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A visible-light-promoted synthesis of benzothiazoles from 2-aminothiophenols and aldehydes
has been developed. A wide range of aromatic, heteroaromatic and aliphatic aldehydes were
successfully applied. The benzothiazole products were prepared in good yields. The reaction was
carried out in the absence of transition-metal catalysts and extra additives. A radical reaction
pathway was proposed.

2009 Elsevier Ltd. All rights reserved.

Benzothiazoles are an important class of -heterocyclic
compounds. They possess various attracting biological and
pharmacological properties’, such as antimicrobial®, antitumor’,
anticonvulsant’ and antidiabetic® ~activities. A number of
synthetic methods of benzothiazoles have been developed.®
Among them, the condensation of 2-aminothiophenols with
aldehydes is the most commonly used method. Generally, metal
catalysts’, Bransted acid catalysts®, and oxidants® are required to
promote the reaction. /Aminoxyl radical/oxygen'® and activated-
carbon/oxygen system'* were also efficient for the condensation
of 2-aminothiophenols and aldehydes under high temperature.
Chen and co-workers found that Montmorillonite K-10 can
catalyze the transformation with continuous bubbling of air.”
Microwave is also used to accelerate the formation of
benzothiazoles.”® Recently, Han and co-workers reported an
efficient synthesis of 2-arylbenzothiazoles under DMSO/air
conditions, however aliphatic aldehydes are not compatible in the
reaction.™

In recent years, visible-light promoted transformations have
received great attentions.”® The methods are cleaner, safer and
more cost-effective. It was known that diphenyl disulfides can be
homolytically cleaved to phenylthiyl radicals under
photoirradiation.® Recently, we found that visible-light can
promote the formation of benzothiophenes from diphenyl
disulfides and alkynes. The generation of phenylthiyl radicals via
visible light-promoted homolysis of diphenyl disulfides is
suggested as the crucial initiation step.’’ In 2010, Yoon and co-
workers reported that visible-light directly promotes the
formation of diphenyl disulfides from thiophenols in the absence

of extra catalysts or additives."® We speculate that the reaction of
2-aminothiophenols and aldehydes under visible-light irradiation
can provide benzothiazoles via in situ formation and homolysis
of diphenyl disulfide intermediates. Herein we report the
experiment results along with this idea.

To test our hypothesis, a solution of 2-aminothiophenol and
benzaldehyde in toluene was irradiated with a 12W blue LED for
6 h under an air atmosphere. To our delight, the benzothiazole 3a
was obtained in a 67% yield. The reaction conditions were
further examined and the results are summarized in Table 1.
Among the tested reaction solvents, ethyl acetate afforded the
best yield (Table 1, entry 3). The lights of other wavelengths
(254 nm, 365 nm and 530 nm) were also evaluated, but lower
yields were obtained (Table 1, entries 10-12). Lower yields were
observed under argon or oxygen atmosphere (Table 1, entries 13-
14). The result implicated that the presence of oxygen is crucial
for the reaction, but the concentration of oxygen must be
controlled at a suitable scope to avoid the inhibition of the radical
process. A small amount of the product was obtained when the
reaction was performed in the dark (Table 1, entry 15).

Table 1. Screening of reaction conditions.?

NY%

SH o N5 s
C[NHZ * ©)LH air, solvent ©:N/>_©
1a 2a 3a
Entry Solvent Light source Yield (%)”
1 Toluene 450 nm 67
2 MeCN 450 nm 41

* Corresponding author. Tel.: +86-20-39943049; fax: ++86-20-39943049; e-mail: yanming@mail.sysu.edu.cn



2

3 EtOAc 450 nm 94 (91)°
4 DCM 450 nm 51
5 DMSO 450 nm 49
6 EtOH 450 nm 79
7 AcOH 450 nm 89
8 THF 450 nm 70
9 n-hexane 450 nm 57
10 EtOAc 254 nm 33
11 EtOAC 365 nm 45
12 EtOAC 530 nm 26
13¢ EtOAC 450 nm 20
14° EtOAC 450 nm 67
15' EtOAC 450 nm 9

# Reaction conditions: 2-aminothiophenol 1a (0.4 mmol), benzaldehyde 2a
(0.48 mmol), solvent (2 mL), photoirradiation for 6 h with a 12w blue LED,
room temperature. ® GC yields with n-dodecane as the internal standard. ©
Isolated yields after the column chromatography. ¢ Under an argon
atmosphere. ¢ Under an oxygen atmosphere. "Reaction performed in the dark.

With the optimized reaction conditions in hand, a series of
aldehydes were investigated and the results are summarized in
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Table 2. Aromatic aldehydes bearing electron-donating groups
(methyl, tert-butyl, methoxyl, hydroxyl) were tolerated well. The
corresponding benzothiazoles (3b-3e, 3g, 3h) were obtained in
good vyields. The only exceptive substrate is 4-methoxyl-
benzaldehyde, which gave a moderate yield. The substitution
with halogen (F, Cl, Br, 1) is also compatible. Good yields were
achieved generally for 3i-3q. Aromatic aldehydes (2r, 2s)
containing ester and trifluoromethyl group are also suitable
substrates. The reaction of 4-acetoxyl benzaldehyde delivered the
product 3t in low vyield. To our delight, the reaction of
heteroaromatic aldehydes such as furanyl, -thienyl, pyrrolyl,
pyridinyl and indolyl aldehydes gave the benzothiazoles (3u-3z)
in moderate to good yields. More bulky 1-naphthyl and 2-
naphthyl aldehydes reacted smoothly togive the products (4a-4b)
in good yields. Moreover, a variety of aliphatic aldehydes were
successfully applied. The 2-alkylbenzothiazoles (4c-4h) could be
prepared in moderate yields.

Table 2. Scope of aldehydes.*®
\/
NH, o \\@// N
+ | 450 nm
QSH R aeea @[S\H
1a 2 3,4

Entry R Product Yield (%) [Entry R Product Yield (%)
1 Ph 3a 91 18 3-MeCOO-CgH4 3r 81
2 2-ME-C5H4 3b 85 19 4'CF3'C5H4 3s 79
3 3-Me-CgH4 3c 92 20 4-AcO-CgH,4 3t 34
4 4-t-Bu-CgH4 3d 80 21 2-furanyl 3u 94
5 3-MeO-CgH4 3e 81 22 2-thienyl 3v 72
6 4-MeO-Cg¢H,4 3f 58 23 4'-methyl-2-pyrrolyl 3w 50
7 3,5-(Me0),-CsH4 39 83 24 3-pyridinyl 3x 68
8 2-OH-CgH4 3h 83 25 4-pyridinyl 3y 80
9 2-F-CgH4 3i 83 26 3-indolyl 3z 77
10 2-Cl-CgH4 3j 93 27 1-naphthyl 4a 88
11 2-Br-CsH4 3k 86 28 2-naphthyl 4b 82
12 2-1-CgH4 3l 71 29 n-propyl 4c 56
13 3-Br-CgH,4 3m 91 30 cyclopropyl 4d 76
14 4-F-CeH4 3n 91 31 cyclohexyl 4e 60
15 4-Cl-CgH4 30 82 32 4-cyclohexenyl 4f 59
16 3,4-F»-CgH,4 3p 86 33 benzyl 49 67
17 2-Br-4-Me-CgH4 3q 85 34 phenylethyl 4h 52

#Reaction conditions: 1a (0.4 mmol), aldehyde (0.48 mmol), EtOAc (2.0 mL), photoirradiation with a 12w blue LED, room temperature, 6-12 h. ®Isolated yields.

Furthermore, we examined several substituted 2-
aminothiophenols and the results are summarized in Table 3. The
substitution with-methoxyl, methyl, fluoro, chloro, and bromo
exerted small effect on the reaction. The benzothiazoles (5a-5f)
were obtained in good yields.

Table 3. Scope of 2-aminothiophenols.?®

LSS d -0
OO @r@ OO

\‘w’/

_ 450 nm
air, EtOAt: it

5a, 83% 5b, 75% 5¢, 75%
-0 oo o
\ | O
cl S Br s s
&d, 81% Ge, 50% SF, 94%

®Reaction conditions: 2-aminothiophenols (0.4 mmol), benzaldehyde 2a
(0.48 mmol), EtOAc (2.0 mL), photoirradiation with a 12w blue LED, room
temperature, 6-12 h. " Isolated yields.

To probe the reaction mechanism, TEMPO (2,2,6,6-
tetramethyl-1-piperidinyloxy) was added to the system (Scheme
1). The reaction was completely suppressed. The result supported
a radical pathway.

0.4 mmol 0.48 mmol
Scheme 1. Radical trapping experiment.
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To verify the effect of photoirradiation, an experiment of
on/off light was carried out (Scheme 2). In the absence of
photoirradiation, the reaction of la and 2a proceeded very
slowly. The significant acceleration was observed under the
photoirradiation.
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Scheme 2. ON/OFF light experiment.

A plausible reaction mechanism was outlined in Scheme 3.
Initially,  2-iminothiophenol A is generated from 2-
aminothiophenol and the aldehyde. Under photoirradiation, A is
oxidized by oxygen to produce 2,2’-iminodisulfide B. 2-
Iminophenylthily radial C is generated via light-promoted
homolysis of B. The intramolecular addition affords the radical
intermediate D, which is oxidized to give the final product E.

R.\7
SH
NH, PR -H,O hv S/jg
+ R0 g Oy 'S
SH N""R 2 PN
A N R
B
lhv
R < (
oN NI R
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S, 0

/>—R -2
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E

Scheme 3. Proposed reaction mechanism.

In summary, we have developed a visible-light-promoted
synthesis of benzothiazoles from 2-aminothiophenols and
aldehydes. Aromatic, heteroaromatic and aliphatic aldehydes are
applicable in the transformation. The benzothiazole products
could be prepared in good yields. A radical reaction pathway via
the diaryl disulfide intermediates is proposed. The finding
provides an efficient and convenient synthetic approach to
benzothiazoles.

Acknowledgments

We thank the National Natural Science Foundation of China (no.
21472248) for the financial support of this study.

Supplementary Material

Supplementary data associated with this article can be found in
the online version, at http://. These data include experimental
procedure, characterization data of products, and copies of *H,
5C NMR spectra.

References and notes

1.  For the review of biological and pharmacological activities of
benzothiazoles, see: (a) Gill, R. K.; Rawal, R. K.; Bariwal, J. Arch.
Pharm. Chem. Life Sci., 2015, 348, 155. (b) Sompalle, R.; Roopan, S.

10.

11.

12.

13.

14.

15.

16.

17.

18.

M. Chem. Sci. Rev. Lett., 2014, 2, 408. (c) Yadav, P. S.; Devprakash,
D.; Senthilkumar, G. P. Int. J. Pharm. Sci. Drug Res., 2011, 3, 1.

(a) Bondock, S.; Fadaly, W.; Metwally, M. A. Eur. J. Med. Chem.
2010, 45, 3692. (b) Padalkar, V. S.; Gupta, V. D.; Phatangare, K. R;;
Patil, V. S.; Umape, P. G.; Sekar, N. J. Saudi Chem. Soc., 2011, 18,
262.

Cai, J.; Sun, M.; Wu, X.; Chen, J.; Wang, P.; Zong, X.; Ji, M. Eur. J.
Med. Chem., 2013, 63, 702.

(@) Ugale, V. G.; Patel, H. M.; Wadodkar, S. G.; Bari, S. B.;
Shirkhedkar, A. A.; Surana, S.J. Eur. J. Med. Chem., 2012, 53, 107.
(b) Zablotskaya, A.; Segal, I.; Geronikaki, A.; Eremkina, T.;
Belyakov, S.; Petrova, M.; Shestakova, I.; Zvejniecea, L.; Nikolajeva,
V. Eur. J. Med. Chem., 2013, 70, 846.

Mariappan, G.; Prabhat, P.; Sutharson, L.; Banerjee, J.; Patangia, U.;
Nath, S. J. Korean Chem. Soc., 2012, 56, 251.

For the reviews of the synthesis of benzothiazoles, see: (a) Mase, T.;
Itoh, T. Pure Appl. Chem., 2008, 80, 707. (b) Prajapati, N. P.;
Vekariya, R. H.; Borad, M. A.; Patel, H. D. RSC Adv., 2014, 4, 60176.
(c) Mene, D.; Kale, M. Curr. Org. Synth., 2016, 13, 41.

(a) Banerjee, S.; Payra, S.; Saha, A. Tetrahedron Lett., 2014, 55, 5515.
(b) Shelkar, R.; Sarode, S.; Nagarkar, J. Tetrahedron Lett., 2013, 54,
6986. (c) Das, S.; Samanta, S.; Maji, S. K.; Samanta, P. K.; Dutta, A.
K.; Srivastava, D.- N.; Adhikary, B.; Biswas, P. Tetrahedron
Lett., 2013, 54, 1090.  (d) Dhakshinamoorthy, A.; Kanagaraj, K.;
Pitchumani, K. Tetrahedron Lett.; 2011, 52, 69. (e) Riadi, Y.
Mamouni, R.; Azzalou, R.; Haddad, M. E.; Routier, S.; Guillaumet,
G.; Lazar, S. Tetrahedron Lett., 2011, 52, 3492.

(@) Guo, H. Y.; Li, J. C.; Shang, Y. L. Chin. Chem. Lett., 2009, 20,
1408. (b) Mortimer, C. G.; Wells, G.; Crochard, J. P.; Stone, E. L.;
Bradshaw, T. D.; Stevens, M. F.; Westwell, A. D. J. Med. Chem.,
2006, 49, 179. (c) Sattler, L.; Zerban, F.; Clark, G.; Chu, C. C. J. Am.
Chem. Soc., 1951, 73, 5908.

(a) Ghashang, M. Res. Chem. Intermed., 2014, 40, 1669. (b) Nalage,
S. V.; Bhosale, S. V.; Bhosale, D. S.; Jadhav, W. N. Chin. Chem. Lett.,
2010, 21, 790. (c) Weekes, A. A.; Dix, M. C.; Bagley, M. C;
Westwell, A. D. Synth. Commun., 2010, 40, 3027. (d) Bahrami, K.;
Khodaei, M. M.; Naali, F. J. Org. Chem., 2008, 73, 6835.

Chen, Y-X,; Qian L-F.; Zhang, W.; Han, B. Angew. Chem. Int. Ed.,
2008, 47, 9330.

Kawashita, Y.; Yanagi, J.; Fujii, T.; Hayashi M. Bull. Chem. Soc. Jpn.,
2009, 82, 482.

Chen, G. F.; Xiao, N.; Yang, J. S.; Li, H. Y.; Chen, B. H.; Han, L. F.
Res. Chem. Intermed., 2015, 41, 5159.

For the recent examples of microwave-assisted synthesis of
benzothiazoles, see: (a) Praveen, C.; Nandakumar, A.; Dheenkumar,
P.; Muralidharan, D.; Perumal, P. J. Chem. Sci., 2012, 124, 609. (b)
Shokrolahi, A.; Zali, A.; Mahdavi, M. Phosphorus, Sulfur Silicon
Relat. Elem., 2012, 187, 535. (c) Deligeorgiev, T. G.; Kaloyanova, S.;
Vasilev, A.; Vaquero, J. J. Phosphorus, Sulfur Silicon Relat. Elem.,
2010, 185, 2292. (d) Kodomari, M.; Tamaru, Y.; Aoyama, T. Synth.
Commun., 2004, 34, 3029.

Hu, R.; Li, X;; Tong, Y.; Miao, D.; Pan, Q.; Jiang, Z.; Gan, H.; Han,
S. Synlett, 2016, 27, 1387.

For the reviews of visible-light-promoted transformations, see: (a)
Ravelli, D.; Protti, S.; Fagnoni, M. Chem. Rev., 2016, 116, 9850. (b)
Hammond, G. B.; Angnes, R. A.; Li, Z.; Correia, C. R. Org. Biomol.
Chem., 2015, 13, 9152. (c) Meggers, E. Chem. Commun., 2015, 51,
3290. (d) Prier, C. K.; Rankic, D. A.; MacMillan, D. W. Chem. Rev.,
2013, 113, 5322.

(a) Dénés, F.; Pichowicz, M.; Povie, G.; Renaud, P. Chem. Rev., 2014,
114, 2587. (b) Huang, W.; Chen, W.; Wang, G.; Li, J.; Cheng, X.; Li,
G. ACS Catal., 2016, 6, 7471.

Ye, L. M.; Qian, L.; Chen, Y. Y.; Zhang, X. J.; Yan, M. Org. Biomol.
Chem., 2016, ASAP (DOI: 10.1039/C60B02461K).

Kim, J. H.; Yoon, J. L.; Yoon, S. J. Phys. Chem. A, 2010, 114, 12010.


http://

Graphical

Abstract
Visible-light-promoted synthesis of Leave this area blank for abstract info.
benzothiazoles from 2-aminothiophenols and
aldehydes
Lin-miao Ye, Jie Chen, Peng Mao, Zhi-feng Mao, Xue-jing Zhang and Ming Yan*
Y
NH ~Q-
= 2 o N
R'—(:E + I _450mm R'@: SR
Zen R air, EtOAc, rt s

40 examples
34-94% yields




Tetrahedron Letters
Highlights

An efficient and convenient synthesis of
benzothiazoles from  2-aminothiophenols and
aldehydes via visible-light irradiation.

Aromatic, heteroaromatic and aliphatic aldehydes are
applicable.

A radical reaction pathway via the diaryl disulfide
intermediates is proposed.



