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Abstract 

1,4-bis(3-methylimidazolium-1-yl)butane ditribromide [bMImB].(Br3)2 has been synthesized 

and explored as a new efficient brominating agent. The crystalline ditribromide reagent is 

stable for months and acts as a safe source of bromine requiring just 0.5 equiv for complete 

bromination. It has high active bromine content per molecule and shows a remarkable 

reactivity toward various substrates in acetonitrile at room temperature. The prepared 

reaganet were used as a green recyclable reaction media for the selective bromination of 

anilines, phenols and α-bromination of alkanones in excellent yields. Product can easily be 

isolated by just washing the highly water soluble 1,4-bis(3-methylimidazolium-1-yl)butane 

ditribromide [bMImB].(Br3)2 from the brominated product. The spent reagent can be 

recovered, regenerated, and reused without any significant loss. 
  

Keywords: Ionic liquid, Bromination, [bMImB].(Br3)2, Reusable, Green chemistry 

Bromination of aromatic compounds and α-bromination of alkanones has attracted much 

attention in recent years
1
 for the synthesis of biologically active compounds such as potent 

antitumor, antibacterial, antifungal, antiviral, and antioxidizing agents. Numerous industrially 

valuable products such as pesticides, insectides, herbicides, fire retardants, and other new 

materials carry bromo functionality.
2
 These halides also undergo carbon-carbon bond 

formation
3-5

 or carbon-heteroatom bond formation via aromatic functionalization protocols.
6
 

 

Organic tribromide reagents (OTBs) are preferable as oxidants to molecular bromine, owing 

to the hazards associated with elemental bromine. Several tribromides have been reported, 

that is, tetramethylammonium tribromide,
7
 phenyltrimethylammonium tribromide,

8
 

cetyltrimethylammonium tribromide, tetrabutylammonium tribromide,
9
 1,8-

diazabicyclo[5,4,0]-tetrabutylammonium tribromide,
10

 1,2-dipyridiniumditribromide-ethane 

(DPTBE),
11

 pyridine hydrobromide perbromide,
12

 hexamethylenetetramine-bromine,
13

 and 

DABCO-bromine.
14

 {[K.18-crown-6]Br3}n,
15

 1,3-di-n-butylimidazolium tribromide 

[BBIm]Br3,
16

 ethylenebis(N-methylimidazolium) ditribromide (EBMIDTB),
17

 1-butyl-3-

methylpyridinium tribromide ([BMPy]Br3)
18

 and BBIm]Br3.
19

 Recently some ionic liquid 

tribromides (IL-Br3
-
) for the preparation of bromoesters from aromatic aldehydes

20
 and 

bromination of aromatic substrates
21

 were reported. It would be extremely useful to develop 

further synthetic protocols for the synthesis of organic tribromide reagents.
22
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Development of environmentally benign and efficient processes with simple work-up and 

high purity of the products with high yields is currently receiving considerable attention. In 

this context, tribromide ionic liquid plays an important role in the process of obtaining 

monobromo derivatives with the ultimate goal of hazard-free, waste-free and solvent-free 

efficient synthesis of biologically active compounds that can be used as precursors of natural 

products.
23, 24 

 

In recent years, there has been considerable interest in developing green chemistry
25

 for 

organic synthesis due to environmental demand and sustainability. There are various kinds of 

alkyl imidazolium salts which are commercially available as room temperature ionic liquids 

(RTILs). The combination of alkylimidazolium cation with the tribromide anion should 

therefore lead to RTIL bromine analog. Ionic liquids were introduced as alternative green 

reaction media because of their unique chemical and physical properties of non-volatility, 

noninflammability, thermal stability, and ease of recyclability. 

 

Tribromides are more suitable than the liquid bromine because of their crystalline nature, 

hence easy for their storage, transport, and maintenance of desired stoichiometry. 

Preparations of these reagents involve organic ammonium bromide and molecular bromine in 

most cases, thus an indirect use of toxic molecular bromine. So, in continuation of our interest 

in organohalogen chemistry,
26

 herein, we have synthesized a novel ditribromide reagent. The 

new reagent has higher bromine content per molecule, better bromination efficiency and 

selectivity and is devoid of phase transfer property, and the spent reagent can be recovered 

and regenerated easily. In this paper we wished to report the preparation of a new 

ditribromide reagent (Scheme 1), development of a metal and ionic-liquid free bromination 

protocol, and recovery of the reagent. The reagent was prepared by treating 1-

methylimidazole (2 equiv) with 1,4-dibromobutane (1 equiv) at room temperature. The 

resultant 1,4-bis(3-methylimidazolium-1-yl)butane di(bromide) [bMImB].(Br)2 as light 

brown crystals was treated with molecular bromine. The orange precipitate of 1,4-bis(3-

methylimidazolium-1-yl)butane ditribromide [bMImB].(Br3)2 was filtered (96% yield) and 

was recrystallized in acetonitrile to obtain large crystals as shown in Figure 1. The compound 

has been characterized by spectral and analytical data. This crystalline compound (Figure 1) 

is stable for several months at room temperature without loss of its activity. 
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Scheme 1.  

  

  

Figure 1. Crystals of 1,4-bis(3-methylimidazolium-1-yl)butane ditribromide [bMImB].(Br3)2. 

 

The [bMImB].(Br3)2 showed an intense UV absorption at 267 nm (Figure 2), typical for 

tribromide ion (Br
3-

).
27
 

 

 
 

Figure 2. The UV absorption of [bMImB].(Br3)2. 
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[bMImB].(Br3)2 was used as an alternative brominating agent for bromination of activated 

aromatic compounds and α-bromination of alkanones (Scheme 2). It is worthy to be noted 

that bromination of organic compounds is usually effected by using equimolar ratios of 

bromine or tribromide with the substrate. To test the bromination efficiency of this new 

reagent, 0.5 equiv of the reagent 1,4-bis(3-methylimidazolium-1-yl)butane ditribromide 

[bMImB].(Br3)2 was added to 1.0 equiv of phenol in acetonitrile (3 mL). The reaction was 

completed within 10 minutes in 96% yield. Thus, [bMImB].(Br3)2 efficiently delivers the 

bromine to the reaction medium and itself gets recovered quantitatively with adding water, 

thereby acting as the perfect bromine carrier.  
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Scheme 2.  

Various anilines and phenols were monobrominated with complete selectivity in excellent 

yields at room temperature, and the results are summarized in Table 1. Phenol and aniline 

were cleanly monobrominated, affording exclusively p-bromophenol and p-bromoaniline 

(entries 1, 2). Regioselective bromination of phenol and aniline is an important protocol in 

organic synthesis because of their versatile synthetic intermediates for a considerable number 

of useful transformations. In an aromatic electrophilic substitution reaction para-orientation 

is favored over ortho-orientation due to stereoelectronic effects. Similarly, a variety of 

substituted anilines and pheols underwent regioselective monobromination (entries 3–6). α-

Naphthol and β-naphthol, being a bulky molecule, took 40-50 min for monobromination 

(entries 7, 8).  
  

        Table 1. Monobromination of various anilines and phenols with [bMImB].(Br3)2 at         

        room temperature.
a     

Ref. Yield (%) Time (min) Product Substrate Entry  
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8 

               a
All reactions were carried out with 0.5 equiv of [bMImB].(Br3)2 at room temperature. 

 

All the reactions were quenched by adding water. This caused precipitation of the products as 

solids or oils, which were readily extracted with ethyl acetate and then dried (either with 

sodium sulfate or in vacuo). The aqueous phase containing highly water-soluble IL was easily 

concentrated in vacuo to recycle [bMImB].(Br)2, which then could be used to regenerate 

[bMImB].(Br3)2 with bromine (Scheme 3). Regeneration and reusability are two significant 

features of ionic liquids.
28

 The effectiveness of ionic liquid, their recyclability and 

regeneration processes were observed for the bromination of phenol and found to be effective 

up to 5 cycles (Figure 3). 
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Scheme 3. 
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Fig. 3. Reusability of ioniq liquid [bMImB].(Br3)2 in the bromination of phenol. 

 

 

The plausible mechanism is shown in Scheme 4. [bMImB].(Br3)2 exists in a rapid equilibrium 

with imidazolium bromide and bromine in solution. 

 

N N N N
H3C

CH3

Br3

Br3

N N N N
H3C

CH3

Br

Br

2  Br2

2 2

O
H

Br Br

O

Br

H

Br HBr

HO

Br

+

+ +2

 

Scheme 4. Plausible mechanism. 

 

 

The ionic liquid under investigation was also effective for the selective bromination of 

alkanones (Scheme 2). We found that the reaction of acetophenone with [bMImB].(Br3)2, 

could occurr rapidly in acetonitrile at room temperature and completed within 30 min to give 

α-bromoacetophenone (Table 2, entry 1). In similar fashion, the reaction of [bMImB].(Br3)2 

with a variety of alkanones was investigated, we found that the reaction is general and 

applicable to several substituted acetophenone containing different substitutes, such as 

methyl and methoxy (Table 2, entries 2,3).  In order to explore the generality of the method 

developed for the synthesis of monobromination of alkanones, we conducted the experiments 

with [bMImB].(Br3)2 to ethyl 3-oxo-3-phenylpropanoate and ethyl acetoacetate, which were 

also effective and gave the corresponding monobromination products in excellent yields 

(Table 2, entries 4, 5). To investigate the selectivity of this reagent, ethyl methyl ketone as 

dissymmetric dialkyl ketone was chosen, but we could not find any selectivity under this 

system. 
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Table 2. Monobromination of various alkanones with [bMImB].(Br3)2 at room                        

 temperature.
a 

Ref. Yield (%) Time (min) Product Substrate Entry 
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5 

        aAll reactions were carried out with 0.5 equiv of [bMImB].(Br3)2 at room temperature. 

 

In conclusion, we have reported a novel ditribromide ionic liquid reagent with high active 

bromine content per molecule, which acts as a good brominating agent for brominating 1 

equiv of the substrate with just 0.5 equiv of the reagent. The prepared reganet were used as a 

green recyclable reaction media for the selective bromination of anilines, phenols and α-

bromination of alkanones in excellent yields under mild conditions. The significant 

characteristics of the method which are worth mentioning include high conversions, short 

process time, mild reaction conditions, environmentally friendly process, simple workup with 

good to quantitative yields and re-usable ionic liquid. 

 

 

 

Experimental Section 

 

Preparation of 1,4-bis(3-methylimidazolium-1-yl)butane dibromide [bMImB].(Br)2:  

1,4-Dibromobutane (10.79 g, 50.0 mmol) was mixed with 1-methylimidazole (8.16 g, 99.5 

mmol) and the reaction mixture was kept at room temperature for 48 h. The resulting dark 

solid was crushed under acetone, filtered, washed with small portions of acetone and dried 

under reduced pressure, leaving the desired 1,4-bis(3-methylimidazolium-1-yl)butane 

di(bromide) [bMImB].(Br)2 as light brown crystals (14.62 g, 77 % yield). Melting point: 126-

128 °C. IR (KBr) 3146, 3093, 3088, 2966, 2856, 1635, 1575, 1456, 1427, 1168, 856, 788, 

758, 624 cm
-1

. 
1
H NMR (D2O) (ppm) d: 8.59 (s, 2H, CH imidazolium); 7.33 (t, 2H, CH 

imidazolium); 7.29 (s, 2H, CH imidazolium); 4.10 (t, 4H, NCH2); 3.74 (s, 6H, NCH3); 1.76 

(m, 4H, CH2CH2). 
13

C NMR (CDCl3) (ppm) d: 136.8, 129.1 and 118.6 (CH imidazolium); 

46.6 (NCH2); 30.6 (NCH3); 25.8 (CH2). 
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Preparation of 1,4-bis(3-methylimidazolium-1-yl)butane ditribromide [bMImB].(Br3)2: 

In a fume cupboard, molecular bromine (1.0 mL, 2.0 mmol) was added dropwise over 10 min 

to 1,4-bis(3-methylimidazolium-1-yl)butane dibromide (0.380 g, 1.0 mmol) under stirring 

and cooling in an ice-bath affording a deep orange solid [bMImB].(Br3)2 ionic liquid, and 

stirring was continued for 2 h. The orange precipitate was recrystallized from acetonitrile to 

yield 1.77 g (96% yield) of 1,4-bis(3-methylimidazolium-1-yl)butane ditribromide 

[bMImB].(Br3)2. Melting point: 132 °C. UV (CH3CN) 267 nm. IR (KBr) 3158, 3136, 3086, 

2966, 2856, 1635, 1595, 1570, 1556, 1464, 1400, 1162, 1103, 837, 742, 617 cm
-1

.
 1

H NMR 

(D2O) (ppm) d: 8.83 (s, 2H, CH imidazolium); 7.55 (m, 4H, CH imidazolium); 4.33 (t, 4H, 

NCH2); 3.96 (s, 6H, NCH3); 1.99 (m, 4H, CH2CH2). 
13

C NMR (CDCl3) (ppm) d: 123.7, 123.6 

and 122.0 (CH imidazolium); 48.6 (NCH2); 35.8 (NCH3); 26.0 (CH2). Anal. Calcd for 

C12H20Br6N4: C, 20.60; H, 2.88; N, 8.01; Br, 68.51. Found: C, 20.10; H, 2.19; N, 7.65; Br, 

67.87. 

 

General procedure for bromination of anilines or phenols:  
To a mixture of anilines or phenols (2.0 mmol) in 2 mL acetonitrile, was added 1,4-bis(3-

methylimidazolium-1-yl)butane ditribromide (1.0 mmol) and stirred at room temperature. 

After disappearance of the starting material (monitored by TLC; n-Hexane/acetone 5 :1), 

water was added into the reaction mixture to quench the IL. The resulting reaction mixture 

was extracted with ethyl acetate, separated from the organic layer, dried over sodium sulfate, 

and concentrated to afford pure monobromo anilines or monobromo phenols. 
 

General procedure for bromination of alkanones:  
To a mixture of alkanone (2.0 mmol) in 2 mL acetonitrile, was added 1,4-bis(3-

methylimidazolium-1-yl)butane ditribromide (1.0 mmol) and stirred at room temperature. 

After disappearance of the starting material (monitored by TLC; n-Hexane/acetone 7 :1), 

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 purified by flash column chromatography over silica gel (hexane / EtOAc 10 / 2). 
 

Regeneration of Ionic Liquid 

After the addition of water into the reaction mixture, the water soluble ionic liquid 1,4-bis(3-

methylimidazolium-1-yl)butane dibromide [bMImB].(Br)2 was recovered by evaporation of 

the aqueous solution and washing with diethyl ether in each case. The recovered ionic liquid 

[bMImB].(Br)2 was dried at 40 ºC for 12 h, and treated with molecular bromine (2 mmol) 

under stirring and cooling in an ice-bath for 2 h to regenerate 1,4-bis(3-methylimidazolium-1-

yl)butane ditribromide [bMImB].(Br3)2 ionic liquid and reused for the subsequent reaction 

without loss of activity. 
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