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a b s t r a c t

An efficient palladium-copper-catalyzed direct C–H amination of substituted benzoxazoles with various
sulfamoyl chlorides as nitrogen group sources has been developed. The system does not need a strong
base and tolerates a series of functional groups, such as chloro, methyl, and nitro groups, providing the
amination products in moderate to excellent yields.

� 2012 Elsevier Ltd. All rights reserved.
The transition-metal-catalyzed amination reaction of azoles is a
highly important transformation in synthetic chemistry since these
amination products are widely employed in biological, pharmaceu-
tical, and material sciences.1 In the past decades, remarkable re-
sults have been obtained in hydroamination,2 allylic amination,3

and oxidative amidation4 of double or triple bonds. The palla-
dium-catalyzed Buchwald–Hartwig coupling,5 copper-catalyzed
Ullmann and Goldberg couplings6 and copper-promoted Chan–
Lam coupling7 are all powerful tools to fulfill these transforma-
tions. However, two functionalized precursors are required for
the aforementioned transformation. To circumvent this drawback,
the direct amination of heteroarenes C–H is undoubtedly the most
straightforward strategy on such transformations.8 As far as the
nitrogen group sources are concerned, primary and secondary
amines,9 chloroamines,10 and amides11 have been successfully in-
stalled into the corresponding substrates via C–H activation. De-
spite the remarkable success that has been achieved, to the best
of our knowledge, the desulfination of sulfamoyl chloride in the di-
rect amination reaction via C–H bond cleavage followed by C–N
bond formation has never been reported. Herein, we report the
aerobic oxidative amination of azoles with sulfamoyl chlorides as
nitrogen sources.

During the optimization of the reaction conditions, this amina-
tion reaction was performed using benzoxazole (1a) and dim-
ethylsulfamoyl chloride (2a) as substrates as summarized in
Table 1. Initially, the reaction was performed in dry PhCl at
150 �C in the presence of Pd(O2CCF3)2/CuCN with K2Cr2O7 as the
ll rights reserved.
oxidant, affording N,N-dimethylbenzo[d]oxazol-2-amine (3aa) in
34% yield (entry 1, Table 1). A series of palladium catalysts were
screened, such as Pd2(dba)3, PdCl2(CH3CN)2, PdCl2 (entries 2–6,
Table 1), and bipyPdCl2 was found to be the best. Copper salts were
crucial for the amination reaction. After a range of copper salts
screened, CuCN was superior to others, such as Cu(OAc)2, CuCl,
CuI (entries 7–9, Table 1). The yield dramatically decreased to
10% without CuCN (entry 10, Table 1). Whereas CuCN was en-
hanced to 1.0 equiv, the yield did not improve significantly (entry
5, Table 1). We next examined the effect of oxidants on this reac-
tion (entries 15 and 16, Table 1), and K2Cr2O7 was the best. The
base played an important role in the amination reaction and
K2CO3 was superior to other bases (entries 5, 11–13, Table 1).
The solvent had a significant impact on the reaction, replacing of
PhCl with DMSO, 1,4-dioxane, or CH3CN, the reaction became slug-
gish and provided poor conversions (entries 17–19, Table 1). To our
delight, when 4 Å molecular sieves were added to the reaction
mixture, the desired product 3aa was obtained in 85% yield (entry
5, Table 1).

Further experiments showed that various substituted benzox-
azoles allowed the direct amination reaction under the optimum
reaction conditions (Table 2). Both electron-rich and electron-poor
substituted benzoxazoles were successfully converted to the corre-
sponding cross-coupling products in moderate to good yields. The
procedure was a little sensitive to the electron-nature of the sub-
stituents on the aromatic ring of the benzoxazoles. For example,
except for 3ca, electron-withdrawing groups gave a slightly higher
yield than electron-donating groups (3da, 3la vs 3ba, 3ea, and 3fa,
Table 2). Notably, the p-methoxyphenyl, p-trifluoromethylphenyl,
p-methoxycarbonylphenyl, and p-methylphenyl on benzoxazoles
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Table 1
Optimization of reaction conditionsa

N S Cl
O

O N

O
N+

N

O

1a 2a 3aa

Pd source, Cu source

base, oxidant, solvent
150 oC

Entry Pd source Cu source Base Oxidant Solvent Yieldb (%)

1 Pd(O2CCF3)2 CuCN K2CO3 K2Cr2O7 PhCI 34
2 Pd2(dba)3 CuCN K2CO3 K2Cr2O7 PhCI 42
3 PdCI2(CH3CN)2 CuCN K2CO3 K2Cr2O7 PhCI 75
4 PdCI2 CuCN K2CO3 K2Cr2O7 PhCI 50
5 BipyPdCI2 CuCN K2CO3 K2Cr2O7 PhCI 76 (85)c (76)d

6 — CuCN K2CO3 K2Cr2O7 PhCI 66
7 BipyPdCI2 Cu(OAc)2 K2CO3 K2Cr2O7 PhCI 60
8 BipyPdCI2 CuCl K2CO3 K2Cr2O7 PhCI 62
9 BipyPdCI2 Cul K2CO3 K2Cr2O7 PhCI 42
10 BipyPdCI2 — K2CO3 K2Cr2O7 PhCI 10
11 BipyPdCI2 CuCN Na2CO3 K2Cr2O7 PhCI 60
12 BipyPdCI2 CuCN t-BuOK K2Cr2O7 PhCI 18
13 BipyPdCI2 CuCN — K2Cr2O7 PhCI 65
14 BipyPdCI2 CuCN K2CO3 BQ PhCI <5
15 BipyPdCI2 CuCN K2CO3 DDQ PhCI 53
16 BipyPdCI2 CuCN K2CO3 — PhCI 50
17 BipyPdCI2 CuCN K2CO3 K2Cr2O7 DMSO 40
18 BipyPdCI2 CuCN K2CO3 K2Cr2O7 1,4-Dioxane 32
19 BipyPdCI2 CuCN K2CO3 K2Cr2O7 CH3CN 58

a Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), Pd source (10 mol %), Cu source (20 mol %), base (0.4 mmol), and oxidant (0.2 mmol), in dry PhCl (2 mL), air, 150 �C,
sealed tube, 24 h.

b Isolated yield.
c 4 Å molecular sieves (50 mg).
d CuCN (1.0 equiv).

Table 2
Palladium-copper-catalyzed direct amination of benzoxazole with dimethylsulfamoyl
chloridea

N S Cl
O

ON

O

1a- 1l 2a 3aa-3la

R +
N

O
R N

BipyPdCl2, CuCN

K2CO3, K2Cr2O7
PhCl, 150 oC

N

O
N

3aa, 85%
N

O
N

3ba, 60%

N

O

Cl
N

3ca, 62%
N

O

O2N
N

3da, 76%

N

O
N

3ea, 68%
N

O

t-Bu
3fa, 70%

N

N

O

O

N

3ga, 91%

N

O
N

F3C
3ha, 86%

N

O
N

O 3ia, 88%

O

N

O
N

3ja, 83%

N

O
N

O
3ka, 48%

N

O
N

O

O
3la, 80%

a Reaction conditions: 1 (0.2 mmol), 2a (0.3 mmol), BipyPdCl2 (10 mol %), CuCN
(20 mol %), K2CO3 (0.4 mmol) and K2Cr2O7 (0.2 mmol), in dry PhCl (2 mL), air,
150 �C, sealed tube, 24 h, 4 Å MS (50 mg).

Table 3
Palladium-copper-catalyzed direct amination of benzoxazole with sulfamoyl chloride a

N

O
N S Cl

R2

R1 O

O
+

N

O
N

R1

R2

1a 2b-2e 3ab-3ae

BipyPdCl2, CuCN

K2CO3, K2Cr2O7
PhCl, 150 oC

N

O
N O

3ab, 61%

N

O
N

3ac, 52%

N

O
N

3ad, 33%
N

O
N

C
O

3ae, 0%

a Reaction conditions: 1a (0.2 mmol), 2 (0.3 mmol), BipyPdCl2 (10 mol %), CuCN
(20 mol %), K2CO3 (0.4 mmol) and K2Cr2O7 (0.2 mmol), in dry PhCl (2 mL), air,
150 �C, sealed tube, 24 h, 4 Å MS (50 mg).
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were all well tolerated under these reaction conditions and the
desired products were obtained in good yields (3ga–3ja, Table 2).
The p-acetylphenyl on benzoxazole which had an electron-
withdrawing group only provided the product in 48% yield (3ka,
Table 2). It was regrettable that benzothiazole, benzofuran and
N-methylindole did not work under the optimum reaction
conditions.

Next, some sulfamoyl chlorides were tested for the direct ami-
nation of benzoxazole (Table 3). Sulfamoyl chloride including mor-
pholine-4-sulfonyl chloride, pyrrolidine-1-sulfonyl chloride, and
piperidine-1-sulfonyl chloride were tolerated under the optimal
reaction conditions, and the desired products were obtained in
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Scheme 1. Plausible mechanism.
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moderate yields (3ab–3ad, Table 3). Unfortunately, no desired
product was obtained when chlorosulfonyl isocyanate was em-
ployed under the reaction conditions, which may be caused by
the SO2 extrusion from chlorosulfonyl isocyanate unsuccessfully
(3ae, Table 3).

Based upon the previous literature, a plausible mechanism was
outlined in Scheme 1. A Pd(IV/II) catalytic cycle may be involved in
this transformation. Firstly, the cupration of benzoxazole took
place to form Cu(I) species A.12 Meanwhile, the oxidative addition
of sulfamoyl chloride of Pd(II) formed a Pd(II) species B. Secondly,
the transmetallation of Cu(I) to Pd formed the new Pd(IV) species
C. The intermediate C released SO2 to yield intermediate D.13

Finally, the reductive elimination of intermediate D released the
aminated product, along with the Pd(II) to enter the catalytic cycle.
However, we could not thoroughly rule out the possibility of a
Pd(0)/Pd(II) mechanism.14

In summary, an efficient and palladium-copper-catalyzed direct
C–H amination of substituted benzoxazoles with sulfamoyl chlo-
rides as nitrogen group sources has been developed in moderate
to excellent yields. The reaction provides a novel methodology
allowing for a wide functional group tolerance. Further studies
aimed at obtaining a better understanding of the reaction mecha-
nism and at expanding the substrate scope of the reaction are
underway.
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