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光催化下二芳基碘鎓盐参与的自由基芳基化反应研究进展 
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摘要  二芳基高价碘盐在有机合成中被广泛应用. 总结了二芳基高价碘试剂在可见光诱导的自由基芳基化反应中的研

究进展. 根据反应类型, 分为碳碳键的形成、碳硫键的形成和碳膦键的形成三部分进行综述. 
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Abstract  Diaryliodonium salts have been widely applied in organic transformations. According to the reaction type, the use 
of diaryliodonium salts in visible light induced arylation reactions is summarized from the following three parts: C—C bond 
formation, C—S bond formation and C—P bond formation. 
Keywords  diaryliodonium salt; visible light; radical reaction 

 
Because of its environmental friendliness, stability and 

high selectivity, diaryliodonium salt as a kind of highly 
electrophilic arylation reagent, has been widely used in 
organic synthetic chemistry.[1] Generally, diaryliodonium 
salts have high electrophilicity, which can be regarded as 
the equivalent of aryl cation. It can react with nucleophiles 
to form monosubstituted arylates. The reaction of diaryli-
odonium salts with various nucleophiles such as P(O)—
OH,[2] oxygen[3] nitrogen,[4] carbon[5] nucleophiles and so 
on[6] has been successfully realized. Additionally, cycliza-
tion reactions induced by electrophilic diaryliodonium salts 
were also established.[7] Pyridines,[8] quinolines,[9] oxindole 
derivatives,[10] polycyclic compounds[11] and other cyclic 
compounds[12] have been efficiently obtained via cyclic 
reaction using diaryliodonium salts. 

Visible light induced chemical reactions have received 
great attention in recent years.[13] At present, visible light 

induced coupling reaction,[14] cyclization reaction,[15] oxi-
dation reaction[16] and other reactions[14b,17] have all be 
successfully realized efficiently. With the assistance of 
visible light, diaryliodonium salts could be converted to 
aryl radical, which could participate in a series of reac-
tions. In this review, we would like to describe the recent 
advances in visible light induced arylation reaction using 
diaryliodonium salts via radical mechanism. According to 
the reaction type, this review is divided into the following 
three parts: C—C bond formation, C—S bond formation 
and C—P bond formation (Scheme 1). 

1  C—C Bond formation 
As early as 2013, Xiao[18] and Chatani[19] group realized 

arylation of arenes and heteroarenes with diaryliodonium 
salts by photoredox catalysis independently (Scheme 2). 
Photoinduced single-electron-transfer from excited photo- 
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Scheme 1  Reactions triggered by diaryliodonium salts 

catalyst to Ar2I＋, generating aryl radicals, oxidation reac-
tion by higher valent photocatalyst were involved in the 
proposed mechanism.  

 
Scheme 2  Arylation of arenes and heteroarenes 

Quinoline and pyridine N‑oxides are highly reactive 
substrates and lots of related reactions involving quinoline 
and pyridine N‑oxides are presented in recent years.[20] The 
visible-light-promoted C(2) selective arylation of quinoline 
and pyridine N-oxides, with diaryliodonium tetrafluorobo-
rate as an arylation reagent was realized by Song group 
(Scheme 3).[21] This transformation provided an efficient 
way for the synthesis of 2-aryl-substituted quinoline and 
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Scheme 3  Arylation of quinoline and pyridine N-oxides 

pyridine N-oxides. In the reaction mechanism, oxidative 
quenching of excited eosin Y* with diaryliodonium salt 
gave aryl radical, which followed by addition reaction with 
quinoline or pyridine N-oxide, oxidation by eosin Y＋ and 
deprotonation occurred in sequence to generate the desired 
products (3D). 

The palladium‐catalyzed arylation of vinyl arenes with 
diaryliodonium salts in the presence of visible light was 
reported by Gu group.[22] When the reaction was irradiated 
by visible light, the kinetic isotope effect (kH/kD) was 
changed from 3.6 (under darkness) to 1.1, indicating that 
the C—H functionalization step was the rate determining 
step under darkness and significantly accelerated by the 
irradiation of visible light. The catalytic cycle is proposed 
in Scheme 4. Two radical species 4A and 4B were formed 
from the irradiation of Ph2IOTf. Radical addition of 4B to 
vinyl arenes would afford 4C, which followed by associa-
tion with PdII quickly to provide palladium species 4D. 
Then the olefin products were isolated via oxidation of 4D 
by 4A through single‐electron‐transfer and base‐mediated 
elimination (Scheme 4). 

Glorius group[23] realized a dual gold and photoredox 
catalytic system for the synthesis of α-arylated ether prod-
ucts via intermolecular three-component oxyarylation re-
actions of simple alkenes (Scheme 5). Using aryldiazoni- 
um salts as the aryl coupling partner, the iridium complex 
[Ir(ppy)2(dtbbpy)]PF6 as photocatalyst, visible light from 
blue LEDs allows the formation of products efficiently. A 
mechanistic hypothesis is depicted in Scheme 5. The alkyl 
gold(I) complex 5D was generated from nucleophilic at-
tack of the methanol solvent to double bond assisted by 
cationic gold(I). Aryl radical which generated from the 
oxidative quenching of excited iridium catalyst [Ir(ppy)2- 
(dtbbpy)]＋  by diaryliodonium salts via single electron 
transfer (SET) reacted with alkyl gold(I) complex 5D to 
deliver the gold(II) species 5A. Then oxidation of the 
gold(II) species by oxidized Ir catalyst to gold(III) species 
5C and reductive elimination occurred in sequence to give 
the desired products. 

In 2014, Yu group[24] realized the first example of iso-
quinoline synthesis via visible light-promoted vinyl isocy-
anide insertion with diaryliodonium salts at room temper-
ature (Scheme 6). Products with various functional groups 
can be synthesized from readily available vinyl isocyanides 
and diaryliodonium salts. Aryl radical 7A which was gen-
erated from the oxidative quenching of excited state 
fac-Ir(ppy)3* with diaryliodonium salts reacted with vinyl 
isocyanide to produce the imidoyl radical intermediate 7B. 
Then homolytic aromatic substitution (HAS), oxidation 
and deprotonation took place to deliver the product iso-
quinoline (Scheme 7).  

Zhu group[25] established a novel photocatalytic ac-
ylarylation of unactivated alkenes using diaryliodonium 
salts as the arylation reagent (Scheme 8). A variety of de-
sired products with promising yields were isolated at room 
temperature. Control experiments implied that the phenyl 
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Scheme 4  Arylation of vinyl arenes with diaryliodonium salts 
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Scheme 5  Oxyarylation reaction with diaryliodonium salts 
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Scheme 6  Synthesis of isoquinolines via visible light-promoted insertion of vinyl isocyanides 
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Scheme 7  Proposed mechanism for the synthesis of isoquino-
lines 

radical may be involved in the catalytic cycle. The oxida-
tive quenching of photoexcited Ir(III)* species with dia-
ryliodonium salts produces the aryl radical 8A, which was 
trapped by the C—C double bond to form alkyl radical 8B. 
Then the products were generated via intramolecular addi-
tion, 1,2-hydrogen atom transfer (1,2-HAT), SET oxida-
tion and deprotonation reaction. 

In 2020, the consecutive domino arylation of ortho-  
hydroxyaryl enaminones with in situ photogenerated aryl 
radicals from diaryliodonium salts for the synthesis of iso-
flavones was described by Mkrtchyan group (Scheme 
9).[26] The desired products were obtained with good to 
excellent yields. Additionally, diazonium salts was also 
suitable for this reaction instead of diaryliodonium salts. 
The reaction of diaryliodonium salts and the excited pho-
tocatalyst Ru(II) complexes occurred to produce aryl radi-
cal 9A via single electron transfer (SET). Then aryl radical 
was attacked by enaminone to afford the radical intermedi-
ate 9B, which was followed by oxidation to give carbo-
cation 9C. Subsequently, pyrone ring 9D was formed via 
intramolecular electrophilic cyclization. After the elimina-
tion of dimethylamine, the corresponding products were 
formed. 

  

Scheme 8  Photocatalytic acylarylation of unactivated alkenes 

2  C—S Bond formation 
1,4-Diazoniabicyclo[2.2.2]octane-1,4-disulfinate (DAB-

SO) was an efficient and readily available reagent for sul-
fonylation reaction.[27] Manolikakes et al.[28] reported a 
photoredox-catalyzed three-component synthesis of N- 
aminosulfonamides starting from diaryliodonium salts, 
hydrazines and sulfur dioxide (Scheme 10). N-Amino- 
sulfonamides were obtained with moderate to good yields.  
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Scheme 9  Consecutive domino arylation of ortho-hydroxyaryl 
enaminones 
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Scheme 10  Three-component synthesis of N-aminosulfon-  
amides with sulfur dioxidesurrogates 

A highly selective transfer of one aryl moiety was ob-
served when unsymmetrical diaryliodonium salts was ap-
plied to this reaction. Reductive quenching of PC* with the 
hydrazine-sulfur dioxide complex 10A and oxidative 
quenching of PC-· with diaryliodonium salts were pro-
posed in the reaction mechanism. 

A simple and efficient visible-light mediated three- 
component reaction of thiols, diaryliodonium salts and 
DABSO for the synthesis of thiosulfonates was developed 
by Volla group (Scheme 11).[29] A radical-radical coupling 
of sulfenyl radicals and arylsulfonyl radicals produced by 
photocatalysis, which were formed from DABSO and dia-
ryliodonium salts, was involved in the reaction mechanism. 
The unsymmetrical thiosulfonates were isolated with good 
to excellent yields. Besides diaryliodonium salts, aryldia-
zonium tetrafluoroborates could also give the products 
with good to excellent yields. 
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Scheme 11  Three-component coupling of thiols, iodonium salts 
and SO2 

In 2020, the visible-light photoredox catalyzed sulfonyl-
ation of imidazoheterocycles was developed by Piguel 
group (Scheme 12).[30] Various of C-3 sulfonylated imid-
azoheterocycles were obtained from imidazopyridines, 
diaryliodonium salts and DABCO with moderate to good 
yields. When the radical scavengers 2,2,6,6-tetra-methyl- 
piperidine-1-oxyl (TEMPO) or 2,6-di-tert-butyl-4-methyl- 
phenol (BHT) was added to the reaction system, no prod-
uct was isolated. These results indicated that a radical 
pathway was possible. Stern-Volmer fluorescence quench-
ing experiments indicated that the catalytic cycle would 
start with an oxidative quenching of the excited EosinY* 
with diaryliodonium salts, giving the radical cation  
EosinY•＋ and the aryl radical 12A. Aryl radical can be 
trapped by SO2 to give sulfonyl radical 12B. Then the alkyl 
radical intermediate 12C was formed from the reaction of 
sulfonyl radical and 2-phenylimidazo[1,2-a]pyridine, 
which followed by oxidation and deprotonation to deliver 
the final products. 
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Scheme 12  Sulfonylation of various imidazopyridines under 
visible-light 

In 2017, a selective construction of organic sulfurs in 
different valence states from common thiosulfate salts was 
developed by Jiang group (Scheme 13).[31] The sulfoxida-
tion and sulfenylation reaction can be successfully tuned 
via a facile variation of the atmosphere under photocata-
lyzed conditions. Late-stage sulfoxidation for pharmaceu-
ticals and sugar derivatives was proved to be highly com-
patible. From the proposed reaction mechanism, we can 

see that electron transfer between diaryliodonium salt and 
EY*, energy-transfer between 3O2 and EY* were involved. 

In 2018, a visible-light-induced three-component reac-
tion of N-propargyl aromatic amines, diaryliodonium salts 
and sulfur dioxide for the preparation of 3-arylsul- 
fonylquinoline derivatives was discovered by Zhang group 
(Scheme 14).[32] Simple operation and cheap photocatalyst 
make this protocol very practical. Proposed reaction 
mechanism was described. Aryl radical 14A was generated 
from the excited Eosin Y* and diaryliodonium salts via 
oxidative quenching reaction. Subsequently, sulfonyl radi-
cal 14B which was formed from the reaction of aryl radical 
and DABSO regioselectively attack N-propargyl aromatic 
to provide alkenyl radical 14C, which followed by intra-
molecular cyclization, deprotonation, oxidization by Eosin 
Y＋• and aromatization to deliver the final product. In the 
same year, Manolikakes group[33] found that N-aryl- 
acrylamides (Scheme 15, a) or arylpropynoates (Scheme 
15, b)[34] were also good substrates that can react with dia-
ryliodonium salts and DABSO via cyclizaiton. It should be 
mentioned that no additional photocatalyst was needed for 
these transformations. 

Spirocyclohexadienones as privileged scaffolds like 
natural products, drugs and functional materials have re-
cently gained significant attention.[35] In 2020, metal free 
sulfonylative spirocyclization of alkynyl amides via inser-
tion of sulfur dioxide was disclosed by Volla group 
(Scheme 16).[36] These reactions proceed under metal free 
conditions and in situ generation of aryl sulfonyl radicals 
from DABSO was proposed for this transformation. Un-
fortunately, N-benzylacrylamide did not efficiently react 
with diaryliodonium salts to give the desired products 
azaspiro[4,5]-decanes. Besides diaryliodonium salts, aryl 
diazonium salts were also good substrates for this sul-
fonylative spirocyclization reaction. 

   
Scheme 13  Sulfoxidation and sulfenylation with organic thiosulfate salts 
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Scheme 14  Three-component synthesis of 3-arylsulfonylquinoline derivatives
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Scheme 15  Visible-light mediated cyclization reported by Ma-
nolikakes group 

 

Scheme 16  Visible light mediated access to azaspiro[4,5]-  
trienones with diaryiodonium salts 

3  C—P bond formation 
The visible light induced approach to aryl phosphonates 

by the simple combination of diaryliodonium salts with 
phosphites was realized by Lakhdar group (Scheme 17)[37] 
electron paramagnetic resonance (EPR), NMR, and density 
functional theory (DFT) calculations were conducted to 

understand the postulated reaction mechanism. The elec-
tron donor-acceptor (EDA) complex 17A was formed be-
tween diaryliodonium salts and phosphites. The weak hal-
ogen bond between phosphorus lone pair and the I—C 
bond was proposed. Aryl radical 17A (detected by EPR 
spectroscopy) and the phosphorus radical cation 17C were 
generated from the decomposition of EDA complex. The 
final products were formed via nucleophilic displacement 
of phosphonium salt 17D with the base. It was worth men-
tioning that radical-chain process was also possible for this 
system. 

 

Scheme 17  Reaction of diaryliodonium salts with phosphites 

The visible-light-induced arylation of tertiary phos-
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phines with aryl(mesityl)iodonium triflates to produce the 
quaternary phosphonium salts was described by Karchava 
group (Scheme 18).[38] No photocatalyst was needed. Ad-
ditionally, sterically congested phosphines, which are 
challenging under metal-based catalytic methods reacted 
smoothly in this reaction. Photo-excited EDA complexes 
18A between diaryliodonium salts and phosphines perhaps 
facilitate this transformation, which was followed by sin-
gle-electron transfer from the phosphorous atom to the 
iodonium center to give aryl radical 18B and the phospho-
rous radical cation 18C. Then the desired phosphonium 
salts was isolated via combination the above radical spe-
cies. 
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Scheme 18  Arylation of tertiary phosphines with aryl(mesityl)- 
iodonium triflates. 

4  Conclusion 
In the past decades, diaryliodonium salts have been 

proved to be a powerful reagent for visible light induced 
arylation reaction via radical mechanism. Various reagents 
have successful reacted with diaryliodonium salts to con-
struct C—X (X＝C, S, P) bonds. In most cases, oxidative 
quenching of the excited photocatalyst by diaryliodonium 
salts was proposed in the reaction mechanism. Despite 
these achievements, some challenges still exist to be 
solved. For example, more carbon-hetero bonds types (C—
O, C—N, etc.) need to be explored. Additionally, asym-
metric arylation reaction using diaryliodonium salts is still 
difficult. Visible light induced arylation reaction which can 
be conducted under catalyst free conditions also deserve 
our further attentions. We anticipate that solution of these 
problems, and further development of visible light induced 
arylation reaction using diaryliodonium salts will be real-
ized in future. 
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