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Organic reactions in ionic liquids: an efficient method for the synthesis of
aryl sulfones by alkylation of sodium arenesulfinates with alkyl halides
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An ionic liquid based on 1-butyl-3-methylimidazolium tetrafluoroborate (BmimBF,) is used as a reusable reaction
medium for the alkylation of sodium arenesulfinates with alkyl halides. This procedure is convenient, efficient and
generally gives rise to the S-alkylated product with high selectivity when applied to active halides.
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Alkyl aryl sulfones have been widely used as useful
intermediates in organic synthesis; of particular interest are the
applications of the sulfonyl group as an activating function that
can be subsequently be removed under mild conditions.!
Aryl sulfones are generally prepared either by substitution
reaction of akyl halides with alkali-meta sdts of
arenesulfinates? or by oxidation of akyl aryl sulfides.3 Recently,
metal-mediated coupling reactions of arenesulfonyl chlorides
with alkyl halides have been developed.* The main drawback of
the oxidation method is that the foul smelling and poorly
available thiols are the basic starting materids, while the
coupling method requires active halides and usually results only
in moderate yields of sulfones. Asfar the substitution method is
concerned, traditional reaction conditions using acohols or
dipolar gprotic solvents in which the two reactants have at least
some solubility are often inconvenient and the method requires
rather long reaction times and usually gives moderate yields of
sulfones.! The use of preformed tetra-n-butylammonium
p-toluenesulfinate sats® or the benzenesulfinate form of a
polystyrene anionic exchange resin® allows the reaction to be
performed rapidly in typica nonpolar solvents, but the reagent
must be prepared in a separate step. As a consegquence, anumber
of modifications of the substitution method have been reported.
For example, the reaction can be performed more efficiently
using aphasetransfer catalyst (PTC) process’ inwhich avolatile
organic solvent is used and the recovery of the catalyst is a
considerable challenge. Besides, microwaves or ultrasound have
been applied to facilitate this substitution reaction, but in
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genera these methods are limited and sometimes low yields are
obtained. Therefore, preparation of aryl sulfones using a facile
and efficient method with environmentally benign technology is
still a challenge in organic synthesis.

In recent years, room temperature ionic liquids (RTILS)
have attracted increasing interest as green and reusable
reaction media for synthetic organic chemistry.® There are
many reports of great improvements in the reaction yields and
rates'® and these prompted us to investigate the alkylation of
arenesulfinate salts with alkyl halidesin ionic liquids.

Here, we have examined the akylation of sodium
benzenesulfinate and sodium p-toluenesulfinate with various
akyl halides in a mixture of 1-butyl-3-methylimidazolium
tetrafluoroborate (BmimBF,) and water (4:1) (Scheme 1).

The results are summarised in Table 1. The products were
characterised by IH NMR, IR, and melting points that were
consistent with the literature data.

As can be seen from Table 1 this procedure was found to be
efficient when activated chlorides and bromides (alylic,
benzyl and a-carbonyl) and primary iodides are used as
akylation agents, the reaction exhibited high selectivity, the

Table 1 Alkylation of sodium arenesulfinate with alkyl halides

Entry? Alkyl halide R4 Product Temp./°C Time/h Yield®/% M.p.¢/°C Lit. m.p./°C
1 PhCH,Br H 3a 60 1 95 147-148 146-147%
2 PhCH,CI H 3a 60 2 96 147-148

3 BrCH,COPh H 3b 60 3 94 93-94 94-954a
4 CH,=CHCH,Br H 3c 60 3 92 Qild QOil4a

5 CICH,COOEt H 3d 60 4 91 45-46 45-477¢
6 CHsl H 3e 25 24 88 87-88 878

7 PhCH,Br CHj 3f 60 1 96 144-145 144-145%
8 PhCH,CI CH, 3f 60 2 97 144-145

9 BrCH,COPh CH, 3g 60 2 94 107-108 109-110%a
10 CH,=CHCH,Br CHs 3h 60 3 90 50-51 50-5242
11 CICH,COOEt CH, 3i 60 4 92 33-34 34-357d
12 CHsl CH; 3j 25 24 87 87-88 88-89°5
13 CHs3(CH,),CH,Br CH, 3k 80 6 70¢ Oild Qild
14 CHs3(CH,),CH,CI CHs 3k 70 18 65f Qild

15 (CH3),CHBr CHj 3l 50 24 549 80-81 78.5-80°

aAll reactions were run with sodium arenesulfinate hydrate (1.5mmol),alkyl halide(1.0mmol) in 2ml BmimBF, and 0.5ml H,0. Plsolated
yields based on alky! halides. ¢Melting points were uncorrected. 4Purities were >98% by GC. ¢lsolated yield of butyl p-toluenesulfinate
was 20%, oil (lit'®, oil ). flsolated yield of butyl p-toluenesulfinate was 26%. 91solated yield of i-propyl p-toluenesulfinate was 17%,

oil (lit'8, oil).

* Correspondence. zhenchuc@mail.hz.zj.cn



268 JOURNAL OF CHEMICAL RESEARCH 2004

O-akylation side product could be negligible and high yields
of sulfones were obtained. When primary and secondary
bromides were used, moderate yields were obtained. Primary
chlorides could be also reacted to give moderate yields of
sulfones using the present method, while the literature’@
reported that no product was obtained when primary chlorides
were reacted using the phase transfer catalyst process. During
the isolation of 3k and 3l the akylsulfinates formed by
O-dkylation of p-toluenesulfinate ion were obtained.

The recyclability of the ionic liquid BmimBF, solvent was
investigated. Upon completion of the reaction, the product
was extracted with diethyl ether first or directly filtered from
the reaction mixture (for preparation of 3a, 3f and 3g).
Theionic liquid was dried for 2h under vacuum to evaporate
the water, followed by filtration the suspension to remove
residual arenesulfinate and formed sodium halide. As a result
the recovered ionic liquid could be reused with no appreciable
decrease in yield and reaction rate. The representative results
are summarised in Table 2. In order to compare with the
traditional methods, some representative literature data are
summarised in Table 3.

In conclusion, we have demonstrated that the akylation of
sodium arenesulfinates can be effectively performed with akyl
halides in ionic liquid BmimBF, mixed with water (4:1) The
present method has many obvious advantages compared to those
methods reported in the literature, including environmental
friendliness, generality, smplicity of the methodology, ease of
product isolation, higher yield, shorter reaction times, higher
selectivity and potential for recycling of theionic liquid.

Experimental

Melting points were determined on digital melting point apparatus
and were uncorrected. Infrared spectra were recorded on
a VECTOR22 (Bruker), THNMR spectra were recorded on a
BRUKER-400MHz spectrometer using CDCl3 as the solvent with
TMS as an internal standard. Gas chromatographic analyses were
performed on a Agilent 6890 gas chromatograph. The ionic liquid
[bmim]BF, was synthesised as in the literature.1* The other materials
are commercialy available and were used without further
purification.

General procedure for the alkylation of sodium arenesulfinates:
Sodium benzenesulfinate dihydrate or sodium p-toluenesulfinate
tetrahydrate 1 (1.5mmol) and alkyl halide 2 (1.0mmol) were taken in
BmimBF, (2 ml) mixed with H,O (0.5ml). The mixture was stirred
magnetically under reaction conditions listed in Table 1 and the
course of the reaction was generally monitored by TLC or GC. After
completion of the reaction, the product 3 was extracted with diethyl
ether (3 x 10ml) or filtered directly from the reaction mixture
(for preparation of 3a, 3f and 3g). The etherea solvent was removed
by evaporation and the residue was purified by preparative thin-layer
chromatography (silica gel). After isolation of the product, the
remainder of the ionic liquid could be typically recovered by drying
for 2h under vacuum and filtering the suspension to remove residua
sodium arenesulfinates and formed sodium halide.
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Table 2 Recycling of BmimBF, for the benzylation of sodium arenesulfinate with benzyl chloride

Cycle Time/h Product Yield?/% Cycle Time/h Product Yield?/%
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3 2 3a 95 3 2 3f 97

alsolated yields based on benzyl chloride.

Table 3 Synthesis of aryl sulfones under different reaction conditions

Product Yield (%)
This work Literature work
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3i 92 528b Ultrasound, DMF-H,0 mixt (1:2), 10min
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3j 87 5011 DMF, 22h, 25°C
771 Methanol, 23h, reflux
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3k 70 457e Polysorbate — 80 as phase transfer catalyst, reflux 10 hours in water : benzene : acetone (2:1:1)
438b Ultrasound, DMF-H,0 mixt (1:2), 15min
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