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The development of practical processes, reaction media, 
conditions and/or utility of materials based on the ideas of 
green chemistry is one of the most challenging issues for 
chemical research.1

Conventional halogenation methods2 typically use 
elemental halogens (X2), which are pollutants, dangerous and 
generate hazardous HX as byproducts. Recently, the oxidative 
halogenation of olefins by metal halides has emerged as 
an important alternative for the synthesis of such halo 
derivatives.3 Usually H2O2 is used as a green oxidising agent, 
because it is environmentally friendly, yielding water and 
oxygen upon decomposition. However, although thermo-
dynamically powerful, H2O2 is kinetically a slow oxidant for 
the halide salts,4 and halogenations must typically be catalysed 
for halogenation reactions to occur on a useful time scale5. 
There are other drawbacks such as poor yields and selectivity.

Room temperature ionic liquids (RTILs) are the subject of 
current interest as novel reaction media. This is mainly due to 
their unique physical properties, which makes them attractive 
solvents and catalysts for organic synthesis and organometal-
lic catalysis as well as for biotransformations. Many organic 
reactions have been carried out in ionic liquids and usually 
good results have been found, such as improved selectivity, 

shortened reaction times, and raised yields. Examples are 
Friedel–Crafts reactions,6 Diels–Alder reactions,7 Heck 
reactions,8 and Beckmann rearrangements.9

In conducting other room temperature ionic liquid mediated 
reactions we found that hydrogen peroxide would oxidise the 
bromide anion rapidly [See caution in Experimental section]. 
As a test we carried out a bromination of a carbon–carbon 
double bond involving oxidation of NaBr with H2O2 in a 
room temperature ionic liquid. We used [bmim]+ CCl3COO– 
(1–butyl 3–methylimidazolium trichloroacetate) as the 
reaction medium. The procedure is simple. When NaBr, 
alkene and H2O2 were mixed in the RTIL, H2SO4 (60%) 
was introduced via a small tube slowly at room temperature. 
The dropping speed should be controlled so that just a very 
light red–brown bromine colour appears or no colour appears 
at all in the reaction mixture. When the bromine’s colour does 
not disappear the reaction has ended. No bromine vapour or 
hydrogen bromide gas escaped in the entire reaction course. 
The results are summarised in the Table 1.

From Table 1 we can see that all the representative alkenes 
including isolated and electron–deficient carbon–carbon 
double bonds give satisfactory yields. The reaction proceeds 
quickly even with no special catalyst present compared with 
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Table 1 Products and yields

Entrya Substrate Product Time Yield Trans/ 
   /h %b cis

 1 C 6H5CH=CH2 C6H5CHBrCH2Br 1 95
 2 p-CH3OC6H4CH=CH2 p-CH3OC6H4CHBrCH2Br 2 80
 3 C6H5CH=CHCOCH3 C6H5CHBrCHBrCOCH3 4 88 99:1
 4 p-Br-C6H4CH=CHCOC6H5 p-BrC6H4CHBrCHBrCOC6H5 8 82 99:1
 5 C6H5CH=CHCO2CH3 C6H5CHBrCHBrCO2CH3 6 86 99:1
 6 C12H25CH=CH2 C12H25CHBrCH2Br 8 90 
 7 C8H17CH=CHC7H14COOH C8H17CHCHC7H14COOH 8 85 99:1
    Br Br

 8 C6H5C≡CH       C≡CH 4 85 80/20

 9     2 80 99:1

10   2.5 70 99:1

aReactions were carried out at room temperature
bIsolated yield.
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some reports (for example, in the absence of a catalyst, the 
half–life of bromination of 4–pentenoic acid with 1.0M NaBr 
and 1.0 M H2O2 in a two–phase mixture of ether and pH=6 
phosphate buffer was >72h at 296 K.5 Bromination of 4–
penten–1–ol to get 4,5–dibromopentan–1–ol via benzenesele-
ninic acid catalysis needs 24h ). Another characteristic of the 
reaction is the stereochemistry. The stereochemistry of the 
addition is good. For non–terminal alkenes the erythro–threo 
ratios (trans–cis addition products ) are larger than 99:1 
at 10–20°C (from GC–MS and/or NMR); but fall to 5:1 at 
40 °C for 3,4–dibromo–4– phenyl–butan–2–one and at 65:35 
at 60 °C. In fact, the selectivities observed from this reaction 
are almost the same as with conventional bromination with 
elemental bromine.14 For phenylacetylene 1,2–dibromo–1–
phenyl ethylene is the main product (trans/cis ratio: 80/20, 
total yield: 85%) even when 4 mole of NaBr was added 
(1,1,2,2–tetrabromo–1–phenyl ethane yield: <10%).

Another merit of this reaction lies in the recycling of the 
solvent. Ionic liquids could be almost quantitatively recovered 
and the recovering procedure is simple. After the product 
was extracted with ether and the inorganic salts were filtered 
off, the filtrate was recovered ionic liquid which was treated 
as described in the Experimental section and can be reused. 
Other RTILs such as [bmim]+ CF3COO– and [emim][BF4]– 
(1–ethyl–3–methylimidazolium tetrafluoroborate) can be used 
as the medium. When [emim][BF4]– is used a methoxy group 
on a benzene ring will be cleaved.

In conclusion alkene bromination in RTILs involving 
oxidation of NaBr with H2O2 is a procedure with the merits of 
comparatively rapid reaction, good yields, and atom economy, 
and is environmentally benign.

Experimental

Reactions were carried out in a 25ml flask equipped with a magnetic 
stirrer bar with no special precaution in the fume cupboard. All 
products were characterised by NMR and IR. Melting points are in 
good agreement with literature data. 

CAUTION: As the method involved only 30% H2O2 on a small 
scale and there was no heat or impact involved no danger of 
explosion was anticipated. However, experiments were conducted 
in a fume cupboard with safe glass.

Typical procedure The reaction is conducted as follows. 
To [bmim]+ CCl3COO– (1–butyl 3–methyl imidazolium trichloro-
acetate) ionic liquid (3 ml), NaBr (0.42 g, 4 mmol), alkene 
(styrene, 0.208 g, 2 mmol) and H2O2 (30%, ~0.23 ml) were added. 
Then H2SO4 (60%, ~0.3ml) was introduced via a small tube slowly 
at room temperature. The dropping speed should be controlled so 
that just a very light red–brown bromine colour appears or no colour 
appears at all in the reaction mixture. When the bromine colour 
does not disappear the reaction has ended. The reaction mixture 
was extracted with ether (3×10ml). The ether layer was separated. 
The lower ionic liquid phase can be treated with a little Na2S2O3 or 
FeSO4 to decompose the excess of H2O2 and vacuum distillation on 
a rotatory evaporator to remove the water. The inorganic salts can be 
filtered off. The resulting ionic liquid can be washed with acetone 
and then be used again. The product was further purified by column 
chromatography (10:1, petroleum ether/ethyl acetate), yield: 0.45g 
(85%).

1,2-Dibromo-1-phenylethane: m.p. 74–75°C (lit.3a 74–76°C); 
1H NMR: 8.09 (d, 2H, J = 8.0Hz ), 7.65 (t, 1H, J = 7.0Hz ), 7.54–
7.50(m,2H), 6.80 ( d, 0.13H, J = 1.2Hz ), 6.75 ( d, 0.87H, J = 1.2Hz ). 
IR: 3029, 1631, 1493, 1454, 1432, 1232, 1155, 907 cm-1. 

1,2-Dibromo-1-(4’-methoxyphenyl)ethane: m.p. 79–80°C (lit.10 
80–81°C); 1H NMR: 7.23 (d, 2H, J = 8.4Hz); 6.85 (d, 2H, J = 8.4Hz); 
4.79 (dd, 1H, J = 4.0Hz, 8.0Hz); 3.75 (s, 3H); 3.53–3.44 (m, 2H); IR: 
3002, 2959, 2836, 1610, 1513, 1462, 1441, 1249, 833cm-1.

3,4-Dibromo-4-phenylbutan-2-one: m.p. 118–120°C (lit.3a 118–
120°C); 1H NMR: 7.41–7.35(m, 5H), 5.31 (d, 1H, J=11.6H), 4.93 

(d, 1H, J=11.6Hz), 2.48 (s, 3H); IR: 3060, 3002, 2991, 1722, 1631, 
1492, 1454, 1359, 1207, 1140 cm-1.

1-Benzoyl-1,2-dibromo-2-(4-bromophenyl)ethane: m.p. 
175–179°C (lit.13 179.5°C); 1H NMR: 8.02–7.98 (m, 2H); 
7.59–7.56 (m, 2H); 7.48–7.19 (m, 5H); 5.43 (s, 2H); IR: 3054, 
3011, 1684, 1594, 1474, 1264, 891, 796 cm-1. C10H9Br3O 
requires: C, 31.21; H, 2.36%. Found: C, 31.40; H, 2.33%.

Methyl 2,3-Dibromo-3-phenylpropanoate: m.p. 112–114°C(lit.3a 
114–116°C); 1H NMR: 7.39–7.35 (m, 5H); 5.33 (d, 1H, J = 12.0Hz); 
4.82 (d, 1H, J = 12.0Hz); 3.90 (s, 3H); IR: 3063, 3003, 2939, 1734, 
1498, 1453, 1277, 1236, 1149, 844 cm-1.

1,2-Dibromotetradecane: m.p.: 0°C (lit.11 0°C); 1H NMR: 4.18–
4.13 (m, 1H); 3.84 (dd, 1H, J = 4.2Hz, 10.2Hz); 3.62 (t, 1H, 
J = 10.2Hz); 2.16–2.10 (m, 1H); 1.81–1.73 (m, 1H); 1.57–1.55 (m, 
1H); 1.43–1.39 (m, 1H); 1.268 (m, 18H); 0.87 (t, 3H, J = 6.4Hz); IR: 
2959, 2837, 1610, 1513, 1462, 1441, 1250, 834 cm-1.

9,10-Dibromooctadecanoic acid: m.p. 27–29°C(lit.12 28.5–29.5°C); 
1H NMR: 4.22–4.19 (m, 2H); 2.35–2.31 (m, 2H); 2.03–1.94 (m, 2H); 
1.85–1.79 (m, 2H); 1.61–1.57 (m, 2H); 1.39–1.19 (m, 18H); 0.86 
(t, 3H, J = 6.8Hz); IR: 2927, 2855, 1710, 1461, 1413, 1282, 933 cm-1.

trans-1,2-Dibromo-1-phenylethlene: pale yellow oil3d; 1H NMR: 
8.10–8.07 (m, 2H), 7.67–7.63 (m, 1H), 7.53–7.50 (m, 2H), 6.70 
(s, 1H); cis–1,2–Dibromo–1–phenylethlene: 7.49–7.44 (m, 2H); 
7.36–7.30 (m, 2H); 7.00 (s, 1H). 

1,2-Dibromoindane: m.p. 31–32°C(lit.10 32°C); 1H NMR: 7.44 
(d, 1H, J = 7.2Hz); 7.32–7.26 (m, 3H); 5.462 (s, 1H); 4.66–4.65 
(m, 1H); 3.77 (dd, 1H, J = 5.8Hz, 16.8Hz); 3.26 (d, 1H, J = 16.8Hz); 
IR: 3040, 2960, 2849, 1608, 1463, 1439, 1345, 1192, 1066, 850cm-1.

1,2-Dibromocyclohexane:3a viscous oil; 1H NMR: 4.46 (s, 2H, br); 
2.46–2.43 (m, 2H); 1.91–1.79 (m, 4H); 1.53–1.51 (m, 2H); 2925, 
2854, 1462, 1375, 1145, 897cm-1.
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