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Abstract—A simple, efficient and rapid method has been developed for high-yielding regioselective nuclear monobromination of
aromatic and heteroaromatic compounds using NBS in the presence of sulfonic-acid-functionalized silica at room temperature.
The catalyst works under heterogeneous conditions and can be recycled.
� 2006 Elsevier Ltd. All rights reserved.
The bromination of aromatic and heteroaromatic com-
pounds is an important reaction in synthetic organic
chemistry.1 Brominated arenes and heteroarenes are
useful as pharmaceuticals, agrochemicals, flame retar-
dants and specialty chemicals.2 Several aryl and hetero-
aryl bromides are potential antitumour, antibacterial
and antioxidant agents.3 They are also capable of under-
going C–C bond formation via transmetalation reac-
tions such as Heck, Stille and Suzuki reactions.4 The
direct bromination of aromatic and heteroaromatic
compounds using bromine generates toxic and corrosive
HBr, which causes environmental pollution.5 The reac-
tion is also generally unselective forming mixtures of
mono and polybrominated products. A variety of bro-
minating agents such as tetrabromocyclohexadienone,6a

tetraalkylammonium tribromide,6b NBS along with a
supporter or a catalyst,6c DBU hydrobromide perbro-
mide,6g hexamethylenetetramine tribromide,6h Me2SBr2,6i

KBr–NaBO3Æ4H2O,6j HBr–H2O2,6k HBr–O2–NaNO2
6l

and RBr–NaH in DMSO6m have been developed for
the monobromination of aromatic and heteroaromatic
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compounds. However, in terms of ease of handling
and availability, NBS is a superior brominating agent.
Earlier methods involving the utilization of NBS are
associated with several drawbacks including long
reaction times (NBS–SiO2),6c high temperatures (NBS–
TBAB and NBS–HZSM-5)6d,e and a complex
experimental procedure (NBS–HBF4ÆEt2O).6f Thus it is
desirable to develop suitable convenient methods to
utilize NBS efficiently for nuclear bromination of
aromatic and heteroaromatic compounds under mild
reaction conditions.

In continuation of our work7 on the application of
heterogeneous catalysts for the development of useful
synthetic methodologies we have now shown that acti-
vated arenes can easily be brominated with NBS in the
presence of sulfonic-acid-functionalized silica (Fig. 1)
at room temperature.8

Initially we attempted the bromination of p-cresol with
NBS using various heterogeneous catalysts (Table 1).
The bromination required 15 h (yield 78%) in the pres-
ence of only silica gel.6c NBS in the presence of H2SO4Æ
SiO2 or HClO4ÆSiO2 was found to complete the bromin-
O Si
O

O
SO3HSiO2

Figure 1. Sulfonic-acid-functionalized silica.
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Table 1. Catalyst screena

Entry Catalyst Time Product Isolated yield (%)

a Silica gel 15 h 2-Bromo-p-cresol 78
b Silica chloride 4 h 2-Bromo-p-cresol 89
c NaHSO4ÆSiO2 3 h 2-Bromo-p-cresol 91
d H2SO4ÆSiO2 10 min 2-Bromo-p-cresol 70

2,6-dibromo-p-cresol 14
e ClSO3HÆSiO2 (wet) 30 min 2-Bromo-p-cresol 87
f PTSAÆSiO2 20 min 2-Bromo-p-cresol 72

2,6-Dibromo-p-cresol 13
g Sulfonic-acid-functionalized silica 10 min 2-Bromo-p-cresol 99
h Amberlyst-15 2.5 h 2-Bromo-p-cresol 89
i Sulfated Zirconia 15 min 2-Bromo-p-cresol 61

2,6-Dibromo-p-cresol 17
j HClO4ÆSiO2 10 min 2-Bromo-p-cresol 52

2,6-Dibromo-p-cresol 23

a All reactions were performed using p-cresol (1 mmol) and different catalysts (50 mg in each case) in CH3CN–Et2O (1:3) (5 mL) at room
temperature.
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ation of p-cresol in 10 min, but a mixture of mono and
dibrominated products was obtained. Considering the
reaction time (10 min) and yield of monobrominated
product (99%), sulfonic-acid-functionalized silica was
found to be the best catalyst. It was subsequently uti-
lized for bromination of various aromatics with NBS.
A series of phenols, alkoxy arenes and anilines were con-
verted into the corresponding monobromo compounds
in high yields and in short reaction times (Table 2). Most
of the anilines underwent the conversion immediately.

The present conversion is highly regioselective.
Activated arenes showed para-selectivity in the forma-
tion of the corresponding monobromo compounds.
Table 2. Bromination of aromatic compounds using sulfonic-acid-functiona

Entry Substrate 1 Time (min) P

a Aniline 30 4
b 4-Bromoaniline 1.0 2
c N,N-Dimethylaniline 1.0 4
d o-Toluidine 5.0 4
e p-Toluidine 1.0 2
f 2-Nitroaniline 180 4
g 4-Nitroaniline 180 2
h 4-Chloroaniline 2.0 2
i 4-N,N-Dimethylaminobenzaldehyde 1.0 3
j 2-Aminoacetophenone 30 2
k 2-Aminobenzophenone 30 2
l 2-Naphthylamine 1.0 1
m 1-Naphthylamine 5.0 2
n Phenol 30 4
o o-Cresol 10 4
p m-Cresol 15 4
q p-Cresol 10 2
r Anisole 45 4
s Salicylaldehyde 95 5
t Vanillin 180 5
u 2-Hydroxyacetophenone 120 5
v 2,4-Dihydroxyacetophenone 30 5
w 4-Methoxyacetophenone 180 3
x 2-Naphthol 1.0 1
y 1-Naphthol 5.0 2

a The structures of the products were determined from spectral (1H and 13C
However, when the para-position of a substrate was
blocked with a substituent the ortho-brominated prod-
uct was obtained.

The present method is also suitable for the selective
bromination of heteroaromatic compounds, such as
chromanones, flavanoids and coumarins (Table 3).
Some of these compounds (such as bavachin, fraxetin
and oxyanin-B; Table 3, entries b, h and q, respectively)
are naturally occurring. Several brominated derivatives
of these compounds are known to possess various bio-
logical properties.9 4-Chromanones and flavanoids
underwent bromination at the ortho/para-positions with
respect to the hydroxyl and alkoxy groups. However,
lized silicaa

roduct 2 Isolated yield (%)

-Bromoaniline 89
,4-Dibromoaniline 98
-Bromo-N,N-dimethylaniline 99
-Bromo-o-toluidine 98
-Bromo-p-toluidine 99
-Bromo-2-nitroaniline 91
-Bromo-4-nitroaniline 94
-Bromo-4-chloroaniline 98
-Bromo-4-N,N-dimethylaminobenzaldehyde 98
-Amino-5-bromoacetophenone 86
-Amino-5-bromobenzophenone 83
-Bromo-2-naphthylamine 99
-Bromo-1-naphthylamine 92
-Bromophenol 83
-Bromo-o-cresol 98
-Bromo-m-cresol
-Bromo-p-cresol 99
-Bromoanisole 98
-Bromo salicylaldehyde 87
-Bromovanillin 73
-Bromo-2-hydroxyacetophenone 80
-Bromo-2,4-dihydroxyacetophenone 71
-Bromo-4-methoxy acetophenone 75
-Bromo-2-naphthol 99
-Bromo-1-naphthol 89

NMR and MS) and elemental analysis data.



Table 3. Bromination of heteroaromatic compounds using sulfonic-acid-functionalized silicaa

Entry Substrate 3 Time (h) Product 4 Isolated yield (%)

a

O

O

H3CO

0.1

O

O

H3CO

Br
95

b
O

O

H3CO

OHbavachin

0.25
O

O

H3CO

OH

Br 69

c

O

O

HO

0.25

O

O

HO

Br
67

d

O

O

H3CO

H3CO
1.0

O

O

H3CO

H3CO

Br

85

e
O

O

HO
OH

1.75b

O

O

HO
OH

Br
73

f
O OHO

2.0b

O O

Br

HO

75

g
O OBnO

0.5
O O

Br

BnO
98

h
O OHO

MeO

OH fraxetin

2.0b

O OHO

MeO

OH

Br

70

i O O
HO

0.5

O O
HO

Br

97

j
O O

HO
2.0

O O

HO

Br
73

k
O O

H2N
2.0

O O

H2N

Br
76

l
O O

H3C
5.0 No reaction

m

O OHO

CH3

1.5

O OHO

Br
CH3

93

n
O OH3CO

CH3

OCH3

3.0
O OH3CO

Br
CH3

OCH3

89
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Table 3 (continued)

Entry Substrate 3 Time (h) Product 4 Isolated yield (%)

o

O O

CH3
H3C

5.0 No reaction

p

O O

OH

2.0

O O

Br
OH

78

q
O

OH
HO

H3CO

OCH3

OCH3

OH

O

oxyanin-B

3.0b

O

OH
HO

H3CO

OCH3

OCH3

OH

Br

O

72

r

N

N

0.5

N

Br
N

91

s
N
H

N
3.0

N
H

NBr

77

a The structures of the products were determined from spectral (1H and 13C NMR and MS) and elemental analysis data.
b CH3OH–CH3CN (1:3) was used as a solvent.
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with coumarins, the bromination occurred mainly at
C-3. Nitrogen heterocycles, DMAP (Table 3, entry r)
and benzimidazole (entry s) also afforded monobromo
products in high yields. The structures of products were
settled from their spectral (1H and 13C NMR and MS)
and elemental analysis data.8

Sulfonic-acid-functionalized silica10 acts as an organic–
inorganic hybrid (interphase) catalyst wherein a
Brønsted acid site has been selectively created. It works
under heterogeneous conditions but its reaction centres
are highly mobile, as in a homogeneous catalyst. The
catalyst was prepared10b by immobilization of propyl
thiol on silica using 3-mercaptopropyltrimethoxysilane
followed by the selective oxidation of the thiol groups
by aqueous H2O2 to the sulfonic acid groups. It was recy-
cled consecutively three times without the loss of its
activity.

In conclusion, we have developed an efficient and versa-
tile method for the nuclear monobromination of aro-
matics and some heteroaromatics using NBS in the
presence of sulfonic-acid-functionalized silica as a hetero-
geneous catalyst. The method is highly regioselective
offering potential in various synthetic applications. The
mild reaction conditions, simple experimental proce-
dure, rapid conversion, excellent yields and reusability
of the catalyst are notable advantages of the method.
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