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Abstract: Onium salts have proved to be efficient sources of carbon-centered radicals. They can undergo
homolytic reductionby single electron transfer (SET) andparticipate in subsequent synthetic transformations. This
review aims to provide an overview on the behavior of onium salts including diazonium, sulfonium, selenonium,
telluronium,phosphoniumand iodoniumcations towardvarious reductivemethodssuchas radiolysis, electrolysis,
photolysis or the use of SET reagents. Mechanistic and synthetic aspects are presented. Applications in polymers
and materials science are not covered.
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1. Introduction

The chemistry of onium salts has at-
tracted considerable interests and largely
contributed to the development of organic
chemistry over the past years. Such easily
accessible species are important as precur-
sors of ylides, leaving groups in substitu-
tion or elimination reactions, phase trans-
fer catalysts and ionic liquid solvents.[1]
Among numbers of applications, these
structures could also serve as convenient
sources of radicals under reductive condi-
tions. In this review, diazonium, sulfonium,
selenonium, telluronium, phosphonium
and iodonium salts will be highlighted as
efficient partners in homolytic processes.
Different methods will be presented like
electrochemical and photochemical reduc-
tion, radiolysis, but the focus will be on
reactions featuring organic and organome-
tallic single electron transfer reagents to
promote homolytic transformations.

2. Homolytic Reduction of
Diazoniums

Arenediazonium salts as precursors
of aryl radicals have been extensively
studied for more than a century. Based
on the reduction of the diazonium group,
different reactions have been reported in
order to create carbon–heteroatom or car-
bon–carbon bonds (Scheme 1). In 1884,
Sandmeyer proposed the transformation

of aromatic and heteroaromatic amines
into the corresponding aryl halides.[2,3]
The intermediate diazonium derivatives
were obtained by treatment of the amine
with sodium nitrite, and decomposed in the
presence of copper(i) salts. Then the result-
ing aryl radical was trapped by the copper
salt to afford the halogenated product. This
reaction is still one of the most efficient to
do this functional group transformation. A
few years later, Pschorr showed the poten-
tial of arenediazonium decomposition for
the formation of carbon–carbon bonds.[4]
In the presence of copper powder, judi-
ciously defined substrates allowed the for-
mation of phenanthrene derivatives by an

intramolecular arylation. This reaction has
been extended by Gomberg and Bachmann
to an intermolecular arylation in order to
prepare biphenyl compounds.[5] In 1939,
Meerwein developed a related process
where the aryl radical, generated by metal-
mediated decomposition of diazonium salt,
reacted with an olefin as an acceptor.[6,7]A
subsequent oxidation of the resulting radi-
cal afforded the corresponding Heck-type
product. The kinetic parameters of these
reactions have been studied by Kochi.[8,9]
Since these seminal works, a number of
research groups have contributed to the
development of new processes involving
arenediazonium salts under reductive con-
ditions.[10] In this review, we will focus on
processes that lead to the formation of car-
bon–carbon bonds and their applications in
organic synthesis.

In a one-pot procedure, Doyle reported
a variation of the Meerwein arylation reac-
tion (Scheme 2).[11] Aniline derivatives re-
acted with tert-butyl nitrite and copper(ii)
chloride in the presence of an electron-
poor olefin. The arenediazonium salt was
generated in situ and decomposed by the
copper catalyst. The so-formed aryl radical
added onto the acceptor to afford the cor-
responding alkyl radical that was oxidized
by copper(ii). This transformation led to
the formation of the chlorinated compound
in good yield. This convenient procedure
avoids the formation of the Sandmeyer
by-product that is usually obtained in the
Meerwein reaction. Indeed, copper(ii)
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responding phenyl radical was obtained
by the action of a SET catalyst. Amine
copper(i) perchlorates proved to be effec-
tive catalysts for this homolytic process
(Scheme 6).[24,25] 2-Diazobenzophenone
tetrafluoroborate was used as model sub-
strate. Depending on the aromatic amine
ligand, it was possible to promote the aryl
radical cyclization to afford 9-fluorenone
among a number of by-products. For ex-
ample, [(Py)

4
Cu]ClO

4
was poorly efficient

(29% of 9-fluorenone) and the major prod-
uct originated from the dimerization of
the intermediate aryl radical. By contrast,
[(Coll)

2
Cu]ClO

4
allowed the cyclization

in 87% yield. This illustrated the higher
reducing ability of bis- and tris(amine)
copper salts versus tetrakis(amine) copper
complexes.

The Pschorr reaction has been nicely
reported by Deronzier for the synthesis of
phenanthrene derivatives involving a pho-
tocatalytic process (Scheme 7).[26] Under
visible light irradiation, [Ru(bipy)

3
]2+ cata-

lyst was photoexcited and became suitable
for single electron transfer. Then, 2-diazo-
α-arylcinnamic acid acted as an oxidative
quench for the triplet ruthenium complex
that was oxidized to Ru(iii). At the same
time, the diazonium was reduced to the
corresponding aryl radical which cyclized
onto the phenyl ring to form a cyclohexadi-
enyl radical. The rearomatization occurred
by an oxidation pathway catalyzed by the
Ru(iii) catalyst and allowed the regenera-
tion of [Ru(bpy)

3
]2+.

Thus, aryldiazonium salts can be con-
sidered as effective oxidative quenches for
triplet ruthenium polypyridine complexes.
In an original procedure, the same group
reported the oxidation of primary and sec-
ondary alcohols into aldehydes and ke-
tones respectively.[27,28]The diazonium salt
allowed the formation of Ru(iii) that cata-
lyzed the SET oxidation in the presence
of a base. The catalytic process was man-
aged by the Ru(iii)/Ru(ii) redox system.
Sanford took advantage of these proper-
ties in order to merge palladium-catalyzed
C–H activation and redox photocatalysis
(Scheme 8).[29] The diazonium salt was
reduced by triplet Ru(ii) catalyst to yield

bromide was used to generate the bromide
analog without traces of aryl bromide.

The reactivity and the regioselectiv-
ity of the aryl radical addition to α,β-
unsaturated carbonyl acceptors have been
investigated by Citterio with aryldiazo-
nium salts as radical precursors (Scheme
3).[12] Titanium(iii) chloride has been used
for the reduction in acetic acid and water.
The single electron transfer (SET) from
Ti(iii) to diazonium is known to be as
fast as the decomposition of the resulting
diazenyl radical.[13–15] Depending on the
substitution profile of the olefin, the aryl
radical either added at the α position of
the carbonyl group or at the β position. In
the first case, the resulting radical was not
quickly reduced in carbanion and reacted
with a second diazonium molecule to form
the diazene adduct. When the radical addi-
tion occurred at the β position, the result-
ing radical was reduced and the arylation
product was obtained.

Arenediazonium salts have also been
used by Motherwell in the development
of a tin-free intramolecular radical ipso
substitution under reductive conditions
(Scheme 4).[16] Series of aryl sulfonamides
and aryl sulfonates possessing a diazo-
nium moiety at the ortho position have
been engaged in SET transformations with
titanium(iii) chloride as optimal reductant.
The aryl radical underwent an ispo substi-
tution at the sulfur-substituted carbon cen-
ter that was oriented by steric interactions.
By the loss of sulfur dioxide and reduction,
fully hindered biaryl compounds were ac-
cessed in good yields.

More recently, Heinrich revisited the
chemistry of the arenediazonium salts as
aryl radical precursors (Scheme 5). With
TiCl

3
or FeSO

4
as SET reagents, diversely

substituted diazonium derivatives allowed
the formation of diazene compounds fol-
lowing the same mechanism that was
evidenced by Citterio.[17] The formal car-
boamination of the olefin was obtained
after the hydrogenolysis of the diazene.
In the presence of TEMPO[18] or nitric
oxide,[19] the resulting radical adduct has
been trapped to lead to the corresponding
alkoxy tetramethylpiperidinyl and the ox-
ime respectively. Allylation and vinylation
of aryl radicals have been achieved with
allyl and vinyl chloride as acceptors.[20] By
analogy with the Gomberg-Bachmann re-
action, the same group reported the synthe-
sis of amino- and hydroxybiphenyl deriva-
tives promoted by titanium(iii) chloride.[21]

More than a hundred years ago, Graebe
and Ullman showed the formation of 9-flu-
orenone from the decomposition of 2-di-
azobenzophenone.[22] Lewin and Cohen
rationalized the different parameters that
control this reaction.[23] It has been dem-
onstrated that thermal conditions in acidic
medium generated the phenyl cation by
heterolytic bond cleavage while the cor-
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spiration for the development of synthetic
processes since the homolytic reduction
of sulfoniums has been reported through
different methods including radiolysis,
electrolysis, photolysis or the use of single
electron transfer (SET) reagents with no
mention of the natural radical pathway and
in some cases even before the discovery of
the latter. We will cover this continuously
active field by type of reactions in the order
given above.

Thus, the use of solvated electrons
produced in aqueous solution by radioly-
sis was initially shown by Bonifacic to be
a very rapid and clean method to gener-
ate alkyl radicals from a variety of sul-
foniums, including S-methylmethionine
and dimethyl-b-propiothetin.[43] This was
further confirmed by Engman who stud-
ied the reduction of triorganylsulfonium,
-selenonium and -telluronium salts and
evidenced that the radical expulsion was
dictated by the stability of the generated
radical species (benzyl > secondary alkyl >
primary alkyl > methyl > phenyl).[44]

Electrolysis of sulfonium salts has
been the object of several studies oriented
toward synthetic applications[45] or mecha-
nistic considerations.[46] In this context, the
Savéant group has been particularly active
in notably questioning the concerted or
stepwise character of the electron transfer
with the bond cleavage. They established
that dimethylphenylsulfonium is electro-
chemically reduced in a stepwise process
involving a radical anion intermediate.
Logically, it was deduced from these stud-
ies that the concerted character is prevail-
ing when the LUMO of the sulfonium is
high and the bond to be broken is weak.[47]
In 2009, Kampmeier and Lund further re-
fined this by reinvestigating some previous
puzzling findings: monoaryldialkylsulfo-
nium salts never give aryl radicals whereas
diarylmonoalkyl result in aryl cleavage.[48]
They found that the regioselectivity of
cleavage can be controlled by the potential
of the reducing agent and deduced that the
structure of the sulfuranyl radical interme-
diate and the bond dissociation energies of
the alkyl and aryl substituents are the key
parameters.

Photolysis of sulfoniums has been stud-
ied by several groups.[49] Hacker showed
that upon UV irradiation of triarylsulfo-
niums, rearrangement products such as
phenylthiobiphenyls and diphenylsulfide
are produced. These reactions involve pre-
dominantly heterolytic cleavage to gener-
ate a phenyl cation and diphenylsulide and
as a minor homolytic pathway, a phenyl
radical and a diphenylsulfide radical cat-
ion.[50] Interestingly, in the case of the
charge transfer complex triphenylsulfo-
nium iodide, a triphenylsulfuranyl radical
intermediate is presumably formed upon
photolysis that fractionates.[51] This paved

the corresponding aryl radical that added
onto a Pd(ii) complex to afford a Pd(iii) in-
termediate. Oxidation by Ru(iii) generated
a Pd(iv) reactive entity which underwent
reductive elimination to finish the catalytic
cycle. Biaryl compounds were obtained in
good yields.

Catalytic reduction of aryldiazonium
salts was also reported in a metal-free pro-
cess with Eosin Y as a catalyst (Scheme
9).[30] The SET process relied on this or-
ganic dye which was oxidized to the cor-
responding radical cation. The aryl radical
underwent a Meerwein arylation reaction
to afford biaryl compounds after rearoma-
tization by the radical cation of EosinY.

Other neutral organic electron donors
have been developed for the SET reduction
of arenediazonium salts as precursors of
aryl radicals. Murphy reported radical-po-
lar crossover reactions of such substrates in
splicing radical and polar reactions in the
same pot with tetrathiafulvalene (TTF) or
dithiadiazafulvalene (DTDAF) as reduc-
tants (Scheme 10).[31–34] These processes
have been applied to the total synthesis of
Aspidospermidine[35] and number of other
heterocycles such as indoles, indolines and
dihydrobenzofurans. More recently, the
same group reported the use of commer-
cially available tetrakis(dimethylamino)
ethylene (TDAE) as an alternative reagent
for organic SET.[36] Indolines have been
obtained by a radical sequence involving a
SET reduction of a diazonium salt to gen-
erate the corresponding aryl radical that
cyclized according to a 5-exo-trig mode.
A subsequent β-fragmentation allowed the
formation of indolines and the liberation
of a thiyl radical that dimerized. This very
efficient transformation involved only one
equivalent of the SET reagent at room tem-
perature in only 5 min to obtain high yields
of heterocyclic products.

The reduction of arenediazonium salts
has been reported with other non-metallic
reagents. In 1950, Cooper gave evidence
for a free radical chain mechanism in the
presence of hypophosphorous acid.[37]
Arylhydrazines also proved to be efficient
SET reagents for the initial reduction of
the diazonium moiety but gave mixtures
of products originating from aryl and
diazenyl radicals.[38] The iododediazo-
niation has been investigated to transform
arendiazonium salt into the corresponding
aryl iodide compound. While chloro- and
bromodediazoniation needed appropri-
ate cupric halide (Sandmeyer reaction),
only alkali iodides allowed the aryl iodide
formation.[39] Mechanistic and kinetic
studies have been performed by Beckwith
and Abeywickrema in order to evidence a
SET initiation from iodide to diazonium
ion.

3. Homolytic Reduction of
Sulfoniums, Selenoniums, and
Telluroniums

Homolytic reduction of sulfoniums
to generate C-centered radicals are well-
known biochemical processes, as illus-
trated by the reduction of the sulfonium
of S-adenosylmethionine (SAM) by iron-
sulfur clusters containing enzymes (SAM
enzymes).[40,41] It has also gained high im-
portance in materials science notably for
the functionalization of surfaces.[42]

Herein, we will limit our overview to
molecular processes with relevance to or-
ganic synthesis. Interestingly, it appears
that the above mentioned natural processes
have not really constituted a source of in-
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a way for the photoinduced reduction of
sulfonium salts. Kampmeier examined
the photosensitized reduction of 4-cya-
nobenzylmethylphenylsulfonium tetra-
fluoroborate by substituted anthracenes or
perylene,[52] while Saeva reported an intra-
molecular PET process.[53] Interestingly,
Kellogg in a very seminal work reported
a Hantzsch ester derivative mediated re-
duction of phenylacylsulfonium salts in
the presence of visible light (Scheme 11).
This reaction could be accelerated thanks
to photosensitive agents such as organic
dyes and [Ru(bpy)

3
]2+.[54]

It is worthy of note that triarylsulfo-
nium salts are reduced upon treatment
with simple alkoxides such as sodium iso-
propoxide and potassium hydroxide. The
intermediacy of radical species was estab-
lished.[55]

In 1982, Beak investigated the reduc-
tion of various arylalkylsulfonium salts
upon treatment with potassium in graph-
ite.[56] In a monophenyldialkylsulfonium
series, the same leaving-group propen-
sity as before (benzyl > secondary alkyl
> primary alkyl > methyl > phenyl) was
found.A mechanism was proposed involv-
ing the transfer of one electron to the phe-
nyl LUMO generating a π-radical anion.
Cleavage then would take place through
the overlap of the SOMO of the aromatic
ring with the σ* orbital of the bond which
falls apart homolytically. Interestingly,
dimethyl-tert-butylsulfonium as well as
methyltetramethylene sulfonium were not
reduced in these conditions, presumably
because there is no low-lying LUMO to
accept an electron. In the case of diphenyl
and benzo-fused salts, it was found that the
leaving-group propensities differ from the
one observed with the monophenyl salts.

The group of Hori and Kataoka has
also studied the homolytic reduction of cy-
clic sulfonium and selenonium salts with
magnesium metal or Grignard reagents
and also with SmI

2
which proved to a

stronger but less regioselective reagent, as
illustrated by the reductions of 2-methyl-
isoselenochromanium salt shown below
(Scheme 12).[57]

An interesting application was the re-
duction of the following tricyclic benzothi-
azinium salt which generates three types
of products according to the reaction con-
ditions used (Scheme 13). Unfortunately,
no rationalization was given for these con-
trasting findings.[58]

In the acyclic series, this process was
applied to a cyclization process (Scheme
14). But clearly, poor regiocontrol in the
homolytic cleavage plagues the versatility
of the reaction.[57d]

Although non preparative, an interest-
ing redox radical chain reaction to reduce
biaryliodoniums and triarylsulfoniums has
been devised by Kampmeier (Scheme 15).

It relies on the use of trivalent organophos-
phorus compounds as mediators and cor-
responds to a S

RN
1 reaction.After photoini-

tiation, whichwas accelerated by the use of
the addition of phenylazoisobutyronitrile,
a phosphoranyl radical is produced from
the addition of an aryl radical. The latter
is oxidized by the sulfonium to generate a
phosphonium generating a sulfuranyl radi-
cal which falls apart.[59]

The homolytic reduction of sulfonium
is a rather complex molecular process. A
main issue which remains to be addressed
is the control of the regioselectivity. This
could be accomplished by the invention of
new sets of reagents and/or reaction condi-
tions.

4. Homolytic Reduction of
Phosphoniums

Reductive cleavage of the carbon–
phosphorus bond of phosphonium salts in
carbon-centered radicals has received only
scant attention. Most of studies were pub-
lished during the sixties followed by other
sporadic reports until 1993. They showed
that quaternary phosphonium cations can
be reduced under electrochemical or pho-
tochemical conditions as well as by pulse
radiolysis. But applications to synthesis
and material science are still almost non-
existent.

A pioneer work of Colichman ex-
amined the polarographic reduction of
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phenyltrimethylphosphonium and tetra-o-
tolylphosphonium iodides. Experiments
indicated that the first one proceeds in two
successive reversible one-electron steps
while the second one occurs by a single
two-electron reversible process.[60] Later,
Horner and his co-workers investigated
the electrolysis of a series of substituted
phosphonium in protic media. The carbon–
phosphorus bond cleavage ability and se-
lectivity have been evaluated and appeared
to depend on the nature of carbon-leaving
group attached to the phosphorus atom, re-
lating to the C–P bonding strength, and the
electrode material using either a mercury
or a lead cathode. For instance, reduction
of methyltriphenylphosphonium bromide
at the mercury cathode gave rise to 83%
of methyldiphenylphosphine (and 5.5%
of triphenylphosphine) whereas a 53:40
mixture of triphenylphosphine/methyldi-
phenylphosphine was obtained at the lead
cathode. Experimental studies at the mer-
cury cathode determined that the scale of
ease of carbon–phosphorus bond cleavage
follows the trend: benzyl, HOCH

2
CH

2
,

tert-butyl > i-propyl > n-butyl > ethyl >
phenyl > methyl, that matches well with
the stability of the corresponding radi-
cal[61] and investigations on structure/re-
activity relationships for unsymmetrical
tetraarylphosphonium have also been
performed.[62]As an application, optically
active quaternary phosphonium salts were
reduced to the corresponding phosphines
with retention of the configuration at the
phosphorus center.[63] Then, Horner esti-
mated the half-wave reduction potentials
of differently substituted phosphoniums
by polarography, which led to a similar
classification.[64] Results of Grimshaw and
Ramsey showed a linear relationship be-
tween the half-wave reduction potentials
and the Hammett substituent values of a
wide range of benzyltriphenylphospho-
nium chlorides substituted on the benzyl
group.[65] In a plausible mechanism, for-
mation of a transient phosphoranyl radi-
cal obtained by an initial monoelectronic
reduction of the amalgamated phospho-
nium is proposed at the first step. Then, a
second electron transfer followed by a pro-
tonation should generate a tetrasubstituted
hydrophosphoran intermediate which may
decompose by hydrogenolysis of the C–P
bond. Alternatively, the phosphoranyl
radical intermediate may evolve through
homolytic cleavage of a σ–carbon–phos-
phorus bond (α-elimination) releasing a
new carbon-centered radical which can be
reduced a second time to a carbanion and
then protonate (Scheme 16).[64]

Evidence for phosphoranyl radical
formation and its decomposition to free
or amalgamated alkyl radicals were dem-
onstrated by Wagenknecht and Baizer
during the electroreduction of ω-cyano

alkyltriphenylphosphonium salts at the
mercury cathode in non protic media
such as DMSO or DMF in the presence
of styrene. Particularly, electrolysis at the
platinum cathode provides free radical
polymerization of styrene in excess.[66]
Finally, Savéant and Binh extended this
study to the reduction of several alkyltri-
phenylphosphonium halides in non protic
media. Various products have been identi-
fied as resulting from two different types of
electron transfer: a one-electron pathway
leading to dimerization and/or dispropor-
tionation of the released radical or a two-
electron pathway providing the formation
of ylides, phosphine oxides or Hofmann
degradation products.[67] Interestingly,
Kampmeier and Nalli reported that phos-
phoranyl radical intermediates generated
by arylation of triphenylphosphine can act
as reducing agents with iodonium and sul-
fonium salts.[59]

Along with these electrochemical
studies, photolysis of phosphonium salts
was investigated by Griffin and Kaufman
(Scheme 17). UV Irradiation of benzyltri-
phenylphosphonium chloride in benzene-
ethanol led to a mixture of diphenyl, di-
phenylmethane, dibenzyl, diphenylphos-
phine, triphenylphosphine and oxidation
products. A mechanism involving a photo-
induced electron transfer between the ben-

zyltriphenylphosphonium and the chloride
is assumed. After α-scission of the phos-
phoranyl intermediate, both expelled ben-
zyl and aryl radicals can dimerize and/or
react with benzene as solvent.[68]

In 1978, Kellog reported the reduction
of phenacyl triphenylphosphonium tetra-
fluoroborate with Hantzsch ester under
visible irradiation (Scheme 18). The brief
report shows that the reaction requires the
presence of Ru(bipy)

3
Cl

2
as a photocatalyst

to obtain acetophenone in 16% yield.[54]
No reduction was observed under simple
thermal conditions.

Applications of pulse radiolysis to the
reduction of benzyltriphenylphosphonium
and variously substituted phenylmeth-
ylphosphoniums in aqueous solution were
proposed by Horii et al. and supported
the formation of phosphoranyl and benzyl
radicals among others.[69]

5. Homolytic Reduction of
Iodoniums

The past few years have witnessed a
growth in the use of iodonium salts in or-
ganic synthesis and particularly as a tool
for polymerization initiation and materials
surface functionalization in exploiting their
ability to generate radicals.[70] Homolytic
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reduction of iodoniums salts was in fact
examined by using either electrochemical,
photochemical methods or SET reagents.

Since the initial studies of Zappi and
Mastropaolo,[71] the electroreduction of
symmetrically substituted iodoniums
salts was investigated by Colichman and
Maffei,[72] then soon joined by the groups
of Beringer[73] and Grimshaw.[74] No less
than five different mechanisms were pro-
posed for the reduction at a mercury cath-
ode of diphenyliodonium cations which
supported the generation of a supposed
diaryliodine radical through a one-electron
transfer reaction, its absorption to the elec-
trode, and then the formation of mercury-
containing species such as the phenyl mer-
cury radical and the diphenyl mercury, the
disproportionation adduct. An alternative
decomposition of the transient diaryliodine
radical to iodobenzene and the phenyl free
radical cannot be ruled out. For instance,
in the reduction of the dibenziodolium
ion, the corresponding diarylmercury and
a small amount of iodo biphenyl result-
ing from the direct reduction of the cor-
responding free radical were detected.[75]
Electrolysis of unsymmetrically substitut-
ed diphenyliodonium salts was also taken
into consideration by Peters. Several fac-
tors on the C–I bond cleavage have been
studied including product distribution,
steric and electronic effects. Discussions
on mechanistic aspects came to approxi-
mately similar conclusions.[76]

Chemical methods involving metallic
reagentswere investigated for the reduction
of iodonium organic compounds. Metal
salts such as copper(i),[77] titanium(iii) and
chromium(ii) chlorides were reported to
trigger the decomposition of diphenyli-
odonium cations and liberate benzene,
chlorobenzene and biphenyl as products in
variable ratios, depending on the nature of
the metal and the solvent used (water or
methanol). While a concerted mechanism
is suggested for the selective formation
of chlorobenzene with CuCl, a stepwise
mechanism consistent with the experimen-
tal data is operating with TiCl

3
and CrCl

2
.

The latter may involve an initial SET pro-
cess generating of free phenyl radicals
by decomposition of the transient diphe-
nyliodine radical followed by competitive
H-abstraction, ligand-radical transfer with
metal salts and dimerization.[78] Thus, the
reactivity of iodonium salts toward chro-
mium dichloride was applied by Ochiai
to reactions of diaryl-, alkenyl(aryl)- and
alkynyl(aryl)iodonium tetrafluoroborates
with aldehydes. For instance, treatment of
(o-allyloxyphenyl)mesityliodonium salt
with three equivalents of CrCl

2
in the pres-

ence of five equivalents of benzaldehyde
afforded the substituted dihydrobenzofu-
ran in 47%yield (Scheme 19). Presumably,
the aryl radical generated through homo-

lytic reduction of the iodonium undergoes
a 5-exo cyclization. The resulting primary
radical reacts with a second chromium(ii)
ion providing an alkylchromium species
which adds to benzaldehyde.[79]

Low-valent lanthanide reagents such
as ytterbium and samarium diiodide were
shown to be efficient catalysts for the re-
duction of diphenyliodoniums to phenyl
free radicals and iodobenzene. When the
reaction is conducted in THF, the phenyl
radical abstracts a hydrogen atom from
THF. Then, the tetrahydrofuranyl radical
is captured by divalent LnI

2
(Ln = Yb or

Sm) and the resulting organometallic com-
pound adds to the ketone (Scheme 20).[80]

Photo-excited electron transfer pro-
cesses have also been considered to pro-
mote the reduction of diphenyliodonium
ions. In 1993, Kampmeier and Nalli re-
ported the photodecomposition of diaryli-
odoniums with triphenylphosphine involv-
ing a radical chain mechanism (Scheme
21). Photoirradiation of a diaryliodoiodo-
nium salt liberates an aryl radical which is

trapped by triphenylphosphine and gener-
ates a phosphoranyl radical intermediate.
A single-electron transfer between the io-
donium salt and the phosphoranyl radical
occurs and gives rise to an arylphospho-
nium and a diaryliodine radical. The latter
collapses to an iodoaryl and an aryl radical
which can propagate the chain reaction.[59]
The same reaction performed in THF in
the absence of triphenylphosphine liber-
ates arenes and iodoarenes. In this case,
the role of the radical mediator is ensured
by the tetrahydrofuranyl radical generated
from aryl radical H-abstraction at THF.[81]

Electron transfer photosensitiza-
tion of diaryliodonium salts by either
organic dyes or photocatalysts such
as polypyridine ruthenium or iridium-
complexes have been mostly used for
initiation of free radical polymeriza-
tion and cationic polymerization.[82]
For instance, Lalevée recently published
a new photocatalytic system composed
by the tris(2,2’-bipyridine)ruthenium(ii)
complex (or an iridium (iii) complex), a
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diphenyliodonium salt and a silane for the
photoinitiation of cationic polymerization
of epoxydes (Scheme 22). Reduction of
diphenyliodonium by the photoactivated
[Ru(bipy)

3
2+]* releases a phenyl radical

that can abstract a hydrogen atom from the
silane. Electron transfer reaction between
the formed silyl radical and another mol-
ecule of diphenyliodonium generates a
silylium which can promote the cationic
polymerization of epoxydes.[83]

6. Conclusion and Perspectives

This overview covers the homolytic
reduction of diazonium, sulfonium, sele-
nonium, telluronium, phosphonium and
iodonium salts to generate C-centered rad-
icals (alkyl or aryl). The latter can be con-
veniently engaged to participate in subse-
quent synthetic transformations, generally
inter- or intramolecular additions. Several
versatile devices are now at hand to accom-
plish this task, relying mainly on electro-
chemical and photochemical methods or
single-electron transfer (SET) reagents.An
interesting trend in the chemical reduction
of onium salts is the possibility to operate
catalytic processes involving visible light
activation. Our laboratory is active in this
field and our results will be reported in due
course.[84]
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