure where isothiocyanate

A

A
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N
Z NH, C,HsOH/Et;N

==

Scheme 28. Synthesis of thiazole derivative 49.
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analogues and ethyl 4-aminobut-2-ynoate hydrochloride salt
(57) were reacted in THF at room temperature in the pres-
ence of trimethylamine (Scheme 32).

Qo d Wux

C,H;OH
Scheme 29. Synthesis of thiazole derivative 51.
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Ar= CgHs, 4-CH;3CgHy, 4-CIC¢H,, 4-BrCgHy, 2,4-Cl,C¢Hj, 2,4,6-BryCoH,

Scheme 30. Synthesis of thiazole derivatives 54.

CHOO z‘»
OHC,N\)J\M P,Ss/ (CyHs);N g~ TAr
CHCl; / 60 °C
55 56

Ar= 2-CH3-CgHy, 4-CH;-CgHy, 2-OCH;-CgHy, 4-OCH;-CgHy, 4-C1-CgH,
Scheme 31. Synthesis of thiazole derivative 56.

In 2009, Lawesson’s reagent was added to the benzyl
protected a-amido-B-ketoesters 59 to furnish the correspond-
ing thiazole derivatives 60 (Scheme 33) [20].

Moreover, Lingaraju et al. reacted methylene isocyanides
like tosylmethyl isocyanide reacting with dithioesters like
methyl benzodithioate in the presence of NaH at room tem-
perature, yielding the expected thiazole 61 (Scheme 34) [55].

- JVOCQ ﬁ

Ar= C¢Hs, 4-CIC¢H,
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Scheme 32. Synthesis of thiazole derivative 58.
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Scheme 33. Synthesis of thiazole derivative 60.
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Scheme 34. Synthesis of thiazole derivative 61.

A novel method for thiazole synthesis was adopted in
two research studies by Lee ef al. [56] and Kim et al. [57],
where a solid phase support (Merrifield resin) was utilized.
In these trials, a-bromoacetophenone or 2-chloro N- phenyl
acetamide were cyclised through the Thorpe-Ziegler thiazole
reaction, with mono-methyl cyanocarbonimidodithioate 62
bound to the resin and in the presence of triethylamine or
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) to furnish the
substituted thiazoles 63 and 64, respectively (Scheme 35).
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|

1-13cs/kS
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Scheme 35. Synthesis of thiazole derivatives 63 and 64.

Further on, Lawesson’s reagent was utilized to activate
the substituted o-aminothiophenols and ethyl cyanoformate
to form an adduct, which then cyclises into the title 2-

cyanobenzothiazole derivative 65 under microwave irradia-
tion and eco-friendly solvent-less conditions (Scheme 36)
[58].

NH, o) N—7 IR
R X
R—y + o~ )J\ Lawesson's Reagent N /< =
= 0 CN —MMM— S
SH MW 300 W / 4-9 min

65
R= H, 5-OH, 5-OCHj, 3-Cl
Scheme 36. Synthesis of thiazole derivative 65.

In another survey, the researchers performed the reaction
in a green nontoxic solvent, where dithiocarbamate was al-
lowed to react with an a-haloketone in H,O and furnished
the proposed 2-alkylsulfanylthiazoles 66 (Scheme 37) [17].

Rl
!
R

66

R= C,Hy, CH,-C¢Hs, 4-C1-C¢H,
R'= CHj3, C¢Hs
X=Br, Cl

Scheme 37. Synthesis of thiazole derivative 66.

4. MULTICOMPONENT METHODS FOR SYNTHE-
SIS OF THE THIAZOLE RING

An effective one-pot synthetic method is multi-
component reactions (MCRs), where three or even more
reactants can be mixed without the need to separate any in-
termediates. Their selectivity and manageability make them
superior to regular reactions [59-63].

More ecofriendly, one-pot, multicomponent reactions
were designed by Shiran and coworkers, where arylamine,
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alkyl isothiocyanate, and a-haloketone were stirred at room
temperature in the presence of the recyclable catalyst polyvi-
nyl pyridine (PVP) to afford the desired thiazole derivatives
67 (Scheme 38) [64].

Xiabing et al. [12] managed to synthesise thiazole deriva-
tive 68 through a green and efficient MCR one-pot method
using benign solvents and conditions. The procedure in-
volves treating equimolar mixtures of a series of aldehydes
and ketones, thiosemicarbazide, and ethyl 4-chloro-3-
oxobutanoate with catalytic amounts of anhydrous sodium
acetate in ethanol as a solvent (Scheme 39).

In 2018, Wang et al. [65] designed a novel copper-
catalyzed oxidative thiazole reaction involving different

Shahin et al.

amines, aldehyde, sulphur, and the green oxidant O,, all re-
acted in one pot step to prepare the designated target com-
pound 69 (Scheme 40).

Green reactions were also carried out using a multicom-
ponent technique in which an aldehyde and ketone were
combined with elemental sulphur in a one-pot pyridine/H20
system to produce phenylthiazole derivatives 70 (Scheme
41) [66].

In 2021, a ternary mixture of salicylaldehyde derivative
71, thiosemicarbazide, and phenacyl bromide were allowed
to react with dioxane in the presence of 1.5 equiv. of diethyl-
amine. The mixture was heated at reflux for 6 h, yielding 72
as the sole product (Scheme 42) [67].

F Br
R\
Ar—NH, + R-NCS + C,HsOH / PVP /1.t N\
o Nﬁ/\s
/

R= CH;, C,Hs, CH,CH=CH,

Ar

67

Ar=4-CH3-C¢Hy, 4-C,H5-C¢Hy, 4-OCH;-C¢H,, 4-0C,H5-C¢H,

Scheme 38. Synthesis of thiazole derivative 67.

o S 0
e COOC,H;5
H,N_ cl COOC,H; CH3;COONa 7 s
aow o N gy ¢ o A coocms _ccoona ATYN\ /2{
H C,HsOH / reflux ~ NN
R H
68
R=H, CH,

Ar= CgHs, 4-OCH;-CgHy, 4-C1-C¢Hy, 4-Br-CgH,

Scheme 39. Synthesis of thiazole derivative 68.

_0
Ar” ONH, + ©/\/ +  Sg

CuBr, /0,
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Ar= CgHs, 2-CH;-CgH,, 3-CH;-CgHy, 4-CH3-CgHy, 4-F-C¢H,, 4-CI-CgHy, 4-Br-CgH,

Scheme 40. Synthesis of thiazole derivative 69.
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70

R= CH,-CH,-CHj;, CgHs
R'= CH;, CH,-CH;, C¢Hs
Ar= C¢Hs, 2-CI-C¢H,, 4-OCH;-C¢Hy, 4-Br-C¢H,

Scheme 41. Synthesis of thiazole derivative 70.
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Scheme 42. Synthesis of thiazole derivative 72.
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5. ENVIRONMENTALLY BENIGN METHODS OF
THIAZOLE SYNTHESIS

The synthesis of benzothiazole analog 73 was achieved
via microwave irradiation (MWI) of a 1:1 mixture of o-
aminothiophenol and alkyl/aryl acylacetonitriles at 200 °C
for 10 min. The yields were very good to excellent (86-95%)

(Scheme 43) [68].

L, -

R=H, CI
R'= Alkyl, Aryl

AN N
oL T
Z =8

73

200°C/ 10 mm

Scheme 43. Synthesis of thiazole derivative 73.

A series of novel catechol-fused tetracyclic compounds,
with an imidazo[2,1-b]thiazole central core 74, were success-
fully synthesized through the anodic oxidation of catechols
in the presence of 2-mercaptobenzimidazole in aqueous solu-
tion. The cyclic voltammetric results show that 2-
mercaptobenzimidazole and electrochemically produced o-
benzoquinones undergo a one-pot four-step sequential reac-
tion, affording fused polyheterocyclic compounds (Scheme
44) [69].

>_SH
R
Anodlc \>\
“Oxidation N
+ 2H*+2e

HO

R

R=H, CH;, CH;0 OH
!= H, CH3, C(CHj;);, COOH HO
74

Scheme 44. Synthesis of thiazole derivative 74.

A clean and environmentally benign route to synthesize
a series of benzothiazole derivatives 76 using the reaction
between various synthetized aldehydes 75, thiosemicarba-
zide, and different acetophenones and N-bromosuccinimide
as a substrate instead of haloacetophenones was reported in
the previous reactions in the presence of a catalytic amount
of silica coated magnetite nanoparticles (Scheme 45) [70].

A group of researchers synthesized 1-(2-amino-4-
methylthiazol-5-yl)ethanone ~ and  ethyl = 2-amino-4-
methylthiazole-5-carboxylate 77 by one pot reaction of ace-

7

S
@]
=)
=]
17,]

T
/ \ + ~NH, + RS
N H,NT DN |
75 R=H, 4-Cl, 4-OH, 4-CH,
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tyl acetone or ethyl acetoacetate with N-bromosuccinimide
(NBS) and thiourea in the presence of PEG-400 under mi-
crowave irradiation at 180 W (Scheme 46) [71].

(o) o

AN

NBS, Thiourea, PEG-400

N
S\>—NH2

77

MWI, 180W, 5 min. R

R= CH;, CH;CH,0
Scheme 46. Synthesis of thiazole derivative 77.

Noei and Khosropour [72] reported the reaction of ar-
ylthioamides with bromoacetophenones in the ionic liquid 1-
Butyl-3-methylimidazolium Tetrafluoroborate [bmim]BF4
under ultrasonic irradiation for the synthesis of 2.4-
diarylthiazole derivatives 78 and 79 in high yield (84-98%)
(Scheme 47).

S

)J\ Ph N
L N
S

78
A, w3 I
79

Scheme 47. Synthesis of thiazole derivatives 78 and 79.

[bmim]BF4

), R.T.,
2-8.5 min.

Br
Ph

Fe;04@vitamin B1 was designed and prepared as an in-
expensive and efficient heterogeneous nanocatalyst for the
synthesis of a new 1,3-thiazole derivative 80. The three-
component, one-pot condensation of arylglyoxal monohy-
drate, cyclic 1,3-dicarbonyls, and thioamides in water as a
green solvent was applied for the preparation of 1,3-thiazole
derivatives (Scheme 48) [73].

Zhao et al. [74] reported a green and regioselective pro-
cess for the construction of thiazolo[3,2-a]benzimidazole
skeleton 81 using DMSO-H,O, as an oxidant in H,O
(Scheme 49) [74].

In 2021, it was reported that ultrasonic irradiation is an
ecofriendly, green, efficient approach for the synthesis of
new 1,3-thiazoles under solvent-free conditions. Thiocarbo-
hydrazones were reacted with o-Chloroketone or a-
bromoester under ultrasonic conditions affording 1,3-
thiazoles 82 and 83 (Scheme 50) [75].

R.T.

!= H, 4-Br, 4-Cl, 2-OH, 4-OH, 4-CH;0, 4-NO,

Scheme 45. Synthesis of thiazole derivative 76.
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Q)QH 1,0 ﬁj\ Q)L

R=H, CH;0

1= 0,N-CH;, CH,
X= H, Br, F, CH;0

Scheme 48. Synthesis of thiazole derivative 80.
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R= Cl, CH;, CH;0, NO, 81
R', R?= (CHy)45, CH3, CH3CH,, CH;CH,CH,, CsHy;

Scheme 49. Synthesis of thiazole derivative 81.
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Scheme 50. Synthesis of thiazole derivatives 82 and 83.

6. RECENT THIAZOLE RING FORMATION REAC-
TIONS

Chen and coworkers managed to enhance their previous
work on thiazole synthesis through the cleavage of Csp’-H
bonds in the absence of metal catalysts. Herein, they devel-
oped a procedure to prepare 4-hydroxythiazole derivatives
84 via the sulphuration/annulation of amides by elemental
sulphur in the presence of P,Os in dimethyl sulphoxide
(DMSO) and hexamethylphosphoramide (HMPA) as sol-
vents. It was conducted under oxygen free conditions for the
optimum yields (69-86%) and electron donating substituents
were found to be superior to their electron withdrawing
counterparts (Scheme 51) [76].

Recently in 2021, a team of researchers attempted to de-
velop synthetic pathways that produce benzimidazo[2,1-
b]thiazole derivative 85, requiring mild conditions and readi-
ly available reactants. They devised a series of copper cata-
lysed C-N coupling reactions and subsequent cyclisation of
2-iodophenyl isothiocyanates with propargylamine deriva-
tives. Several reaction conditions were investigated, and the
highest yield, 78%, was obtained when DMSO was used as a
solvent, phenanthroline as a ligand, and Cul as a catalyst at
room temperature (Scheme 52) [77].

Shahin et al.

OH N
|
Fe304@V1tammBl ST S X

80 °c H,0

R So
80
HO
o N
#\)j\ LS, P,05/DMSO J »\\//0
R 4AMS s S
o HMPA /140 °C / N,
R= CH3, OCH; 84

Scheme 51. Synthesis of thiazole derivatives 84.

1 Cul /L /K;PO,

@[ + HZN\ DMSO /R.T.
NCS

L= ¢ \

<,NQN_>

Scheme 52. Synthesis of thiazole derivatives 85.

In another study, thiazole-2-thione derivatives were syn-
thesised via a three-component reaction involving easily
accessible reactants, elemental sulphur, chalcones, and
isothiocyanates. After numerous trials, the optimum reaction
conditions constituted a mixture of chalcone derivative with
phenyl isothiocyanate and N-methyl piperidine as a sulphur
activator in DMSO to afford 86 (Scheme 53) [78].

Ncs  N-methyl Nf
‘ F ‘ Sg ©/ plperldme )/ /\§
DMSO /80 °C

s
Scheme 53. Synthesis of thiazole derivatives 86.

Novel 2-aminothiazole derivatives were prepared from
sulphoxonium ylides in the presence of the catalyst rhodium
(IT) acetate, which acts as a carbenoid precursor to couple
with thioureas to produce the thiazole derivative 87 in di-

chloroethane (Scheme 54) [79].
S
: ﬂ />\NH2
N

o o S
Rh,(OAc),
87

DCE /80 °C

I
S
&\ o,

Scheme 54. Synthesis of thiazole derivatives 87.

Tokarova et al. investigated the Ketcham reaction essen-
tial to furnish thiazolo[5,4-d]thiazoles (TzTz); they are scaf-
folds active in photovoltaic and optoelectronic cells. In this
study, dithioxamide is reacted with aldehyde derivatives uti-
lizing two different solvents, N, N-dimethylformamide
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DMF or Nitrobenzene

NH,
H,N

S

Rﬂ\(o
o
H

S N o)
R ) Lo F
150 °C (0} N S

R= H, 3-CH3, C¢H, (benzo[b]-), 88

Scheme 55. Synthesis of thiazole derivatives 88.

(DMF) and nitrobenzene, to afford the anticipated TzTz de-
rivatives 88 (Scheme 55) [80].

Compound 89 can be synthesized via the three compo-
nent [2 + 2 + 1] cycloaddition reaction of isoquinoline with
ethyl propionate and elemental sulfur in the absence of any
metal catalyst and additives (Scheme 56) [81].

\
S,
=N / Toluene, 80°C, N

36h
s/

Scheme 56. Synthesis of thiazole derivatives 89.

Three-component annulation of benzimidazole, /-
nitrostyrene, and elemental sulfur has been developed to give
thiazole derivative 90. This technique represents an ad-
vanced method in modern synthesis that provides an efficient
platform for rapid preparation of complex molecules from
simple raw materials (Scheme 57) [82].

Ph
>ﬁ
S N
N\ + Ph/\/N()2 8 S
> Acetic acid Vi
N N
H

90

Scheme 57. Synthesis of thiazole derivatives 90.

Recently in 2021, a microwave-assisted reaction of ben-
zimidazole thiourea and bromoacetophenone furnished ben-
zimidazole-amino thiazole derivatives 91 and 92 without the
use of catalysts or additives. This is a novel method of C-N
bond cleavage designed for heterocyclic compounds with
bifunctional hydrogen bonding through varying the concen-
tration of acetic acid to afford different substrates (Scheme
58) [83].

Scheme 58. Synthesis of thiazole derivatives 91 and 92.

Thiazole-2-thione derivatives 93 were synthesized from
enaminone scaffolds and elemental sulphur in the presence
of tert-Butyl peroxybenzoate (TBPB) to accelerate oxidative
cyclisation and tandem formation of C-S and C=S bonds

(Scheme 59) [84].
(0]
R! S __ TBPB
lj\ _ + 1,3 dioxolane / 130 °C >:S
‘R* N
|
93

Scheme 59. Synthesis of thiazole derivatives 93.

Recent methods to functionalize sulfur-containing het-
eroarenes were reported. Thiophene containing compounds
were synthesized via C-H difluoroalkylation or through C-H
arylation of aliphatic and aromatic ketones [85-87]. Thiazole
derivative 94 was obtained by sustalnable Cross-
dehydrogenatlve coupling of strong C(sp’)-H with N-
heteroarenes using an efficient organic photocatalyst such as
2,4,5,6-Tetra(9H-carbazol-9-yl)isophthalonitrile  (4-CzIPN)
under an argon atmosphere (Scheme 60). This method is
characterized by atomic and steps economy and acid-free
conditions [88].

5 0 s OO
S (NHy),S,03 S
DMSO,Ar,34W LED,
rt, 15h 94

Scheme 60. Synthesis of thiazole derivatives 94.

CONCLUSION

Thiazole ring is a common structural motif of an exten-
sive range of biologically active compounds, including anti-
convulsants, anticancer, antiviral, antibacterial agents, anti-
fungal, anti-inflammatory, analgesic, and antidiabetic agents.
Thiazole scaffold has become an interesting structural ele-
ment in the development of pharmaceutical compounds. In
this mini review, we have summarized the advances of thia-

H
N
—— 4
N
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zole synthesis, including ecofriendly, one-pot, multicompo-
nent reactions in the time frame from 2002 to 2021. This
could guide medicinal chemists for precise and efficient syn-
thesis of thiazole ring.
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