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- Regioselective
- Mild conditions
- Ease of operation
- Wide substrate scope
- Use of cheap reagents
- Ecofriendly
- Robust and scalable
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Abstract A highly practical procedure for the preparation of bro-
moanilines by using copper-catalyzed oxidative bromination has been
developed. Treatment of free anilines with readily available NaBr and
Na2S2O8 in the presence of a catalytic amount of CuSO4·5H2O enabled
regioselective bromination.

Key words anilines, bromination, catalysis, copper, halides, halogena-
tion, oxidation

Aryl halides have gained much attention as important

raw materials for invaluable compounds such as drugs and

natural products.1 Over the past few decades, C–H activa-

tion methodology that does not need a halogen atom as an

activating group in the substrate has emerged as a powerful

tool for making carbon–carbon and carbon–heteroatom

bonds.2 Despite the conceptually attractive features of that

methodology, particularly for chemical industries, cross-

coupling technology3 employing aryl halides as starting

materials has widely been used for producing functional-

ized aromatic compounds, thanks to the remarkable ro-

bustness and low cost of the substrates. In this context, the

search for a more concise, economical, and environmentally

viable procedure for producing aryl halides is still in great

demand. Among the methods, particular attention has been

focused on the bromination of free anilines because of their

importance in the synthesis of nitrogen-containing hetero-

cycles.4 We report herein a novel and efficient synthesis of

bromoanilines by means of copper-catalyzed oxidative bro-

mination of free anilines.

Various methods for the bromination of free anilines by

employing Br2,5a HBr/DMSO,5b KBr/NaBO3,5c [bmin]Br3,5d

NBS/TBAB,5e NBS-functionalized silica,5f NBS/ionic liquid,5g

CuBr2/ionic liquid,5h NaBr/cat. Pd/O2,5i NBS/HFIP,5j

KBr/4Na2SO4·2H2O2·NaCl,5k CuBr2/TBAB,5l and TMSBr/PIFA5m

have been reported. Among these, if atom economy and

ecofriendliness are considered, oxidative bromination cata-

catalyzed process, is highly desirable. Although examples5h,l

of this type of reaction have been reported, a stoichiometric

amount of copper bromide (CuBr2) was needed as the bro-

minating reagent. To overcome this issue, Stahl and co-

workers reported aerobic bromination by using a catalytic

amount of CuBr2.6 However, this method requires a relative-

ly higher temperature (60 °C) and examples with labile sub-

strates such as unprotected anilines have not been report-

ed.

Meanwhile, we have recently developed an efficient

method for the azidation of free anilines by the use of a Cu-

SO4·5H2O/NaN3/Na2S2O8 catalytic system.7 Fascinated by the

quite efficient nature of Na2S2O8 as an oxidant, we came up

with an idea to use a CuSO4·5H2O/NaBr/Na2S2O8 system for

the oxidative bromination of free anilines.

Initially, the bromination of 2-nitroaniline (1a) was test-

ed as a typical example (Table 1). The possible product 4-

bromo-2-nitoroaniline (2a) has been widely used as an im-

portant starting material for producing pharmaceuticals.8

Treatment of 1a with NaBr (1.2 equiv.) in the presence of

CuSO4·5H2O (25 mol%) and Na2S2O8 (1.2 equiv.) in a mixture

of CH3CN and H2O (2:1) at 7 °C for 4 h and at 25 °C for 18 h

gave the desired 4-bromo-2-nitroaniline (2a) and the over-

brominated 4,6-dibromo-2-nitroaniline (3a) (2a/3a = 94:6)

with 36% assay yield of 2a (Table 1, entry 1).

In sharp contrast to the above-mentioned azidation7 us-

ing CuSO4·5H2O/NaN3/Na2S2O8, in which azidation proceed-

ed ortho to the amino group, bromination occurred para to

the amino group for the same anilines. This para selectivity

might be accounted for by simple Friedel–Crafts-type elec-

trophilic bromination rather than the reaction mediated by

the copper–aniline complex.7

To enhance the conversion and prevent dibromination,

the reaction was tested with increased amounts of NaBr

and Na2S2O8 (1.8 and 1.4 equiv., respectively) at the lower

temperature (7 °C) (Table 1, entry 2). With this treatment,

the ratio of 2a and 3a was remarkably improved to 100:0

and, if the temperature was maintained for 2 h, the conver-
© 2021. Thieme. All rights reserved. Synthesis 2021, 53, 1828–1832
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sion reached 63% (Table 1, entry 3). If, after that point in

time, the mixture was stirred at 25 °C for a further 22 h, the

desired product 2a was obtained in 95% assay yield with ex-

cellent monobromination selectivity (2a/3a = 99.9:0.1; Ta-

ble 1, entry 4). To prevent unfavorable dibromination, the

reaction mixture was kept at 7 °C in the beginning and then

warmed to a higher temperature (25 °C). A control experi-

ment was performed without CuSO4·5H2O, which resulted

in no reaction at all (Table 1, entry 5). Another oxidant,

H2O2 was then used in place of Na2S2O8. However, in this

case, only a trace amount of 2a was obtained (2.6% assay

yield; Table 1, entry 6). In marked contrast, the use of Oxone

led to very rapid bromination, although there was consider-

able formation of the dibromide (2a/3a = 81:19; Table 1, en-

try 7).

With the optimized conditions in hand, the substrate

scope was examined (Scheme 1). Functional groups such as

ester (2b, 2l), halogen (2c–2e, 2h, and 2i), ketone (2g), and

nitro (2a and 2k) groups are compatible with this transfor-

mation. If the substituent is located ortho to the amino

group, para-bromination predominates (2a–2f). For sub-

strates with para-substituents, ortho-bromination prefer-

entially took place (2g–2l and 2e from 4-bromoaniline (1j)),

although 2,6-dibrominated products were produced in mi-

nor amounts. It should be noted that every reaction was

conducted with approximately 1.0 g of substrate to demon-

strate the scalability and reproducibility of this process.

To gain further insight on the reaction mechanism, the

addition of a radical scavenger (TEMPO) was tested (Table

2). When 1.0 equiv. of TEMPO was added under the stan-

dard reaction conditions, the bromination apparently accel-

erated; that is, 83 and 89% conversion were attained after

reaction at 7 °C for 1 and 2 h, respectively (Table 2, entries 1

and 2) versus 54 and 63% for 1 and 2 h, respectively, with-

out TEMPO (Table 1, Entries 2 and 3). This result demon-

strates that the reaction does not proceed by intervention

of a radical as an intermediate.9 Furthermore, if such radical

species are involved in this reaction, the dimerization prod-

uct should be produced via formation of a cation radical,

similar to those reported for the dimerization of 2,6-di-

methylphenol with CuSO4/Na2S2O8.10 However, no such by-

product was found in the reaction mixture to support the

radical reaction mechanism (see below).

Based on the results mentioned above, a possible mech-

anism has been postulated for the oxidative bromination of

1a (Scheme 2). As the active reactant, a bromonium ion

(Br+), rather than a bromide radical (Br˙), is proposed. It

might be formed rapidly from NaBr through two-electron

Table 1  Screening of the Catalytic System for the Bromination of 2-Nitroaniline (2a)a

Entry NaBr
(x equiv.)

Oxidant
(y equiv.)

Temp
(℃)

Time
(h)

2a/3ab Conv.c

(%)
Yieldd of 2a
(%)

1 1.2 Na2S2O8
(1.2)

7
25

4
18

94:6 62 36

2 1.8 Na2S2O8
(1.4)

7 1 100:0 54 –e

3 1.8 Na2S2O8
(1.4)

7 2 100:0 63 –e

4 1.8 Na2S2O8
(1.4)

7
25

2
22

99.9:0.1 99 95

5f 1.8 Na2S2O8
(1.4)

7
25

2
22

–e 0 0

6 1.8 H2O2
(1.4)

7
25

2
13

100:0 2.6 2.6

7 1.8 Oxone
(0.7)

7 1 81:19 100 75

a Reaction conditions: 2-Nitroaniline (1.0 g, 7.24 mmol), CuSO4·5H2O (0.452 g, 1.81 mmol, 25 mol%), NaBr (x equiv.), and oxidant (y equiv.) in a mixture of 
CH3CN (20 mL) and H2O (10 mL).
b Ratio based on HPLC area percentage.
c Conversion from 1a into 2a based on HPLC area percentage.
d Determined by HPLC.
e Not assayed.
f The reaction was conducted without CuSO4·5H2O.

NO2

NH2

NO2

NH2

1a 2a

Br

NO2

NH2

3a

Br Br

+

CuSO4 5H2O (25 mol%)

CH3CN, H2O

Na2S2O8 (y equiv.)

temp, time

.

NaBr (x equiv.)
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oxidation via steps I and II involving sulfate radicals (SO4˙
–)

generated by thermal decomposition of Na2S2O8.11 The Br+

ion thus obtained would react para to the amino group of

1a to afford intermediate A, which, upon deprotonation, re-

sults in the formation of desired brominated aniline 2a.12

The acceleration effect of TEMPO mentioned above may be

explained by the ability of TEMPO to oxidize CuI into CuII

species,13 which would result in enhanced generation of the

active brominating species Br+.

In conclusion, a novel and practical bromination of free

anilines has been developed. The new protocol is applicable

to a variety of substrates to give monobrominated anilines

preferentially and regioselectively. Only a catalytic amount

of copper salt (CuSO4·5H2O) is required, which causes much

less environmental impact than the reported methods that

need a stoichiometric amount of CuBr2. The use of readily

available reagents and mild reaction conditions, as well as

the ease of operation, for this process will permit much eas-

ier access to brominated anilines, which are compounds of

increasing interest.

1H and 13C NMR spectra (400 and 100 MHz, respectively) were record-

ed with tetramethylsilane used as an internal standard. Silica gel col-

umn chromatography was performed using Kieselgel 60 (Merck). TLC

was carried out on Merck 0.25 mm precoated glass-backed plates (60

F254). Development was accomplished by using 5% phosphomolybdic

acid in ethanol followed by heat or was visualized by UV light where

feasible. All solvents and reagents were used as received.

4-Bromo-2-nitroaniline (2a); Typical Procedure for Bromination

2-Nitroaniline (1.0 g, 7.24 mmol) was added to a suspension of

CuSO4·5H2O (0.452 g, 1.81 mmol, 25 mol%) in a mixture of CH3CN (20

mL) and H2O (10 mL) at 25 °C, and the mixture was stirred at 25 °C for

15 min. NaBr (1.34 g, 13.0 mmol, 1.8 equiv.) and Na2S2O8 (2.41 g, 10.1

mmol, 1.4 equiv.) were then added simultaneously in three portions

at 7 °C over 15 min. After addition was complete, the mixture was fur-

ther stirred at 7 °C for 2 h and at 25 °C for 22 h. Na2S2O3 (572 mg, 3.62

Scheme 1  Substrate scope of the Cu-catalyzed bromination of ani-
lines. Reagents and conditions: Substrate 1 (7.24 mmol), CuSO4·5H2O 
(0.452 g, 1.81 mmol, 25 mol%), NaBr (1.34 g, 13.0 mmol, 1.8 equiv.), 
and Na2S2O8 (2.41 g, 10.1 mmol, 1.4 equiv.) in a mixture of CH3CN (20 
mL) and H2O (10 mL), 7 °C for 2 h then 25 °C for 22 h. The ratios in pa-
rentheses are those of the monobrominated/dibrominated products.

NH2

CO2Me

79% (100:0)

Br

2b

NH2

F

Br

2c

63% (85:15)

NH2

Cl

Br

2d

56% (66:34)

NH2

Br

Br

2e

76% (83:17)

NH2

O2N

Br

2k

98% (98:2)

NH2

Br

O

2g

94% (100:0)

NH2

Br

F

2h

44% (63:37)

NH2

Br

Cl

79% (79:21)

2i

NH2

Br

Br

79% (79:21)

2e

NH2

Br

83% (100:0)

2f

NH2

MeO2C

Br

96% (100:0)

2l

NH2

CuSO4 5H2O (25 mol%)

CH3CN, H2O

Na2S2O8 (1.4 equiv.)

7–25 °C

.

NaBr (1.8 equiv.)

R
NH2

R

Br

1 2

CN

Table 2  Effect of a Radical Scavenger on the Cu-Catalyzed Bromina-
tion of Anilinesa

Entry Temp
(℃)

Time
(h)

2a/3ab Conv.c

(%)
Yieldd of 2a
(%)

1 7 1 100:0 83 –e

2 7 2 100:0 89 –e

3 7
25

2
13

99.8:0.2 100 92

a Reaction conditions: 2-Nitroaniline (1.0 g, 7.24 mmol), CuSO4·5H2O 
(0.452 g, 1.81 mmol, 25 mol%), NaBr (1.34 g, 13.0 mmol, 1.8 equiv.), and 
Na2S2O8 (2.41 g, 10.1 mmol, 1.4 equiv.) in a mixture of CH3CN (20 mL) and 
H2O (10 mL).
b Ratio based on HPLC area percentage.
c Conversion from 1a into 2a based on HPLC area percentage.
d Determined by HPLC.
e Not assayed.

NO2

NH2

NO2

NH2

1a 2a

Br

NO2

NH2

3a

Br Br

+

CuSO4 5H2O (25 mol%)

CH3CN, H2O

Na2S2O8 (1.4 equiv.)

temp, time

.

NaBr (1.8 equiv.)

TEMPO (1.0 equiv.)

Scheme 2  Possible reaction mechanism

NO2

N+H2
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2a

Na2S2O8

CuIISO4

NaBr
Br

CuIL

[Br.]

Br+

SO4
–

CuIISO4

CuIL

SO4
–

H+

A

SO4 
 –.

SO4 
 –.

I

II
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mmol) was added to the mixture. The pH value of the mixture was

then adjusted to 9.0 by adding 10% aq. NaOH (8 mL). The mixture was

diluted with H2O (100 mL) and extracted with AcOEt (100 mL). The

organic phase was separated and subjected to HPLC analysis (X Bridge

C18, 5 m, 4.6 × 150 mm, 30 °C, 1 mL min–1, 50–90% CH3CN (0–20

min) then 50% (20–40 min), 254 nm) to obtain the assay yield of 2a

(1.49 g, 94.9%) and the ratio of 2a/3a (99.9:0.1). Pure samples of 2a

and 3a for analysis were obtained by purification of the evaporated

mixture with silica gel column chromatography (n-hexane/AcOEt =

15:1).

Characterization Data of Products

4-Bromo-2-nitroaniline (2a)8

White solid; assay yield: 1.5 g (97%); 2a/3a = 99.9/0.1.

1H NMR (CDCl3):  = 8.27 (1 H, d, J = 2.0 Hz), 7.43 (1 H, dd, J = 8.8, 2.4

Hz), 6.72 (1 H, d, J = 8.4 Hz), 6.08 (2 H, br s).

13C NMR (CDCl3):  = 143.6, 138.5, 132.6, 128.4, 120.4, 107.9.

4,6-Dibromo-2-nitroaniline (3a)4a

White solid.

1H NMR (CDCl3):  = 8.30 (1 H, d, J = 2.4 Hz), 7.81 (1 H, d, J = 2.4 Hz),

6.64 (2 H, br s).

13C NMR (CDCl3):  = 141.4, 140.9, 128.3, 112.8, 107.0.

Methyl 5-Bromoanthranilate (2b)4b

White solid; assay yield: 1.3 g (79%); 2b/3b = 100:0.

1H NMR (CDCl3):  = 7.96 (1 H, d, J = 2.8 Hz), 7.32 (1 H, dd, J = 9.0, 2.8

Hz), 6.56 (1 H, d, J = 8.8 Hz), 5.75 (2 H, br s), 3.87 (3 H, s).

13C NMR (CDCl3):  = 167.6, 149.4, 136.8, 133.5, 118.4, 112.1, 107.4,

51.9.

4-Bromo-2-fluoroaniline (2c)4c

White solid; assay yield: 867 mg (63%); 2c/3c = 85:15.

1H NMR (CDCl3):  = 7.13 (1 H, dd, J = 10.4, 2.0 Hz), 7.05 (1 H, ddd, J =

8.8, 2.0, 1.6 Hz), 6.65 (1 H, dd, J = 14.6, 8.0 Hz), 3.72 (2 H, br s).

13C NMR (CDCl3):  = 152.6, 150.2, 133.9, 133.8, 127.5, 127.4, 118.8,

118.6, 117.9, 117.8, 109.0, 108.9.

4,6-Dibromo-2-fluoroaniline (3c)4d

White solid.

1H NMR (CDCl3):  = 7.34 (1 H, t, J = 2.0 Hz), 7.10 (1 H, dd, J = 10, 2.4

Hz), 4.12 (2 H, br s).

13C NMR (CDCl3):  = 152.0, 149.5, 133.2, 133.1, 130.1, 130.0, 118.0,

117.7, 109.8, 109.7, 108.1, 108.0.

4-Bromo-2-chloroaniline (2d)4e

White solid; assay yield: 837 mg (56%); 2d/3d = 66:34.

1H NMR (CDCl3):  = 7.37 (1 H, d, J = 2.0 Hz), 7.15 (1 H, dd, J = 8.0, 2.4

Hz), 6.63 (1 H, d, J = 8.8 Hz), 4.05 (2 H, br s).

13C NMR (CDCl3):  = 142.2, 131.7, 130.6, 120.0, 116.9, 109.4.

4,6-Dibromo-2-chloroaniline (3d)4f

White solid.

1H NMR (CDCl3):  = 7.45 (1 H, d, J = 2.4 Hz), 7.34 (1 H, d, J = 2.4 Hz),

4.50 (2 H, br s).

13C NMR (CDCl3):  = 140.5, 133.2, 131.0, 119.7, 109.3, 108.5.

2,4-Dibromoaniline (2e)4d

Yield: 1.38 g (76% from 2-bromoaniline (1e)); 2e/3e = 83:17; 1.44 g

(79% from 4-bromoaniline (1j)); 2e/3e = 79:21.

1H NMR (CDCl3):  = 7.53 (1 H, d, J = 2.0 Hz), 7.19 (1 H, dd, J = 8.0, 2.4

Hz), 6.64 (1 H, d, J = 8.4 Hz), 4.09 (2 H, br s).

13C NMR (CDCl3):  = 143.3, 134.6, 131.2, 116.8, 109.7, 109.6.

2,4,6-Tribromoaniline (3e)4g

White solid.

1H NMR (CDCl3):  = 7.50 (2 H, s), 4.57 (2 H, br s).

13C NMR (CDCl3):  = 141.4, 133.9, 108.9.

4-Bromo-2-cyanoaniline (2f)4h

White solid; assay yield: 1.2 g (83%); 2f/3f = 100:0.

1H NMR (CDCl3):  = 7.48 (1 H, d, J = 1.6 Hz), 7.40 (1 H, dd, J = 8.6, 2.0

Hz), 6.64 (1 H, d, J = 8.8 Hz), 4.44 (2 H, br s).

13C NMR (CDCl3):  =148.6, 137.0, 134.2, 116.8, 116.2. 108.8.

4-Acetyl-2-bromoaniline (2g)4i

White solid; assay yield: 1.5 g (94%); 2g/3g = 100:0.

1H NMR (CDCl3):  = 8.06 (1 H, d, J = 2.4 Hz), 7.33 (1 H, dd, J = 8.6, 2.4

Hz), 6.74 (1 H, d, J = 8.4 Hz), 4.62 (2 H, br s), 2.50 (3 H, s).

13C NMR (CDCl3):  = 195.5, 148.5, 133.8, 129.4, 128.8, 114.3, 108.3,

26.1.

2-Bromo-4-fluoroaniline (2h)4j

White solid; assay yield: 605 mg (44%); 2h/3h = 63:37.

1H NMR (CDCl3):  = 7.17 (1 H, dd, J = 8.2, 2.8 Hz), 6.86 (1 H, ddd, J =

8.6, 7.8, 2.8 Hz), 6.71 (1 H, dd, J = 8.6, 5.2 Hz), 3.93 (2 H, br s).

13C NMR (CDCl3):  = 156.6, 154.2, 140.6, 119.3, 119.1, 115.9, 115.8,

115.4, 115.1, 108.7, 108.6.

2,6-Dibromo-4-fluoroaniline (3h)4k

White solid.

1H NMR (CDCl3):  = 7.19 (2 H, d, J = 8.0 Hz), 4.37 (2 H, br s).

13C NMR (CDCl3):  = 155.4, 152.9, 139.0, 119.1, 118.9, 108.0, 107.9.

2-Bromo-4-chloroaniline (2i)4l

White solid; assay yield: 1.2 g (79%); 2i/3i = 79:21.

1H NMR (CDCl3):  = 7.40 (1 H, d, J = 2.4 Hz), 7.06 (1 H, dd, J = 8.6, 2.4

Hz), 6.67 (1 H, d, J =4.0 Hz), 4.07 (2 H, br s).

13C NMR (CDCl3):  = 142.8, 131.8, 128.3, 123.0, 116.2, 109.1.

2,6-Dibromo-4-chloroaniline (3i)4f

White solid.

1H NMR (CDCl3):  = 7.38 (2 H, s), 4.54 (2 H, br s).

13C NMR (CDCl3):  = 141.0, 131.2, 122.6, 108.4.

2-Bromo-4-nitroanigline (2k)4m

White solid; assay yield: 1.5 g (98%); 2k/3k = 98:2.

1H NMR (CDCl3):  = 8.37 (1 H, d, J = 2.4 Hz), 8.03 (1 H, dd, J = 8.8, 2.0

Hz), 6.75 (1 H, d, J = 9.2 Hz), 4.86 (2 H, br s).
© 2021. Thieme. All rights reserved. Synthesis 2021, 53, 1828–1832
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13C NMR (CDCl3):  = 150.0, 139.1, 129.3, 125.0, 113.6, 107.1.

2,6-Dibromo-4-nitroaniline (3k)4f

White solid.

1H NMR (CDCl3):  = 8.35 (2 H, s), 5.29 (2 H, br s).

13C NMR (CDCl3):  = 147.5, 138.6, 128.0, 106.5.

Methyl 4-Amino-3-bromobenzoate (2l)4n

White solid; assay yield: 1.6 g (96%); 2l/3l = 100:0.

1H NMR (CDCl3):  = 8.12 (1 H, d, J = 2.0 Hz), 7.79 (1 H, dd, J = 8.2, 2.0

Hz), 6.73 (1 H, d, J = 8.8 Hz), 4.52 (2 H, br s), 3.86 (3 H, s).

13C NMR (CDCl3):  = 166.0, 148.1, 134.5, 130.3, 120.8, 114.3, 107.9,

51.9.
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