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Ionic liquid promoted regioselective monobromination of
aromatic substrates with N-bromosuccinimide
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Abstract—Aromatic substrates were monobrominated regioselectively with NBS in the ionic liquid 1,3-di-n-butylimidazolium
tetrafluoroborate [bbim]BF4 in 5 min at 28°C in excellent isolated yields (80–98%) in the absence of a catalyst. © 2003 Elsevier
Science Ltd. All rights reserved.

Brominated arenes are versatile intermediates in the
synthesis of a wide variety of biologically active com-
pounds.1 They are widely used for the preparation of
products of commercial importance such as pharmaceu-
ticals, agrochemicals, synthetic colorants and perfor-
mance chemicals. A popular and inexpensive reagent
often used for aromatic bromination is N-bromosuccin-
imide (NBS) in CCl4.2 A variety of methods for the
bromination of aromatics with NBS have been reported
in literature ranging from NBS–H2SO4,3 NBS–SiO2,4

NBS–pTSA,5 NBS–Amberlyst,6 NBS–NaOH,7 NBS–
HZSM-58 and NBS–HBF4/Et2O.9

In particular, the nuclear bromination of activated aro-
matic compounds (alkyl benzenes, phenols, anisoles)
with NBS has been reported to be clearly favoured by
polar solvents such as propylene carbonate,10 DMF11

and CH3CN.12 Since this methodology is a unit process
of commercial significance, the recovery and recycling
of such volatile, polar and water miscible solvents both
from the point of view of environmental hazards and
economic viability assumes great importance. It is from
this point of view in recent times, that the use of room
temperature ionic liquids (ILs) as solvents in organic
synthetic processes has gained considerable importance
due to their solvating ability, negligible vapour pres-
sures, easy recoverability and reusability.13 Very
recently, we have reported the use of the newer room
temperature ILs 1,3-n-dibutylimidazolium salts as sol-
vents promoting the sonochemical Heck and Suzuki
reactions at ambient conditions.14 As a part of our

ongoing investigations on the use of ILs both as sol-
vents as well as promoters for organic transformations,
this communication reports, for the first time, the
regioselective monobromination of aromatic substrates
with NBS in the IL [bbim]BF4 with considerably
enhanced reaction rates in excellent isolated yields with-
out the need for any catalyst (Scheme 1).

A variety of aromatic substrates such as phenols,
anisoles, toluene, xylenes, aniline, acetanilide, 2-naph-
thol and 2-methoxynaphthalene (nerolin) were sub-
jected to bromination.15 As soon as the reactants were
mixed in the IL, the substrates were converted to the
corresponding mono bromo derivatives in just 5 min
with high regioselectivity and excellent isolated yields.
The reaction is exothermic leading to a rise in tempera-
ture of �7°C. The results are summarized in Table 1.
All the bromoarenes isolated are known compounds
reported in literature. Their identities were confirmed
by IR, 1H NMR and mass spectral analyses. Their
melting points agreed with those reported in literature.
The purities of liquid bromoarenes were further confi-
rmed by GC analysis. The bromoarenes could be selec-
tively extracted with ether leaving the IL and
succinimide behind as residue. This residue was diluted
with an equal volume of ethyl acetate, the insoluble
succinimide filtered off and the IL recovered from the

Scheme 1.
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Table 1. Bromination of aromatic substrates with NBS in [bbim]BF4

Isolated productaEntry Yield (%)Substrate

4-Bromocatechol1 86Catechol
2 Resorcinol 4-Bromoresorcinol 95
3 2-Nitrophenol 4-Bromo-2-nitrophenol 82

5-BromosalicylaldehydeSalicylaldehyde 844
Anisole5 4-Bromoanisoleb 98
1,4-Dimethoxybenzene6 2-Bromo-1,4-dimethoxybenzene 96

5-Bromo-2-methoxy toluene2-Methoxytoluene 927
8 3-Methoxytoluene 2-Bromo-5-methoxytoluene 94

4-Bromo-2,6-dimethylanisole2,6-Dimethylanisole 829
Acetanilide10 4-Bromoacetanilide 96
Toluene11 Benzyl bromide 35c

4-Bromo-o-xyleneo-Xylene 36d12
2-Bromo-o-xylene 14d

4-Bromo-m-xylenem-Xylene 9013
p-Xylene14 2-Bromo-p-xylene 90
2-Naphthol15 1-Bromo-2-naphthol 80

1-Bromo-2-methoxynaphthalene2-Methoxynaphthalene 8116
3-Bromocyclohexene17 85Cyclohexene

a All the products were isolated by column chromatography unless otherwise indicated.
b Isolated by fractional distillation under reduced pressure.
c Yield estimated by GC analysis.
d Yields calculated from the ratio of isomers estimated from 1H NMR analysis.

filtrate by distilling off the ethyl acetate under reduced
pressure. The recovered IL could be reused four times
for bromination of anisole, affording the same isolated
yields of bromoanisole.

In the case of substituted phenols, the methodology
gave equivalent high yields of the p-isomer for both
electron-donating and electron-withdrawing sub-
stituents (entries 1–4). Anisole, o- and m-substituted
anisoles afforded exclusively the para bromo compound
with no trace of the ortho isomer as established by GC
analysis (entries 5, 7, and 8). All xylenes (entries 12–14)
and methyl anisoles (entries 7 and 8) gave the ring
brominated mono bromo compounds in excellent
yields. In these cases, the identity of the products was
confirmed by 1H NMR spectra, which indicated no
side-chain bromination. Whereas m- and p-xylenes
afforded the 4-bromo and 2-bromo isomers, respec-
tively, as the only products in excellent isolated yields,
it was found that o-xylene gave rise to a mixture (1H
NMR) of isomeric ring brominated products which was
difficult to resolve by TLC or isolate by chromatogra-
phy. In this case the conversion of o-xylene was
stopped at 50% and the selectivities for the 4-bromo-
(72%) and 3-bromo- (28%) derivatives were estimated
from 1H NMR. 2-Naphthol and nerolin afforded 1-
bromo derivatives exclusively to an extent of 65 and
81%, respectively. Cyclohexene was regioselectively
brominated at the C3 allylic carbon with the olefinic
bond remaining intact. Benzene, naphthalene, nitroben-
zene and chlorobenzene did not react under these
conditions.

With a view to control the exothermicity of the reac-
tion, a larger scale (25 g) reaction was performed with
anisole.16 The temperature of the reaction mixture
could be easily maintained at 30±2°C by the slow

addition of NBS to a solution of the substrate over 30
min. The 4-bromoanisole could be isolated in excellent
yield (98%) by distillation under reduced pressure show-
ing thereby that the methodology has a distinct advan-
tage when the bromoarene can be isolated by
distillation under reduced pressure from the non-
volatile IL.

The nuclear bromination observed in almost all the
cases (with the exception of toluene) strongly indicates
that an electrophilic aromatic substitution mechanism
operates predominantly in this bromination methodol-
ogy using the IL [bbim]BF4. The remarkable enhance-
ment in reaction rates could possibly be explained by
the enhancement of the reactivity of NBS as a result of
increased polarization of the -N�Br bond in the polar
IL medium. Support for this idea was found by record-
ing the 13C NMR spectrum of NBS in the IL, acetoni-
trile and DMF as solvents, respectively. The 13C
chemical shifts for the carbonyl group of NBS in the
various solvents are recorded in Table 2. As is evident,
the polarization of the carbonyl group increases pro-
gressively from the non-polar CCl4 through the dipolar
aprotic CH3CN and DMF, and reaches a maximum in
the IL [bbim]BF4, as indicated by an increase in the
chemical shift by 10.68 and 3.34–3.71 ppm, respectively,
in comparison to those of non-polar and dipolar

Table 2. 13C NMR study of NBS in different solvents

SystemNo. C�Oa (� ppm)

1 183.09NBS–[bbim]BF4

NBS–DMF 179.752
NBS–acetonitrile3 179.38

4 172.41NBS–CCl4

a 13C NMR spectra were recorded using DMSO-d6 as internal stan-
dard at 50 MHz.
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aprotic solvents commonly used in NBS bromination.
This results in greater polarization of the N�Br bond in
the IL to generate the bromo cation leading to the
observed enhanced reactivity. The inherent Brønsted
and Lewis acidities of ring protons H2, H4 and H5 in
the imidazolium cation in [bbim]BF4 may have con-
tributed to the observed enhanced polarization of NBS
in the IL. Previous studies involving multi-nuclear
NMR spectroscopy and conductivity measurements for
imidazolium ions correlating their acidity characteris-
tics substantiate the above observations.17–19 Further
evidence came when we conducted the bromination of
anisole with NBS in the IL, N-n-octylpyridinium tetra-
fluoroborate which does not exhibit such acidity char-
acteristics. Indeed this reaction was quite sluggish
taking 5 h at 30°C as compared to 5 min in [bbim]BF4

for complete conversion.

In conclusion, we have developed an efficient new
method for the regioselective monobromination of aro-
matic substrates using NBS in a room temperature
ionic liquid [bbim]BF4 in very short reaction times. The
considerably enhanced reactivity even in the absence of
an acid catalyst has been explained on the basis of
increased polarization of NBS in the IL based on the
evidence of 13C NMR chemical shifts. The high reac-
tion rates with excellent regioselectivities makes this
methodology a valuable tool for combinatorial chem-
istry to generate dynamic combinatorial libraries of
bromo compounds of importance. It has also been
demonstrated that the process is amenable to scale up.
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