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The first ever tandem one-pot synthetic protocol for the synthesis of thiazoles/selenazoles from alkynes
via the formation of 2,2-dibromo-1-phenylethanone is reported. The reaction is catalyzed by B-cyclodex-
trin in aqueous medium and resulted in good yields.
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Thiazoles, selenazoles are the principal core structures present
in a variety of natural products and have acquired significance
due to a wide variety of medicinal and biological properties
associated with them (Fig. 1).! Selenazoles have been extensively
described as synthetic tools,? as well as for their biological signifi-
cance.? 1,3-Selenazoles act as antibiotic and cancerostatic? (Fig. 1).
2-Amino-1,3-selenazoles are known for their superoxide anion-
scavenging activity.’

Thiazole skeleton has been associated with numerous biologi-
cally active molecules,® and its derivatives are useful in the treat-
ment of hypertension,” schizophrenia,® inflammation,® allergies,!°
bacterial,!! and HIV'? infections. In particular, aminothiazoles act
as ligands of estrogen receptors'® as well as a novel class of aden-
osine receptor antagonists!* whereas other analogs are used as
fungicides, inhibiting in vivo growth of Xanthomonas and as an
ingredient of herbicides and anthelmintic drugs.!®

A few reports have appeared on the synthesis of selenazoles and
thiazoles, which include both solid phase synthesis'® and solution
phase'” synthesis. Narender et al., reported the synthesis of
selenazoles/thiazoles by the condensation of phenacylbromides/
tosylates with selenourea/thiourea/thiobenzamide by employing
B-cyclodextrin as catalyst.'® Recently Varma and co-workers
synthesized diaryl thiazoles from various o-tosyloxy ketones in
water.!® Several protocols are also described using promoters or
catalysts in different organic solvents for the synthesis of thiazoles
and selenazoles. However, development of novel environmentally
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benign approaches for the synthesis of selenazoles/thiazoles, is
highly desirable.

In continuation of our efforts toward the development of novel
ecofriendly methodologies?® which include the synthesis of het-
erocyclic compounds, we report herein, a mild and efficient one-
pot protocol for the synthesis of substituted thiazole/selenazole
derivatives, for the first time by a three-component reaction,
involving phenyl acetylene, N-bromo succinimide and thiourea/
selenourea in aqueous medium (Schemes 1 and 2). To the best of
our knowledge there are no reports on the synthesis of thiazoles/
selenazoles from phenylacetylenes. Developing new synthetic ap-
proaches in aqueous phase has gained prominence in organic syn-
thesis, as it overcomes the harmful effects of organic solvents and
reduces the environmental pollution. Water is also economically
viable, nontoxic, and the most readily available reaction medium,
making it an environmentally acceptable solvent for the design
and development of green chemistry protocols.

Initialy, phenyl acetylene (1.0 mmol) was reacted with N-bromo
succinimide (1.0 mmol) and thiourea (1.0 mmol) in the presence of
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Figure 1. Biologically active thiazoles/selenazoles.
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Scheme 1. Synthesis of selenazoles catalyzed by B-CD in aqueous medium.
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Scheme 2. Synthesis of thiazoles catalyzed by B-CD in aqueous medium.

Table 1
Optimization of NBS equiv in the reaction®
Entry NBS Time (h) T (°C) Yield® (%)
1 0 12 90 —
2 1 12 90 35
3 1.5 10 90 45
4 2 4 70 72

¢ Reaction conditions: phenyl acetylene (1.0 mmol), NBS, thiourea (1.0 mmol),
water (10 mL).
b Isolated yield.
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B-CD, resulting in lower yields of the desired product. It was ob-
served that the reaction proceeded efficiently when (2.0 equiv) of
N-bromo succinimide was used. In the absence of N-bromo succin-
imide, it was observed that the reaction did not proceed and start-
ing materials were recovered (Table 1).

In the absence of B-CD, the product was obtained in 45% yield.
While evaluating the efficiency of the catalytic system, 10 mol %
of the catalyst loading was observed to be optimal for the reaction
to proceed. Furthermore when the same reaction was carried out
in the presence of NIS the corresponding product was produced
in lower yields.

It was observed that the reaction proceeded through the in situ
formation of 2,2-dibromo-1-phenylethanone, from N-bromo suc-
cinimide (2.0 equiv) and phenylacetylene (1.0 equiv) (Scheme 3),
which further reacted with thiourea/selenourea to afford the de-
sired product (Scheme 4).2?

The scope of the reaction was expanded by reacting various
substituted selenourea/thiourea derivatives with phenylacetylene
substrates. In these reactions, substituents on the selenourea/thio-
urea did not have significant effect on the product yields. Similar
trends were also observed in the case of phenylacetylenes. Several
examples illustrating this simple and practical methodology are
summarized in Table 2. All the products were characterized by
H, 3C NMR and mass spectra® as well as by comparison with
the known compounds.?!
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Scheme 3. Domino synthesis of thiazole via the in situ formation of 2,2-dibromo-1-phenylethanone.
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Scheme 4. Possible reaction pathway for the synthesis of thiazole compounds.

Table 2
B-CD mediated synthesis of thiazoles®
Entry Phenylacetylene Thiourea Product Yield® (%)
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Table 2 (continued)
Entry Phenylacetylene Thiourea Product Yield® (%)
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¢ Reaction conditions: phenylacetylene (1.0 mmol), NBS (2.0 mmol), thiourea (1.0 mmol) and catalyst (10 mol %) at 70 °C.
b Isolated yields.

Table 3

B-CD mediated synthesis of Selenazoles®

Entry

Phenylacetylene

Selenourea

Yield® (%)

Se
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Table 4

Recyclability of B-CD catalyst

Cycles Yield (%) Catalyst recovered (%)
Native 72 90
1 69 86
2 66 84
3 64 82
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2 Reaction conditions: phenylacetylene (1.0 mmol), NBS (2.0 mmol), selenourea
(1.0 mmol) and B-CD (10 mol %) at 70 °C.
b Isolated yields.

In general, a model reaction was performed by the in situ for-
mation of 1:1 B-CD complex with phenylacetylene (1) in water fol-
lowed by the addition of NBS and thiourea (2) and stirred for 4 h at
70 °C to give the corresponding product (3) (Scheme 1). The sub-

The recyclability of the B-CD catalyst was examined by using phenylacetylene
(1.0 mmol), NBS (2.0 mmol) and thiourea (1.0 mmol) in H,O (10 mL), as a model
reaction.

stantial role of B-CD is illustrated by performing the reaction in
water without using B-CD at 70 °C, where low yields were ob-
served. NMR spectroscopy is one of the most important techniques
used for characterization of inclusion complexes. The formation of
inclusion complex results in the shift changes in the resonances of
the host cyclodextrin as well as the guest protons. These changes
were observed in the '"H NMR spectra (D,0) of B-CD, 8-CD/phenyl-
acetylene complex and freeze dried reaction mixture of B-CD/
phenylacetylene complex with the thiourea at 1 h. Inclusion of
the phenyl acetylene into B-CD from the secondary side of cyclo-
dextrin was confirmed by an upfield shift of Hz (0.03 ppm) and
Hs (0.05 ppm) protons of cyclodextrin in the B-CD/phenyl acety-
lene complex as compared to B-CD. This clearly demonstrates that
the phenylacetylene is elegantly set for the addition reaction, in
the hydrophobic microenvironment of B-cyclodextrin cavity. The
catalyst B-CD can be easily recovered and reused.

In conclusion, we have developed a convenient one-pot aque-
ous phase synthesis of substituted thiazoles/selenazoles under
mild conditions in encouraging yields. This method has several
advantages over the existing methods such as in situ formation



3838

of 2,2-dibromo-1-phenylethanone, ability to proceed without
acids/bases or additives, under milder environmental friendly con-
ditions. This protocol will be an interesting addition to the green
chemistry (see Table 4).
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General procedure: B-Cyclodextrin (10 mol %) was dissolved in water (15 ml) at
70°C and phenylacetylene (1.0 mmol) was added followed by NBS. After
10 min, thiourea (1.0 mmol) was added to this reaction mixture and stirred at
70 °C until the reaction was complete (Table 1). The mixture was extracted
with ethyl acetate, and the extract was filtered. The organic layer was washed
with water and dried over anhydrous Na,SOy4, the solvent was removed under
reduced pressure, and the resulting crude product was further purified by
column chromatography using hexane and EtOAc as eluent to give the title
compound. The aqueous layer was cooled to 5 °C to recover B-CD by filtration.
This B-CD was recycled without any loss of activity.

Data for representative examples: 4-(p-Tolyl)thiazol-2-amine (Table 2, entry 2):
Solid, mp 135-137 °C 'H NMR (CDCl5/DMSO-ds, 300 MHz): 6 7.60-7.58 (m,
2H), 7.14-7.11 (m, 2H), 6.57 (s, 1H), 5.28 (br s, 2H), 2.35 (s, 3H); (CDCl3/DMSO-
ds, 200 MHz): 6 131.2,128.3, 126.6, 126.4, 126.0, 125.2, 123.6, 27.3; ESI-MS (m/
z): 191(M+H)". Anal. Calcd for (C;oH;0N,S): C, 63.13; H, 5.30; N, 14.72; S, 16.85.
Found C, 63.01; H, 5.25; N, 14.65; S, 16.78.
N-(3,4-Difluorophenyl)-4-phenylthiazol-2-amine (Table 2, entry 6): Solid, mp
103-105 °C. 'H NMR (DMSO-dg, 300 MHz): § 9.6 (s, 1H), 8.6 (m, 1H), 7.83 (m,
2H), 7.37 (m, 2H), 6.95-6.89 (m, 3H), 2.56 (s, 1H); '>*C NMR (DMSO-de,
75 MHz): 5 162.0, 161.6, 158.8, 146.5, 134.8, 128.6, 123.8, 119.7, 118.9, 112.3,
112.0, 110.3,100.3; ESI-MS (m/z): 289 (M+H)". Anal. Calcd for (C;5H0F2N>S): C,
62.49; H, 3.50; N, 9.72; S, 11.12. Found 62.35; H, 3.43; N, 9.66; S, 11.06.
N-(2-Chloro-6-methoxyphenyl)-4-phenylthiazol-2-amine (Table 2, entry 8): Solid,
mp 130-132 °C. 'H NMR (CDCls, 300 MHz): 6 7.62-7.60 (m, 4H), 7.41-7.32 (m,
6H), 3.66 (s, 3H); '*C NMR (CDCls, 75 MHz): 6: 162.3, 145.3,133.8, 128.7, 128.2,
127.8, 127.5, 125.6, 120.6, 116.0, 110.2, 101.8, 55.5; ESI-MS (m/z): 312(M+H)".
Anal. Calcd for (C;6H;3CIN,0S): C, 60.66; H, 4.14; N, 8.84; S, 10.12. Found C,
60.52; H, 4.09; N, 8.78; S, 10.09.
N-(4-Fluorophenyl)-4-(m-tolyl)thiazol-2-amine (Table 2, entry 10): Solid, mp
105-107 °C. 'H NMR (DMSO-ds, 300 MHz): 6 7.59-7.56 (m, 3H), 7.31-7.21 (m,
2H), 7.08-7.07 (m, 1H), 7.01-6.98 (m, 2H), 6.72 (s, 1H), 2.36 (s, 3H), 1.53 (br's,
1H); '3C NMR (DMSO-dg, 75 MHz): 6: 160.6, 150.8, 137.9, 136.2, 134.1, 128.5,
126.9, 123.3, 121.0, 116.2, 115.9, 101.0, 21.5; ESI-MS (m/z): 285(M+H)". Anal.
Calcd for (C16H13FN,S): C, 67.58; H, 4.61; N, 9.85; S, 11.28. Found C, 67.42; H,
4.49; N, 9.74; S, 11.19.
N-(3,4-Difluorophenyl)-4-(4-fluorophenyl)thiazol-2-amine (Table 2, entry 12):
Solid, mp 98-101 °C. 'H NMR (DMSO-ds, 300 MHz): § 9.57 (s, 1H), 8.57-8.51
(m, 1H), 7.68 (s, 1H), 7.60 (m, 1H), 7.52 (m, 1H), 7.36-7.31 (m, 1H), 6.96-6.86
(m, 3H); ESI-MS (m/z): 307(M+H)". Anal. Calcd for (C;5sHoFsN,S): C, 58.82; H,
2.96; F, 18.61; N, 9.15; S, 10.47. Found C, 58.71; H, 2.88; N, 9.07; S, 10.38.
N,N-Dimethyl-4-phenyl-1,3-selenazol-2-amine(Table 3, entry 3): Solid, mp
112 °C 'H NMR (CDCl5/DMSO-dg, 300 MHz): 5 7.83-7.80 (m, 2H), 7.34-7.19
(m, 4H), 3.16 (s, 6H). '3C NMR (CDCl3/DMSO-dg, 200 MHz): 6 128.9, 128.7,
127.3, 127.1, 126.9, 126.8, 105.2, 41.1; ESI-MS (m/z): 253(M+H)". Anal. Calcd
for (C;1H12N2Se): C, 52.60; H, 4.82; N, 11.15. Found C, 52.50; H, 4.77; N, 11.12.
N,N-Dimethyl-4-(naphthalen-2-yl)-1,3-selenazol-2-amine (Table 3, entry 4):
Solid, mp 118-120°C. '"H NMR (CDCl5/DMSO-ds, 300 MHz): 6 7.03-7.00 (m,
2H), 6.72-6.67 (m, 4H), 6.55-6.38 (m, 2H), 2.32 (s, 6H). '*C NMR (CDCl3/DMSO-
dg, 200 MHz): §: 128.4,127.9,127.8,127.3, 126.4, 105.1, 41.0; ESI-MS (m/z):30
(M+H)". Anal. Calcd for (C;5H4N,Se): C, 59.81; H, 4.68; N, 9.30. Found C, 59.70;
H, 4.59; N, 9. 23.
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