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Abstract: Herein, we present a novel one-pot aqueous reaction for
the synthesis of 2-iminothiazolines and 2-aminothiazoles using
isocyanides, amines, sulfur and 2'-bromoacetophenones. The three-
component preparation of thioureas is followed one-pot by the
cyclization leading to the heterocycle. This efficient and mild
procedure features excellent step— and atom—economy and enables
the chromatography—free preparation of diversely substituted 2-
iminothiazoline and 2-aminothiazole derivatives.

Introduction

2-Iminothiazolines are biologically active compounds represented
by selective cannabinoid receptor type 2 (CB2) agonists,-
carbonic anhydrase (CA), cyclooxygenase (COX) and
lipoxygenase (LOX) inhibitors,> anticancer 191  and
antithrombotic agents, 2 HIV1 reverse transcriptase inhibitors 2%
and fungicides (Figure 1).14 Similarly, related 2-aminothiazoles

showed anticancer,*>*8  antibacterial,*®  anticonvulsant,
antidiabetic, antihypertensive, anti-inflammatory, antiviral,
antimicrobial and neuroprotective activities.”?® They are

represented by the marketed antiviral and antiparasitic drug
Nitazoxanide, the 33 adrenergic receptor agonist Mirabegron, the
antileukemic Dasatinib and the antiulcer Famotidine (Figure 1).[24
The significance of the 2-iminothiazoline and 2-aminothiazole
structures calls for new and efficient synthetic methods, which
offer simple and convenient access towards diverse
functionalization patterns. Also, the environmental aspects of the

synthesis, e.g. the application of less toxic solvents, exclusion of
chromatographic purification and simple isolation of the desired
products should be considered.?22% Water is an ideal non-toxic,
abundant and cheap medium that offers a simple isolation
protocol of apolar products as a main advantage.?-27]
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Figure 1. Examples of biologically active 2-iminothiazolines and 2-
aminothiazoles
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Scheme 1. Previous one-pot and multicomponent approaches for the synthesis of 2-iminothiazolines, 2-aminothiazoles and this work

Chromatographic purification produces large waste of organic
solvents and dischargeable solid phase, thus, the improvement of
existing synthetic methods to avoid chromatography remains an
important issue.[2328-33

The traditional Hantzsch thiazole synthesis starts from thioureas
and o-haloketones #4351, Unsubstituted and N-monosubstituted
thioureas lead to 2-aminothiazoles while N,N’-disubstituted ones
lead to 2-iminothiazolines. The regioselectivity is driven by the pKa,
values of the NH protons, particularly the more basic nitrogen
participates in the formation of the heterocycle.l!43637 Several
variant of the original synthetic method have been developed, like
solid supported synthesis [1438 pase-catalyzed and aqueous

methods.*“Y4  Considering green chemistry principles and
synthetic efficiency, we focused on one-pot and multicomponent
approaches that have been designed by the in situ synthesis of
thioureas or a-haloketones. Raja et al., Samimi et al. and Heravi
et al. reported the preparation of 2-iminothiazolines in one-pot,
based on the in situ generation of thioureas from amines and
isothiocyanates followed by the ring annulation with 2'-
bromoacetophenones (Scheme 1, eq. 1).[4>#4 Appalanaidu et al.
applied carbon disulfide in the microwave assisted preparation of
symmetrical thioureas in the one-pot synthesis of 2-
iminothiazolines (Scheme 1, eq. 2).“%! Notably, De Andrade et al.
published a tribromoisocyanuric acid (TBCA) mediated approach
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for the in situ synthesis of 2’-bromoacetophenones which they
sequentially reacted with thioureas to obtain 2-aminothiazoles
(Scheme 1, eq. 3).8 Recently, Kumar et al. developed
multicomponent method using in situ peroxide-generated aryl
iodoalkynes for the ring annulation (Scheme 1, eq. 4).7 Finally,
Fu et al. synthesized 5-acyl-2-aminothiazoles starting from
enaminones, sulfur and cyanamide in a multicomponent reaction
(Scheme 1, eq. 5).1481 Although these approaches provided the
desired products efficiently, they have limited substrate scope.
Furthermore, they either enable the generation of only
symmetrical thioureas or require the preparation and handling of
highly toxic isothiocyanate intermediates (Scheme 1, eq. 1, 2 and
4). Other approaches offer one or two positions of variability, thus
benefit merely from a limited chemical space (Scheme 1, eq. 3
and 5). Moreover, the application of toxic and hazardous solvents
or inert conditions and long reaction times urges for the
development of an all-purpose and convenient synthetic
procedure leading to structurally diverse 2-iminothiazolines and
2-aminothiazoles.

Elemental sulfur is a bench-stable environmentally benign,
nontoxic reagent for sulfuration offering an atom-economical and
safe alternative to incorporate the sulfur atom.?#*-52 Although
plenty of sulfurating reagents are available, the application of
elemental sulfur is considered to the most atom economical
approach.®® Certain nucleophiles, such as aliphatic amines are
able to activate sulfur, generating open-chain ionic polysulfide
anions which can be used in the atom efficient sulfuration of
isocyanides leading to isothiocyanates.®*-571 Recently, we have
published the preparation of aqueous solutions of sulfur that we
applied in the chromatography—free and continuous flow
synthesis of thioureas starting from isocyanides and both aliphatic
and aromatic amines.’*% These methodologies enable the
synthesis of symmetric or asymmetric thioureas from the
isothiocyanate precursor isocyanides and the isolation of the pure
products by a simple filtration. In continuation of our interest in
multicomponent reactions!®-%% and reactions involving elemental
sulfurf®+-56.611 we have aimed to further elaborate the application of
aqueous polysulfide solutions. Herein we present the
multicomponent one-pot synthesis of diverse 2-iminothiazolines
and 2-aminothiazoles starting from isocyanides, sulfur, amines,
and 2'-bromoacetophenones (Scheme 1, eq. 6).

+ +

1a 2a
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80°C,0.5h
_ =
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Results and Discussion

Starting from 2,6-dimethylphenyl isocyanide (1a), benzylamine
(2a) and the aqueous polysulfide solution made of 1.0 M PMDTA
and 0.4 M sulfur, we synthesized the thiourea 3a at 80 °C in 0.5
hour through an isothiocyanate intermediate detected by HPLC-
MS.B4-561 Next, we did not isolate 3a, but aimed to transform it
using 2’-bromoacetophenone (4a) to the corresponding
iminothiazoline 5a. Under basic conditions, however, the ring
annulation with 4a could not reach full conversion, a mixture of
the product 5a and the intermediate 6a could be observed in
HPLC-MS. Therefore, we decided to acidify the reaction mixture
to pH < 3 with cc ag. HBr to have the same anion present as the
leaving group from 4a. Then, we added 2’-bromoacetophenone
(4a) and continued the reaction at 100 °C that temperature was
necessary for the cyclization.*%2 After 0.5 hour, we observed the
total consumption of the in situ generated thiourea by HPLC-MS.
The hydrogen bromide salt of 5a precipitated from the reaction
mixture, which we isolated by filtration and washed with 1.0 M ag.
NaOH and water providing 5a in 81% vyield (Scheme 2). Thus, to
our delight, starting from simple building blocks we have obtained
the desired 2,3,4-trisubstituted iminothiazoline 5a in a one-pot
two-step synthesis without applying chromatographic purification.
Although the ring-closure may lead to the regioisomer 5a’, we did
not observed its formation in the reaction. Presumably the
significant difference between the pK, values of benzylamine and
2,6-dimethylaniline enables the regioselective preparation of
53.[14'36’37]

The nucleophilic character of aliphatic amines such as
phenethylamine, or benzylamine %3 are able to activate sulfur that
might provide 3a and then 5a in the absence of external bases.
The reaction of 1a, 2a and the aqueous polysulfide solution made
of 1.0 M PMDTA and 0.4 M sulfur at 80 °C provide the thiourea
3a in 89% vyield in 0.5 hour in water (Table 1, entry 1, see ref. 54
and supplementary information for detailed experimental
description). Applying sulfur powder with no external base in the
reaction of 1a and 2a at 80 °C, we only observed traces of the
expected thiourea in water (Table 1, entry 2). Applying the mixture
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Scheme 2. Multicomponent one-pot synthesis of 2-iminothiazoline 5a
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Table 1. Optimization of the reaction conditions for the synthesis of thioureas

starting from aliphatic amines
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Table 2. Optimization of the reaction conditions for the synthesis of 2-

1a 22 + Temperature H\/ H Q
Co-solvent
3a
Molar
Entry TemF,z? ture Co-solvent f:(;essjfzfr Yield@b!
atoms / 2a

1 80 1/2/15 89°

2 80 1/15/11 Traces of 3a
3 80 10% MeCN 1/15/11 >99

4 80 10% THF 1/15/11 90

5 80 10% dioxane 1/15/11 98

6 80 10% MeCN 1/13/11 91

7 80 10% MeCN 1/2/11 97

8d 60 10% MeCN 1/15/11 81

[a] Reaction conditions: 2,6-dimethylphenyl isocyanide (1a, 0.5 mmol), sulfur,
benzylamine (2a), water and co-solvent mixture (2.5 mL), temperature, 0.5 hour;
[b] Isolated yields; [c] Applying aqueous polysulfide solution (1.0 M PMDTA/0.4
M S8 in water, 2.5 mL); [d] 1 hour reaction time.

of water:acetonitrile 9:1 in further experiments, the reduction of
the excess of sulfur to 1.3 equivalents led to the drop of the yield
to 91%, however, raising the excess to 2 equivalents, did not
result in better yields (Table 1, entries 6, 7). Performing the
reaction at 60 °C led to a longer reaction time providing 3a in a
significantly lower, 81% yield (Table 1, entry 8).

Next, we have performed a brief optimization for the ring
annulation leading to 2-iminothiazoline 5a in the presence of co-
solvent. Employing 10% dioxane at 100 °C led to the formation of
5a in 0.5 hour in 90% vyield (Table 2, entry 1). Increasing the
temperature to 110 °C did not result in a better yield (Table 2,
entry 2). Applying either dioxane or acetonitrile as co-solvent at
80 °C the yield slightly decreased to 87% and 82%, respectively
(Table 2, entries 3, 4). Decreasing the excess of 2'-
bromoacetophenone to 1.2 equivalent reduced the yield to 85%
(Table 2, entry 5). Eventually, we have concluded that the
formation of thiourea from benzylamine without an external base
requires 80 °C, and 10% co-solvent for the full conversion in 0.5
h. The annulation went smoothly also at 100 °C, and this step
suggested dioxane as co-solvent. Using the optimized conditions
we have performed the reaction of the isocyanide la, sulfur and
benzylamine (2a) at 80 °C in a mixture of water:dioxane 9:1 for
0.5 hour, then, sequentially added 2’-bromoacetophenone (4a)
and continued the reaction at 100 °C for 0.5 hour until the total
consumption of the in situ generated thiourea followed by HPLC-
MS. The hydrogen bromide salt of 5a precipitated from the
reaction mixture, which we isolated by filtration, then washed with
1.0 M ag. NaOH and water providing 5a in an excellent 91% yield
(Scheme 3). Since the process provided the product in higher
yield with co-solvents than that in the presence of an external
base, we have chosen the former conditions for follow-up. Next,
we have evaluated the scope of this multicomponent one-pot

Temperature
—_—
Co-solvent

iminothiazolines
O ;2
Br | =N
3a + 2
a ©)K/ N
4a \\©

5a
Entry TemF%ria g Co-solvent Yield(@®!
1 100 10% dioxane 90
2 110 10% dioxane 89
3 80 10% dioxane 87
4 80 10% MeCN 82
5¢ 100 10% dioxane 85

[a] Reaction conditions: 3a (0.5 mmol), 2’-bromoacetophenone (4a, 0.75 mmol),
water and co-solvent mixture (2.5 mL), temperature, 0.5 hour; [b] Isolated yields;
[c] 0.6 mmol of 4a was employed.

reaction using the optimized conditions. Electron rich 2'-

bromoacetophenones  provided the corresponding  2-
iminothiazolines in moderate to good yields (5b—g, 43—-85%). No
evident electronic effects influenced the reaction, 2'-

bromoacetophenones equipped with electron withdrawing groups
provided the corresponding iminothiazolines also in good yields
(5h-l, 63-77%). This reaction setup tolerated nitrile and nitro
groups and all of the halogen atoms offering functionalities for
further modifications. Next, applying the aliphatic allyl-, hexyl- and
ethanolamine, we have obtained 2-iminothiazolines 5m-o in 76%,
92% and 87% yields, respectively. 2-Aminomethylfurane and 2-
aminomethylthiophene  both gave the corresponding2-
iminothiazolines 5p and 5q in 83% vyield. 2-Phenetylamine and
tryptamine reacted smoothly and selectively leading to the
desired heterocycles 5r and 5s in excellent 82% and 93% yields,
respectively.

The weak nucleophilicity of anilines makes them unable to
efficiently cleave sulfur-sulfur covalent bonds and unlike to
benzylamine it does not activate sulfur. Therefore, in this case we
have applied the aqueous polysulfide solution made from 1.0 M
PMDTA and 0.4 M sulfur.®%! The reaction of phenethyl
isocyanide (1b), aniline (7a) and the aqueous polysulfide solution
made of PMDTA and sulfur at 80 °C was followed by HPLC-MS
and after full conversion of the isocyanide, the reaction mixture
was acidified with cc. aq. HBr. Then, we added 4a, and continued
the reaction at 100 °C for another 0.5 hour. After full consumption
of the thiourea intermediate, we filtered the reaction mixture and
washed the product with 1.0 M ag. NaOH that provided the 2-
iminothiazoline 5t in 68% vyield (Scheme 4). In contrast to the
reaction setup demonstrated in Scheme 2 and 3, here the
isocyanide provide the thiourea NH group with higher pK, value.
Eventually, this leads to the regioselective incorporation of the
isocyanide in the heterocycle, with the aniline ending up at the 2"
position. Anilines equipped with electron donating groups led to
the corresponding iminothiazolines 5u, v and x in 52%, 66% and
77% vyields respectively. As the 4-OMe derivative 5w have
remained an oil both as a salt and in neutral form, this was isolated
after flash chromatography. Applying the anilines equipped with

This article is protected by copyright. All rights reserved.
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Scheme 3. Scope of 2’-bromoacetophenones (4) and aliphatic amines (2)

halogen atoms resulted in the formation of the iminothiazolines

5y-5za in good 68-81% yields respectively.
Employing aqueous ammonia, 2,6-dimethylphenyl isocyanide
(1a) and the polysulfide solution made of PMDTA and sulfur and
at 80 °C led to the full conversion of la to the corresponding
thiourea 3 in 1 hour. Adjusting the pH of the reaction below pH 3
with cc aq. HBr followed by the addition of 2’-bromoacetophenone
(4a) resulted in the precipitation of the HBr salt of 8a after 1 hour
at room temperature. After filtration, the product was washed with
1.0 M aq. NaOH providing the 2-aminothiazole 8a in 72% yield

NG NH 1) H,0,PMDTA
©/\/ @/ 2 _8°¢c1h
+
R4

2) adjusting
pH<3

©” @
100 °C

(Scheme 5). 4-Fluorophenyl and 4-methoxyphenyl isocyanides
lead to the desired thiazoles 8b and 8c in 95% and 67% yield
respectively. Phenethyl, cyclohexyl and tert-butyl isocyanides
gave rise to the corresponding thiazoles 8e,f and the anti-
inflammatory fanetizole 8d in moderate yields.[®* Notably, the
salts of 8b, 8e and 8f were oil and therefore these products were
purified by flash chromatography. Various 2’-
bromoacetophenones underwent the reaction smoothly, providing
the thiazoles 8g—8j in moderate to excellent yields (55-93%).

58 H 68%
5u 2-Me 52%
5v  4-Me 66%
5w 4-OMe 48%
5x 4-OH 77%
5y 4-Cl 81%
5z 4-Br 78%
5za 4- 68%

0.5h

Scheme 4. Scope of anilines (7)
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N
Ry
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8g 4-Me 55% fanetizole 8f tert-butyl 43%
8h 4-OMe 93%
8i 4CN  86%
| ,)—NH 8j 4l 77%
N
R2

Scheme 5. Scope of isocyanides (1) and 2’-bromoacetophenones (4) for the synthesis of thiazoles (8a—j)

To demonstrate the robustness of the reaction we performed the
40-fold scale-up synthesis of 5p (20 mmol, Scheme 6). To our
delight, both the preparation of the thiourea and thiazolimine was
ready in 1 hour leading to the desired heterocycle. Filtration of the
crude product, treatment with 1.0 M ag. NaOH and washing with
water provided 5p in 90% yield (6.51 g).

NC
H,0O:dioxane 9:1
1a 1) (100 mL)
2629 80°C,1h [ =N
0969 2 4a,597 g N
B 100°C, 1h \\@
O  NH, o
5p
2p 651g
1.94 mL 90%
Scheme 6. Scale-up synthesis of 5p
Conclusion

In summary, we have developed an aqueous multicomponent
one-pot method for the synthesis of a large and diverse set of
2,3,4-trisubstituted 2-iminothiazolines and 2,4-disubstituted 2-
aminothiazoles, starting from isocyanides, sulfur or polysulfide
solution, aliphatic amines, anilines or ammonia and 2'-
bromoacetophenones. Depending on the nucleophilicity of the
amines, the reaction could be performed in pure water or with
10% dioxane as co-solvent. This one-pot protocol features
excellent atom economy, functional group tolerance and short
reaction times. Isolation of the pure products from the aqueous
reaction mixture by a simple filtration in most cases, if solids,
provide a convenient experimental execution. The method offers
an expedient access to library synthesis which we demonstrated

on a diversely functionalized set of 37 compounds from those 31
are first synthesized here, and also enables scale-up to multiple
grams.

Acknowledgements
Krisztina Németh and Pal Szabé for the HRMS measurements. P.
Abranyi-Balogh was supported by the Hungarian Science

Foundation OTKA (PD124598) grant.

Keywords: sulfur « multicomponent reaction ¢ 2-iminothiazoline «
2-aminothiazole « aqueous polysulfide solution

[1] S. Han, J. Thatte, D. J. Buzard, R. M. Jones, J. Med. Chem. 2013,
56, 8224-8256.
[2] A. G. Horti, Y. Gao, H. T. Ravert, P. Finley, H. Valentine, D. F.

Wong, C. J. Endres, A. V. Savonenko, R. F. Dannals, Bioorganic
Med. Chem. 2010, 18, 5202-5207.

[3] B. B. Yao, G. Hsieh, A. V Daza, Y. Fan, G. K. Grayson, T. R.
Garrison, O. El Kouhen, B. A. Hooker, M. Pai, E. J. Wensink, A. K.
Salyers, P. Chandran, C. Z. Zhu, C. Zhong, K. Ryther, M. E.
Gallagher, C.-L. Chin, A. E. Tovcimak, V. P. Hradil, G. B. Fox, M. J.
Dart, P. Honore, M. D. Meyer, O. El Kouhen, J. Pharmacol. Exp.
Ther. 2009, 328, 141-151.

[4] F. Caillé, F. Cacheux, M. A. Peyronneau, B. Jego, E. Jaumain, G.
Pottier, C. Ullmer, U. Grether, A. Winkeler, F. Dollé, A. Damont, B.
Kuhnast, Mol. Pharm. 2017, 14, 4064-4078.

[5] S. Distinto, R. Meleddu, F. Ortuso, F. Cottiglia, S. Deplano, L.
Sequeira, C. Melis, B. Fois, A. Angeli, C. Capasso, R. Angius, S.
Alcaro, C. T. Supuran, E. Maccioni, J. Enzyme Inhib. Med. Chem.
2019, 34, 1526-1533.

[6] R. Meleddu, E. Maccioni, S. Distinto, G. Bianco, C. Melis, S. Alcaro,
F. Cottiglia, M. Ceruso, C. T. Supuran, Bioorganic Med. Chem. Lett.

This article is protected by copyright. All rights reserved.



European Journal of Organic Chemistry

(7]

8l

[0

[20]

[11]

[12]

(23]

[14]

[15]

[16]

[17]

(18]

[19]

[20]
[21]

[22]
[23]

[24]
[25]
[26]
[27]

[28]
[29]

2015, 25, 3281-3284.

R. Meleddu, S. Distinto, F. Cottiglia, R. Angius, P. Caboni, A. Angeli,
C. Melis, S. Deplano, S. Alcaro, F. Ortuso, C. T. Supuran, E.
Maccioni, ACS Med. Chem. Lett. 2020, 11, 852—-856.

R. Meleddu, S. Distinto, F. Cottiglia, R. Angius, M. Gaspari, D.
Taverna, C. Melis, A. Angeli, G. Bianco, S. Deplano, B. Fois, S. Del
Prete, C. Capasso, S. Alcaro, F. Ortuso, M. Yanez, C. T. Supuran,
E. Maccioni, ACS Med. Chem. Lett. 2018, 9, 1045-1050.

M. T. E. Maghraby, O. M. F. Abou-Ghadir, S. G. Abdel-Moty, A. Y.
Ali, O. I. A. Salem, Bioorganic Med. Chem. 2020, 28, 115403.

O. S. Afifi, O. G. Shaaban, H. A. Abd El Razik, S. E. D. A. Shams
El-Dine, F. A. Ashour, A. A. EI-Tombary, M. M. Abu-Serie, Bioorg.
Chem. 2019, 87, 821-837.

G.Wang, Y. Zhao, Y. Liu, D. Sun, Y. Zhen, J. Liu, L. Fu, L. Zhang,
L. Ouyang, J. Med. Chem. 2020, 63, 3976—-3995.

A. Manaka, M. Sato, M. Aoki, M. Tanaka, T. Ikeda, Y. Toda, Y.
Yamane, S. Nakaike, Bioorganic Med. Chem. Lett. 2001, 11, 1031-
1035.

N. Masuda, O. Yamamoto, M. Fujii, T. Ohgami, J. Fujiyasu, T.
Kontani, A. Moritomo, M. Orita, H. Kurihara, H. Koga, S. Kageyama,
M. Ohta, H. Inoue, T. Hatta, M. Shintani, H. Suzuki, K. Sudo, Y.
Shimizu, E. Kodama, M. Matsuoka, M. Fujiwara, T. Yokota, S.
Shigeta, M. Baba, Bioorganic Med. Chem. 2005, 13, 949-961.

S. Bae, H. G. Hahn, K. D. Nam, H. Mah, J. Comb. Chem. 2005, 7,
7-9.

A. Sivaraman, D. G. Kim, D. Bhattarai, M. Kim, H. Y. Lee, S. Lim, J.
Kong, J. Il Goo, S. Shim, S. Lee, Y. G. Suh, Y. Choi, S. Kim, K. Lee,
J. Med. Chem. 2020, 63, 5139-5158.

Y. Liu, M. Hao, A. L. Leggett, Y. Gao, S. B. Ficarro, J. Che, Z. He,
C. M. Olson, J. A. Marto, N. P. Kwiatkowski, T. Zhang, N. S. Gray,
J. Med. Chem. 2020, 63, 6708-6726.

Z. M. Lin, Z. Y. Wang, X. W. Zhou, M. Zhang, D. F. Gao, L. Zhang,
P.Wang, Y. Chen, Y. X. Lin, B. X. Zhao, J. Y. Miao, F. Kong, Cell
Death Dis. 2020, 11, 551.

D. Mahajan, S. Sen, B. Kuila, A. Sharma, R. Arora, M. Sagar, A. R.
Mahapatra, L. B. Gawade, S. Dugar, J. Med. Chem. 2020, 63,
11121-11130.

Y. A. lvanenkov, R. S. Yamidanov, I. A. Osterman, P. V. Sergiev, V.
A. Aladinskiy, A. V. Aladinskaya, V. A. Terentiev, M. S. Veselov, A.
A. Ayginin, D. A. Skvortsov, K. S. Komarova, S. V. Sadovnikov, R.
Matniyazov, A. A. Sofronova, A. S. Malyshev, A. E. Machulkin, R. A.
Petrov, D. Lukianov, S. larovenko, D. S. Bezrukov, A. K. Baymiev,
O. A. Dontsova, J. Antibiot. (Tokyo). 2019, 72, 827-833.

D. Das, P. Sikdar, M. Bairagi, Eur. J. Med. Chem. 2016, 109, 89-98.
E. Vitaku, D. T. Smith, J. T. Njardarson, J. Med. Chem. 2014, 57,
10257-10274.

P. Anastas, N. Eghbali, Chem. Soc. Rev. 2010, 39, 301-312.

E. A. Peterson, B. Dillon, I. Raheem, P. Richardson, D. Richter, R.
Schmidt, H. F. Sneddon, Green Chem. 2014, 16, 4060—4075.

C. J. Li, L. Chen, Chem. Soc. Rev. 2006, 35, 68-82.

A. Chanda, V. V. Fokin, Chem. Rev. 2009, 109, 725-748.

R. Breslow, Acc. Chem. Res. 1991, 24, 159-164.

M. B. Gawande, V. D. B. Bonifacio, R. Luque, P. S. Branco, R. S.
Varma, Chem. Soc. Rev. 2013, 42, 5522-5551.

P.S.W. Leung, Y. Teng, P. H. Toy, Org. Lett. 2010, 12, 4996-4999.
Z. Kaleta, G. Tarkanyi, A. GOmory, F. Kalman, T. Nagy, T. Soos,
Org. Lett. 2006, 8, 1093—-1095.

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]

[48]

ol a B
N B O ©

‘gl
N

[53]
[54]

[55]

[56]

[57]

[58]

[59]

[60]

10.1002/ejoc.202100548

WILEY-VCH

P. A. Byrne, K. V. Rajendran, J. Muldoon, D. G. Gilheany, Org.
Biomol. Chem. 2012, 10, 3531-3537.

R. K. Orr, J. M. M. C. Dunn, A. Nolting, A. M. Hyde, E. R. Ashley, J.
Leone, E. Sirota, J. A. Jurica, A. Gibson, C. Wise, S. Oliver, R. T.
Ruck, Green Chem. 2018, 20, 2519-2525.

S. Tortoioli, A. Friedli, A. Prud’homme, S. Richard-Bildstein, P.
Kohler, S. Abele, G. Vilé, Green Chem. 2020, 22, 3748—-3758.

P. B. Thakur, H. M. Meshram, RSC Adv. 2014, 4, 5343-5350.

A. Hantzsch, J. H. Weber, Berichte der Dtsch. Chem. Gesellschaft
1887, 20, 3118-3132.

V. Facchinetti, M. M. Avellar, A. C. S. Nery, C. R. B. Gomes, T. R.
A. Vasconcelos, M. V. N. De Souza, Synth. 2016, 48, 437-440.

S. Murru, C. B. Singh, V. Kavala, B. K. Patel, Tetrahedron 2008, 64,
1931-1942.

C. Bodhak, A. Pramanik, J. Org. Chem. 2019, 84, 7265-7278.

C. Min-Jeong, A. Aizhan, G. Young-Dae, Tetrahedron 2020,
131702.

S. Balalaie, S. Nikoo, S. Haddadi, Synth. Commun. 2008, 3329—
3337.

T. M. Potewar, S. A. Ingale, K. V. Srinivasan, Tetrahedron 2008, 64,
5019-5022.

B. Haouas, N. Sbei, H. Ayari, M. L. Benkhoud, B. Batanero, New J.
Chem. 2018, 42, 11776-11781.

R. Raja, D. Murugan, A. Sivasubramaniyan, J. George, S. Perumal,
P. Alagusundaram, M. R. Jayakumar, M. Saminathan, Synth.
Commun. 2016, 46, 942-948.

H. A. Samimi, M. Mamaghani, K. Tabatabaeian, Heterocycles 2008,
75, 2825-2833.

M. M. Heravi, S. Moghimi, Tetrahedron Lett. 2012, 53, 392-394.

K. Appalanaidu, T. Dadmal, N. J. Babu, R. M. Kumbhare, RSC Adv.
2015, 5, 88063—-88069.

V. S. C. de Andrade, M. C. S. de Mattos, Tetrahedron Lett. 2020,
61, 152164.

G. S. Kumar, A. S. Kumar, H. M. Meshram, Synlett 2016, 27, 399—
403.

R. G. Fu, Y. Wang, F. Xia, H. L. Zhang, Y. Sun, D. W. Yang, Y. W.
Wang, P. Yin, J. Org. Chem. 2019, 84, 12237-12245.

T. B. Nguyen, Adv. Synth. Catal. 2017, 359, 1066-1130.

S. Liu, G. J. Deng, H. Huang, Synlett 2021, 32, 142-158.

T. B. Nguyen, Adv. Synth. Catal. 2020, 362, 3448-3484.

X. Ma, X. Yu, H. Huang, Y. Zhou, Q. Song, Org. Lett. 2020, 22,
5284-5288.

H. Liu, X. Jiang, Chem. - An Asian J. 2013, 8, 2546-2563.

A. G. Németh, R. Szabd, A. Domjan, G. M. Keserd, P. Abrényi—
Balogh, ChemistryOpen 2020, 10, 16-27.

A. G. Németh, G. M. Keser, P. Abrényi—Bangh, Beilstein J. Org.
Chem. 2019, 15, 1523-1533.

A. G. Németh, R. Szabég, G. Orsy, I. M. Mandity, G. M. Keser(, P.
Abranyi-Balogh, Molecules 2021, 26, 303.

R. Nickisch, P. Conen, S. M. Gabrielsen, M. A. R. Meier, RSC Adv.
2021, 11, 3134-3142.

M. Milen, P. Abrényi—Bangh, A. Dancsd, D. Frigyes, L. Pongé, G.
Keglevich, Tetrahedron Lett. 2013, 54, 5430-5433.

P. Abrényi—Bangh, A. Dancsé, D. Frigyes, B. Volk, G. Keglevich, M.
Milen, Tetrahedron 2014, 70, 5711-5719.

V. Varga, M. Milen, P. Abrényi—Bangh, Tetrahedron Lett. 2018, 59,
3683-3689.

This article is protected by copyright. All rights reserved.



European Journal of Organic Chemistry

[61]

[62]

[63]

[64]

P. Abranyi-Balogh, B. Volk, M. Milen, Tetrahedron Lett. 2018, 617—
619.

J. Banothu, M. Khanapur, S. Basavoju, R. Bavantula, M. Narra, S.
Abbagani, RSC Adv. 2014, 4, 22866—22874.

T. B. Nguyen, L. Ermolenko, A. Al-Mourabit, Synth. 2014, 46, 3172—
3179.

B. Styrt, R. E. Rocklin, M. S. Klempner, Inflammation 1985, 9, 233—
244,

This article is protected by copyright. All rights reserved.

10.1002/ejoc.202100548

WILEY-VCH



European Journal of Organic Chemistry 10.1002/ejoc.202100548

WILEY-VCH

Entry for the Table of Contents

S kBr S R
rNHe Lo NG B /[ >—N )IN/%NH

N~ "N’
H H

Rs
Ri, Ry ifR, = H

Q@ One-pot synthesis @ Chromatography-free protocol Q@ Aqueous conditions

Q@ Multicomponent reaction Q@ Wide functional group tolerance Q@ Gram-scale synthesis

A multicomponent one-pot process led to the formation of diversely trisubstituted 2-iminothiazolines and disubstituted 2-
aminothiazoles under aqueous conditions. Starting from isocyanides, amines, 2’-bromoacetophenones and aqueous polysulfide
solution or sulfur powder, this efficient procedure enabled the chromatography-free separation of solid products.
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