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Abstract: A convenient and efficient procedure for electrophilic aromatic bromination has been developed by mixing
of N-bromosuccinimide and an aromatic compound at room temperature on the surface of silica gel mixed with solid
anhydrous LiClO4. All of the substrates examined underwent clean electrophilic aromatic bromination in reaction times
of a few minutes to afford the corresponding bromoarenes under neutral conditions in excellent yield. In the case of
thiophenol, no substitution reaction occurred, and the corresponding disulfide was obtained in excellent yield.
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Résumé : On a mis au point une méthode pratique et efficace d’effectuer une bromation aromatique électrophile don-
nant d’excellents rendements et qui implique la mise en contact, à la température ambiante et pendant quelques minu-
tes, de N-bromosuccinimide et d’un composé aromatique à la surface d’un gel de silice mélangé avec du LiClO4

anhydre solide. Tous les substrats ont donné lieu à des bromations aromatiques électrophiles propres conduisant, dans
des conditions neutres, aux bromoarènes correspondants. Dans le cas du thiophénol, il ne se produit pas de réaction de
substitution et le disulfure correspondant est obtenu avec un excellent rendement.

Mots clés : LP-SiO2, NBS, arènes, bromation électrophile, régiosélectivité.
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Introduction

Brominated arenes are versatile intermediates in the syn-
thesis of a wide variety of biologically active compounds.
They are also widely used for the preparation of products of
commercial importance such as pharmaceuticals, agrochemi-
cals, synthetic colorants, and performance chemicals (1). A
popular method for the bromination of aromatic compounds
is the reaction of molecular bromine with an arene, in a
halogenated hydrocarbon (2) or acetic acid (3). However, in
many cases, mixtures of mono-, di-, and polybrominated
products are obtained. Another popular and mild, less haz-
ardous, and inexpensive reagent that has been used for
electrophilic aromatic bromination is N-bromosuccinimide
(NBS) in CCl4 (4). The major advantage of the use of NBS
as a brominating agent is that the by-product succinimide
can be easily recovered, converted to NBS, and reused. A
variety of methods for such a reaction with NBS have been
reported in the literature, including NBS-PTZ (5), NBS-
PTSA (5), NBS-Amberlyst (6), NBS-NaOH (7), NBS-HZSM
(8), and NBS-HBF4/Et2O (9). In addition, electrophilic
bromination of activated aromatic compounds has been re-
ported to be favored in polar solvents such as propylene car-
bonate (10), DMF (11), CH3CN (12), and ionic liquids (13).
Despite the apparent utility of these reagents, they have not

been widely used for electrophilic aromatic bromination,
which may be due to the variable results reported in terms of
both products and yields. More recently, green protocols
such as solid-state bromination (14) and Oxone®/sodium
bromide (15) have been reported in the literature.

Results and discussion

In recent years, the use of lithium perchlorate in diethyl
ether (LPDE) as a polar medium has attracted attention ow-
ing to the enhanced rate and selectivity observed for various
organic transformations in this medium (16). The LPDE me-
dium provides a convenient means to carry out reactions un-
der neutral and easy workup conditions.

In continuation of our interest on the application of lith-
ium perchlorate for various organic transformations (17), we
herein describe a simple, efficient, and general method for
the electrophilic bromination of aromatic rings by using
NBS in CH2Cl2 catalyzed by solid lithium perchlorate dis-
persed on silica gel (LiClO4–SiO2). The general applicability
of this reagent for a large number of aromatic compounds
was investigated, and the results are summarized in Tables 1
and 2. The brominated compounds were identified on the ba-
sis of their 1H NMR and mass spectral data, and by compari-
son of these data with those reported in the literature. The
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starting materials used in this study were commercially
available. The bromination reaction was studied at different
temperatures and in solvents of different polarities (CH3CN,
CH2Cl2, CCl4, MeOH, and 5 mol/L LPDE), using different
molar ratios of NBS/arene. The optimized reaction condi-
tions were found to be the simple stirring of a solution of
arene (1 equiv.), NBS (1 equiv.), and 0.4 g LiClO4–SiO2

(1:4) in CH2Cl2 at room temperature, which afforded the
product in good yield (Table 1). Without using solid LiClO4
or SiO2, the reaction is less selective and the reaction time is
longer.

The data in Table 1 clearly show the general applicability
of this method for a variety of aromatic compounds. In most
cases, one product (either the monobromo- or the
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Entry Substrate NBS (equiv.) Product(s) Yield (%)

1 Phenol 2 2,4-Dibromophenol 85
4-Bromophenol 15

2 Aniline 2 2,4-Bromoaniline 98
3 p-Cresol 1 2-Bromo-4-methylphenol 95
4 p-Toluidine 1 2-Bromo-4-methyltoluidine 98
5 4-Hydroxyacetophenone 2 3,5-Dibromo-4-hydroxyacetophenone 80

3-Bromo-4-hydroxyacetophenone 20
6 4-Aminoacetophenone 2 3,5-Dibromo-4-aminoacetophenone 90
7 4-Nitrophenol 2 2,6-Dibromo-4-nitrophenol 80

2-Bromo-4-nitrophenol 20
8 4-Nitroaniline 2 2,6-Dibromo-4-nitroaniline 98
9a Anisole 1 4-Bromoanisole 98

10 N,N-Dimethylaniline 1 4-Bromo-N,N-dimethylaniline 98
11 4-(N,N-Dimethylamino)benzaldehyde 1 3-Bromo-4-(N,N-dimethylamino)benzaldehyde 90
12 2-Aminobenzonitrile 1 2-Amino-4-bromo-benzonitrile 95
13 3-Anisidine 2.5 2,4,6-Tribromo-3-anisidine 10

2,4-Dibromo-3-anisidine 90
14 4-Bromoaniline 1 2,4-Dibromoaniline 98
15 4-Chloroaniline 1 2-Bromo-4-chloroaniline 98

aReaction time was 2 h, and 1.0 g of LiClO4–SiO2 was used.

Table 1. Bromination of activated benzene derivatives by NBS in the presence of LiClO4–SiO2.

Entry Substrate NBS (equiv.) Product(s) Yield (%)

1 2-Naphthol 1 1-Bromo-2-naphthol 98
2 1-Naphthol 2 2,4-Dibromo-1-naphthol 98
3 1-Naphthylamine 2 2,4-Dibromo-1-naphthylamine 98
4 2,7-Dihydroxynaphthalene 1 1-Bromo-2,7-dihydroxynaphthalene 98
5a 2-Methoxynaphthalene 2 1,4-Dibromo-2-methoxynaphthalene 98
6 Anthracene 2 9,10-Dibromoanthracene 100

a1.0 g of LiClO4–SiO2 was used.

Table 2. Bromination of naphthalene derivatives by NBS in the presence of LiClO4–SiO2.



dibromoarene) was formed in a short reaction time and in
good yield. In all cases, the crude products were monitored
by GC and checked for the presence of any by-products.
Some general trends are apparent from the data in Table 1.
First, the reactivity of the substrate seems to be related to the
electron density on the aromatic ring. Thus, the nucleus
must be sufficiently activated before significant reactions
occurred. This reagent is not effective for benzene, toluene,
or naphthalene, and amino derivatives give slightly easier
and cleaner reaction than hydroxyl derivatives. The presence
of electron-donating or electron-withdrawing groups on the
aniline or phenol did not affect the rates or the yields of the
reactions. For example, p-methylaniline, p-nitroaniline, N,N-
dimethylaniline, and p-(N,N-dimethylamino)benzaldehyde
gave the monobromo product in short reaction times and in
high yields (Table 1, entries 4, 8, 10, and 11). p-Substituted
anilines were brominated at the ortho position. In the case of
aniline (Table 1, entry 2), 1-naphthylamine (Table 2, entry
3), and 4-aminoacetophenone (Table 1, entry 6), as well as
8-aminoquinoline (see Table 3, entry 2), in the presence of 2
equiv. of NBS dibromination occurred at the 2 and 4 posi-
tions in high yields. It is noteworthy that the direct
bromination of aniline with bromine in solution often results
in polybromination and requires the protection of amino
groups. The results with the derivatives of phenol are some-
what different. For example, under the above reaction condi-
tions, phenol gave dibromophenol (Table 1, entry 1), while
2-naphthol (Table 2, entry 1), 2,7-dihydroxynaphthalene
(Table 2, entry 4), and p-substituted phenols gave only
monobrominated products in short reaction times and with
high yields (except in the case of 4-nitrophenol). 1-Naphthol
(Table 2, entry 2) and 3-anisidine (Table 1, entry 13) pro-
duced the corresponding dibromo derivatives. The
bromination of methoxybenzene required a long reaction
time with 1 g of LiClO4–SiO2 (Table 1, entry 9), but 2-
methoxynaphthalene gave the dibromo product in excellent
yield with 1 g of LiClO4–SiO2 (Table 1, entry 13). Compari-
son of our results with those reported in the literature clearly
shows that higher reactivity and higher selectivity are ob-
tained with LiClO4–SiO2 than with SiO2 (18).

We next investigated bromination of 2-aminopyridine and
8-aminoquinoline. The most direct approach to the
bromination of pyridine derivatives is the direct electrophilic
halogenation of the activated pyridines in polar protic sol-

vents, such as water and ethanol. In the reported procedures,
with the use of common organic solvents such as CH3CN,
CS2, CH2Cl2, and CCl4, mixtures of monobromo and
dibromo products were formed, with long reaction times
(19, 20). We have found that NBS/LiClO4–SiO2 is suitable
for the regioselective monobromination of aminopyridine
and dibromination of 8-aminoquioline with excellent yields
and a reaction time of a few minutes (Table 3).

To extend the scope of this reagent, we have also investi-
gated bromination of anthracene and thiophenol. NBS in
CCl4 is a common brominating agent for anthracene and af-
fords a mixture of mono- and dibromoanthracene in good
yields (21). We found that bromination of anthracene with 2
equiv. of NBS using the NBS/LiClO4–SiO2 reagent yieled
9,10-dibromoanthracene as the sole product. On the other
hand, bromination of thiophenol was not successful, and
coupling of thiol groups to form the disulfide in excellent
yields was observed (Scheme 1).

In conclusion, we have developed a simple, general, and
efficient method for electrophilic bromination of activated
arenes under mild conditions, mediated by LiClO4 dispersed
on SiO2 in CH2Cl2. The absence of side-chain bromination
products in this procedure clearly indicates that an electro-
philic aromatic substitution mechanism operates in this reac-
tion medium; the remarkable enhancement in reaction rates
and regioselectivity could be explained by increased polar-
ization of the N—Br bond of NBS in this ionic process. This
procedure also can be applied to polycyclic aromatic com-
pounds. Furthermore, the LiClO4–SiO2 reagent is cheap, sta-
ble, easy to handle, and nontoxic. The present method would
be useful in organic synthesis. We are currently extending
this methodology to the use of NXS (X = Cl, I).

Experimental

General procedure for the bromination of aromatic
compounds with NBS

NBS (1–2 eqiuv.) was added slowly to a stirred solution
of an aromatic compound (2 mmol) and 0.4 g of LiClO4–
SiO2 (1:4) in CH2Cl2 (20 mL). When the addition was com-
plete, the reaction mixture was stirred at room temperature
and the progress of the reaction monitored by TLC and GC.
Complete conversion was achieved for most of the sub-
strates. The reaction mixture was filtered, and the catalyst

© 2005 NRC Canada

148 Can. J. Chem. Vol. 83, 2005

Scheme 1.

Entry Substrate NBS (equiv.) Product(s) Yield (%)

1 2-Aminopyridine 2 5-Bromo-2-aminopyridine 90
3,5-Dibromo-2-aminopyridine 10

2 8-Aminoquinoline 2 5,7-Dibromo-8-aminoquinoline 98

Note: Reaction time: 5 min.

Table 3. Bromination of activated pyridine and quinoline derivatives by NBS in the presence of LiClO4–SiO2.



was recovered and washed with CH2Cl2 (2 × 10 mL). The
combined organic layer was washed with water and dried
over anhydrous sodium sulfate and concentrated under re-
duced pressure using a rotary evaporator. Almost pure crude
product was obtained in most cases. Further purification was
carried out by short column chromatography on silica gel
(ethyl acetate: petroleum ether). All compounds are known
and were characterized on the basis of their spectroscopic
data (GC, MS, NMR) and by comparison of these data with
those reported in the literature.

Acknowledgements

We are grateful to the Research Council of Sharif Univer-
sity of Technology for financial support. We also thank
Volkswagen-Stiftung (Federal Republic of Germany) for fi-
nancial support towards the purchase of chemicals.

References

1. (a) C. Chrisophersen. Acta Chem. Scand. 39B, 517 (1985);
(b) B. Iddon and B.J. Wakefield. In Bromine compounds.
Edited by D. Price, B. Iddon, and B.J. Wakefield. Elsevier,
Amsterdam. 1988. pp. 181–251; (c) A. Brancale, C.
McGuigan, A. Graciela, R. Snoeck, E. De Clercq, and J.
Balzarini. Bioorg. Med. Chem. Lett. 10, 1215 (2000); (d) P.D.
Leeson, R. Baker, R.W. Carling, N.R. Curtis, K.W. Moore,
B.J. Williams, A.C. Foster, A.E. Donald, J.A. Kemp, and G.R.
Marshall. J. Med. Chem. 34, 1243 (1991).

2. (a) S.M. Kelly and H. Schadt. Helv. Chim. Acta, 68, 813
(1985); (b) K.H. Dotz and M. Popall. Chem. Ber. 121, 665
(1988). (c) S. Torii, H. Tanaka, T. Siroi, and M. Akada. J. Org.
Chem. 49, 2061 (1984).

3. C.E. Coburn, D.K. Anderson, and J.S. Swenton. J. Org. Chem.
48, 1455 (1983).

4. J.C. Roberts and P. Roffey. J. Chem. Soc. C, 160 (1966).
5. (a) P. Bovonsombat and E. McNelis. Synthesis, 237 (1993);

(b) R.J. Lahoti and K.V. Srinivasan. J. Mol. Catal. 210, 165
(2004).

6. Y. Goldberg and H. Alper. J. Mol. Catal. 88, 377 (1994).

7. J. Auerbach, S.A. Weissmann, T.J. Blacklock, M.R. Angles,
and K. Hoogsteen. Tetrahedron Lett. 34, 931 (1993).

8. P. Vincent, A. Sudalai, D. Thomas, and K.V. Srinivasan. Tetra-
hedron Lett. 35, 7055 (1994).

9. T. Oberhauser. J. Org. Chem. 62, 4504 (1997).
10. S.D. Ross, M. Finkelstein, and R.C. Petersen. J. Am. Chem.

Soc. 80, 4327 (1958).
11. (a) J.M. Gnaim, P.M. Keehn, and B.S. Green. Tetrahedron

Lett. 33, 2883 (1992); (b) R.H. Mitchell, Y.H. Lai, and R.V.
Williams. J. Org. Chem. 44, 4733 (1979).

12. M.C. Carreno, J.L. Garcia Ruano, G. Sanz, M.A. Toledo, and
A. Urbano. J. Org. Chem. 60, 5328 (1995).

13. (a) R. Rajagopal, D.V. Jarikote, R.J. Lahoti, T. Daniel, and
K.V. Srinivasan. Tetrahedron Lett. 44, 1815 (2003); (b) J.S.
Yadav, B.V.S. Reddy, P.S.R. Reddy, A.K. Basak, and A.V.
Narsaiah. Adv. Synth. Catal. 77, 346 (2004).

14. F. Toda and J. Schmeyers. Green Chem. 5, 701 (2003).
15. K.-J. Lee, H.-K. Cho, and C.-E. Song. Bull. Korean Chem.

Soc. 23, 773 (2002).
16. S. Sankara Raman and J.E. Nesakumar. Eur. J. Org. Chem.

2003 (2000).
17. (a) M.R. Saidi and N. Azizi. Tetrahedron: Asymmetry, 13,

2523 (2002); (b) M.R. Saidi and N. Azizi. Tetrahedron: Asym-
metry, 14, 389 (2003); (c) N. Azizi and M.R. Saidi. Tetrahe-
dron Lett. 43, 4305 (2002); (d) M.R. Saidi and N. Azizi.
Synlett, 1347 (2002); (e) N. Azizi and M.R. Saidi. Tetrahe-
dron, 59, 5329 (2003).

18. H. Konishi, K. Aritomi, T. Okano, and T. Kiji. Bull. Chem.
Soc. Jpn. 62, 304 (1989).

19. (a) F.S. Yates. In Comprehensive heterocycle chemistry.
Vol. 2. Edited by A.R. Katritzky and C.W. Rees. Pergamon
Press, Oxford. 1984. pp. 198–205; (b) R.H. Mitchell, Y.-H.
Lai, and R.V. Williams. J. Org. Chem. 44, 4733 (1979); (c) P.J.
Brignell, P.E. Jones, and A.R. Katrizky. J. Chem. Soc. B, 117
(1970).

20. V. Canibano, J.F. Rodriguez, M. Santos, M.A. Sanz-Tejedor,
M.C. Carrefio, G. Gonzalez, and J.-L. Gareia-Ruano. Synthe-
sis, 2175 (2001).

21. S. Duan, F. Turk, J. Speigle, J. Corbin, J. Masnovi, and R.-J.
Baker. J. Org. Chem. 65, 3005 (2000).

© 2005 NRC Canada

Bagheri et al. 149


