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ABSTRACT

An efficient, transition-metal-free arylation of lithium sulfinates, which are readily accessible from reactions of organolithium reagents with sulfur
dioxide, is described. Based on this method, a practical protocol for the direct transformation of (hetero)arenes and (hetero)aromatic halides into
diarylsulfones was developed.

Arylsulfones are important building blocks in organic
chemistry1 and especially in medicinal chemistry.2 The
arylsulfone fragment is found in various drugs, such as
the COX-2 inhibitor Vioxx3 or the prostaglandin D2

antagonist Laropiprant (Figure 1).4 Diarylsulfones have
been shown to exhibit antitumor activities5 or to inhibit
HIV-1 reverse transcriptase.6

Because of their importance, numerous procedures for
the synthesis of arylsulfones have been reported, such as
the oxidation of sulfides,1 the sulfonylation of arenes,1 or
Pd- and Cu-catalyzed coupling reactions.7 Recently, we
reported a mild, transition-metal-free synthesis of diaryl-
sulfones from arylsulfinic acid sodium salts and diarylio-
donium salts (Scheme 1).8,9

Figure 1. Biologically active arylsulfones.
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While a wide variety of different diaryliodonium salts
are readily available or can be prepared efficiently,10�12 the
availability of sulfinic acid sodium salts is rather limited.13

In order to expand the scope of our method, we were
interested in the use of other,more easily accessible sulfinic
acid salts. We envisioned that the corresponding sulfinic
acid lithium salts 2 should display a similar reactivity
(Scheme 1). These lithium sulfinates can be prepared in a
very straightforward manner from the reaction of organo-
lithium compounds 1 with sulfur dioxide.14 Considering
the huge variety of well-known organolithium reagents,15

thisapproachwouldallowamodular synthesisofarylsulfones

using sulfur dioxide16 as the source for the sulfonyl
moiety. Herein, we wish to report a one-pot synthesis of
arylsulfones based on this concept.

We started our initial studies with benzene sulfinic acid
lithium salt (2a), which could be easily prepared in quanti-
tative yield from the reaction of phenyllithium (1a) and
sulfur dioxide and subsequent removal of the solvents.17

As expected the reaction between the lithium salt 2a and
diphenyliodonium triflate (3a) proceeded efficiently and
furnished diphenylsulfone (4a). The best results were
obtained in the polar aprotic solvents DMF, DMSO,
and NMP (Table 1, entries 1�3). Other solvents, such as
THF or dioxane, led to lower yields (entries 4 and 5). As
with sodium sulfinic acid salts, this reaction is insensitive to
air and moisture. Performing the reaction without the
exclusion of air and moisture, using commercial grade
DMF or DMSO, 4a was isolated in identical yields
(entries 6 and 7). In the case of sulfinic acid lithium salts,
the nature of the diphenyliodonium counterion X� has a
pronounced effect on the yield of the reaction. While
reactions with non-nucleophilic counterions, such as
OTf�, BF4

�, or PF6
�, furnished the product 4a in >80%

Scheme 1. Routes to Arylsulfones Based on Diaryliodonium
Salts

Table 1. Survey of Solvents and Influence of the Counteriona

entry solvent salt X� yield (%)b

1 DMF 3a OTf 84

2 DMSO 3a OTf 80

3 NMP 3a OTf 83

4 1,4-dioxane 3a OTf 47

5 THF 3a OTf 26

6 DMSO 3a OTf 79c

7 DMF 3a OTf 86c

8 DMF 3b Cl 60

9 DMF 3c PF6 86

10 DMF 3d BF4 91

11 DMF 3e OTs 65

12d DMF 3a OTf 83

aReaction conditions: 1.5 equiv of 2a and 1.0 equiv of 3 in 1.0 mL of
solvent at 90 �C for 24 h. b Isolated yield. cReaction run without
exclusion of air or moisture. dPerformed as one-pot reaction/without
isolating the salt 2a.
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yield (entries 1, 9, and 10), the yield decreased signifi-
cantly if the more nucleophilic counterions Cl� andOTs�

were employed (entries 8 and 11).18,19 Since we were also
interested in developing a practical protocol for the direct
transformation of organolithium reagents into sulfones,
we merged the single steps into a one-pot sequence.
Reaction of PhLi (1a) with sulfur dioxide (typically 10
equiv),17 followed by removal of solvents and excess SO2

and subsequent treatment of the obtained crude lithium
sulfinate with Ph2IOTf (3a) in DMF, furnished diphenyl-
sulfone (4a) in 83% yield (entry 12).20

With the optimized reaction conditions at hand, we
investigated the reaction of benzenesulfinic acid lithium
salt (2a) with different diaryliodonium salts (table 2).

Various symmetrical diaryliodonium salts arylated 2a in
good to excellent yields (entries 1�5). Unsymmetrical
iodonium salts 3k and 3l selectively transferred the steri-
cally more demanding aryl moiety (entries 6 and 7).21 In
the case of the unsymmetrical iodonium reagent 3m, a
preferential transfer of the electron-poor trifluoromethyl-
phenyl group was observed (entry 8).
One of the most atom-economical22 routes to organo-

lithium reagents is the direct lithiation/deprotonation of
acidic C�H functionalities.15 In combination with our
method, it allows the direct transformation of simple,
readily available arenes or heteroarenes into the correspond-
ing sulfones. This four-step, one-pot reaction sequence

Table 2. Arylation of Benzenesulfinic Acid Lithium Salt (2a)a

aReaction conditions: 1.5 equiv of 2a and 1.0 equiv of 3 in 1.0 mL of
DMF for 24 h at 90 �C. b Isolated yield. cTosylate as counterion.
dTogether with 6% 4e.

Table 3. Direct Lithiation Approach to Diarylsulfonesa

aReaction conditions: Sulfinate 2 (prepared from1.5 equiv 5) and 1.0
equiv of 3a in 1.0 mL of DMF for 24 h at 90 �C. b Isolated yield.
c 2.0 mmol of 3a used.
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consists of (1) generation of the organolithium reagent
from the corresponding arene or heteroarene using the
appropriate lithiation reagents and conditions;17 (2) reac-
tion of the lithium reagent with SO2; (3) removal of
solvents and excess SO2; and (4) reaction of the sulfinate
with the diaryliodonium salt (Table 3). Using this proce-
dure diphenylsulfone (4a) was obtained in 52% yield
starting from benzene (entry 1). More importantly, differ-
ent arenes bearing “directedmetallation groups” (DMG),23

e.g. carbamate 5d or benzamide 5e, could be transformed
directly into the diarylsulfones 4k and 4l (entries 4
and 5). Different heteroarenes, such as thiophene (5f),

N-methylpyrrol (5g), pyridine 5h, or ferrocene (5i), could
be functionalized in a similar manner (entries 6�9).

The halogen�lithium exchange is another efficient
method for the preparation of organolithium reagents.15

This method is also compatible with our four-step one-pot
approach. Thus, aryllithium reagent 1c, prepared from
2-bromoanisol (6a), is treated with SO2, followed by the
removal of solvents and excess SO2. Reaction of the
remaining crude lithium sulfinate with diphenyliodonium
triflate (3a) furnished diarylsulfone 4j in 97%yield (Table 4,
entry 1). In a similar manner, other bromo- or iodoben-
zene derivatives 6b�h as well as heterocycles, such as
bromopyridine 6i, could be transformed directly into the
corresponding diarylsulfones (entries 2�9).
To our delight, this method is not limited to (hetero)-

aryllithium reagents. Starting from primary, secondary, or
tertiary alkyllithium reagents 7a�d, the desired alkylaryl-
sulfones 8a�dwere obtained in 76�93% yield (Scheme 2).

To summarize, we have developed a convenient synthe-
sis of arylsulfones from sulfinic acid lithium salts and
diaryliodonium salts. This reaction has a very broad scope,
and both aryl and alkyl sulfinates were arylated efficiently.
Based on this method, we were able to develop a practical
protocol for the direct one-pot transformation of hetero-
(aromatic) halides or (hetero)arenes into arylsulfones. This
protocol consists of (1) generation of the organolithium
reagent via exchange or deprotonation; (2) reaction of the
lithium reagent with SO2; (3) removal of excess SO2; and
(4) treatment of the obtained crude sulfinate with the
diaryliodonium salt. Various aryl- and heteroarylsulfones
were synthesized using this straightforward procedure.
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Table 4. Li/X-Exchange Approach to Diarylsulfonesa

aReaction conditions: sulfinate 2 (prepared from 1.5 equiv 6) and 1.0
equiv of 3a in 1.0 mL of DMF for 24 h at 90 �C. b Isolated yield.
c 2.0 mmol of 3a used.

Scheme 2. Synthesis of Aryl Alkyl Sulfones

(23) Snieckus, V. Chem. Rev. 1990, 90, 879–933. The authors declare no competing financial interest.


