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A ligand-free copper-catalyzed reaction of 2-halobenzenamines with isothiocyanates has been developed
for the synthesis of 2-aminobenzothiazoles. In the presence of CuBr and TBAB (tetra-n-butyl ammonium
bromide, additive), a variety of 2-halobenzenamines underwent the reaction with isothiocyanates at
40 °C, affording 2-aminobenzothiazoles in moderate to excellent yields. It is noteworthy that the reaction

is conducted under mild, relatively low catalyst loading, and ligand- and base-free conditions.
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Synthesis of 2-aminobenzothiazoles is a continuing hot topic
because the 2-aminobenzothiazole moieties are privileged pharma-
cophores as well as valuable reactive intermediates.!~” The majority
of efficient methods include transition metal-catalyzed cyclization
of 2-bromobenzothioureas (often Pd or Cu catalysts, Eq. 1 in Scheme
1).5-7 However, both a ligand and a base are required to promote the
reaction, and the substrates are not readily available. For example,

1

Pd-catalyzed cyclization of 2-bromophenylthioamides reported by
Castillén and co-workers required o-biphenylP(t-Bu), (ligand) and
Cs,CO3 (base).%* Very recently, Wu and co-workers developed a
new copper-catalyzed tandem route to the construction of 2-amino-
benzothiazole cores (Eq. 2).” In the presence of Cul, 1,10-phenan-
throline, and DABCO, 2-iodobenzenamines underwent the reaction
with isothiocyanates in moderate to excellent yields. Although the
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Table 1
Screening optimal conditions®

NH, ©/NCS (cul
+

1a 2a 3
Entry [Cu] (mol %) TBAB (equiv) Solvent t (°C) Yield® (%)
1 CuBr (5) 0 DMSO 80 60
2 CuBr (5) 0.1 DMSO 80 88
3 CuBr (5) 0.5 DMSO 80 92
4 CuBr (5) 1 DMSO 80 98
5 Cul (5) 1 DMSO 80 90
6 CuCl (5) 1 DMSO 80 98
7 Cuy0 (5) 1 DMSO 80 90
8 CuBr (5) 1 DMF 80 73
9 CuBr (5) 1 Toluene 80 40
10 CuBr (5) 1 DMSO 40 98
11 CuBr (5) 1 DMSO 25 70
12 CuBr (1) 1 DMSO 40 98
13 CuCl (1) 1 DMSO 40 89

@ Reaction conditions: 1a (0.3 mmol), 2a (0.3 mmol), [Cu], TBAB (n-BuyNBr), and
solvent (2 mL) for 20 h.
b Isolated yield.

Table 2

reaction partners, 2-iodobenzenamines and isothiocyanates, are
commercially available, both ligand and base are still necessary.
Moreover, the scope is limited to 2-iodobenzenamines. To overcome
these drawbacks, herein we report a ligand- and base-free copper-
catalyzed reaction of 2-halobenzenamines with isothiocyanates
using TBAB as the promoter® (Eq. 3).>'° Moreover, the reaction
was conducted smoothly at 1 mol % loading of CuBr under mild con-
ditions (Scheme 1).

As shown in Table 1, the reaction of 2-iodobenzenamine (1a)
with 1-isothiocyanatobenzene (2a) was investigated to optimize
the reaction conditions. The results demonstrated that 2-iodoben-
zenamine (1a) could undergo the reaction with 1-isothiocyanato-
benzene (2a) and CuBr smoothly, affording the target product 3
in a 60% yield without the aid of both ligands and additives (entry
1). After a series of failures, we found that TBAB could improve the
reaction, and the yield was enhanced by increasing the amount of
TBAB (entries 2-4). For example, 88% yield of 3 was obtained using
0.1 equiv of TBAB (entry 2) and 98% yield in the presence of 1 equiv
of TBAB (entry 4). Encouraged by these results, three other Cu salts,
including Cul, CuCl, and Cu,0, were subsequently evaluated (en-
tries 5-7). Results identical to those of CuBr were obtained using
CuCl (entry 6). However, both Cul and Cu,0 were less effective (en-
tries 5 and 7). Among the effects of solvents and the reaction tem-
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Table 2 (continued)

Entry Substrate 1 Isothiocyanate 2 Time (h) Yield® (%)
NH; NCS
10 /@i ©/ 24 98 (13)
Cl I 1c 2a
NH, NCS
11 /@: ©/ 24 90 (14)
F I 1d 2a
NH; NCS
12 ©: ©/ 24 66 (3)
Br 1e 2a
NH; NCS
13¢ ©: ©/ 24 68 (3)
Br 1fe 2a
NH, NCS
144 ©: ©/ 16 63 (3)
Br e 2a
NH, NCS
15 ©: ©/\ 20 62 (5)
Br 1e 2¢
NH, NCS
16 ©i /©/ 20 68 (9)
Br e OoN 2g
NH>
17 ©: MeNCS 2i 48 45 (11)
Br le
NH, NCS
18 /@i ©/ 24 70 (12)
Br 1f 2a
- NHz NCS
19 » ©/ 24 trace (15)
N Br lg 2a
NH, NCS
20 ©: ©/ 36 67 (3)
Cl 1n 2a
NH,
21 ©: MeNCS 2i 48 41 (11)
Cl  1h
NH, NCS
22 @[ ©/ 24 76 (3)
SH 1i 2a

@ Reaction conditions: 1 (0.3 mmol), 2 (0.3 mmol), CuBr (1 mol %), TBABr (1 equiv), and DMSO (2 mL) at 40 °C.

b Isolated yield.
¢ CuBr (10 mol %).
4 At 80 °C.

perature examination (entries 8-11), it turned out that DMSO com-
bined with 40 °C afforded the best results (entry 10). It is notewor-
thy that excellent yield is still achieved using 1 mol % of CuBr
(entry 12), but 1 mol % of CuCl reduces the yield to some extent
(entry 13).

The scopes of both 2-halobenzenamines and isothiocyanates
were explored under the optimized conditions, and the results
are summarized in Table 2.!" Qur initial investigation was focused
on the scope of isothiocyanates (entries 1-8). It was found that sev-
eral functional groups, including methyl, methoxy, chloro, and ni-
tro groups, on the aryl moiety were tolerated (entries 1-6). For
example, methyl-substituted aryl isothiocyanates 2b and 2c re-
acted with 1a, CuBr, and TBAB, furnishing benzothiazoles 4 and 5
in 91% and 92% yields, respectively (entries 1 and 2). Substrates
2e-2g, bearing a chloro group or a nitro group, were also suitable
for the reaction with 1a under the same conditions (entries 4-6).

To our delight, the standard conditions were also compatible with
aliphatic isothiocyanates 2h and 2i (entries 7 and 8). Subsequently,
a variety of 2-halobenzenamines 1b-1i were examined for the
reaction with isothiocyanates 2 (entries 9-22). The results demon-
strated that 2-iodobenzenamines 1b-1d, bearing methyl, chloro,
or fluoro groups, displayed high activity (entries 9-11). 2-lodo-4-
methylbenzenamine (1b), for instance, reacted with 1-isothiocy-
anatobenzene, affording the target product 12 in 96% yield (entry
9). Gratifyingly, the standard conditions were successfully applied
in the reactions of both 2-bromobenzenamines and 2-chloroben-
zenamine (entries 12-18 and 20-21). For example, 2-bromoben-
zenamine (1e) underwent the reactions with isothiocyanates 2a,
2c, 2g, or 2i; CuBr; and TBAB smoothly in 66%, 62%, 68%, and 45%
yields, respectively (entries 12 and 15-17). We found that increas-
ing either CuBr loading or reaction temperature affected the yield
slightly (entries 13 and 14). However, an attempt to cyclize sub-
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Scheme 2. A possible mechanism.

strate 1g, a heteroarylamine, with isothiocyanate 2a failed (entry
19). We were pleased to disclose that moderate yields were still
achieved from the reaction of 2-chlorobenzenamine (1i) with
isothiocyanates 2a or 2i under the optimized conditions (entries
20 and 21). Notably, 2-aminobenzenethiol (1i) was a suitable sub-
strate, affording the target product 3 in 76% yield (entry 22).

A possible mechanism was proposed as outlined in Scheme 2 on
the basis of the earlier proposed mechanism.®"!° Intermediate A
can be generated readily in situ from the reaction between 2-halo-
benzenamines 1 and isothiocyanates 2,°° followed by cross-cou-
pling to afford the target product with the aid of CuBr and
TBAB.5'°® Among the process, 2-halobenzenamines, 2-amin-
obenzothiazoles, and DMSO (a Lewis base) may play the role as
bases. We also deduced that TBAB might play two roles in the pres-
ent reaction: (i) a promoter or/and a ligand to activate and stabilize
the active Cu species; and (ii) phase-transfer catalyst for the inor-
ganic catalyst/solvent/substrate/product phases.® Study on the de-
tailed mechanism is in progress.

In summary, a mild and efficient tandem method for the syn-
thesis of 2-aminobenzothiazoles has been demonstrated. The re-
sults showed that TBAB could improve the reaction. In the
presence of CuBr and TBAB, a variety of 2-halobenzenamines
underwent the tandem reaction with isothiocyanates smoothly in
moderate to excellent yields. It is noteworthy that the reaction is
conducted under mild, relatively low catalyst loading, and ligand-
and base-free conditions. Further application of the present system
in organic synthesis and study of the detailed mechanism are
underway.
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