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Introduction

Efficient synthesis of 2-aminobenzothiazoles has attracted a lot
of attention because of the ubiquity of this heteroaromatic
scaffold in pharmaceuticals.' This pharmacophore is frequently
found in active and natural compounds such as Riluzole®, used
as a treatment of amyotrophic lateral sclerosis,” R116010,
a highly potent and selective inhibitor of all-trans-retinoic acid
metabolism,®* and naphthyridone HM13N, described as
a promising anti-HIV agent (Fig. 1).*

Several methods have been so far described to generate 2-
aminobenzothiazoles and apart from approaches starting from
various thioureas,® most of them are based on isothiocyanates.
Isothiocyanates are key precursors involved in protocols
requiring transition metal catalysts® or using metal-free condi-
tions.” However the use of isothiocyanates, often unstable,
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Fig. 1 Selected biologically active molecules that contain the 2-
aminobenzothiazole core.
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An iodine-catalyzed formation of substituted 2-aminobenzothiazole derivatives is herein described using
hydrogen peroxide as an oxidant in PEG40. The method enabled an efficient environmentally sound
access to this valuable scaffold in moderate to excellent yields under metal-free conditions.

requires harsh reaction conditions, long reaction times, or the
pre-functionalization of the starting material. Recently, iso-
cyanides appeared to be an efficient alternative to synthetize 2-
aminobenzothiazole products. Vlaar et al.® for example recently
reported a palladium-catalyzed insertion reaction of iso-
cyanides with functionalized aniline closely followed by the
work of Ji et al. which described a cobalt® or a nickel* catalysis
to obtain the 2-aminobenzothiazole core in moderate to good
yields (Scheme 1a). Despite the efficiency of these methods, the
development of a transition metal-free approach is still desir-
able, since as Bochatay et al.™* pointed out, in the absence of
palladium and copper catalysts, 1,3-benzothiazole was formed
but without any substituent in C2 when 2-aminothiophenol was
exposed to tert-butylisocyanide (Scheme 1b).

Results and discussion

Recently iodine-catalyzed oxidative coupling reactions have
made rapid advances, making it possible to overcome problems
related to the presence of residual metal in transition-metal
catalysis."” This alternative also offers a greater atom economy
process and greener and milder reaction conditions which are
therefore tolerated by a broader range of substrates. Based on
our previous work on iodine catalyzed sulfenylation in which
electrophilic sulfenyl iodide was generated in situ,"* we report
herein the possible use of 2-aminothiophenol and isocyanides
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Scheme 1 Recent methods for the synthesis of 2-aminobenthiazole
derivatives with isocyanides.

RSC Adv., 2016, 6, 73517-73521 | 73517


http://crossmark.crossref.org/dialog/?doi=10.1039/c6ra15971k&domain=pdf&date_stamp=2016-08-02
http://dx.doi.org/10.1039/c6ra15971k
http://pubs.rsc.org/en/journals/journal/RA
http://pubs.rsc.org/en/journals/journal/RA?issueid=RA006077

Published on 02 August 2016. Downloaded by Northern Illinois University on 02/08/2016 19:52:44.

RSC Advances

in a transition metal-free procedure to obtain various
substituted 2-aminobenzothiazole derivatives (Scheme 1c).

In order to achieve the optimized conditions, 2-amino-
thiophenol and tert-butylisocyanide were selected as model
substrates. First iodine in a catalytic amount and hydrogen
peroxide as oxidant in PEGy, were tested. PEG,q is a polymeric
eco-friendly non-toxic medium, neutral, non-volatile, odorless
and inexpensive, soluble in water and many organic solvents,**
which was successfully used as solvent in our groups.’*" In
these conditions, the expected product 3a was isolated in an
excellent 89% yield (Table 1 entry 1). A modification of the
oxidant or of the iodinated agent did not lead to a significant
improvement (entries 2-7). Then the effect of various solvents
was evaluated and the best result was obtained with PEG,,
compared with either protic or aprotic solvents (entries 8-14).
Ethereal solvents such as THF or 1,4-dioxane exhibited slightly
lower results with 82 and 79% yields respectively. Hence the
optimized conditions were chosen as follows: 1 (1.1 equiv.), 2
(1.0 equiv.), hydrogen peroxide (1.1 equiv.), with iodine (5
mol%) in PEG,, at 50 °C for 18 hours.

Next, we investigated the reactivity of other isocyanides to
evaluate the scope and the generality of this process. Satisfac-
torily, the transformation proceeded smoothly with a wide
range of substrates, leading to the corresponding product 3 in
moderate to excellent yields (Scheme 2). The results showed
that aliphatic saturated chains featuring a cyclic, linear or
branched pattern were well tolerated (products 3a-e). A benzyl
substituent was also successfully introduced (product 3f). Then
various aryl isocyanides bearing electron-donating and with-
drawing groups were examined. Yield decreased with the pres-
ence of a methoxy substituent in para position on aniline since
3h was isolated in a moderate 42% yield compared to the

Table 1 Optimization of the reaction conditions
NHj Catalyst Oxidant N\>—NH
+ “C=N*
SH Solvent 50 °C S >$

1 3a
1.1 equiv 1 equw

Entry Oxidant (equiv.) Catalyst (equiv.) Solvent Yield® (%)
1 H,0, (1.1) I, (0.05) PEGa00 89

2 DMSO (3.0) 5 (0.05) PEGa00 Trace”
3 ‘BuOOH (1.1) 1, (0.05) PEG400 80

4 K,S,05 (1.1) » (0.05) PEG00 Trace
5 H,0, (1.1) KI (0.05) PEG00 11

6 H,0, (1.1) NIS (0.05) PEG.00 71

7 H,0, (1.1) TBAI (0.05) PEG,00 12

8 H,0, (1.1) I, (0.05) DCM 17

9 H,0, (1.1) I, (0.05) EtOH 65

10 H,0, (1.1) I, (0.05) PhMe 42

11 H,0, (1.1) I, (0.05) MeCN 65

12 H,0, (1.1) I, (0.05) 1,4-Dioxane 79

13 H,0, (1.1) 1, (0.05) THF 82

14 H,0, (1.1) I, (0.05) H,0 22

“ The reaction was performed at 135 °C for 24 h. ? Isolated yields.
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Scheme 2 Scope of substrates.

unsubstituted N-phenyl-1,3-benzothiazol-2-amine 3g which was
obtained in 61% yield. Nonetheless, electron-withdrawing
groups on the aromatic ring appeared to be favorable for the
reaction except for the formation of 3m where the presence of
a nitro group reduced its solubility, making the purification
step more difficult. No steric hindrance was observed when o-
tolyl isocyanide was used, since 31 was synthetized in 61% yield.
It was noteworthy that the presence of halide substituents (Br,
Cl) was also suitable for the reaction which enabled further
modifications with transition metal catalysis. Furthermore,
a series of functional groups, such as ester (3j) and ketone (3k)
were also tolerated.

To better understand the overall process, we then focused on
the different roles played by the reagents introduced (Scheme
3). A catalytic amount of I, led mainly to the formation of 1,3-
benzothiazole (4) in 55% yield, emphasizing the oxidative role
of H,0, to regenerate the iodine (a). This is in accordance with
the result previously observed when the reaction was performed
without any metallic catalyst.'* In addition to 1,3-benzothiazole
(4), a small amount of 2-[(2-aminophenyl)disulfanyl]aniline (5)
was also present. This disulfide 5 was next exclusively observed
when hydrogen peroxide was used (b). Iodine or hydrogen
peroxide is already well known to oxidize thiols into disulfides."®
Finally, the reactivity was partially recovered when 1 equivalent

a: I, (5 mol %)

N NH,
b - X
4,55% 58%
NH PEGuo | bt HaO5 (1.1 equiv) HoN
@ - -czw% 5,90 %
SH 50°C, 18 h

c: I (1 equiv)

1 2

3a (47 %) +4 (12%) +5 (12 %)
1.1 equiv 1 equiv

d: 1, (5 mol %)

NH H,0;, (2.2 equi
2 20 (2.2 equiv) 3a(78%)
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50°C, 18h 12
g 3a (759
5 HN 2 2 75%)
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Scheme 3 Scope of reaction conditions.
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of I, was introduced since 3a was isolated in 47% yield (c) and
the formation of 3a was significantly improved when the
disulfide 5 was directly used as starting material with iodine in
catalytic or stoichiometric proportions (d and e).

In the light of these results and those reported in the liter-
ature, a plausible mechanism has been proposed (Scheme 4).
First, the oxidation step of the thiol into the sulfide 5 occurs
faster than the direct condensation of the 2-aminothiophenol
with the isocyanide. Then, the resulting disulfide can react with
iodine, forming in situ the electrophilic sulfenyl iodide. An
electrophilic attack on the isocyanide can occur which is fol-
lowed by the intramolecular attack of the primary amine on the
N-methylidyne anilinium intermediate. The aromatization
process gives the expected product 3a with the release of
hydroiodic acid. Finally, iodine can be regenerated by the
oxidation of HI with H,0,." This reaction appears to be highly
atom-economical since water is the only by-product.

Conclusions

In summary, we have established the possible use of iodine as
an efficient catalyst to obtain various substituted 2-amino-
benzothiazole derivatives starting from isocyanides and 2-ami-
nothiophenol. This procedure developed in a non-toxic medium
offered an eco-friendly alternative to the existing transition-
metal catalyst procedure. Furthermore, the regeneration of
iodine with hydrogen peroxide highlighted the environmentally
sound aspect of the reaction since only water is released as by-
product. Various functional groups were tolerated under our
conditions, demonstrating the generality of our method.

Experimental section
General information

All reagents were purchased from commercial suppliers and
were used without further purification. The reactions were

This journal is © The Royal Society of Chemistry 2016
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monitored by thin-layer chromatography (TLC) analysis using
silica gel (60 F254) plates. Compounds were visualized by UV
irradiation. Flash column chromatography was performed on
silica gel 60 (230-400 mesh, 0.040-0.063 mm). Melting points
(mp [°C]) were taken on samples in open capillary tubes and are
uncorrected. The infrared spectra of compounds were recorded
on a Thermo Scientific Nicolet i510. "H and *C NMR spectra
were recorded on a Bruker AVANCE II spectrometer at 250 MHz
(**C, 62.9 MHz) and on a Bruker AVANCE III HD nanobay at 400
MHz (**C 101 MHz). Chemical shifts are given in parts per
million from tetramethylsilane (TMS) or deuterated solvents
(MeOH-d,, CDCl;) as internal standard. The following abbrevi-
ations were used for the proton spectra multiplicities: b: broad,
s: singlet, d: doublet, t: triplet, q: quartet, p: pentuplet, m:
multiplet. Coupling constants (J) are reported in Hertz (Hz).
High-resolution mass spectra (HRMS (ESI)) were performed on
a Maxis Bruker 4G.

General procedure for the synthesis of benzothiazols (3a-m)

Isocyanide (1.00 mmol) and 2-aminothiophenol (1.10 mmol)
were diluted in PEG,, (2 mL). Iodine (5 mol%) and an aqueous
solution of H,0, 35% (96 pL, 1.10 mmol) were next added
before heating up to 50 °C for 18 h. After completion the reac-
tion mixture was diluted in Et,O (10 mL) and a saturated
solution of sodium carbonate (10 mL). The aqueous phase was
extracted with Et,O (3 x 5 mL). Then the combined organic
layers were dried with MgSO, and concentrated under reduced
pressure. The crude material was purified by flash chromatog-
raphy on silica gel to provide the expected product.

N-tert-butyl-1,3-benzothiazol-2-amine (3a).”” Following the
general procedure and purification: petroleum ether-AcOEt:
(8 : 2, v/v), 3a was obtained as a white solid (182 mg, 8§9%). Mp:
93-94 °C (litt 94-96 °C); *H NMR (400 MHz, DMSO-dq) 6 7.74 (bs,
1H, NH), 7.62 (d, ] = 7.4 Hz, 1H), 7.37 (d,J = 8.0 Hz, 1H), 7.19 (t,
J = 7.7 Hz, 1H), 6.98 (t, ] = 7.6 Hz, 1H), 1.42 (s, 9H); >*C NMR
(101 MHz, DMSO-d) 6 163.9 (C), 153.0 (C), 130.0 (C), 125.2 (CH),
120.7 (CH), 120.5 (CH), 118.0 (CH), 52.9 (C), 28.5 (CH,).

N-tert-butyl-5-chloro-1,3-benzothiazol-2-amine (3b).*” Follow-
ing the general procedure and purification: petroleum ether-
AcOEt: (8:2, v/v), 3b was obtained as a white solid (186 mg,
78%). Mp: 124-125 °C; (litt 119-121 °C); "H NMR (400 MHz,
CDCl;) 6 7.51 (d,J = 2.0 Hz, 1H), 7.45 (d,J = 8.4 Hz, 1H), 7.03 (dd,
J=18.3,2.1 Hz, 1H), 5.15 (s, 1H), 1.50 (s, 9H); *C NMR (101 MHz,
CDCl;) 6 165.8 (C), 153.8 (C), 131.7 (C), 129.1 (C), 121.7 (CH),
121.1 (CH), 119.2 (CH), 53.8 (C), 29.2 (CH3).

N-(2,4,4-trimethylpentan-2-yl)-1,3-benzothiazol-2-amine (3c).
Following the general procedure and purification: petroleum
ether-AcOEt: (8 : 2, v/v), 3¢ was obtained as a brown solid (201
mg, 77%). *H NMR (400 MHz, CDCl;) 6 7.56 (d, J = 8.0 Hz, 1H),
7.53 (d,J = 8.1 Hz, 1H), 7.27 (t,] = 7.8 Hz, 1H), 7.06 (t, ] = 7.6 Hz,
1H), 5.10 (bs, 1H, NH), 1.88 (s, 2H), 1.54 (s, 6H), 1.03 (s, 9H); **C
NMR (101 MHz, CDCl;) ¢ 164.3 (C), 152.6 (C), 130.8 (C), 125.7
(CH), 121.3 (CH), 120.4 (CH), 119.0 (CH), 57.1 (C), 51.4 (C), 31.7
(CH,), 31.5 (CH3), 29.6 (CH;). HRMS (ESI): m/z [M + H]" calc. for
C,5H,;3N,S 263.1576, found 263.1575.
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N-cyclohexyl-1,3-benzothiazol-2-amine (3d).”” Following the
general procedure and purification: petroleum ether-AcOEt:
(8 : 2, v/v), 3d was obtained as a grey solid (159 mg, 68%). Mp:
108-109 °C (litt 109-110 °C); "H NMR (400 MHz, CDCl;) 6 7.57
(d,J = 7.8 Hz, 1H), 7.52 (d, J = 8.1 Hz, 1H), 7.30-7.24 (m, 1H),
7.06 (t, J = 7.6 Hz, 1H), 5.26 (bs, 1H, NH), 3.65-3.51 (m, 1H),
2.19-2.07 (m, 2H), 1.82-1.72 (m, 2H), 1.70-1.59 (m, 1H), 1.51-
1.22 (m, 5H); *C NMR (101 MHz, CDCl;) 6 166.5 (C), 152.6 (C),
130.4 (C), 125.9 (CH), 121.3 (CH), 120.7 (CH), 118.8 (CH), 54.4
(CH), 33.3 (CH,), 25.5 (CH,), 24.7 (CH,).

N-butyl-1,3-benzothiazol-2-amine  (3e).” Following the
general procedure and purification: petroleum ether-AcOEt:
(8 : 2, v/v), 3e was obtained as a white solid (148 mg, 72%). Mp:
84-85 °C (litt 83-84 °C); "H NMR (400 MHz, CDCl;) 6 7.59 (d, ] =
7.9 Hz, 1H), 7.53 (d, J = 8.1 Hz, 1H), 7.33-7.25 (m, 1H), 7.08 (t, ]
=7.5Hz, 1H), 5.41 (bs, 1H, NH), 3.43 (t,/ = 7.0 Hz, 2H), 1.68 (p, ]
= 7.1 Hz, 2H), 1.46 (h, J = 7.3 Hz, 2H), 0.98 (t, J = 7.3 Hz, 3H);
3C NMR (101 MHz, CDCl3) 6 167.6 (C), 152.6 (C), 130.4 (C),
125.9 (CH), 121.4 (CH), 120.8 (CH), 118.8 (CH), 45.4 (CH,), 31.6
(CH,), 20.0 (CH,), 13.7 (CH3).

N-benzyl-1,3-benzothiazol-2-amine (3f)."” Following the
general procedure and purification: petroleum ether-AcOEt:
(8 : 2, v/v), 3f was obtained as a beige solid (169 mg, 70%). Mp:
161-162 °C (litt 160-161 °C); "H NMR (400 MHz, CDCl,) 6 7.58
(d,J = 8.0 Hz, 1H), 7.55 (d, J = 8.2 Hz, 1H), 7.43-7.27 (m, 6H),
7.10 (t,J = 7.5 Hz, 1H), 5.60 (s, 1H, NH), 4.65 (s, 2H); "*°C NMR
(101 MHz, CDCl;) é 167.1 (C), 152.4 (C), 137.4 (C), 130.6 (C),
128.8 (CH), 127.9 (CH), 127.7 (CH), 126.0 (CH), 121.8 (CH), 120.8
(CH), 119.1 (CH), 49.4 (CH,).

N-phenyl-1,3-benzothiazol-2-amine (3g).”> Following the
general procedure and purification: petroleum ether-AcOEt:
(8 : 2, v/v), 3g was obtained as a white solid (139 mg, 61%). Mp:
156-157 °C (litt 157-159 °C); "H NMR (400 MHz, CDCl;) 6 8.76
(s, 1H, NH), 7.65 (d,J = 7.8 Hz, 1H), 7.60 (d, ] = 8.0 Hz, 1H), 7.52
(d,J = 7.8 Hz, 2H), 7.42 (t,J = 7.8 Hz, 2H), 7.34 (t, ] = 7.7 Hz,
1H), 7.21-7.14 (m, 2H); *C NMR (101 MHz, chloroform-d)
d 164.7 (C), 151.4 (C), 139.9 (C), 129.9 (C), 129.6 (CH), 126.1
(CH), 124.4 (CH), 122.4 (CH), 120.9 (CH), 120.3 (CH), 119.4 (CH).

N-(4-methoxyphenyl)-1,3-benzothiazol-2-amine (3h).*” Follow-
ing the general procedure and purification: petroleum ether—
AcOEt: (8:2, v/v), 3h was obtained as a beige solid (157 mg,
61%). Mp: 160-161 °C (litt 161-162 °C); 'H NMR (400 MHz,
CDCl;) 6 8.25 (bs, 1H, NH), 7.58 (d, J = 7.8 Hz, 1H), 7.51 (d, ] =
8.0 Hz, 1H), 7.41 (d, J = 8.4 Hz, 2H), 7.30 (t, ] = 7.7 Hz, 1H), 7.11
(t,J = 7.5 Hz, 1H), 6.96 (d, J = 8.4 Hz, 2H), 3.84 (s, 3H); ">’C NMR
(101 MHz, chloroform-d) 6 166.5 (C), 157.3 (C), 151.9 (C), 132.9
(C), 130.1 (C), 126.0 (CH), 123.9 (CH), 122.1 (CH), 120.8 (CH),
119.1 (CH), 114.8 (CH), 55.6 (CHs).

N-(4-bromophenyl)-1,3-benzothiazol-2-amine (3i).** Follow-
ing the general procedure and purification: petroleum ether-
AcOEt: (8 : 2, v/v), 3i was obtained as a pale purple solid (189
mg, 75%). Mp: 219-220 °C (litt 217-219 °C); "H NMR (400 MHz,
DMSO-dg) 6 10.60 (s, 1H, NH), 7.82 (d,J = 7.9 Hz, 1H), 7.77 (d, ]
= 8.7 Hz, 2H), 7.62 (d, ] = 8.0 Hz, 1H), 7.53 (d, J = 8.8 Hz, 2H),
7.34 (t, ] = 7.7 Hz, 1H), 7.17 (t, ] = 7.5 Hz, 1H); **C NMR (101
MHz, DMSO-dg) 6 161.2 (C), 151.9 (C), 139.9 (C), 131.7 (CH),

6b
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130.0 (C), 125.9 (CH), 122.5 (CH), 121.1 (CH), 119.6 (CH), 119.4
(cH), 113.3 (C).

Methyl 4-[(1,3-benzothiazol-2-yl)amino]benzoate (3j).*° Follow-
ing the general procedure and purification: petroleum ether-
AcOEt: (8 : 2, v/v), 3j was obtained as a grey solid (235 mg, 83%).
Mp: 209-210 °C (degradation); (litt 204-206 °C); "H NMR (400
MHz, DMSO-d,) 6 10.90 (bs, 1H, NH), 7.98 (d, ] = 8.9 Hz, 2H), 7.92
(d,J = 8.9 Hz, 2H), 7.88 (d,J = 7.9 Hz, 1H), 7.69 (d, ] = 7.9 Hz, 1H),
7.38 (td,J = 7.7, 1.3 Hz, 1H), 7.22 (td, ] = 7.6, 1.2 Hz, 1H), 3.84 (s,
3H); "*C NMR (101 MHz, DMSO-d;) 6 165.9 (C), 161.0 (C), 151.7
(C), 144.7 (C), 130.6 (CH), 130.2 (C), 126.0 (CH), 122.8 (CH), 122.5
(C), 121.2 (CH), 119.7 (CH), 117.0 (CH), 51.8 (CH,).

1-{4-[(1.3-benzothiazol-2-yl)Jamino]phenyl}ethan-1-one (3k).**
Following the general procedure and purification: petroleum
ether-AcOEt: (8 : 2, v/v), 3k was obtained as a yellow solid (172
mg, 65%). Mp: 190-191 °C; (litt 189-190 °C); "H NMR (400 MHz,
CDCl3) 6 8.05 (bs, 1H, NH), 8.01 (d,J = 8.7 Hz, 2H), 7.71 (dd, ] =
11.1, 8.0 Hz, 2H), 7.66 (d, J = 8.7 Hz, 2H), 7.40 (ddd, J = 8.3, 7.4,
1.3 Hz, 1H), 7.27 (td, J = 7.3, 1.2 Hz, 1H), 2.60 (s, 3H); >°C NMR
(101 MHz, CDCl;) 6 196.8 (C), 161.5 (C), 151.5 (C), 144.1 (C),
132.1 (C), 130.5 (C), 130.4 (CH), 126.6 (CH), 123.5 (CH), 121.1
(CH), 120.5 (CH), 117.6 (CH), 26.6 (CHs).

N-(2-methylphenyl)-1,3-benzothiazol-2-amine (31)."” Follow-
ing the general procedure and purification: petroleum ether-
AcOEt: (8:2, v/v), 31 was obtained as a brown solid (101 mg,
42%). Mp: 129-130 °C (litt 127-128 °C); '"H NMR (400 MHz,
CDCl;) 6 8.00 (bs, 1H, NH), 7.67 (d, J = 8.0 Hz, 1H), 7.58 (d, ] =
7.9 Hz, 1H), 7.54-7.45 (t,] = 7.0 Hz, 1H), 7.34-7.27 (m, 3H), 7.20
(t,J = 7.5 Hz, 1H), 7.12 (t, ] = 7.6 Hz, 1H), 2.36 (s, 3H); '*C NMR
(101 MHz, CDCl;) 6 166.4 (C), 151.8 (C), 138.1 (C), 131.8 (C),
131.2 (CH), 130.3 (C), 127.3 (CH), 126.2 (CH), 126.1 (CH), 123.6
(C), 122.1 (CH), 120.9 (CH), 119.1 (CH), 17.9 (CHs,).

N-(2-methyl-5-nitrophenyl)-1,3-benzothiazol-2-amine  (3m).
Following the general procedure and purification: petroleum
ether-AcOEt: (8 : 2, v/v), 3m was obtained as a green solid (82
mg, 58%). Mp: 198-199 °C (degradation); "H NMR (400 MHz,
DMSO-dg) 6 9.92 (bs, 1H, NH), 9.27 (s, 1H), 7.90-7.83 (m, 2H),
7.61 (d,J = 8.0 Hz, 1H), 7.52 (d,J = 8.4 Hz, 1H), 7.35 (t,] = 7.7
Hz, 1H), 7.20 (t, ] = 7.6 Hz, 1H), 2.45 (s, 3H); ">*C NMR (101 MHz,
DMSO-dg) 6 162.5 (C), 151.2 (C), 146.2 (CH), 139.5 (C), 136.0 (C),
131.4 (CH), 130.4 (C), 126.0 (CH), 122.7 (CH), 121.2 (CH), 119.5
(C), 117.6 (CH), 114.7 (CH), 18.5 (CH;). HRMS (ESI): m/z [M + H]"
calc. for C;,H;,N;0,S 286.0644, found 286.0644.
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