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1. Introduction

N-containing  heterocyclic =~ compounds  are  generally
biocompatible, which Could be widely used as pharmaceutical
and agrochemical agents.' The scaffolds of benzazoles, such as
benzoxazoles and benzothiazoles are typical N-containing
heterocyclics that represent core structure of many trade drugs.
Benzothiazoles have been found to possess 1nterest1ng biological
activities like anti- 1nﬂammat0ry, antibacterial.*® They are also
popular construction units in fatty acid amide hydrolase
inhibitors’ and antitumor agents (Figure 1). Moreover,
benzothiazole-based compounds have been applied in other
fields, for example as ratiometric fluorescent pH indicators.® The
benzoxazole derivatives are significant targets in drug discovery,’
and alsl% find applications in material chemistry as photochromic
agents.
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Figure 1. Examples of bioactive benzothiazoles

Instead, the benzoxazole scaffold is found in a varied spectrum
of biologically active compounds."™™ Further important
significant physiological actlvmes related with benzoxazoles are
HIV-1 protease inhibitors," butyrylchohnesterase inhibitors'”

¥, topoisomerase II inhibitors'® (Figure 2).
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Figure 2. Benzoxazole derivatives with biological activities

A variety of synthetic routes for these compounds have been
developed due to their great importance. Generally, the
traditional approaches for the preparation of these compounds
mostly based on the condensation of o-aminophenol (or o-
aminothiophenol) with aldehydes, derivatives of carboxylic
acids, and ester>*** or the oxidative intramolecular cyclization of
thiobenzanilides.” Other protocols such as transition metal
catalyzed cross coupling reaction of o-haloanilides or their
analogues through 1ntram01ecu1ar or intermolecular cyclization,
were also studied.” Among these, to treat with 2-aminophenols
and CS, furnishing 2-aminobenzoxazoles is mostly often
reported.”> However, most of the reported methods suffer from
expensive metal catalysts, ligands and amount of toxic reagent,
strong acid and high temperature conditions, and multistep
reactions, which limit their applications. Thus, more attentions

have been devoted to the one-pot synthetic methods. As part of
our longstanding 1nterests in developing phenylthioureas and the
relevant applications,” we hereby report a facile, mild and
efficient preparation of benzoxazoles and benzothiazoles
catalyzed by copper via one-pot manner.

2. Results and Discussion

For our initial studies, 2-aminophenol (la) and thiocarbamoyl
chloride (2a) were chosen as starting materials to optimize the
reaction conditions (Table 1). We are pleased to find that N,N-
dimethyl-2-benzoxazolamine (3a) could be obtained in 31 %
yield in the presence of NaH/THF at 60°C for 2.5 h (Table 1,
entry 1). Subsequently, the effect of base was evaluated and the
results showed that K,CO; was proved to be the appropriate base
affording the desired product in 46% yield (Table 1, entries 2-7).
Furthermore, various catalysts were examined. Copper and nickel
catalysts all displayed nice results (Table 1, entries 8-15), and
CuCl, was turned to be the most suitable for the model reaction.
In addition, solvents, temperature, and the loading of base were
further investigated. The screening of solvents showed that THF
was the best (Table 1, entries 11, 16-20), and the temperature
screening showed  that< 60 °C was the optimal reaction
temperature (Table 1, entries 11, 21-22). As for the loading of
base, the isolation yield was not improved obviously when the
loading of KyCO; was 2 equiv (85%, Table 1, entry 23). The
further screening of base loading (Table 1, entries 11, 24-25)
indicated that the optimal base loading was 1 equiv. The control
experiments for the substrate ratio showed that the excess of
thiocarbamoyl chloride was crucial for full conversion of o-
aminophenol (Table 1, entries 26-27). The optimal reaction
conditions were summarized in entry 11.

Table 1. Screening reaction conditions for 2-aminophenol (1a) with
thiocarbamoyl chloride (2a)*

S
NH;
@ . CIAN/ conditions N/
hachansla® >N
OH \ d \

1a 2a 3a
Entry Catalyst Base Solvent Temp Yield®
°C) (%)
1 - NaH THF 60 31
2 - t-BuOK THF 60 19
3 - CH;ONa  THF 60 25
4 - KOH THF 60 27
5 - NEt; THF 60 36
6 - K>,COs THF 60 46
7 - Na,CO; THF 60 21
8 CuBr K,CO; THF 60 80
9 Cul K,CO; THF 60 81
10 CuO K,CO;4 THF 60 72
11 CuCl, K,CO; THF 60 86
12 Cu(OTf), K,COs THF 60 74
13 Cu(OAc), K,CO; THF 60 70
14 NiClL K,COs THF 60 77
15 NiBr, K,CO;4 THF 60 73
16 CuCl, K,CO; DMSO 60 27
17 CuCl, K,CO;4 DMF 60 39




18 CuCl, K>,COs DMAC 60 68
19 CuCl, K>,COs CH;CN 60 46
20 CuCl, K>,COs CH,Cl, 60 53
21 CuCl, K,CO; THF 40 63
22 CuCl, K,CO; THF r.t 30
23¢ CuCl, K,CO5 THF 60 85
24¢ CuCl, K,CO; THF 60 73
25 CuCl, - THF 60 71
26° CuCl, K,CO; THF 60 47
27" CuCl, K>,COs THF 60 63

“Reaction conditions: 1a (1.0 mmol), 2a (3.0 mmol), [Cat.] (5
mol%), base loading (1 equiv), solvent (2.5 mL) for 2.5 h. ®Isolation
yields. “base loading (2 equiv). *base loading (0.5 equiv). “l1a (1.0
mmol), 2a (1.5 mmol), ‘1a(1.0 mmol), 2a (2.0 mmol).

Under the optimal conditions, various functionalized 2-
aminophenol or 2-aminothiophenol derivatives reacting with
thiocarbamoyl chloride furnished desired benzoxazoles or
benzothiazoles smoothly (Table 2, entries 1-17). Substrates 1b,
1c and 1d, having electron-donating group on the para or meta
position of amino group, cyclized with thiocarbamoyl chloride
successfully to give the desired products in 83%, 82% and 82%
yields, respectively (entries 2-4). However, substrates 1e and 1f,
bearing the same type functional group ortho to the amino or
hydroxyl group afforded 3e and 3f in relatively lower yields
(77% for 3e, 74% for 3f, entries 5-6), this might be caused by the
stereo hinderance. The electron-withdrawing groups on the para
or meta position of amino group promoted the reaction slightly,
yielding the corresponding products 3g-3k ranging from 84%-—
91% (Table 2, entries 7-11). In addition, 2-aminothiophenols
could react with thiocarbamoyl chloride well under the optimal
conditions to give 3l in 73 % yield (entry 12) and 3m in 70 %
yield (entry 13). Furthermore, the substrate diethylthiocarbamoyl
chloride (2b) was also investigated. The results revealed that 2b
was a good reacting partner with 2-aminophenols and 2-
aminothiophenols, affording cyclization products in good yields
(72-88%, entries 14—17).

Table 2. CuCl-catalyzed synthesis of benzoxazoles and
benzothiazoles®
S
NH; CuCl, KoCO N
X 2, K2CO3 R
R1@ + CI)J\N/RZ R1@ SN 2
ZSYH Rs THF, 60 C Z=X Ry
1 2 2.5h-3.5h 3
X=0, S
Ro=Me, E|
Entry Aminophenol / Thiocarbamoyl Product Yield®
Aminothiophenol chloride (%)
1 NH, S N\ / 36
L oy b
OH I
la 2a 3a
2 NH, /@:N\ / 83
/@ CIiN/ o% N
OH \
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16 NH. i N 72
L. ok o

1p 3p

cl NH S cl N
17 \@SHz c.*.g \©:S\%NC 74

1q 2b 3q

Reaction conditions: 1 (1.0 mmol), 2 (3.0 mmol), CuCl, (5 mol%),
K,CO; (1 eq), THF (2.5 mL), 60 °C for 2.5 h. "Isolation yield.

Though the reaction mechanism is not clear at this stage, we
speculate the reaction goes through a tandem manner.” The first
step is the formation of o-hydroxy arylthiourea, which is
subsequently transformed to o-hydroxy arylisothiourea in the
presence of base. The second step is the copper-catalyzed C-O
coupling to give the final cyclization product.

3. Conclusion

In summary, we presented a useful protocol for the preparation of
various substituted 2-aminobenzoxazoles and 2-
aminobenzothiazoles. Under the catalysis of copper, 2-
aminophenol or 2-aminothiophenol derivatives reacting with
thiocarbamoyl chloride furnished the desired benzoheterocycles
smoothly with good to excellent yields (70-91%). The broad
substrate scope, short reaction time, mild react conditions, and
nice yields make this approach attractive, showing its practical
synthetic value for the preparation of some biologically or
pharmaceutically active compounds. Further investigation of this
protocol and the related applications are under studied in our
laboratory.
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Highlights:

e17 benzoheterocycles (2-aminobenzoxazoles and 2-
aminobenzothiazoles) were smoothly synthesized via
tandem manner.

eThe excess of thiocarbamoyl chloride (3 equiv.) is
crucial for full conversion of o-aminophenol.

eThe addition of Coppper (CuCl2) was found to be

crucial for the full conversion of o-aminophenol.



