Synlett K. Hajibabaei, H. Zali-Boeini

108

One-Pot Multicomponent Domino Synthesis of 4-Aminothiazole-

2(3H)-thiones

Khadijeh Hajibabaei
Hassan Zali-Boeini*

Department of Chemistry, University of Isfahan, 81746-73441,
Isfahan, Iran
h.zali@chem.ui.ac.ir

Received: 07.09.2014

Accepted after revision: 12.10.2014

Published online: 06.11.2014

DOI: 10.1055/s-0034-1378922; Art ID: st-2014-d0741-|

Abstract A new multicomponent domino reaction has been devel-
oped for the synthesis of 4-aminothiazole-2(3H)-thiones. Carbon disul-
fide was successfully used in the preparation of 4-aminothiazole-2(3H)-
thione derivatives through reaction with primary amines and 2-bromo-
2-arylacetonitriles in the presence of sodium carbonate and a catalytic
amount of sodium iodide.
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Multicomponent reactions and domino reactions are
among the most effective and straightforward methods for
the diversity-oriented synthesis of heterocycles.!-8 The use
of multicomponent domino reactions is effective in reduc-
ing amounts of chemical waste produced, with shorter re-
action times, higher overall yields, and clean syntheses
compared with multistep syntheses.

Thiazole-2(3H)-thione and its derivatives are important
building blocks in various pharmaceutical and biologically
active compounds.® Several synthetic methodologies are
available for the synthesis of the thiazole-2(3H)-thione
skeleton.’® One general method for preparing thiazole-
2(3H)-thiones involves the reaction of chloroacetalde-
hyde,!' chloroacetone,'? or phenacyl bromide!? with am-
monium dithiocarbamate. The reaction of cis- or trans-2,3-
dialkylaziridines with carbon disulfide has also been suc-
cessfully used to synthesize thiazole-2(3H)-thiones.'* Thi-
azole-2(3H)-thiones have also been prepared by the
reaction triethylammonium salts of dithiocarbamates with
2-(4-nitrophenyl)oxirane followed by dehydrogenation of
the thiazolidine ring.'* However, all these methods suffer
from drawbacks such as extended reaction times, low
yields, the use of toxic solvents or reagents, requirements
for excess reagents or catalysts, difficult workup proce-
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dures, or harsh reaction conditions. We therefore wished to
develop a convenient, one-pot, practical method for the
preparation of fully substituted 4-aminothiazole-2(3H)-thi-
ones.

As part of our ongoing studies on the construction of
sulfur-containing heterocycles,'>-'7 we report a novel one-
pot, three-component, domino synthesis of 4-aminothi-
azole-2(3H)-thiones by the reaction of carbon disulfide
with a primary aliphatic amine and an aryl(bromo)aceto-
nitrile in the presence of sodium carbonate and a catalytic
amount of sodium iodide in ethanol (Scheme 1).
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At the outset of our studies, we chose benzylamine (1a)
as a substrate, and we treated it with bromo(phenyl)aceto-
nitrile (2a) and carbon disulfide in the presence of sodium
carbonate and a catalytic amount of sodium iodide in etha-
nol. As shown in Table 1, sodium iodide has a vital role in
the reaction, and only a very small yield of product 3a (10%)
was obtained in its absence (Table 1, entry 1). The yield in-
creased dramatically when a catalytic amount of sodium io-
dide was added to the mixture (entries 2 and 3). However,
the yield fell on increasing the temperature to 50 or 70 °C
(entries 6 and 7, Table 1), possibly due to unwanted side re-
actions. Finally, we optimized various reaction parameters
such as the amount of catalyst, the type of solvent, and the
temperature, and we found that 0.5 equivalents of sodium
iodide at 25 °C in ethanol gave the desired product 3a in ex-
cellent yield (94%; entry 3).
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Scheme 1
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Table 1 Screening of Reaction Conditions in the Synthesis of 4-Amino-
3-benzyl-5-phenyl-1,3-thiazole-2(3H)-thione (3a)?

Br
NH, s NaxCOs, Nal (cat.) H,N
* A CS,, EtOH i N
o, Et
1a 2a S)ES

3a

Entry Nal (equiv) Solvent Temp (°C) Yield® (%)
1 - EtOH r.t. 10
2 0.25 EtOH r.t. 85
3 0.5 EtOH r.t. 94
4 1.0 EtOH r.t. 93
5 0.5 MeCN r.t. 47
6 1.0 EtOH 50 75
7 1.0 EtOH 70 62

3 Reaction conditions: 1a (1.0 mmol), 2a (1 mmol), CS, (1.2 mmol), Na,-
CO5 (1.2 mmol), Nal, solvent (5 mL).
b Isolated yield.

Next, we examine the scope of our method for a range
of primary amines and bromo(phenyl)acetonitriles, and the
results are summarized in Table 2.

Table 2 Synthesis of Various 4-Aminothiazole-2(3H)-thiones?

R1

Br HoN y
1_ 2)\ Na,COs, Nal (cat.), EtOH IN
ANRe + R \\N CS,, r.t, 10 min R2 S%S
2a,b 3a-n
Entry R’ R? Product  Yield® (%)

1 Bn Ph 3a 94
2 CH,-4-MeCgH, Ph 3b 90
3 CH,-3,4-(Me0),CeH; Ph 3c 84
4 Bn 4-CICH,  3d 79
5 CH,-4-MeCgH, 4-CICH,  3e 85
6 CH,-3,4-(Me0),CeH; 4-CICH,  3f 81
7 CH,-2-CICeH, Ph 3g 78
8 CH,-2-CICGH, 4-CICH,  3h 88
9 CH,-2,4-Cl,CeHs Ph 3i 87
10 CH,-2,4-Cl,CeHs 4-CICH,  3j 76
11 CH,-4-FCgH, Ph 3k 72
12 CH,-4-FCH, 4-ClcH, 3l 70
13 t-Bu Ph 3m 69
14 t-Bu 4-CICH,  3n 73

2 Reaction conditions: R?CH(Br)CN (1 mmol), R'NH, (1 mmol), CS, (1.2
mmol), Na,CO; (1.2 mmol), Nal (0.5 mmol), EtOH, r.t.
b Isolated yield.
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A plausible mechanism for the reaction is shown in
Scheme 2. Dithiocarbamate 5 formed by the initial reaction
of amine 1a with carbon disulfide, activated by sodium car-
bonate, undergoes nucleophilic attack on iodo(phenyl)ace-
tonitrile (4), formed by displacement of bromine from
nitrile 2a by iodine. Subsequent cyclization of intermediate

6 and tautomerism affords product 3a.
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Scheme 2

In summary, we have developed a novel and efficient
three-component protocol for the synthesis of 4-aminothi-
azole-2(3H)-thiones. Significant advantages of this method
include the use of simple and readily available precursors,
easy workup, and very short reaction times.

Acknowledgment

The authors are grateful to the University of Isfahan Research Council
for financial support of this work.

References

(1) Ganem, B. Acc. Chem. Res. 2009, 42, 463.
(2) Padwa, A. Chem. Soc. Rev. 2009, 38, 3072.

© Georg Thieme Verlag Stuttgart - New York — Synlett 2015, 26, 108-110

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Synlett K. Hajibabaei, H. Zali-Boeini

(3) Domling, A. Chem. Rev. 2006, 106, 17.

(4) D’Souza, D. M.; Miiller, T. J. ]. Chem. Soc. Rev. 2007, 36, 1095.

(5) Tietze, L. F.; Haunert, F. In Stimulating Concepts in Chemistry;
Vogtle, F.; Stoddart, J. F.; Shibasaki, M., Eds.; Wiley-VCH: Wein-
heim, 2000, 39.

(6) Tejedor, D.; Garcia-Tellado, F. Chem. Soc. Rev. 2007, 36, 484.

(7) Polshettiwar, V.; Varma, R. S. Chem. Soc. Rev. 2008, 37, 1546.

(8) (a)Li, C.-J.; Chen, L. Chem. Soc. Rev. 2006, 35, 68. (b)Li, C.-].
Chem. Rev. 2005, 105, 3095. (c) Shore, G. W. Yoo W.-].; Li, C.-];
Organ, M. G. Chem. Eur. J. 2010, 16, 126.

(9) (a) Nagao, Y.; Miyasaka, T.; Seno, K.; Fujita, E.; Shibata, D.; Doi, E.
J. Chem. Soc., Perkin Trans. 1 1984, 2439. (b) Singh, R.; Dikshit, S.
K. Polyhedron 1995, 14, 1799. (c) Garraway, ]. L. J. Chem. Soc. B.
1966, 92. (d) Chanon, F.; Rajzmann, M.; Chanon, M.; Metzger, |.;
Pouzard, G.; Drakenberg, T. Can. J. Chem. 1980, 58, 604. (e) Roux,
M. V.; Temprado, M.; Jiménez, P.; Foces-Foces, C.; Notario, R.;
Parameswar, A. R. A. Demchenko V.; Chickos, ]. S.; Deakyne, C.
A.; Ludden, A. K; Liebman, J. F. J. Phys. Chem. A. 2009, 113,
10772.

(10) (a) Lamon, R. W.; Humphlett, W. ].; Blum, W. P. J. Heterocycl.
Chem. 1967, 4, 349. (b) Ege, G.; Arnold, P.; Noronha, R. Liebigs
Ann. Chem. 1979, 656. (c) D’Amico, J. ].; Bollinger, F. G.; Freeman,
].J.; Dahl, W. E. J. Heterocycl. Chem. 1986, 23, 105.

110

(11) Mathes, R. A.; Beber, A. . J. Am. Chem. Soc. 1948, 70, 1451.

(12) (a) Levi, T. G. Gazz. Chim. Ital. 1931, 61, 719. (b) Humphlett, W.
J.; Lamon, R. W. J. Org. Chem. 1964, 29, 2146. (c) Gan, S.-F.; Wan,
J.-P.; Pan, Y.-].; Sun, C.-R. Synlett 2010, 973.

(13) Sudo, A.; Morioka, Y.; Koizumi, E.; Sanda, F.; Endo, T. Tetra-
hedron Lett. 2003, 44, 7889.

(14) Kulakov, 1. V.; Gazaliev, A. M.; Nurkenov, O. A.; Turdybekov, D.
M. Chem. Heterocycl. Compd. (Engl. Transl.) 2010, 46, 490.

(15) Matloubi Moghadam, F.; Zali-Boeini, H. Synlett 2005, 1612.

(16) Zali-Boeini, H. Synth. Commun. 2011, 41, 2932.

(17) Zali-Boeini, H.; Hajibabaei Najafabadi, K. Eur. J. Org. Chem. 2009,
29, 4926.

(18) 4-Aminothiazole-2(3H)-thiones 3a-n; General Procedure
Na,CO; (1.2 mmol, 128 mg) and Nal (0.5 mmol, 75 mg) were
added to a mixture of the appropriate aryl(bromo)acetonitrile
(1 mmol), primary amine (1mmol), and CS, (1.2 mmol, 73 pL) in
EtOH (5 mL), and the mixture was stirred at r.t. for 10 min while
the progress of the reaction was monitored by TLC (hexane-
EtOAc, 5:1). When the reaction was complete, the mixture was
filtered and concentrated in vacuo to give a crude product that
was purified by recrystallization from a suitable solvent to
afford the pure product as a yellow solid.

© Georg Thieme Verlag Stuttgart - New York — Synlett 2015, 26, 108-110

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



	One-Pot Multicomponent Domino Synthesis of 4-Aminothiazole- 2(3H)-thiones
	Received: 07.09.2014
	Accepted after revision: 12.10.2014
	Published online: 06.11.2014 DOI: 10.1055/s-0034-1378922; Art ID: st-2014-d0741-l
	Abstract
	Key words

	Table 1 Screening of Reaction Conditions in the Synthesis of 4-Amino- 3-benzyl-5-phenyl-1,3-thiazole-2(3H)-thione (3a)a
	Table 2 Synthesis of Various 4-Aminothiazole-2(3H)-thionesa
	Acknowledgment
	References

