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ORIGINAL ARTICLE

Microwave assisted efficient synthesis of b-keto-sulfones in aqueous medium

P. Sunitha, K. Shiva Kumar, B. Rama Raoa* and G. Venkateshwarlub

aOrganic Chemistry Division-I, Indian Institute of Chemical Technology, Hyderabad, India; bDepartment of chemistry,
Nizam College, Osmania University, Hyderabad, India

(Received 25 October 2007; final form 23 October 2008)

An efficient synthesis of b-keto-sulfones is described. The reaction of a-haloketones with sodium alkyl/aryl
sulphinates in aqueous medium under microwave irradiation afforded the corresponding b-keto-sulfones in
excellent yields.
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Introduction

Organo sulfones are very important and belong to a

fascinating branch of chemistry. The presence of a

sulfone group, in an organic compound adds variety

to its chemical architecture (1,2) and also enhances

the biological activity of the compound. Among

organo sulfones, b-keto-sulfones are a very signifi-

cant group of intermediates, as they are used as

precursors in Michael and Knoevenagel reactions

(3,4), in the preparation of acetylenes, allenes, chal-

cones (5�10), vinylsulfones (11) and poly functiona-

lized 4H-pyrans (3,12). In addition, b-keto-sulfones

are useful for the synthesis of ketones by facile

reductive elimination of the sulfone group (13�17)
and are useful for the synthesis of optically active b-

hydroxy-sulfones (18�20) and a-halomethyl sulfones

(21�24). This has led to the development of novel

synthetic methodologies for these compounds. Sev-

eral authors have been reported in literature for the

synthesis of b-keto-sulfones, which includes alkyla-

tion of metallic arene sulphinates with either a-

haloketone (25) or a-tosyloxy ketones (26�28) acyla-

tion of alkyl sulfones (29,30), reactions of diazo

sulfones with aldehydes catalyzed by SnCl2 (31),
reaction of an acid ester with a-sulfonyl carbanions

(32), reaction of an acid anhydride with a-sulfonyl

carbanions, addition of aldehydes to a-sulfonyl

carbanions followed by oxidation of the resulting b-

hydroxy-sulfones (33), oxidation of b-keto-sulfides,

oxidation of b-keto-sulfoxides (34), condensation of

an a-haloketone with thiolate anion followed by

oxidation (35). However, most of them suffer from

one or more limitations such as unavailability of

starting materials, long reaction times, harsh condi-
tions with low yields and use of toxic organic
solvents. The direct and straightforward method is
the treatment of metallic arene sulphinates with
a-haloketone (25�27). However, the low solubility
of metal sulphinate salts in organic solvents is the
inadequacy. An efficient and eco-friendly method
for the synthesis of b-keto-sulfones is highly
desirable.

The driving force for microwave developments in
organic synthesis (36�43) has many benfits. The
increasing requirement for environmentally clean
technology that minimizes the production of waste
at source, microwave may offer cleaner reactions by
improving product yields and selectivities, enhancing
the product recovery. In recent years, organic reac-
tions carried out in the absence of solvent have been
attracting the attention of chemists due to ease of
processing and eco-friendly in nature. Herein, we
report a microwave assisted an efficient synthesis of
b-keto-sulfones in aqueous medium.

Results and discussion

In this report (Scheme 1), we described an efficient
method for the synthesis of sulfones using sodium
alkyl/aryl sulphinate (44) in aqueous medium under
microwave irradiation. The reaction of sodium
p-toluenesulphinate with phenacyl bromide/chloride
in aqueous medium under microwave irradiation
produced the corresponding b-keto-sulfone in greater
than 95%. The reaction of different a-haloketones
with alkyl/aryl sulphinates proceeded efficiently and
smoothly and the products were obtained in excellent
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yields. Various b-keto-sulfones have been synthesized

in facile manner under microwave irradiation in

aqueous medium (Scheme 1, Table 1). Furthermore,

we carried out the above reaction in conventional

method in acetonitrile at room temperature, a small

amount of product (B30%) formation was observed

Table 1. Synthesis of b-keto-sulfones in aqueous medium under microwave irradiation.

Entry a-Haloketone Sodium alkyl/aryl sulphinate Producta Time (min) Yieldb (%)

1

O

Cl

SO2Na

CH3

O

S

O

O

CH3Ph
3 96

2

O

Br

SO2Na

CH3

O

S

O

O

CH3Ph
3 95

3

O

Cl

SO2Na
O

S

O

O
Ph

3 90

4

O

Br

SO2Na
O

S

O

O
Ph

4 95

5

O

Cl Me-SO2Na

O

S Me

O

O
Ph

5 90

6

O

Br Me-SO2Na

O
S Me
O

O
Ph

5 95

X

O

S

O O

O

CH3

SO2Na

CH3
1 X = Cl, Br 2

3

M. W 

H2O, 3-5min+

Scheme 1.
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Table 1. (Continued)

Entry a-Haloketone Sodium alkyl/aryl sulphinate Producta Time (min) Yieldb (%)

7

O

Cl

MMe

SO2Na

CH3

O

S

O

O

CH3

H3C

3 93

8

O

Br

Me

SO2Na

CH3

O

S

O

O

CH3

H3C

3 93

9

O

Br

Me

SO2Na O

S

O

O

H3C

5 94

10

O

Cl

Me

SO2Na O

S

O

O

H3C

3 95

11

O

Cl

Me

Me-SO2Na

O

S Me

O

O

H3C

5 90

12

O

Br

Me

Me-SO2Na

O

S Me

O

O

H3C

5 92
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in 6 h. However, using catalytic amount of Tetra-

butyl ammonium bromide (TBAB) as phase transfer

catalyst gave the interesting results (�90). Obvio-

usly, the phase transfer catalyst increases the solubi-

lity of sodium sulphinate salt in organic solvent

and enhances the product conversion. The forma-

tion of products was characterized by their spectral

data.

Conclusion

In conclusion we described that microwave promoted

an efficient synthesis of b-keto-sulfones in aqueous

medium. The present procedure for the synthesis of

b-keto-sulfones has the advantage of no use of toxic

organic solvents, short reaction time, high yields of

the products and simple work-up procedure which

makes it a useful and important addition to the

present existing methods.

Experimental section

General

The microwave reactions were carried out on ETHOS

1600, made: Milestone SRL Italy, 220 V/50 Hz;

power supply equipped with Temperature and pres-

sure control. Spectra were recorded with the following

instruments: IR, Perkin Elmer spectrophotometer;
1H-NMR Varian Gemini 200 MHz and LCMS and

Micromass VG 7070H (70 eV). Column chromato-

graphy was performed over silica gel (Achme 60�120

mesh or �300 mesh flash chromatography) and TLC

(thin layer chromatography) with silica gel MERCK

GF254 (pre-coated). The visualization of the spots in

TLC plats was carried out either in UV light (short

wave 250nm) or exposing the plates to iodine vapors

or spraying with 10% sulfuric acid in methanol and

subsequently heating on hot plate.

Typical experimental procedure (microwave)
A mixture of a-haloketone (10 mmol) and sodium
alky/aryl sulphinate (11 mmol) was suspended in
water (5 mL) in a reaction vessel, sealed without
degassing and was subjected to microwave irradiation
pre-set temperature at 1008C for an appropriate time
(Table 1). After completion of the reaction, as
monitored by TLC, the product was washed with
ice-cold water and filtered to give crude product,
which was purified by silica column chromatography.

Entry 1. 1H NMR (CDCl3, 300 MHz), d�2.49
(s, 3H, Ar�CH3), 4.62 (s, 2H, CH2), 7.34 (d, 2H,
J�8.5 Hz, Ar�H), 7.50 (t, 2H, J�8.0 Hz, Ar�H),
7.60 (t, 1H, J�3.5 Hz, Ar�H), 7.75 (d, 2H,
J�8.0 Hz, Ar�H), 8.00 (d, 2H, J�8.5 Hz, Ar�H);
EIMS: 274 (M+�).

Entry 3. 1H NMR (CDCl3, 300 MHz), d�4.50
(s, 2H, CH2), 7.34 (d, 2H, J�8.5 Hz, Ar�H), 7.49
�7.55 (m, 5H, Ar�H), 7.60 (t, 1H, J�3.5 Hz, Ar�H),
8.00 (d, 2H, J�8.5 Hz, Ar�H); EIMS: 260 (M+�).

Entry 5. 1H NMR (CDCl3, 300 MHz), d�3.14 (s,
3H, CH3), 4.59 (s, 2H, CH2), 7.49 (t, 2H, J�8.25 Hz,
Ar�H), 7.62 (t, 1H, J�3.4 Hz, Ar�H), 8.00 (d, 2H,
J�8.25 Hz, Ar�H); EIMS: 198 (M+�).

Entry 7. 1H NMR (CDCl3, 300 MHz), d�2.42
(s, 3H, Ar�CH3), 2.49 (s, 3H, Ar�H), 4.62 (s, 2H,
CH2), 7.34 (d, 2H, J�8.5 Hz, Ar�H), 7.51
(d, 2H, J�8.0 Hz, Ar�H), 7.80 (d, 2H, J�8.0 Hz,
Ar�H), 8.00 (d, 2H, J�8.5 Hz, Ar�H); EIMS: 288
(M+�).

Typical experimental procedure (conventional)
To a solution of a-haloketone (1 mmol) and sodium
alky/aryl sulphinate (1.1 mmol) in acetonitrile
(5 mL), was added TBAB. The mixture was stirred
at room temperature for 1h. After completion of the
reaction, as monitored by TLC, the solvent was
evaporated and the product was extracted into ethyl
acetate (3�15 mL). The combined organic extracts

Table 1. (Continued)

Entry a-Haloketone Sodium alkyl/aryl sulphinate Producta Time (min) Yieldb (%)

13

O

Br

SO2Na

CH3

O

S

O

O

CH3
5 90

aAll products gave satisfactory spectral and analytical data.
bIsolated yields after column chromatography.
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were dried over anhydrous sodium sulfate, evapo-
rated under reduced pressure to give crude product,
which was purified by silica column chromatography.
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