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Aqueous phase synthesis of thiazoles and aminothiazoles in
the presence of p-cyclodextrin ™
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Abstract—A simple and practical procedure for the aqueous phase preparation of thiazoles and aminothiazoles has been developed
from phenacyl bromides and thioamide/thiourea in the presence of B-cyclodextrin.
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The thiazole ring system is a useful structural motif
found in numerous biologically active molecules.! This
structure has found applications in drug development
for the treatment of allergies,” hypertension,® schizo-
phrenia,* inflammation,’ bacterial® and HIV” infections.
Aminothiazoles are known to be ligands of estrogen
receptors® as well as a novel class of adenosine receptor
antagonists’ whereas other analogues are used as fungi-
cides, inhibiting in vivo growth of Xanthomonas and as
an ingredient of herbicides or as schistosomicidal and
anthelmintic drugs.'® Heterocycle-bearing substrates
are particularly desirable structures for screening and
are prevalent in drugs that have reached the market
place.!' Recently, organic reactions in aqueous media
have acquired interest in organic synthesis as it over-
comes the harmful effects of organic solvents and is also
environmentally benign. These aqueous reactions are
more sophisticated if they can be performed under
supramolecular catalysis.

Amongst various methodologies reported for the syn-
thesis of thiazoles, solid supported synthesis has been
widely used to generate small organic molecule
libraries'? and solution phase preparation of 2-amino-
thiazole combinatorial libraries have been reported in
DMF!3 as well as in 1,4-dioxane.'! These methods re-
quire high temperatures, long reaction times and haz-
ardous solvents with low yields and the requirement
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for cleavage of the solid support using acids. In our ef-
forts to develop biomimetic approaches through supra-
molecular catalysis'* and also to overcome some of the
drawbacks in the existing methodologies, we report for
the first time, the aqueous phase synthesis of thiazoles
and aminothiazoles from phenacyl bromides and thio-
amide/thiourea in the presence of B-cyclodextrin
(Scheme 1).

Cyclodextrins, which are cyclic oligosaccharides, have
generated interest as enzyme models due to their ability
to bind substrates selectively and catalyze chemical reac-
tions by supramolecular catalysis, involving the revers-
ible formation of host-guest complexes with the
substrates by non-covalent bonding, as seen in enzyme
complexation processes.'> Complexation depends on
the size, shape and hydrophobicity of the guest mole-
cule. Cyclodextrins have been utilized for biomimetic
modelling of the synthesis of thiazoles in water.

Reactions were carried out by the in situ formation of
the B-cyclodextrin complex of a phenacyl bromide in
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Table 1. Thiazole ring formation in the presence of f-cyclodextrin in water from phenacyl bromide and thiourea or thioamide

Entry Substrate Product® Time (h) Yield® (%)
1 0 R R = NH, 1.0 88
2 Br N:( R = CH; 1.5 86
3 ©)\VS R =Ph 1.3 90
o)
N—
4 Br S R = NH, 1.3 85
5 R = CH; 2.0 82
6 R =Ph 1.5 80
0
Br N:(
7 N R = NH, 1.5 92
8 R = CH; 2.3 84
9 Cl cl R =Ph 2.5 84
0
. N—(
10 X R = NH, 1.5 87
11 R = CH; 2.0 84
12 Br Br R =Ph 2.0 82

# All the products were identified by IR, NMR and mass spectroscopy.
®Yields of products isolated after column chromatography.

water followed by the addition of thioamide or thiourea
to give the corresponding thiazole or aminothiazole
respectively, in impressive yields (Table 1).'® The reac-
tion proceeds smoothly without the formation of any
by-products or rearranged products. All the products
were characterized by '"H NMR, IR, mass spectroscopy
and elemental analysis.

Here, the role of cyclodextrin appears to be to activate
the phenacyl bromide, and solubilize and promote the
reaction to completion in decreased reaction times. In
the absence of B-cyclodextrin the reaction does take
place but the yields were poor (20%) after long reaction
times (12 h).

In conclusion, we have demonstrated for the first time
that thiazole formation can be promoted by B-cyclodex-
trin in water. This methodology also overcomes the for-
mation of unwanted by-products, low yields, slow
reaction times, high temperatures and hazardous sol-
vents, thus making it a more user-friendly procedure.
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. General procedure: B-Cyclodextrin (1.0 mmol) was dis-

solved in water (15 mL) at 60 °C. The phenacyl bromide
(1.0 mmol) dissolved in acetone (1.0 mL) was added
slowly, with stirring and the mixture cooled to 50 °C. To

this solution, thioamide/thiourea (1.2 mmol) was added
and stirring was continued at 50 °C. After completion of
the reaction the organic material was extracted with ethyl
acetate, the organic phase was separated and washed with
brine, dried over Na,SOy, filtered and the solvent was
removed under vacuum. The crude product was purified
by silica gel column chromatography using ethyl acetate—
hexane (1:9 for aminothiazoles and 0.2:9.8 for thiazoles) as
eluent.
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