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Abstract Ethylenebis(N-methylimidazolium) ditribromi-

de, a stable crystalline solid, is easily prepared by reaction of

the corresponding dibromide salt with bromine in n-hexane.

1,3-Diketones and b-ketoesters can be brominated che-

moselectively to the corresponding a-monobrominated

products by using this reagent at 0–5 �C. Under the same

reaction conditions, diethyl malonate, ethyl cyanoacetate,

and malonitrile were monobrominated at moderate yield.
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Introduction

The chemoselective a-bromination of b-dicarbonyl com-

pounds is an important organic transformation [1–3],

because the resulting a-brominated products are valuable

building blocks in organic synthesis [4]. The monobro-

mination of these compounds at the a-position (if the

position contains no substituent) is delicate, as disubsti-

tuted products are also formed [5, 6].

The reagents reported for this transformation include

molecular bromine [7], Br2/NaH [8], NBS/Et3N [9, 10],

NBS/NaH [11], CuBr2 with [hydroxy(tosyloxy) iodo]ben-

zene [12], NBS/Mg(ClO4)2 [13], NBS/silica-supported

NaHSO4 [14], NBS/Amberlyst-15 [15], NBS/ionic liquids

[16], NBS/sulfonic acid functionalised silica [17], NBS

under solvent free conditions [18], H2O2–HBr [19], bro-

modimethylsulfonium bromide [20], and V2O5–H2O2

catalysed oxidation of ammonium bromide [21]. Although

most of these methods provide good yields, many of them

suffer from one or more disadvantages. From the green

chemistry point of view [22], the use of molecular bromine

has several drawbacks: the reagent itself is harmful and

hazardous and there are difficulties in handling and main-

taining the stoichiometric ratio during the reaction. In

addition, some reactions involve strong basic conditions.

Moreover, NBS also has some limitations, such as the

requirement for dry [12] and harsh reaction conditions [14].

On the other hand, the use of tribromide reagents in

organic synthesis has gained considerable interest. Tri-

bromides are more suitable than liquid bromine because of

their crystalline nature, which facilitates their storage,

transport and maintenance of desired stoichiometry. These

reagents are used for the bromination of aromatic and

carbonyl compounds [23]. Organic ammonium tribromides

such as tetrabutyl [24, 25], tetramethyl [26], cetyl [27],

benzyltrimethyl [27–30], pentylpyridinium [31, 32],

pyridinium [33–36], and DBU [37] are used for bromina-

tion of aromatic compounds. Selective bromination of C–H

a to a ketonic carbonyl function can be effected by

pyridinium hydrobromide perbromide [38], phenyl trime-

thylammonium perbromide [39, 40], 2-pyrrolidone hydro-

tribromide [41], and 2-carboxyethyltriphenylphosphonium

tribromide [42].

In this paper we report a new reagent for the a-mono-

bromination of 1,3-dicarbonyl compounds that offers

several advantages in comparison with previously reported
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reagents. The reagent, ethylenebis(N-methylimidazolium)

ditribromide (EBMIDTB) is readily accessible, can be

considered a convenient storage strategy for molecular

bromine, is less hazardous, easy to handle, and facilitates

maintenance of the stoichiometric ratio while carrying out

the reactions (Scheme 1).

To the best of our knowledge, this is the first report of

the a-monobromination of 1,3-dicarbonyl compounds

using ditribromide reagents.

Results and discussion

EBMIDTB (2) is prepared easily from the inexpensive

starting materials N-methylimidazole, 1,2-dibromoethane,

and bromine (Scheme 2). When an equivalent amount of

1,2-dibromoethane and N-methylimidazole are mixed in

DMF, ethylenebis(N-methylimidazolium) dibromide (EB-

MIDB) forms as a white solid [43]. Treatment of EBMIDB

(1) with bromine afforded the corresponding ditribromide 2

as an orange solid in high yield. Compound 2 was char-

acterized by 1H NMR, 13C NMR, and CHN analysis.

Iodometric titration measurement of Br3
- was in accor-

dance with the proposed structure of ditribromide 2. The

iodometric equivalent weight was determined by the

reaction of 2 with iodide in a water-acetonitrile solution

followed by titration with thiosulfate solution [44]. This

measurement showed two moles of Br3
- in one molecule

of ditribromide 2. 1H NMR and 13C NMR spectra agreed

well with the proposed structure of 2. The CHN analysis

also confirmed the structure of this reagent. It is soluble

in acetonitrile, dimethylsulfoxide and insoluble in

dichloromethane and acetic acid. This compound is stable

for several months without loss of activity.

In our first experiments, dibenzoyl methane was chosen

as a model substrate to identify optimal reaction condi-

tions. This compound was treated with 0.5 mmol 2 at

0–5 �C in acetonitrile, resulting in complete conversion

within 20 min to give the corresponding a-monobromi-

nated product in 90% yield. When the reaction solvent was

changed to CH2Cl2, CHCl3, or H2O, the reaction required a

much longer time and a lower yield of monobrominated

product was obtained.

A wide range of active methylene compounds were

transformed into the corresponding a-monobrominated

products by treatment with 2 in acetonitrile at 0–5 �C

(Table 1). Various unsubstituted 1,3-diketones were

exclusively a-monobrominated in good yields (Table 1;

entries 1–6). Monoalkyl substituted 1,3-diketone was also

brominated chemoselectively at the a-position (Table 1;

entry 7). Under the same reaction conditions, b-ketoesters

were smoothly converted to the corresponding a-mono-

brominated product in good yields (Table 1; entries 8–9).

Reaction of diethyl malonate, ethyl cyanoacetate, and

malonitrile with this reagent gave a lower yield of the

corresponding a-monobrominated product while requiring

longer reaction times (Table 1; entries 10–12). No sig-

nificant amount of dibrominated products was found in

these reactions. However, if we changed the mole ratio of

2 and 1,3-dicarbonyl compound to 1:1, the a,a-dibromi-

nated product can be obtained in moderate yields. A good

feature of this reagent is that it can be regenerated. To

regenerate the reagent from the aqueous layer obtained

after the a-monobromination of 1,3-dicarbonyl com-

pounds, the aqueous layer was concentrated and treated

with bromine in n-hexane. The recovered reagent is

identical in all respects with the parent EBMIDTB

reagent.

In conclusion, we have developed a general method for

the mild a-monobromination of b-ketoesters and 1,3-

diketones using 2. Additionally, 2 is air-stable, easy to

handle, and can be stored for long periods without

decomposition. This method is also effective for the bro-

mination of aromatic dicarbonyl compounds without
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causing ring brominations. We believe that 2 provides an

excellent complement to other reagents for this transfor-

mation such as NBS.

Experimental

Melting points were measured on Electro Thermal 9100.

NMR spectra were recorded at 500 MHz for 1H and 125

MHz for 13C with BRUKER DRX500. Elemental analysis

was done with PERKIN ELMER 2-2400 and the obtained

results agreed favourably with the calculated values.

Ethylenebis(N-methylimidazolium) ditribromide

(2, C10H16Br6N4)
A mixture of 4.85 g N-methylimidazole (58.5 mmol) and 2.3

cm3 1,2-dibromoethane (26.6 mmol) was stirred in 40 cm3

DMF at 120 �C for 2 h. After cooling the mixture, a white

solid formed, which was filtered off, washed with diethyl

ether (2 9 20 cm3), and dried under vacuum. This solid was

dissolved in 40 cm3 acetic acid. To this mixture was added

dropwise a solution of 2.3 cm3 Br2 (43.75 mmol) in 20 cm3

n-hexane The resulting orange solid was collected by filtra-

tion, washed with diethyl ether, and dried under vacuum to

give 10.4 g 2. Mp 103–105 �C; 1H NMR (500 MHz, DMSO-

d6): d = 3.80 (s, 2CH3), 4.62 (s, 2CH2), 7.36 (pseudo t,

2H-imi), 7.65 (pseudo t, 2H-imi), 8.94 (s, 2H, NCHN) ppm;
13C NMR (125.76 MHz, DMSO-d6): d = 37.0 (CH3), 49.4

(CH2), 123.2 (imi-C), 124.9 (imi-C), 138.0 (NCHN) ppm.

General procedure for a-monobromination

of a b-dicarbonyl compound with 2

To a stirred solution of 1 mmol b-dicarbonyl compound in

10 cm3 acetonitrile was added 0.5 mmol 2 at 0–5 �C. After

completion of the reaction as monitored by TLC, 15 cm3

water were added to the reaction mixture, which was then

extracted with dichloromethane (2 9 25 cm3). The com-

bined organic layer was dried (Na2SO4). After filtration,

the solvent was evaporated, and the residue was purified

by filtration through a short silica gel column (eluent:

n-hexane and ethyl acetate). The spectroscopic data for the

known products compared well with the reported data.
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