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A simple, efficient, and rapid method was developed for high-yielding regioselective monobromination of
activated aromatic compounds using NBS in combination with ionic liquid 1-butyl-1-methylimidazolium
bromide ([Bmim|Br) or dioxane. The ionic liquid is recyclable and can be reused with minimal loss in the
catalytic efficiency if the ionic liquid is rapidly microwaved prior to reactions.
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Advances in organic chemistry are usually measured by avail-
ability of simple, highly functionalized building blocks that can
be used in the preparation of larger molecules with diverse proper-
ties and applications.! The bromination of aromatic substrates has
been the subject of a great deal of interest in recent years due to
the commercial importance of brominated compounds in the syn-
thesis of natural products, as well as in the manufacturing of phar-
maceuticals and agrochemicals. Bromoarenes? are starting points
for the preparation of a diverse array of building blocks.> The prep-
aration of brominated aromatic compounds with molecular bro-
mine is a well-known reaction in organic chemistry.* This
reaction requires transition metal-based catalysts and the side
product generated in the course of these reactions is corrosive
and toxic hydrogen bromide. In the case of active aromatic com-
pounds, such as anilines and phenols, elemental bromination usu-
ally results in a complex mixture of mono-, di-, tri-, and even tetra-
brominated products.*

It is especially difficult to perform selective monobromination of
highly activated aromatic compounds, such as aniline and phenol
derivatives. To perform selective monobromination of highly active
aromatic compounds, several non-bromine bromination reagents
have been developed, including, but not limited to, pyridinium tri-
bromide,® 1-butyl-3-methylpyridinium tribromide,® poly 4-vinyl-
pyridinium  tribromide,” 1,2-dipyridiniumditribromide-ethane
(DPTBE),® tetrabutylamonium tribromide,® 1-butyl-3-methylimida-
zolium tribromide,'® [K.18-crown-6]Brs,'! bromine-1,4-dioxane,!?
hexamethylenetetramine-bromine,'> DABCO-bromine.!* Finally,
there are, of course, other reagents that are widely used as a substi-
tute for bromine in organic synthesis. One of them is 2,4,4,6-tetrab-
romo-2,5-cyclohexadien-1-one as a reagent of choice for selective
monobromination of aniline derivatives.!”
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For the purposes of our studies presented here, we selected N-
bromosuccinamide (NBS) to develop selective and simple proce-
dures for the preparation of the highly valuable bromophenols
and bromoanilines. NBS is a relatively safe and easy to handle
source of bromine and NBS is a well-known synthetic organic re-
agent useful for bromination and/or oxidation of a wide variety
of organic moieties under various reaction conditions.'® Although
electrophilic substitution of aromatic hydrocarbons by bromine is
a well-known organic reaction!” to date, there has been no simple,
inexpensive, and high yield method developed for selective bro-
mination of reactive aromatic hydrocarbons. For instance, if the
highly activated aromatic compound is to be brominated, first it
should be made less reactive through deactivation (by transforma-
tion of the amino group into an acetamido group) and following
bromination the deactivation group must then be removed.'® In
this current study, we are presenting a simple and direct bromin-
ation of phenol, aniline, and their derivatives as examples of active
aromatic compounds using NBS as the bromination reagent (Table
1). The reaction was found to be first order in the aromatic sub-
strate and zero order in NBS.'® A probable mechanism involves
an attack by Br* or more likely Br*-solvated ion on the aromatic
substrate.'®

There were two reaction media that we explored for NBS aro-
matic bromination; (a) the ionic liquid 1-butyl-3-methylimidazo-
lium bromide [Bmim]Br?® and (b) dioxane. In recent studies,
Zheng and co-workers performed bromination of activated aro-
matics such as phenols, naphthols, methoxynaphthalenes, and ani-
sole with 1-butyl-3-methylimidazolium tribromide [Bmim]Brs.?!
The reagent was prepared as a stable liquid from [Bmim|Br and
bromine. In our case, bromination starts with the in situ prepara-
tion of the bromination reagent, NBS/[Bmim|Br, by adding NBS into
[Bmim]Br. This was immediately followed by adding the aromatic
compound to be brominated. The reaction was completed in a few
minutes and product was isolated by ether extraction.>* In most of
the cases, the isolated yields were almost quantitative and purity
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Table 1

Isolated yields of mono-brominated arenes?#2°

a:Ry=Ry,=R;=Rs=H, R3=NHy b: Ry=R,=Rs=Rs=H, R3=OH;
c:Ry=Ry=R4=Rs=H, R3=OCHg; d: Ry= Ry =R4=Rs=H, R3=N(CH3),;

e: Ry =NHp, Ry =Rz = Rs = H, Ry = NOy; f: Ry =OH, R, = Rz = Rs =H, Ry =NOy;

g: Ry =Rgs =H, R, =R4 =CHg; R3 = OH; h: Ry = Rg = H, R, = CHO, Ry = OCHg;
i:R1=CHO, Ro=R4=Rs=H, R3 = OCHjg; j: R1 = (CH3)2N, R2 = Rz = Rs = H, R4 = CHO

Compound Time (min) Isolated Yield (%) Selectivity (%)
Ionic liquid/dioxane

2a 5/5 85/91 100/100
2b 5/5 75/75 100/80
2¢c 8/5 93/95 100/100
2d 5/1 95/95 100/100
2e 412 90/80 100/100
2f 52 85/75 95/80
2g 2/1 98/95 100/100
2h 15/5 95/80 100/100
2i 15/5 93/85 100/95
2j 5/4 90/78 100/100

of the product was higher than 96%. However, it is important to
emphasize that the ionic liquid must be dried to obtain these high
yields. Commercially available [Bmim|Br must be dried under vac-
uum prior to use in these reactions. The presence of water substan-
tially decreases both the isolated yield and the selectivity of the
aromatic bromination.

To eliminate this problem of extensively drying the ionic liquid
prior to use, we implemented microwave activation of the ionic li-
quid prior to reactions. The ionic liquid was microwaved for 15 s at
microwave powers of 150 W prior to being added to the reaction
mixture as a reagent. Alternatively, we have also prepared
[Bmim]Br from 1-methylimidazole and butyl bromide.? In this
case, the ionic liquid was used immediately after its preparation
without drying. After bromination was completed (Table 1) the
product (together with succinimide) was extracted from ionic
liquid with ether. The remaining ionic liquid was microwaved at
150 W for 15s and reused. We repeated the same reaction of
bromination of phenol five times with recycling the ionic liquid
without loss of selectivity or decreased isolated yield of 4-bromo-
phenol. In addition, an additional reaction was performed on a
large scale (10 g of anisole) with almost quantitative yield (97%)
of 4-bromoanisole.

Bromination of benzene with one hydroxyl, amino, N,N-dimeth-
ylamino, or methoxy groups produced the single 4-brominated
product in almost quantitative yield (Table 1, compounds 2a-d).
For N,N-dimethylaniline and anisole, the presence of an aldehyde,
nitro, or carboxylic group did not change the outcome of the reac-
tion nor the reaction time. Bromination occurred selectively in the
para position with regard to the activating aromatic substituent
(Table 1, compounds 2f-K). Interestingly, for phenol and aniline
with a carboxylic acid, aldehyde, or cyano group, the formation
of the dibromo product is preferred over monobromo product (Ta-
ble 2). We were not able to perform selective monobromination
even when less than one equivalent of NBS was used. One can ar-
gue that the OH group is stronger aromatic activating group than
OCH3 and therefore, this might be an explanation for the ease of
dibromination in these substrates. However, the same was not
found for phenol and aniline, where the only product detected
was the 4-bromophenol and 4-bromoaniline products, respec-
tively. Based on our observations, we hypothesize that the pres-
ence of electron-withdrawing group in combination with OH or

Table 2
Non-selective bromination in the ionic liquid
R4 Br R4 Br R4
NBS
Rs ———— Rj + R Br
[bmim]Br
RZ R1 Rz R1 Rg R1
3 4 5

a:R; = OH, Ry = CHO, Ry = R4 = H; b: R; = OH Ry = COOH, Ry =R, = H;
¢:Ry=Rg=H; Ry= OH, R, = COOH; d: R, = Ry =H; Ry = OH, R,=COOH;
e: Ry = NHy, Ry = COOH, Ry = Ry = H; f: Ry = Ry = H: Ry = NH2, Ry = COOH;
9:R;=NH,, R, =CN,Rg=R,=H

Product Time (min) Conversion (%) Mono/di (ratio)
4a/5a 2 80 2/3
4b/5b 2 65 2/3
4c/5¢ 3 85 2/3
4d/5d 2 100 1/4
4e/5e 5 50 1/4
4f/5f 4 100 2/3
4g/5g 2 70 2/3

NH; is required to facilitate these substrates bromination products.
At the present time we do not have plausible explanation for out-
come of this reaction.

We also utilized different solvents through the course of our
studies, to determine what, if any, changes would occur in the reg-
ioselectivity or isolated yields of our bromination products. There-
fore, we compared the ionic liquid/NBS-facilitated aromatic
bromination with NBS/dioxane bromination. Using a bromine-
dioxane complex for aromatic bromination is well documented.!?
Recently, NBS aromatic bromination in the presence of polyethyl-
ene glycol?? suggests the possibility to utilize NBS-dioxane for aro-
matic bromination. Using this reagent mixture, we obtained
excellent monobromination for phenol and aniline (Table 1). The
isolation procedure following this reaction is exceptionally simple
and the results were comparable to the ionic liquid-mediated bro-
mination. However, when phenol and aniline derivatives with
strong electron-withdrawing groups such carboxylic, nitro, formyl,
and cyano were brominated, a complex mixture of mono- and di-
bromo products.

In conclusion, it can be stated that a new, very efficient aromatic
bromination method was developed for bromination active aro-
matic compounds. Para monobromination was accomplished in a
few minutes by using NBS as a safe bromine source and an ionic
liquid as a recyclable reaction medium. It is necessary to micro-
wave the ionic liquid prior to its use or reuse in the bromination
process to activate the ionic liquid. The selectivity and isolated
yield are almost identical after five times recycling of the ionic li-
quid. Furthermore, the reaction is also applicable to large scale aro-
matic bromination.
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General procedure for synthesis of aromatic bromides using ionic liquids: Into
shortly (15s) microwaved (150 W) 1-butyl-3-methylimidazolium bromide
[Bmim]Br (0.5g) and N-bromosuccinimide [NBS] (1 mmol) aromatic
compound (1 mmol) was added. After the reaction was completed (a few
minutes as monitored by TLC), the reaction mixture was extracted with ether
(3 x 3ml). The remaining ionic liquid was reused for next bromination
following microwave activation again. Ether extract was washed with
saturated NaHCO; (3 x 1 ml), and dried over anhydrous magnesium sulfate.
The resulting product was isolated after evaporation of ether.

General procedure for synthesis of aromatic bromides using Dioxane-NBS: The
corresponding aromatic compound (1 mmol) was dissolved in dioxane (2 ml)
and NBS (1 mmol) was added in small portions. As the reaction completes, the
reaction mixture was diluted with water (15ml) and extracted with
dichloromethane or ethyl acetate (3 x 15 ml). Combined organic extracts
were washed with saturated NaHCO; (3 x 10 ml) and dried over anhydrous
magnesium sulfate. The resulting product was isolated by evaporation of the
solvent. If required, further product purification can be performed by column
chromatography.
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