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Abstract—Selective synthesis of �-bromo and �,�-dibromoalkanones using dioxane–dibromide and silica gel in solvent-free
conditions under microwave irradiation has been reported. The amount of dioxane–dibromide, silica gel and time of irradiation
are keys for the selective synthesis of �-bromo and �,�-dibromoalkanones. © 2002 Elsevier Science Ltd. All rights reserved.

�-Bromoalkanones and �,�-dibromoalkanones are sig-
nificant synthons used for the synthesis of a variety of
biologically active heterocyclic compounds.1–4 In gen-
eral, �-bromoalkanones have been synthesized by the
reaction of alkanones with bromine in an appropriate
solvent such as water, chloroform, carbon tetrachloride,
acetic acid or N,N-dimethylformamide.5 Copper(II)
bromide,6 1,4-dioxane bromooxonium bromide,7

tribromoacetophenone8 and N-bromosaccharin9 have
been used as brominating agents instead of bromine.
Furthermore, the solid organic ammonium tribromides,
such as pyridinium,10 phenyl-trimethylammonium,11

tetramethylammonium12 and tetrabutylammonium
tribromides13 have also been used as selective brominat-
ing agents. Recently, benzyltrimethylammonium
tribromide14 has been used for the selective synthesis of
�,�-dibromoalkanones. All these methods involve use
of expensive reagents and solvents, long reaction times
and high temperature. So a safer, economic and envi-
ronmentally friendly method is needed to be developed
within the frame of Green Chemistry principles.15

Supported reagents on mineral oxide surfaces have
been widely employed in organic synthesis.16 Reagents
immobilized on porous solid materials present a lot of
advantages over the conventional solution phase reac-
tions because of the good dispersion of active sites

leading to improved reactivity and milder reaction con-
ditions. The solvent-free use of supported reagents in
combination with microwave (MW) irradiation, under
so-called ‘dry media’ conditions, provides ideal reaction
medium with special attributes such as reduced reaction
times, easier work-up procedures as well as increased
purity in products.17 The recyclability of the inorganic
solid support is often possible rendering thus the proce-
dure environmentally acceptable.18 MW induced selec-
tive bromination was described once in the case of
1,4-quinones and coumarins using bromine adsorbed
on neutral alumina or iodine monobromination in ace-
tic acid.19

Keeping in view our general interest in the development
of environmentally friendlier synthetic alternatives
using microwaves,20 we became interested in an expedi-
tious synthesis of these compounds. We report here the
selective synthesis of �-bromoalkanones and �,�-dibro-
moalkanones (Table 1) from the corresponding alka-
nones using dioxane–dibromide and silica gel under
microwave irradiation by regulating the amount of
brominating agent and the time of irradiation (Scheme
1). In all the reactions reported in this paper, we
worked under solvent-free conditions utilizing neat
starting materials and silica gel, wherein the reactions
are completed within a few minutes and in high yields
(72–95%) using an unmodified household microwave
oven.

Different solid supports including silica gel, different
aluminas, strongly acidic montmorillonite (K10 clay)
were checked to ascertain the most effective. Amongst
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Table 1. Microwave-assisted synthesis of �-bromoalkanones/cycloalkanones and �,�-dibromoalkanones using dioxane–dibro-
mide and silica gel (power=300 W)

Compounda R�R Time (min) Yieldb (%) Mp or bp/lit. mp or bp (°C)

H 12a 75C6H5 46–47/48–5124

4-ClC6H42b H 1.5 79 95–96/96–9724

H 1.754-(NO2)C6H4 802c 99–100/100–0124

H 12d 774-MeC6H4 44–45/45–4824

H 14-BrC6H4 762e 107–08/108–1024

H 1 782f 91–92/90–96243-(NO2)C6H4

H 1.54-(OMe)C6H4 732g 69–70/69–7124

4-FC6H42h H 1.75 78 48–49/48–5024

4-(OEt)C6H42i H 1.5 80 59–61
H 13-BrC6H4 832j 47–48

4-(C6H11)C6H42k H 2 75 69–70
7-(CH2)4- 732l 68–70/7425 (bp)
62m 75-(CH2)5- 78–80/8326 (bp)
4-(CH2)6- 752n 78/79–8127 (bp)

H3a 7C6H5 89 35–36/36–3724

H 84-ClC6H4 903b 91–92/92.514

4-(NO2)C6H43c H 8.5 95 64–65/67.428

4-MeC6H43d H 6 94 95–96/93–9429

H 64-BrC6H4 853e 93–94/92–9330

3-(NO2)C6H43f H 5 92 58–59/5931

H 54-(OMe)C6H4 773g 90–91/93–9432

H 93h 804-FC6H4 37–38
H 44-(OEt)C6H4 733i 111–12

3j H3-BrC6H4 7 87 43–44
H 134-(C6H11)C6H4 723k 73–74

a Products 2a–n and 3a–k were crystallized using petroleum ether and ethyl acetate:petroleum ether, respectively.
b Yield of isolated products.

Scheme 1.

these, silica gel was found to be the most efficient
support for the selective �-bromination and �,�-
dibromination of alkanones. The role of silica gel as an
acid catalyst can be twofold: (i) to promote enol forma-
tion from ketone and (ii) to induce electrophilic assis-
tance to Br�Br bond breaking (Scheme 2).

The molar ratios of the reagents, irradiation times, and
microwave power levels were optimized to achieve
higher yields. In the case of �-bromination, optimum
conditions employed 1 mmol of alkanone, 1.1 mmol of
dioxane–dibromide and 3 g of silica gel were the most
adapted ratios. For �,�-dibromination 1 mmol of alka-
none, 2.5 mmol of dioxane–dibromide and 5 g of silica
gel. The power level of 300 W was found to be the most
appropriate for bromination (higher power level leads
to fumes in the oven and reduced yields). During the
synthesis of �-bromoalkanones, traces of dibromo
products were formed which can be easily removed
during crystallization. Monobromination or dibromina-
tion depends upon the nature of the substrate. In the

case of acetophenones, both mono- and dibromoalka-
nones were obtained, whereas, for cycloalkanones, only
monobromo products were formed (traces of dibromo
products were detected on TLC even after extension of
irradiation time period up to 30–45 min). Tribromo
products have not been obtained even with
acetophenones.

Scheme 2.
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Table 2. Comparative results under both microwave or
thermal conditions (power=300 W)

MethodProduct Time (min) Final temp.a Yield (%)
(°C)

1.52b 77–82MW 79
1.5 77–82 40�

25b 77–82� 60
MW3b 8 75–78 90

8 75–78� 20
120c 75–78� 48

a Final temperature was measured by immersing a glass thermometer
in the reaction mixture at the end of exposure during microwave
experiment and was approximate temperature range.

b After 25 min no further increase in yield was observed.
c After 120 min no further increase in yield was observed. At this

time, 48% of dibromo and 52% of monobromo product was formed.

Spectral data of compounds. 2i: 1H NMR: � 1.5 (t, 3H,
-OCH2CH3), 4.05 (q, 2H, -OCH2CH3), 4.5 (s, 2H,
-CH2), 6.60–7.10 (m, 2Harom), 8.05–8.50 (m, 2Harom). IR
(KBr): 1675 cm−1 (C�O). m/z : 243 (M+). 2j: 1H NMR:
� 4.38 (s, 2H, -CH2), 7.20–8.20 (m, 4Harom). IR (KBr):
1672 cm−1 (C�O). m/z : 278 (M+). 2k: 1H NMR: �
1.0–2.1 (m, 10H, 5×-CH2), 3.2 (m, 1H, CHhexyl), 4.5 (s,
2H, -CH2), 7.20–8.23 (m, 4Harom). IR (KBr): 1680 cm−1

(C�O). m/z : 280 (M+). 3h: 1H NMR: � 6.70 (s, 1H,
-CH), 7.05–7.50 (m, 2Harom), 8.10–8.40 (m, 2Harom). IR
(KBr): 1690 cm−1 (C�O). 3i: 1H NMR: � 1.52 (t, 3H,
-OCH2CH3), 4.03 (q, 2H, -OCH2CH3), 6.65 (s, 1H,
-CH), 6.72–7.05 (m, 2Harom), 8.0–8.61 (m, 2Harom). IR
(KBr): 1695 cm−1 (C�O). 3j: 1H NMR: � 6.75 (s, 1H,
-CH), 7.20–8.28 (m, 4Harom). IR (KBr): 1700 cm−1

(C=O). m/z : 357 (M+). 3k: 1H NMR: � 1.2–2.1 (m,
10H, 5×CH2), 6.78 (s, 1H, -CH), 7.30–8.35 (m, 4Harom).
IR (KBr): 1687 cm−1 (C�O).
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