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1-Butyl-3-methylpyridinium tribromide, [BMPy|Br; proves to be a highly efficient, regioselective
reagent/solvent for nuclear bromination of various anilines and phenols. The synthesis and characteriza-
tion of the room temperature ionic liquid [BMPy]Br3 (2) is described. The bromination was carried out in
the absence of organic solvents and in most cases the only extraction solvent needed was water. The

spent 1-butyl-3-methylpyridinium bromide (1) was easily recycled.
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Bromo derivatives have wide utility both as products and as
intermediates.!> Many of these compounds are prepared using
bromine. However, bromine is a hazardous chemical which is dif-
ficult to manipulate due to its toxicity and high vapor pressure.
Pyridinium hydrobromide perbromide (PHP) salt was used as an
alternative for selective ketone bromination.® PHP also proved use-
ful as an alternative for bromination of alkenes,* aromatics,’ as cat-
alyst for aziridinations® and for stereoselective alkene bromination
in water suspension.” There are many alkyl pyridinium salts, which
are commercially available room temperature ionic liquids (RTILs).
Bromination in classical RTIL media, such as [BMIm]PFg, which re-
place environmentally problematic chlorinated solvents, has been
demonstrated.® Bronsted acidic ionic liquids have been success-
fully applied to a variety of reactions including esterification of car-
boxylic acids,® protection of aldehyde and ketone,'® and cleavage
of ethers.!! The combination of alkylpyridinium cation with the tri-
bromide anion should, therefore, lead to a RTIL bromine analog.
Trihalide-based ILs as reagents-solvents for iodochlorination and
iodobromination of unsaturated compounds have been reported.!?

Ionic liquids were introduced as alternative green reaction
media because of their unique chemical and physical properties
such as non-volatility, non-inflammability, thermal stability, and
ease of recyclability. In recent years, there has been considerable
interest in developing Green Chemistry!® for organic synthesis
due to environmental demand and sustainability. Today ILs have
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marched far beyond this border, showing their significant roles
in controlling the reaction as new reagents.'*!> For example, tri-
bromide ILs based on imidazolium or pyridinium as non-volatile
and regioselective bromination reagents have been developed by
different groups.'® Picolines are comparatively cheaper than imi-
dazolium ionic liquids, especially in the production of low cost
ILs for bulk application.

3-Picoline, on the other hand, an important intermediate in the
synthesis of nicotinic acid and its derivatives, has been rarely used
as a starting material for ILs.

We hereby disclose the synthesis, full characterization, and
reactivity of 1-butyl-3-methylpyridinium tribromide, a proton-free
RTIL bromine analog. This does not have any measurable vapor
pressure and has been demonstrated for regioselective nuclear
bromination reactions.

Addition of molecular bromine to 1-butyl-3-methylpyridinium
bromide dropwise under stirring formed exothermally the red li-
quid 1-butyl-3-methylpyridinium tribromide that displayed a den-
sity of 1.75 g cm™> and viscosity of 55.4 cP (Scheme 1).!” Excess

Me Me
_ No Solvent _
GNPl C)
N\/v N
1 2

Scheme 1. Preparation of 1-butyl-3-methylpyridinium tribromide.
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Table 1
Solvent-free bromination using 1-butyl-3-methylpyridinium tribromide 2 at room
temperature®
Entry Substrate Product Time Yield® (%)
H, H,
1 Br 6 min 92
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Immediately 98

Immediately 98

Immediately 97

4 min 85

Immediately 97

2 min 98
60 min 87
4 min 75
10 min 93

Immediately 96

45 min 97

15 min 85

Immediately 98

Table 1 (continued)

Entry Substrate Product Time Yield® (%)
QOH BrOOH _
15 15 min 92
OHC OHC
C Meo—QOH ,
16 MeO OH 12 min 98
Br
QOH Br@OH
17 12 min 98
O,N O,N
HO
HO
C 0 C /<o _
18 15 min 90
CH, CH,
Br
19 10 min 95
F F Br
OH OH
20 30 min 88
H,C H,C Br
COOH COOH
60 min 89

21
OH
OHC OH
22 OHC

OMe

@
o
I

OH 10 min 98

2

OMe

=\ HN

23 7
HN__ N \B(
r

2 All reactions were carried out with 1.0 equiv of [BMPy|Br; at room temperature.
> All compounds showed satisfactory 'H NMR and mass spectral data.

i 5 min 91

bromine absorbed by 2 was removed completely under a high vac-
uum. The ionic nature of 2 thus effectively eliminates any noxious
residual bromine vapor pressure.'® RTIL 2 is hydrophobic forming
two phases with water, while IL 1 is highly hydrophilic and hygro-
scopic. IL 2 can be stored for several months without change of
structure and loss of activity. Even after prolonged heating at
60 °C under vacuum (<5 mm Hg), 2 was recovered unaltered with-
out loss of bromine. IL 2 was miscible with MeOH/EtOH, acetone,
DMSO, and with other strong polar organic solvents and immisci-
ble with water, ether, CHCls, and with other weakly polar organic
solvents.

RTIL 2 was used as an alternative brominating agent, and the re-
sults are summarized in Table 1. Various anilines and phenols were
monobrominated with complete selectivity and in excellent yields
(Scheme 2).'° Phenol was cleanly monobrominated in the absence
of any solvent at room temperature by RTIL 2, affording exclusively
p-bromophenol (entry 11). p-Nitrophenol underwent mono-bro-
mination in 15 min, whereas m-Nitrophenol was brominated
immediately (entries 13 and 14). a-Naphthol, being a bulky mole-
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Scheme 2. Regioselective bromination of anilines and phenols with [BMPy|Brs;
under mild conditions.

cule, took 45 min for monobromination (entry 12). Similarly, a
variety of substituted anilines underwent regioselective monobro-
mination (entries 1-10). Imidazole underwent monobromination
to afford 2-bromoimidazole in 5 min (entry 22).

All the reactions were quenched by adding water. This caused
precipitation of the products as solids or oils, which were readily
separated and washed with fresh portions of water, and then dried
(either with sodium sulfate or in vacuo). The aqueous phase con-
taining highly water soluble 1 was easily concentrated in vacuo
to recycle 1, which then could be used to regenerate RTIL 2 with
bromine (Scheme 2).

All the reactions were carried out in air at room temperature,
adding 1.0 equiv of IL 2 to an equimolar amount of substrate with-
out any solvent. Although the reactions were slightly exothermic,
no special precautions were taken for cooling. They were moni-
tored by TLC and were stopped after the disappearance of the
substrate.

In summary, a new room temperature ionic liquid bromine ana-
log, which is safer and easier to use, was synthesized and charac-
terized. It displayed improved selectivity and better reaction
conditions, as compared to current bromination techniques. This
new functional RTIL 2 may be classified as ‘green’ for the following
reasons: (1) it eliminates toxic bromine vapors, (2) the bromine
carrier 1 can be easily recovered and recycled, and (3) it avoids
the use of organic solvents. Furthermore, 2 afforded good-to-excel-
lent yields for a wide variety of anilines and phenols at room
temperature.
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Preparation of 1-butyl-3-methylpyridinium tribromide 2: In a fume cupboard,
molecular bromine (0.22 mL, 0.436 mmol) was added dropwise over 10 min to
1-butyl-3-methylpyridinium bromide (1, 1.0 g, 0.436 mmol) under stirring and
cooling in a ice-bath affording a deep red liquid IL 2, and stirring was continued
for 2 h. Under reduced pressure over 5 h at 60 °C, 1.62 g (95.4%) of the pure IL 2
was obtained as a red oil. "H NMR (CDCls, 200 MHz): & 0.72 (t, 3H, ] = 7.33 Hz),
1.14 (m, 2H), 1.76 (m, 2H), 2.38 (s, 3H), 4.41 (t, 2H, J=7.58 Hz), 7.74 (t, 1H,
J=7.83 Hz), 8.07 (d, 1H, ] = 8.09 Hz), 8.62 (d, 1H, J = 6.07 Hz), 8.66 (s, 1H); *C
NMR (CDCl;, 300 MHz): 5 12.86, 18.23, 18.76, 32.81, 61.36, 127.34, 139.41,
141.10, 143.35, 145.47; MS (ESI): 150 (M—X3); Anal. Calcd for C;oH16Br3N: C,
30.80; H, 4.14; N, 3.59. Found: C, 31.01; H, 4.13; N, 3.40.

Similar examples that demonstrate the complete elimination of residual vapor
pressure of strong acids in functional RTIL are: (a) Susan, M. A. B. H.; Noda, A.;
Mitsushima, S.; Watanabe, M. Chem. Commun. 2003, 938; (b) Cole, A. C.; Jensen,
J. L.; Ntai, L; Tran, K. L. T.; Weaver, K. J.; Forbes, D. C.; Davis, J. H., Jr. J. Am. Chem.
Soc. 2002, 124, 5962.

Typical experimental procedure: To a stirred mixture of anilines or phenols
(3.3 mmol) was added 1-butyl-3-methylpyridinium tribromide (3.3 mmol) at
room temperature. After completion of the reaction as indicated by TLC, water
was added into the reaction mixture to quench the IL. The resulting reaction
mixture was extracted with diethyl ether, separated from the organic layer,
dried over sodium sulfate, and concentrated to afford pure monobromo
anilines or monobromo phenols.



