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ty and Ins
A B S T R A C T

The cheap and easily available sodium dithionite and thiourea dioxide have been used as the source of
sulfonyl group in the synthesis of sulfones and sulfonamides recently. Compared with other methods for
the sulfonylation reactions, the strategies using sodium dithionite or thiourea dioxide provide an
alternative and complementary route to diverse sulfonyl compounds. During the reaction process, sulfur
dioxide anion radical is the key intermediate, which is usually generated from a single electron transfer
under suitable conditions. The advantages using sodium dithionite or thiourea dioxide in the
sulfonylation reactions include mild conditions and broad substrate scope with excellent functional
group compatibility. Further applications by using sodium dithionite and thiourea dioxide in organic
transformations will be anticipated.
© 2020 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.
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Since the reagent of DABCO.(SO2)2 (1,4-diazabicyclo[2.2.2]
octane-sulfur dioxide) developed by Santos and Mello [1] was
firstly applied in 2010 byWillis [2] and potassiummetabisulfite as
the source of sulfur dixoide was reported in 2012 by Wu [3], the
strategies with the insertion of sulfur dioxide under transition
metal catalysis or radical processes have been developed rapidly
[4]. Among the inorganic sulfites screened in the palladium-
catalyzed reaction of aryl halides with hydrazines, potassium
metabisulfitewas demonstrated as themost efficient one [3]. Later,
the development of radical process was boomed, and potassium or
sodium metabisulfite was effective as well in the radical reactions
[4a,5]. So far, significant progress has beenwitnessed in thisfield of
sulfur dioxide insertion. As a result, diverse sulfonyl-containing
(-SO2-) compounds including sulfones and sulfonamides are
generated easily by using DABCO.(SO2)2 and inorganic sulfites as
the sulfur dioxide surrogates [6]. Compared with the classical
synthesis of sulfonyl compounds from the oxidation of sulfides and
sulfonylation with the corresponding sulfonyl chlorides, the
incorporation of sulfonyl unit into small molecules through the
insertion of sulfur dioxide provides an alternative and comple-
mentary route. Besides the reagent of DABCO.(SO2)2 and inorganic
sulfites (potassiumor sodiummetabisulfite), other sources are also
explored for the generation of sulfonyl compounds. For example,
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Rongalite, commonly used as a bleaching agent in the printing and
dyeing industry, was used as the source of sulfonyl group as well
[7,8]. Luo and co-workers described the iron-catalyzed reaction
between rongalite and diaryliodonium salts [8a]. In this transfor-
mation, rongalite was used as the sulfoxylate anion radical
precursor. Wu and co-workers reported the synthesis of N-
aminosulfonamide through a metal-free reaction of rongalite with
aryldiazonium tetrafluoroborates [8b]. During the reaction pro-
cess, rongalite was found to serve as a radical initiator, a sulfur
dioxide surrogate and a reducing reagent simultaneously.

Recently, sodiumdithionite and thiourea dioxide have attracted
our attention, which are cheap and easily available. It is reported
that sodium dithionite (Na2S2O4) can be used as a reductant in
various organic transformations [9]. Additionally, it can be used as
the sulfoxylate anion radical precursor as well. In the iron-
catalyzed reaction of rongalite and diaryliodonium salts as
mentioned above [8a], sodium dithionite was also employed as
a replacement of rongalite, although the yield was low. Since the
commercially available and cheap sodium dithionite as sulfoxylate
anion radical precursor could produce the SO2 anion radical, the
application of sodium dithionite in the sulfonylation reactions
could be expected.

In 2019, Wu and co-workers described the generation of
sulfones and sulfonamides starting from (hetero)aryl iodides and
sodium dithionite under catalyst-free conditions (Scheme 1) [10].
During the reactionprocess, sodiumdithionite acted as a reductant
and reacted with (hetero)aryl iodide leading to (hetero)aryl radical
and sulfur dioxide. The (hetero)aryl radical would further combine
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Generation of sulfones and sulfonamides starting from (hetero)aryl
iodides and sodium dithionite under catalyst-free conditions.
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Scheme 2. Multicomponent decarboxylative reaction of N-hydroxyphthalimide
esters, sodium dithionite, and electrophiles.
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Scheme 3. Palladium-catalyzed reaction of (hetero)aryl iodides, sodium dithionite
and phosphate esters.
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with SO2 anion radical to provide the corresponding sodium
sulfonate, which would be trapped by electrophile to furnish
sulfones or sulfonamides in one pot under suitable conditions.
The control experiments and several EPR experiments confirmed
that (hetero)aryl radical intermediate would be produced from
(hetero)aryl iodidein the presence of sulfur dioxide radical anion.
The reaction conditions were mild, and a broad substrate scope
with excellent functional group tolerance was observed. For
instance, 2-sulfonated adenosine with free hydroxyl and amino
groups was obtained in 56% yield.

Later, Jiang and co-workers reported the construction of
sterically bulky sulfones through a multicomponent decarbox-
ylative reaction of N-hydroxyphthalimide esters, sodium
dithionite, and electrophiles (Scheme 2) [11]. In this transfor-
mation, sodium dithionite served as the radical initiator for the
decarboxylation aswell as the sulfonyl source. It was noteworthy
that the reactions of diverse naturally abundant carboxylic acids
and other carboxyl-containing drugs with multiple heteroatoms
and sensitive functional groups proceeded smoothly with
decarboxylative sulfonylation, leading to sterically bulky tertiary
sulfones in moderate to good yields. The mechanistic studies
were performed,which revealed that sulfur dioxide radical anion
generated from sodium dithionite would undergo a single
electron transfer (SET) process with carboxylic-derived redox-
active ester assisted by ZnCl2, giving rise to sterically hindered
carbon radical with the extrusion of CO2. This sterically hindered
carbon radical intermediatewould reactwith sulfur dioxide radical
anion to produce sulfinate salt, which would be trapped by
electrophile leading to the corresponding sulfone.

In Wu’s report [10], the three-component reaction of iodo-
benzene, sodium dithionite, and alkyl bromide gave a low yield
(18%). Jiang and co-workers described an improved procedure by
using palladium catalyst in the reaction system (Scheme 3) [12]. In
this transformation, phosphate esters were used as the electro-
philes to capture the sulfinate intermediate. The addition of
palladium catalyst would be beneficial for the final outcome.
Initially, an oxidative addition of Pd(0) with aryl iodide would take
place leading to Pd(II) complex, which would undergo a single
electron transfer with sulfur dioxide radical anion to provide
another Pd(II) complex. Further reductive eliminationwould occur
to produce the corresponding sulfinate intermediate.

Thiourea dioxide is a good alternative as well for the
introduction of sulfonyl group into small molecules, since thiourea
dioxide would be converted to sulfur dioxide anion and urea in the
presence of base [13].Wu and co-workers disclosed the generation
of heteroaryl sulfones and sulfonamides from heteroaryl halides
and thiourea dioxide in the presence of sodium hydroxide under
visible light irradiation (Scheme 4) [14]. This transformation also
went through heteroaryl sulfinate intermediates, which were
trapped subsequently by various electrophiles. The conditions
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Scheme 4. Synthesis of heteroaryl sulfones and sulfonamides from heteroaryl
halides and thiourea dioxide under visible light irradiation.
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Scheme 5. Photoredox-catalyzed functionalization of alkenes with thiourea
dioxide under visible-light irradiation.
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Scheme 6. Synthesis of sulfones from alkyl bromide, thiourea dioxide and
phosphate esters.
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were suitable for diverse substrates, especially for the electron-
deficient heteroaryl halides. Control experiments showed that

dioxide radical anion during the reaction process with the
assistance of photoredox catalyst, as supported by EPR spectros-
copy and DFT calculations.

Wu and co-workers further developed the sulfonylation of
alkenes through photoredox-catalyzed functionalization of
alkenes with thiourea dioxide under visible-light irradiation
(Scheme 5) [15]. Alkyl sulfones and sulfonamides could be easily
accessed through a reaction of alkenes, thiourea dioxide and
electrophiles withbroad substrate scope.Good functional group
compatibility and excellent regioselectivity were observed. A
plausible mechanism supported by fluorescence quenching
experiments was proposed, involving a radical addition process
with sulfur dioxide radical anion (SO2

��) derived from the
oxidation of sulfur dioxide anion (SO2

2-) under visible-light
irradiation.

Followed by Wu’s report [14,15], Jiang and co-workers
described the synthesis of sulfones from alkyl bromide, thiourea
dioxide and phosphate esters (Scheme 6) [12]. Again, thiourea
dioxide was used as a reductive sulfur dioxide surrogate, and the
alkylsulfones were obtained in moderate to good yields. A similar
reaction pathway was proposed, which showed that the sulfur
dioxide radical anion formed from thiourea dioxide in the presence
of caesium carbonate would initiate the reaction. The resulting

heteroaryl radical generated in situ would couple with sulfur
alkyl sulfinate salt would be captured by phosphate ester, giving
rise to the desired alkylsulfone.

In conclusion, the cheap and easily available sodium dithionite
and thiourea dioxide have been used as the source of sulfonyl
group in the synthesis of sulfones and sulfonamides recently.
Compared with other methods for the sulfonylation reactions, the
strategies using sodium dithionite or thiourea dioxide provide an
alternative and complementary route to diverse sulfonyl com-
pounds. During the reaction process, sulfur dioxide anion radical is
the key intermediate, which is usually generated from a single
electron transfer under suitable conditions. The advantages using
sodium dithionite or thiourea dioxide in the sulfonylation
reactions include mild conditions and broad substrate scope with
excellent functional group compatibility. Further applications by
using sodium dithionite and thiourea dioxide in organic trans-
formations will be anticipated.
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