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Diaryliodonium reagents (DAIRs) are highly electrophilic arylating agents widely utilized in organic synthesis, excelling in
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both metal-free and metal-catalyzed transformations. However, their reactivity and application as aryl radical precursors

under visible-light irradiation remain relatively underexplored. Due to their easy availability, intrinsic reactivity, stability, and

environmentally benign nature, they are promising candidates to serve as aryl radical surrogates in various visible light-

induced synthetic transformations. In this feature article, we have reviewed our recent findings alongside other significant

reports on the utility of DAIRs under visible light irradiation. We have discussed the diverse reactivity of DAIRs in a palette

of visible light-mediated reactions leading to the construction of carbon-carbon or carbon-heteroatom bonds. In addition,

their role as atom transfer agents, including hydrogen atom transfer (HAT) and halogen atom transfer (XAT), has also been

discussed.

Introduction

Diaryliodonium reagents (DAIRs) have received significant
attention as electrophilic aryl transfer agents during the last decade
due to their environmental friendliness, stability, high reactivity, and
appreciable selectivity.! They are typically represented as T-shaped
molecules, where the counterion shares a three-centre four-electron
bond with the iodine and the apical aryl group.t Classified as
hypervalent iodine (lll) reagents, DAIRs have found broad
applications in both metal-free and metal-catalyzed reactions,
enabling the formation of carbon-carbon and carbon-heteroatom
bonds with remarkable efficiency.? These reactions primarily
proceed through an ionic pathway where DAIRs can be regarded as
a surrogate of aryl cation. Notably, non-photoinduced metal-free
arylations involving DAIRs have also been reported to operate via a
single-electron transfer (SET) mechanism.23

Recently, there has been an upsurge in the literature
concerning the reactivity of DAIRs as an aryl radical precursor
under visible light irradiation. Aryl radicals are highly reactive
intermediates that can react with a variety of functional groups
to provide value-added products.? Their high reactivity provides
an alternative reaction paradigm to conventional polar
counterparts. However, aryl radicals are more reactive than
Csp3radicals; hence, controlling their formation and subsequent
reactivity  often imposes  considerable  challenges.*
Traditionally, aryl radicals are generated through various
methods, including the thermal decomposition of diaroyl
peroxides, the reaction of suitable aromatic precursors with
stoichiometric oxidants or reductants, or by exposing aryl
radical precursors to high-energy UV light.*c The radical
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generation through direct photoexcitation with high-energy UV
light renders the synthetic processes uncontrolled, unselective,
and synthetically less desirable. Hence, the generation of high-
energy reactive radicals, such as aryl radicals, in a selective
manner under mild conditions is at the forefront of modern
organic synthesis. In this regard, visible light-induced synthetic
transformations provide a mild and sustainable tool for
generating aryl radicals, thereby dramatically expanding the
potential of synthetic strategies that leverage such reactive
radicals.> Among the most popular substrates are aryl
diazonium salts, aryl sulfonyl chlorides, aryl halides, and aryl
sulfonium salts, which can produce aryl radicals under the
irradiation of visible light and have been reviewed elsewhere.*
This feature article instead focuses on the emergence of DAIRs
as easy-to-prepare, bench-stable, and synthetically useful aryl
radical surrogates, furnishing a multitude of reactivity under
visible light irradiation.

In general, the reduction potential of DAIRs ranges from
approximately -0.1 to -0.8 V vs. SCE in acetonitrile, depending
on their electronic and structural features,® which is well within
the reach of the excited-state redox potentials of commonly
used photocatalysts, such as [Ru(bpy)s]"/" (E;2* = -0.81 V vs.
SCE), [fac-Ir(ppy)s]V/""* (E;2* = -1.73 V vs. SCE), [eosin Y]**/* (E; 2 *
= -1.11 V vs. SCE) under photochemical conditions.>® 7 This
thermodynamic supports the feasibility of a
photoinduced SET pathway leading to aryl radical generation.
Mechanistically, DAIRs could lead to the generation of aryl
radicals under visible light-driven single-electron transfer (SET)
processes in the presence or absence of an exogenous
photocatalyst. Photocatalysis involves photoexcitation of an
external light-harvesting molecule (photocatalyst)- an organic
dye or metal complex, which in its excited state becomes a
strong single-electron reductant or oxidant (Scheme 1A).5b: 5¢
Subsequently, the excited photocatalyst engages in SET

match
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processes with another molecule leading to the formation of an
aryl radical. Alternatively, in the absence of a photocatalyst,
DAIRs can form an electron donor-acceptor (EDA) complex with
an electron-rich donor molecule in the ground state (Scheme
1B). This complex is characterized by a distinct charge transfer
band that absorbs light typically in the visible region, and light
irradiation at this wavelength triggers the SET event, producing
a radical ion pair.8 Finally, radical anion species, upon fast and
irreversible fragmentation, form aryl radicals, primed to indulge
in diverse reactivity, and aryl iodide leaves as the leaving group.
Notably, on most occasions, the aryl iodide byproduct can be
recovered and efficiently recycled, rendering the process
economically viable.

A. Photoredox catalyzed reactions
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Scheme 1 General reactivity of diaryliodonium reagents under visible
light irradiation

The design of productive photoinduced transformations
using DAIRs hinges on several factors. Crucial among these is the
redox potential match between DAIRs and the photocatalyst,
which governs SET feasibility, along with the light absorption
properties and excited-state lifetimes of the photocatalyst© or
EDA complex®® to ensure efficient photoexcitation and minimize
quenching. The stability and reactivity of radical intermediates
are key to achieving selective transformations, while substrate
electronics and sterics shape the rate and regioselectivity of
radical trapping.?® Furthermore, solvent, base, concentration,
and oxygen sensitivity play crucial roles related to reactivity.
Finally, practical aspects such as light source compatibility,
photon flux, and scalability are essential for efficient and
applicable processes. Importantly, the counterion in DAIRs
critically influences reaction outcomes. Non-coordinating
anions like BF,~, PFe~, OTf", and OTs~ improve solubility in
organic solvents and ensure homogeneous conditions. They

2| J. Name., 2012, 00, 1-3

also modulate the iodine(lll) centre’s electrophilicity, ,affecting
the rate and efficiency of aryl radical S&nefatich/ [RHGRgESET
processes. This feature article intends to summarize our
contributions in the area of visible light-induced synthetic
transformations involving DAIRs while covering related
contemporary discoveries from other groups. We begin by
highlighting two-component and multicomponent
photoinduced arylation strategies involving DAIRs and then
move on to discuss more contemporary concepts involving
hydrogen atom transfer (HAT)!® and halogen atom transfer
(XAT)! processes. For a better understanding of the readers,
the photoinduced arylation part is further categorized
according to the type of bond formation, covering the
mechanistic aspects.

1. Two-Component Reactions

In this section, we have discussed the photogeneration of aryl
radicals from DAIRs by photoredox catalysis or EDA complexes and a
variety of two-component reactions they undergo. We spotlight
important C-C and C-X bond-forming strategies covering the
mechanistic aspects of aryl radical generation and subsequent steps.

1.1 Photoredox Catalysis

1.1.1 Csp>—Csp? Bond Formation

OTf

7° 1 PA(NO3), (10 mol%) DG @
é/H + Ir(ppy),(dtbbpy)PFg (5 mol%)
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Scheme 2 Pd/Ir dual photoredox-catalyzed directed C-H arylation of
arenes

Direct Csp?>-H functionalization of heterocycles has attracted
significant attention due to its importance in pharmaceuticals and
drug discovery.!? Even small modifications to these structures can
profoundly influence their bioactive profiles. Among the various
applications, aryl-aryl cross-coupling stands out as one of the most
widely studied topics in the synthesis of value-added products. In
2012, the Sanford group reported a photoredox palladium/iridium-
catalyzed directed Csp?-H arylation of various arenes 1 using DAIRs
as an aryl radical source (Scheme 2).13 In contrast to the traditional
transition metal-catalyzed C-H activation reactions proceeding

This journal is © The Royal Society of Chemistry 20xx
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through the ionic 2e pathway at high temperature, this reaction
operated via a radical mechanism at room temperature. According
to the proposed mechanism, the reaction begins with
photoexcitation of Ir3* to Ir¥**, which reduces DAIRs 2 to generate
Ir**, aryl radical, and aryl iodide. The resulting aryl radical
subsequently oxidizes cyclopalladated complex 2A to 2B, which
further gets oxidized by Ir** to produce 2C, while completing the
photocatalytic cycle. Finally, reductive elimination from complex 2C

delivers final arylated arenes 3.
[Ir(ppy)2(bpy)IPFg (1 mol%) @

‘t

_—
rt, 16 h, white LEDs @
solvent
(40 equiv)
O O\Q O\@\ .
54% 2-:4-:5- = 31%:57%:12% 42% 76%

Scheme 3 CspZ-H arylation of (hetero)arenes via Ir-photoredox
catalysis

Subsequently, Chatani and co-workers further expanded the
application of DAIRs under photoredox catalysis by documenting an
iridium-catalyzed arylation of benzene and heteroarenes 4 such as
pyridine, thiophene, and pyrrole (Scheme 3).1* The method exhibited
a broad scope, providing corresponding arylated heteroarenes 6 in
moderate to good yields. Mechanistically, the excited photocatalyst
undergoes oxidative quenching by diphenyliodonium salt to
generate phenyl radical, which, upon interaction with heterocycles,
such as pyrrole, through a cascade of events comprising
addition/oxidation/deprotonation, furnishes the final product. Along
this line, Song, Gao, and co-workers discovered a C-2 selective
arylation of quinoline and pyridine N-oxides 7 using DAIRs 8 under
organophotoredox-catalyzed conditions (Scheme 4).2> The reaction
exhibited broad scope with good functional group tolerance and
provided access to a variety of 2-aryl-substituted quinoline and
pyridine N-oxides 9 under operationally simple conditions.

Eosin Y (10 mol%)

ik Cs,C0; (1 equi TR
ST i 52C0; ( eguw) |
H | BQ (2 equiv) S >
DL + N
'E‘ CH30H, Ny, 3d | @
] 5W blue LEDs o

R = OMe, 70%
R = CO,Me, 79%

R = NO,, 43%
R =CN, 62%

R = CFy, 49%
R = Me, 65%

This journal is © The Royal Society of Chemistry 20xx
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Scheme 4 C-2 selective Csp2-H arylation of quinoline and,pyriding Ns
oxides DOI: 10.1039/D5CC02800K

In 2022, Murarka and co-workers developed a Ru-photoredox-
catalyzed direct Csp?-H arylation of quinoxaline-2(1H)-ones 10 using
diaryliodonium reagents 2 under mild and practical conditions
(Scheme 5A).16 A palette of electronically and structurally diverse
DAIRs 2 reacted with 10 to provide corresponding products 11 in
moderate to excellent yields. Interestingly, the method enabled
synthesis of quinoxalinone-based biologically active compounds and
was successfully extended to the arylation of other heterocycles,
such as coumarin and pyridine. Notably, evaluation of non-
symmetrical DAIRs revealed that transfer of an electron-deficient
and less sterically encumbered aryl ring was preferred (Scheme 5B).
The proposed mechanism, supported by detailed mechanistic
investigations, involves the reduction of DAIRs by the excited Ru(ll)*
photocatalyst to generate Ru(lll) and aryl radical, which then
undergoes selective addition at the C-3 position of quinoxaline-
2(1H)-one (Scheme 5C). Finally, oxidation of radical intermediate 5A
by Ru(lll) followed by deprotonation affords arylated quinoxaline-
2(1H)-ones 11 and completes the photocatalytic cycle. Thereafter, a
protocol for the selective arylation of 2-imino-2H-chromene-3-
carbonitriles and decarboxylative ipso-arylation of  2-oxo-2H-
chromene-3-carboxylic acids using DAIRs was also developed under
similar Ru-photocatalytic conditions.”

A. Model Reaction
‘: k ._ Ru(opy)sClo+6H;0 (5 mol%) ‘: ﬁ
CH3CN rt, Ny, 24 h

467 nm LEDs

Gedres @10\

R = 6-Br, se%
R =6-NO,, 47%
R = 6,7-di-Me, 67%

|
E . 1"
45% : -H
antitumor and : N Ph
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Tt o
|

B. Non-symmetrical Studies for DAIRs

ot Ny N @
©_| Ru(bpy)sCly+ 6H,0 (5 mol%) C[ I C[ X
—_— e = +
CHyCN, rt, Ny, 24 h
3 2 N [e] N o)

R= propargyl 61%

R=H, 40% R =4 COzMe 65% 30%

R =3- CF3 2%

467 nm LEDs
If Ar = 4-NO,CgHs 37% 53%
If Ar = Mesitylene 51% 0%

Scheme 5 Direct Csp?-H arylation of quinoxaline-2(1H)-ones via Ru-
photoredox catalysis

1.1.2 Csp?—Csp? Bond Formation

Selective functionalization of sp3-carbons under mild reaction
conditions remains a highly intriguing area in organic synthesis, as
many drugs and pharmaceuticals contain Csp? centers. However,

J. Name., 2013, 00, 1-3 | 3
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incorporating an arene ring on the Csp3 backbone through a site-
selective Csp3—Csp? coupling is far from being trivial. Recently, visible
light photochemical reactions have emerged as a promising platform

for achieving selective functionalization of sp3-carbons.8
X
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Scheme 6 Copper-photoredox catalyzed allylic arylation of allyl
sulfones

The allylation reaction holds significant importance in organic
synthesis due to the ease of manipulation of the introduced allyl
group into a variety of functional groups.'® In 2013, the Ollivier group
introduced a copper-based photocatalytic protocol for the
generation of aryl radicals from DAIRs as an alternative to Ru and Ir-
photocatalysis (Scheme 6).2° Notably, the aryl radical generated
under copper-photoredox-catalyzed conditions was tamed for the
allylic arylation of allyl sulfones 12 under mild conditions. In general,
the base metal photocatalytic conditions enabled access to various
allylated products in good yields. The authors proposed that
[Cu(dpp),]* initially gets excited upon irradiation with green LED and
subsequently undergoes oxidative quenching with DAIRs to form
[Cu(dpp),]?, aryl iodide, and an aryl radical. Subsequently, the aryl
radical reacts with allyl sulfones 12 to furnish the final products 13.
Meanwhile, the Cu(l) catalyst is regenerated through the reduction
of [Cu(dpp),]?* by N,N-diisopropylethylamine (DIPEA).

In 2024, the Murarka group developed a novel method for the
arylation of Morita-Baylis-Hillman (MBH) acetates 14 using DAIRs 2
under organo-photoredox conditions to provide corresponding
trisubstituted alkenes 15 in moderate to good yields (Scheme 7).2
The method worked well with a variety of aryl, heteroaryl, and
aliphatic aldehyde-derived MBH acetates 14, and various
electronically and structurally diverse DAIRs 2. A broad scope with
good functional group tolerance, mild reaction conditions, and
suitability for late-stage modification of drug molecules are some of
the salient features of this method. The proposed mechanism
involves reductive quenching of the excited organo-photocatalyst
(MB*) by DIPEA, generating highly reductive photocatalyst MBI,
which then engages with diphenyliodonium triflate 2a (DPIT) by a SET
process to produce phenyl radical while regenerating the
photocatalyst. A subsequent SN,’-type substitution on MBH acetate
14a by phenyl radical delivers the final product 15aa.

4| J. Name., 2012, 00, 1-3
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Scheme 7 Organo-photoredox catalyzed arylation of MBH acetates
using diaryliodonium reagents
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Unnatural amino acids exhibit unique and exceptional chemical
properties as compared to natural amino acids, making them
invaluable in advancing organic synthesis and drug discovery.??
Notably, a-arylglycines possess remarkable biological activity and
serve as critical building blocks in many pharmaceuticals.?3 In this
context, Murarka and co-workers developed an innovative approach
for the site-selective Csp3—H arylation of glycines and peptides under
copper-photoredox conditions (Scheme 8).2* It is important to
mention that this was one of the first reports on utilizing DAIRs as
arylating reagents under photoinduced base-metal-catalyzed
conditions. The method was successfully applied to the cross-
coupling of a palette of electronically and structurally diverse DAIRs
with glycine derivatives, providing a plethora of arylated glycine
derivatives in good vyields. The method was applicable to site-
selective (hetero)arylation of short-chain and long-chain peptides
and enabled peptide drug bioconjugation. Based on extensive
mechanistic studies, it was proposed that the reaction begins with
the photoexcitation of the copper(l) complex to generate [Cu(l)L]*¥,
which then involves DAIRs through a SET process to produce aryl
radical 8A and [Cu(ll)L] complex. The Cu(ll) species returns to its
original state by accepting an electron from glycine derivative 16,
which, in the presence of a base, generates the corresponding a-
amino carbon radical 8C. Finally, persistent radical effect-driven
radical-radical cross-coupling between Csp3-radical 8C and Csp?-
radical 8A leads to the formation of site-selective arylated products
17.

1.1.3 Csp>-P Bond Formation

?Tf

I ! [ j
/;I:\R3 . @ Ru(blpy)3CI2-6HQO(2moI%)= B
RZ

CH4CN, rt, 10 W lamp :’,F;’\ ,OTf
18 2a 19
. oT
: Q:@ Q .
= N
57% 69% 63%
Ph
Q) 2+ +F!’
®ii: - R Ph+ Pl ———— RUIR®
P
RIIORS 19
o [Ru]?** R2
- j\ )
R
;. Ru]™ 2a
RITIORS
RZ
9A

Scheme 9 Synthesis of quaternary arylphosphonium salts via Ru-
photoredox catalysis

The formation of carbon-carbon bonds is the backbone of
organic synthesis, but the creation of carbon-heteroatom bonds is
equally fundamental due to their prevalence in numerous
pharmaceuticals, drugs, and natural products.? In 2016, Denton and
co-workers developed a Ru-photoredox-catalyzed synthesis of
quaternary aryl phosphonium salts 19 in moderate to good yields
using DPIT 2a as a phenyl group surrogate (Scheme 9).26 The method
facilitated the forging of carbon-phosphorus bonds in a regiospecific
manner at ambient temperature. The authors proposed that initially,

This journal is © The Royal Society of Chemistry 20xx
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the excited Ru-photocatalyst gets reductively gquenched,, by
phosphines 18, forming the phosphonium rdéfitaledfiéw DAGHE RN
species. Subsequent reduction of DPIT 2a by the Ru(l) species
produces a phenyl radical and iodobenzene, thereby completing the
catalytic cycle (Scheme 9). The final aryl phosphonium salt 19 could
be formed by direct coupling of the phosphoniumyl radical cation 9A
with the phenyl radical. Based on the control experiments, this
pathway was proposed as the major pathway. However, the
possibility of a photo-catalyst-free charge-transfer pathway and
radical chain mechanism was not ruled out.

1.1.4 Cascade Annulation

Cascade annulation is a powerful and straightforward approach
for synthesizing structurally diverse heterocycles that form the
backbone of many biologically active compounds and
pharmaceuticals. In 2014, Yu and co-workers developed a cascade
annulation strategy for synthesizing highly substituted isoquinoline
derivatives 21 in good yields (Scheme 10).?” The redox-neutral
method employed vinyl isocyanides 20 and DAIRs 8 as coupling
partners under Ir-photoredox-catalyzed conditions, proceeding via a
homolytic aromatic substitution (HAS) pathway. While several
symmetrical DAIRs participated in the process, in the case of
unsymmetrical ones, a preference for the electron-deficient aryl ring
was observed. The reaction begins with the photoexcitation of the
Ir(I1) catalyst by white LED, followed by oxidative quenching of the
excited catalyst with DAIRs 8 to generate an aryl radical.
Subsequently, the aryl radical inserts into the vinyl isocyanide 20,
forming an imidoyl radical intermediate 10A. The radical
intermediate  10A undergoes intramolecular HAS to provide
intermediate 10B, which, upon oxidation by Ir(IV), forms cationic
intermediate 10C along with the regeneration of the Ir(lll) catalyst.
Finally, deprotonation of the cationic intermediate by sodium
carbonate yields isoquinoline derivatives 21 as the final product.

Fd

R1
fac-Ir(ppy)s (1 mol%)

N32003 1 equiv) N R?
"MeOH, 26 °C, N, 24 1 @ _N
3 W white LED

20 21
R! Ph
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~N _N ~N
N COMe Ph Ph OO
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A R = cyclohexyl, 60% 65%

R = benzyl, 68%
= T L E T E T L LT T T

R=R'=0OMe, 73% : *
R=R'=F,88% : Ir(lir)
R=OMe, R' = F, 77%
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N N : 20

_N : Ir(IV) 1oc Ar
: R
. 2

0 @y—cr
. —_—
H _N
M

K 2 2N
4 T

88%

21

10A 10B

Scheme 10 Synthesis of isoquinolines via insertion of vinyl
isocyanides with diaryliodonium reagents

J. Name., 2013, 00, 1-3 | 5


https://doi.org/10.1039/d5cc02800k

Published on 29 July 2025. Downloaded by Y unnan University on 8/1/2025 8:04:00 AM.

Pleaserdie135;

ARTICLE
A PFg o
CHO ! Ir(ppy)2(dtbbpy)PFs
R I
RT (2 mol%) X
F + — > Ry
DMSO, 25 °C, 36 h _
R white LEDs I
22 5 2
0
-4 5
Et0,c7 “CO,Et R = 4-OMe, 76%
R = 4-NO,, 62%
82% 63% 60% R = 3-F, 70%
B.

Ru(bpy)sCly* 6H,0
(2 mol%)
CH3CN, Ar, rt, 4 h
blue LEDs

Scheme 11 Visible light-mediated cascade annulation strategy for
the synthesis of fused cyclic molecules

In 2018, Zhu and co-workers introduced an Ir-photoredox-
catalyzed acylarylation of unactivated alkenes 22 with DAIRs 5,
leading to the synthesis of various heterocycles 23, including 2-
benzyl indanones, 3,4-dihydronaphthalen-1(2H)-ones, and 2,3-
dihydroquinolin-4(1H)-ones in moderate to good yields (Scheme
11A).22 The method featured a broad substrate scope, excellent
diastereoselectivity, and mild reaction conditions. Subsequently,
Laroshenko and co-workers developed a Ru-photoredox-catalyzed
synthetic approach to access isoflavones 25 by reacting ortho-
hydroxyarylenaminones 24 with DAIRs 2 (Scheme 11B).?° Notably,
several DAIRs 2 embedded with diverse functional groups underwent
facile transformation to provide a variety of 3-aryl substituted
chromones in moderate to good vyields. The reaction proceeds
through the addition of the in situ generated aryl radicals from DAIRs
2 under photocatalyzed conditions on the enaminones 24 to provide
radical intermediate 11A, which, upon oxidation with concomitant
domino cyclization, forms the pyrone ring framework 11C. Finally,
the elimination of dimethylamine from intermediate 11C delivers the
desired chromones 25.
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Scheme 12 Synthesis of benzimidazo[2,1-alisoquinolin-6(5H)-ones

Lately, the Murarka group reported a Ru-photoredox catalyzed
arylative radical cascade involving N-acryloyl-2-arylbenzoimidazoles
26 and DAIRs 2 for the facile synthesis of biologically relevant
arylated benzimidazo[2,1-alisoquinolin-6(5H)-one derivatives 27
(Scheme 12A).3° The reactions were carried out under amenable
conditions, and the method demonstrated scalability and a broad
scope with regard to both the reacting partners. Along the expected
lines, the detailed study with unsymmetrical DAIRs revealed that
under photoredox-catalyzed conditions, the transfer of electron-
deficient and sterically less hindered aryl rings was preferred. Based
on exhaustive mechanistic studies comprising radical trapping
experiments and photophysical studies, the authors established the
intermediacy of aryl radicals and ruled out the possibility of a radical
chain mechanism. It was proposed that initially, the excited Ru(ll)
photocatalyst undergoes oxidative quenching by DAIRs 2 to generate
Ru(lll) catalyst, aryl iodide, and aryl radical. Afterward, the aryl
radical adds to N-acryloyl-2-arylbenzoimidazole 26, forming a stable
tertiary alkyl radical intermediate 12A, which then undergoes
intramolecular radical cyclization with the neighboring aryl ring to
generate intermediate 12B. Finally, oxidation of intermediate 12B by
Ru(lll) with concomitant deprotonation delivers the desired product
27. Importantly, the final products were amenable to further
synthetic manipulations and an increase in molecular complexity. For

This journal is © The Royal Society of Chemistry 20xx
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instance, 2-arylated benzimidazoisoquinolinones 28 embedded with
a bromine functionality at the ortho-position of the phenyl moiety
underwent intramolecular homolytic aromatic substitution (HAS) to
furnish highly fused polycyclic heterocycles 29 in moderate to good
yields (Scheme 12B).

More recently, the same group disclosed a conceptually
innovative approach to access biologically relevant functionalized
pyrazolones 31 (Scheme 13).3! They documented a Ru-photoredox-
catalyzed arylative radical cascade involving N’-arylidene-N-
acryloylhydrazides 30 and DAIRs 2 to provide arylated pyrazolone
derivatives 31 in moderate to good yields (Scheme 13). This approach
featured a novel skeleton 30 with multiple diversifiable points as an
aryl radical acceptor, which is appropriate for the synthesis of a
library of closely related analogues. In general, the method
demonstrated broad functional group compatibility and proved
effective for late-stage modifications of various drug molecules and
pharmaceuticals.

; 5 oTf
Rl R @ ’ Ru(bpy)sClp* 6H,0 (2 mol%) R! R3
jl K3POy4 (1 equiv) f
~ N
NT O CHaCN, Ny, 1t, 4 h W O
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........... e
R Z 3 N _Cl
ph & Ph Ph TR z
Y/ / R >
S Ph S
] T 7 Ph
N N
N (0] No lo) N O N
| N No 0
Ts Ts Ts lS ’\l‘
R=4-Cl, 71% 54% R = cyclohexyl, 59% R =4-CO,Me, 72%  Ts 55%
R = 3-OMe, 60% R = t-Bu, 60% R = 3-CN, 58%
R = 2-F, 60% R = 2-Br, 60%
Q

60% 55%
from stearic acid Ts from gemfibrozil

Jo
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Scheme 13 Synthesis of pyrazolones via cascade annulation
1.2 EDA Complexes
1.2.1 Csp>—Csp? Bond Formation

The 2013 report by Chatani and co-workers on the Ir-catalyzed
arylation of heteroarenes also featured the arylation of pyrroles 32
proceeding through EDA complex formation without any need for an
exogenous photocatalyst (Scheme 14).1* Mechanistically, the EDA
complex formed between pyrroles 32 and DAIRs 5 undergoes
photoexcitation upon irradiation with white LEDs, initiating a SET
from pyrrole 32a to diphenyliodonium salt 5a to produce a phenyl
radical and iodobenzene as the by-product. Then, the phenyl radical
undergoes addition to the C2 position of pyrrole 32a, resulting in a
cationic intermediate, which, upon subsequent deprotonation,
furnishes phenylated pyrrole 33aa as the final product. In general,
sluggish reactivity was observed with electron-rich DAIRs in the
photoarylation of pyrroles under EDA conditions, likely due to the
ineffective formation of the charge transfer (CT) complex.

This journal is © The Royal Society of Chemistry 20xx
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Scheme 14 Csp2—H arylation of pyrroles via charge-transfer complex
formation

Traditional EDA complexes involving DAIRs were mostly
restricted to electron-rich reacting partners serving as donors. Under
these conditions, reacting partners (electron-rich donors and DAIRs)
serve as a donor-acceptor pair, which results in the generation and
recombination of resulting radicals due to the well-known cage
effect.32 In 2023, the Murarka group developed an innovative
strategy to generate aryl radicals from DAIRs by overcoming the cage
effect through the formation of a unique multicomponent EDA
complex (Scheme 15).52 They discovered an inexpensive and efficient
trimolecular donor system comprising Nal, PPh; and
tetramethylethylenediamine (TMEDA), which forms a self-
assembled tetrameric EDA complex with DAIRs. The resulting charge
transfer complex furnishes aryl radicals upon irradiation with visible
light. The strategy was successfully applied to the arylation of various
electron-deficient and electron-rich heterocycles using a palette of
densely functionalized DAIRs to furnish the respective arylated
heterocycles in moderate to excellent yields. In general, twelve
different classes of heterocycles, including azauracil, quinoxalinone,
indole, cinnolinone, indazole, imidazopyridine, pyrazines, to name a
few, were successfully arylated using the novel EDA technology.
Additionally, the versatility of the method was showcased by its
application to late-stage modifications of drug molecules, natural
products, and pharmaceuticals. Based on detailed mechanistic
investigations, comprising density functional theory (DFT) and time-
dependent DFT (TD-DFT) calculations authors established the
formation of a self-assembled EDA complex between donor triad
(Nal, PPhs, TMEDA) and DAIRs featuring several non-covalent
interactions (Scheme 15).

Upon irradiation, charge transfer between the nitrogen lone pair
of TMEDA and the vacant i* orbital of the DPIT 2a in the EDA leads
to the generation of a phenyl radical 15A. Notably, 1,1,1,3,3,3-
Hexafluoro-2-propanol (HFIP) and H,0 play a crucial role in the
stabilization of reactant complex 15B and nucleophilic addition of the
phenyl radical on azauracil through a long-chain hydrogen bonding
network. The N-centred radical intermediate 15D generated through
the phenyl radical addition undergoes SET with the triad radical
cation 15C, regenerating the original donor triad system and a
cationic intermediate 15E. Finally, the triflate anion-assisted
deprotonation delivers the desired phenylated azauracil.

Following a similar EDA-driven strategy, Reddy and co-workers
subsequently reported a visible light-mediated selective C4-arylation
of 2-oxo-2H-chromene-3-carbonitriles 34 with diaryliodonium
reagents 2 using 2,6-lutidine as the donor molecule (Scheme 16).33

J. Name., 2013, 00, 1-3 | 7


https://doi.org/10.1039/d5cc02800k

Published on 29 July 2025. Downloaded by Y unnan University on 8/1/2025 8:04:00 AM.

Pleaserdie135;

ARTICLE

The reaction proceeded through the formation of an EDA complex
between DAIRs 2 and 2,6-lutidine, which, upon absorbing light,
initiates a single-electron transfer (SET) process generating the aryl
radical. Subsequent addition of the aryl radical to the C4 position of
2-0x0-2H-chromene-3-carbonitriles 34 provides the desired arylated
products 35.
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Scheme 15 Csp2-H Arylation of heterocycles through the formation
of tetramolecular EDA complex
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Scheme 17 Arylation of phosphite and tertiary phosphines via EDA
complex formation

In 2018, Lakhdar and co-workers developed a straightforward
synthesis to access aryl phosphonates 37 by reacting DAIRs 2 with
phosphites 36 in the presence of potassium carbonate as a base
under visible light irradiation (Scheme 17A).3* The reaction
demonstrated broad scope and was applicable to the synthesis of
pharmaceutically relevant organophosphorus compounds. For
example, steroid-derived phosphonate 37ab and phosphonate-
based calcium antagonist 37ac were prepared in 28% and 52% yields,
through  reacting  triethylphosphite  with  mesityl-derived
corresponding non-symmetrical DAIRs. Based on detailed
mechanistic studies and DFT calculations, the authors postulated
that the reaction proceeds through the formation of a weak EDA
complex between DAIRs 2 and phosphites 36, where the complex is
held together by a weak halogen bond. Later, Karchava and co-

This journal is © The Royal Society of Chemistry 20xx
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workers developed a photoinduced method for the arylation of
tertiary phosphines 38 using aryl(mesityl)iodonium triflates 39 to
provide corresponding quaternary arylphosphonium salts 40 in
moderate to good yields (Scheme 17B).3> The transformation was
enabled by a photoexcited EDA complex formation between tertiary
phosphines 38 and DAIRs 39 under simple, robust, and metal-free
conditions. The feasibility of introducing electronically diverse aryl
groups, and compatibility of sterically congested tertiary phopshines
are the salient features of this transformation. The proposed
mechanism begins with forming a ground-state electron donor-
acceptor (EDA) complex between triphenyl phosphine and DAIR 39,
which, upon irradiation with blue light, undergoes the SET process to
generate an aryl radical and a phosphorus radical cation. Afterwards,
a combination of these radical intermediates delivers the final
phosphonium salts 40. Additionally, an energy transfer process
instead of a SET involving excited EDA in the presence of oxygen was
suggested in the mechanism. In this pathway, the excited EDA
complex transfers energy to triplet oxygen, producing singlet oxygen,

which reacts with PPh; to yield PhsPO.
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Scheme 18 Synthesis of (hetero)aryl chalcogenides via EDA complex
formation

In 2024, Murarka and co-workers developed a visible-light-
induced, scalable, and robust methodology to synthesize a variety of
di(hetero)aryl and aryl/alkyl chalcogenides (C-S, C-Se, and C-Te) by
reacting an array of DAIRs 2 and dichalcogenides 41 in the presence

This journal is © The Royal Society of Chemistry 20xx
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of 1,4 diazabicyclo[2.2.2]octane (DABCO) as an inexpensiveoand
readily available donor (Scheme 18).3¢ The Réth&d fediited @ Bpead
scope, appreciable functional group tolerance, and operated under
open-to-air conditions. Notably, the method was applicable for late-
stage functionalization of triglyceride-lowering drug, gemfibrozil
(42ab, 67%), and enabled disulfide bioconjugations as demonstrated
through preparation of bioconjugated thioether 42ca (52%).
Moreover, the chalcogenation technology facilitated access to
biologically relevant thioesters 42dd, dithiocarbamates 42ea, and
diverse pharmaceuticals under amenable conditions. Interestingly,
the combined experimental and theoretical studies conducted with
unsymmetrical DAIRs revealed that selective transfer of electron-rich
and sterically congested aryl groups was preferred under
photoinduced EDA conditions, due to the greater nucleophilicity of
the resulting aryl radicals. Detailed mechanistic studies combined
with DFT calculations provided insight into the reaction pathway.
Initially, DABCO and DAIR associate to form a ground-state EDA
complex EDA. Upon irradiation, the EDA complex undergoes SET,
generating the aryl radical 18A with the release of aryl iodide. Then,
the aryl radical 18A interacts with the disulfide substrate to form an
endergonic intermediate complex 18B, which transitions through a
transition state, forming the desired product and SPh radical. The
formation of the SPh radical was confirmed by HRMS analysis.

Subsequently, Romero and co-workers introduced a
photocatalyst-free approach for generating phenyl radical from DPIT
using Lewis bases as activators.3” They screened a variety of Lewis
bases to optimize phenyl radical generation and successfully trapped
it with B,Pin,, furnishing Ph-BPin. Based on UV-Vis studies, variable
temperature (VT) 'H NMR, kinetic experiments, and computational
calculations, the authors established that simple Lewis bases can
generate aryl radicals from DAIRs under visible light irradiation
without the need for detectable halogen bonding interactions or
coloured EDA complex formation.

In 2024, Wu and co-workers developed a one-pot photocatalytic
method for the efficient arylation of boron- 43 and phosphorus-
based 44 compounds using DAIRs 2 as aryl radical progenitors and
phenothiazine (PTH) as the photocatalyst (Scheme 19A).38 Based on
mechanistic studies, it was proposed that the reaction begins with
the formation of an electron donor-acceptor (EDA) complex 19A
between PTH and DAIR 2, which, upon light excitation, undergoes a
SET to generate an aryl radical 19B, aryl iodide, and PTH**. The
resulting aryl radical then reacts with Bnep, to form final product
19C and Bnep®, which then reduces PTH®** to PTH, thereby
completing the first catalytic cycle. In the second cycle, Cs,CO; is
proposed to form a hydrogen-bonded complex 19D with PTH, which,
upon photoexcitation, undergoes proton-coupled electron transfer
(PCET) with the previously generated aryl iodide to generate aryl
radical 19B, and an oxidized PTH species 19F. Thus, generated aryl
radical again reacts with B;nep, to generate final product 19C, and
this catalytic cycle gets completed in a similar manner to the first
catalytic cycle. Overall, this is an interesting report where both the
aryl groups of DAIRs were effectively translated to the corresponding
products. Recently, the Han group reported a visible light-driven
vicinal difunctionalization of ortho-trifluoromethanesulfonylated
DAIRs 48 using readily available tertiary phosphines to furnish
sterically hindered bis-(tetraarylphosphonium) salts 49 in moderate
to good vyields (Scheme 19B).3° The reaction was proposed to

J. Name., 2013, 00, 1-3 | 9


https://doi.org/10.1039/d5cc02800k

Published on 29 July 2025. Downloaded by Y unnan University on 8/1/2025 8:04:00 AM.

Pleaserdie135;

ARTICLE

proceed through the formation of an EDA complex between DAIRs
48 and triarylphosphines 47.
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Scheme 19  Borylation, Phosphorylation  and
difunctionalization of diaryliodonium reagents via EDA complex
formation

vicinal

2. Multicomponent Reactions
2.1 Csp2-S Bond Formation

In 2017, Manolikakes and co-workers developed a visible light
photoredox-catalyzed aminosulfonylation of DAIRs 2 under mild
conditions (Scheme 20).4° This multi-component approach enabled
the synthesis of N-aminosulfonamides 51 using commercially
available perylenediimide as the photocatalyst along with hydrazines
50, sulfur dioxide (SO,), and DAIRs 2 as the reacting partners. In this
method, SO, was introduced either as a solid amine complex
DABCO:(S0O,), or generated in situ via acid-mediated decomposition
of bisulfite. According to the proposed mechanism, initially,
hydrazines and sulfur dioxide form a stable hydrazine-sulfur dioxide
adduct 20A. Subsequently, reductive quenching of the excited
photocatalyst PDI* with the adduct 20A furnishes radical cation 20B
and the reduced catalyst. The reduced photocatalyst is reductive
enough to generate aryl radical from DAIRs 2 while regenerating the
ground state photocatalyst. Meanwhile, deprotonation of
intermediate 20B affords sulfonyl radical 20C, which upon radical-
radical coupling with aryl radicals furnishes the final product 51.
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Subsequently, a similar photocatalytic multicomponent strategy-was
adopted for synthesizing thiosulfonates in f8H&Pate3toE66d RIS
through a reaction of thiols, DABSO, and DAIRs.*! The reaction
proceeds through radical-radical cross-coupling of sulfenyl radicals
and in situ generated arylsulfonyl radicals.
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Scheme 20 Visible light-driven multicomponent reaction for
aminosulfonylation of DAIRs

cross-coupling

In 2020, Piguel and co-workers developed a photocatalytic
multicomponent method for the aryl sulfonylation of
imidazoheterocycles 52 through an overall C-H functionalization
process (Scheme 21).%2 This method utilized Eosin Y.Na, as the
photocatalyst, diaryliodonium reagents 5 as the aryl precursor, and
DABCO:(SO,), as the SO, source to provide C-3 sulfonylated
imidazoheterocycles 53 in moderate to good yields. The phenyl
radical 21A generated through oxidative quenching of the excited
photocatalyst with diphenyliodonium salt gets captured by DABSO to
form phenylsulfonyl radical 21B, which, upon regioselective addition
to the imidazoheterocycle, delivers the final product.
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Scheme 21 Visible light-driven aryl sulfonylation of

imidazoheterocycles
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The Murarka group successfully extended their study on the
organophotoredox-catalyzed arylation of MBH acetates 14 to the
aryl sulfonation of MBH acetates using DABSO as the SO, surrogate
(Scheme 22A).2! The phenyl radical 22A generated under the
reaction conditions was captured by DABSO, leading to the formation
of a phenyl sulfonyl radical 22B, which then reacted with MBH
acetate 14a to yield the final phenylsulfonylated product 54aa. The
reaction demonstrated a broad scope, where a diverse variety of
DAIRs 2, (hetero)aromatic and aliphatic aldehyde-derived MBH
acetates 14 and DABSO underwent multicomponent reaction to
provide the desired allylic aryl sulfones 54 with high Z-
stereoselectivity.

Later, a versatile multicomponent approach involving DAIRs 2,
DABSO, and silyl enolates 55, enabling the synthesis of various -keto
sulfones 56 under mild conditions, was documented (Scheme 22B).43
This strategy showcased noteworthy substrate diversity and high
tolerance for various functional groups. Notably, the use of B-alkyl-
substituted silyl enolates in the reaction enabled the formation of a-
alkyl-substituted B-keto sulfones, which could not be achieved
through prior SO, insertion methods.
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Scheme 22 Visible light-mediated arylsulfonylation of MBH acetates
and silyl enolates

2.2 Cascade Annulation

In 2018, Zhang and co-workers developed an Eosin Y photoredox-
catalyzed three-component approach involving N-propargyl
aromatic amines 57, DAIRs 58, and DABSO for synthesizing 3-
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arylsulfonylquinolines 59 (Scheme 23).%4 The reactiop.provides,ap
efficient way to construct the quinoline €5k WK /ESHELPEATY
forging C-S and C-C bonds. The reaction was scalable and
demonstrated broad scope and high functional group tolerance.
Mechanistically, the process begins with the excited photocatalyst
reducing DAIRs 58 to generate EY*, and aryl radicals that are
captured by DABSO, forming corresponding arylsulfonyl radicals 23A.
Afterwards, the sulfonyl radicals undergo intermolecular
regioselective addition to the N-propargyl aromatic amines 57 to
produce alkenyl radical intermediate 23B. 23B then undergoes
intramolecular cyclization to generate radical intermediate 23C,
which upon deprotonation produces radical anion 23D. The
intermediate 23D is oxidized by EY* or DAIR 58 to form 1,2-
dihydroquinoline 23E. Finally, dehydroaromatization of intermediate
23E produces the desired 3-arylsulfonylquinoline product 59.
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Scheme 23 Synthesis of sulfonylated quinolines through cascade
annulation strategy

Manolikakes and co-workers successfully developed a visible
light-induced photocatalyst-free three-component approach to
access sulfonylated coumarins®* and oxindoles.*® While in both
reactions, DAIRs 2 served as aryl radical surrogates, and DABSO as
the sulfur dioxide precursor, the synthesis of sulfonylated
coumarines 61 and oxindole derivatives 63 employed
phenylpropynoates 60, and N-arylacrylamides 62 as starting
materials in a respective manner (Scheme 24A and 24B). These
reactions proceed through the formation of a charge-transfer
complex between DABSO and DAIR 2, which facilitates the
generation of aryl radicals. In general, both reactions proceeded
under amenable conditions, furnishing corresponding products in
moderate to good vyields. Subsequently, a photoinduced
sulfonylative spirocyclization involving N-arylpropiolamides, DAIRs,
and DABSO, enabling access to azaspiro[4,5]-trienones, was reported
as well.#’
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2.3 Difunctionalization of Alkenes
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Scheme 25 Visible light-driven difunctionalization of,styrepes-and
alkenes DOI: 10.1039/D5CC02800K

In 2013, Greaney and co-workers developed an innovative
photoredox-catalyzed three-component coupling between styrenes
64 or 66, DAIRs 8, and nucleophiles such as alcohols, nitriles, or water
to accomplish difunctionalization across the styrene double bond
(Scheme 25A).%8 The reaction proceeds through a simple radical-
polar cross-over mechanism, where the benzylic radical generated
through the addition of an aryl radical on styrene gets oxidized to the
cation, which, after trapping with the appropriate nucleophile,
affords the desired coupled products 65 or 67. Later, the Glorius
group developed a dual gold and iridium photocatalytic system to
achieve intermolecular three-component oxyarylations of simple
alkenes 68 using diaryliodonium compounds 8 as the arene coupling
partner (Scheme 25B).*° In general, a variety of non-activated
terminal alkenes reacted with several diaryliodonium salts and
alcohols to provide respective homobenzyl-substituted ethers 69 in
moderate to good yields. The reaction begins with the activation of
the alkene by coordination to the gold catalyst, followed by the
nucleophilic attack by aliphatic alcohol, leading to the formation of
alkyl gold intermediate 25A. Meanwhile, the aryl radical is generated
via oxidative quenching of the excited Ir-photocatalyst, accompanied
by the formation of aryl iodide as a by-product. The aryl radical
subsequently reacts with the gold(l) intermediate 25A, oxidizing it to
a gold(ll) species 25B. Afterwards, 25B gets further oxidized to
gold(ll1) species 25C by the oxidized photocatalyst and completes the
photocatalytic cycle. Finally, reductive elimination from the gold(lll)
species 25C produces the desired oxyarylated products 69 and
regenerates the gold(l) catalyst.
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In 2021, the Gaunt group developed a conceptually innovative
dual-catalytic platform for the difunctionalization of alkenes 70 using
diaryliodonium salts 2 or 8 as aryl radical precursors under visible
light irradiation.®° In this process, the incipient homobenzylic radical
26B formed upon addition of the aryl radical 26A was captured by an
anionic nucleophile through a separate transition metal-catalyzed
group transfer catalytic cycle. Authors utilized a highly effective dual
catalysis system comprising [Cu(dpp),](PF¢) as a photocatalyst
(dpp=2,9-diphenyl-1,10-phenanthroline) and BQA-Cu(OTf), (BQA=N-
tert-butyl-1-(quinolin-2-yl)methanimine) to execute azido-arylation
of a variety of alkenes using sodium azide as the azide source
(Scheme 26).5° The multicomponent modular approach provided
access to functionally diverse B-arylethylamines in moderate to good
yields. Mechanistically, the reaction begins with aryl-radical 26A
generation through oxidative quenching of the excited Cu(l)
photocatalyst with DAIR 2 or 8, which upon addition to the alkene 70
forms homobenzylic radical intermediate 26B (Scheme 25).
Meanwhile, the second copper catalyst sequesters the azide anion
by ligand substitution leading to the generation of two discrete
catalytic cycles [Cu(ll)(dpp),]?* (from photocatalyst A) and a putative
[BQAeCu(l)-N3] complex (from catalyst B), which require reduction
and oxidation, respectively, to regenerate the active catalysts. The
reduction of Cu(ll)-photocatalyst by sodium azide regenerates Cu(l)
photocatalyst, and the resulting azide radical adds to [BQAeCu(l)—
N3], to form BQAeCu(ll)(Ns),. Finally, the azido group transfers from
this Cu(Il)-N3; complex to the intermediate 26B, delivering the desired
products 71.

A Me  Me
R
Ru(bpy)3(PFg)2 (1 mol%) ?
B— ?Tf (bpmen)FeCl, (5 mol%) B Me
P70 e * a—] ¢ Ko ———— AT e
O. | MeCN (0.2 M), N, rt X
M Ar
Me ° 40 W blue LED
Me
72 2 73
Bpin )
. Bpin Bpin
Bpin
ci O . .
50% 40% 55% 44% NPhthal
. Bpin OCF,
Bpin Bpin
M ClI Bpin / i
Me @ Me CI
FsC Me Cl
71% 83% 78% 45%
B. Condition A?

[Cu(1)(dpp)21(PFg) (2 mol%)

?Tf (bpmen)Fe(I1)Cl, (10 mol%)
JL | cy MeCN(0.1M). Nyt 16, 30W CFL ‘/\ﬂ
oo+ +
R" “R? Condition B?

[Cu(l)(dpp)2l(PFe) (2 mol%)

74 2 BPA (2 mol%) or Cu(OTf), (10 mol%) 75
BPA (10 mol%), MeCN (0.2 M)
Ny, rt, 16 h, , 30 W CFL
2 o] CF,4
OMe B O
cl | cl 0
F OMe cl” N H ©l
o)
81%" 41%" 70%7

61%"
Isoalantalactone

OMe
34% 76%"

This journal is © The Royal Society of Chemistry 20xx

ChemComm

Scheme 27 Aryl-chlorination of vinyl boronic esters and, alkenes.via
dual photoredox catalysis DOI: 10.1039/D5CC0O2800K

Subsequently, the research group utilized a conceptually similar
dual catalytic platform to develop the aryl-chlorination of vinyl
boronic esters 72 using [Ru(bpy)s](PF6), (bpy=2,2’-bipyridine) as
photocatalyst and [(bpmen)FeCl,] (bpmen=N,N-dimethyl-N,N-bis
(pyridin-2-ylmethyl) ethane-1,2-diamine) as the atom-transfer
precatalyst, leading to the synthesis of diverse a-chloro alkylboronic
esters 73 (Scheme 27A).5! The reaction demonstrated a broad
reaction scope, and the final products were amenable to a broad
variety of synthetic diversification. The author's subsequent attempt
to expand the scope beyond vinyl boronic esters led to the
development of two distinct dual catalytic systems enabling efficient
aryl-chlorination of electronically and structurally diverse alkenes 74
bearing a broad range of functional groups (Scheme 27B).52 While a
copper-based photocatalyst was employed across all kinds of
alkenes, different group-transfer catalysts were utilized depending
on the substrate type. An iron(ll) catalyst was utilized for styrenes
and non-activated alkenes, and a pyridylimine-ligated copper
complex served as the chlorine-transfer catalyst for electron-
deficient alkenes. In general, the reaction demonstrated a broad
substrate scope and exceptional tolerance to diverse functional
groups.

3. Hydrogen Atom Transfer (HAT)

The hydrogen atom transfer (HAT) process specifically depends
upon the transfer of one proton and one electron simultaneously
from one group to another group.1® 33 This process enables direct
functionalization of R-H (R = C, Si, etc.) bonds in organic molecules in
one single step for synthesizing many complex molecules.
Traditionally, HAT methods require a stoichiometric amount of
reagents and harsh reaction conditions, which limits the functioning
of the HAT process. Recently, the visible light-mediated HAT method
has evolved as an efficient platform for functionalizing direct R-H
bonds by overcoming the limitation of redox potentials. In this
section, we have discussed photoinduced HAT processes mediated
by aryl radicals utilizing diaryliodonium reagents as HAT reagents.

In 2018, the Toste group documented a unique approach for the
stereoselective a-C(sp3)-H acetalization of cyclic ethers 77 by
integrating the photochemical feature of DAIRs with anionic phase-
transfer catalysis (Scheme 28).>* The chiral phosphate catalyst played
a key role in controlling diastereoselectivity, enabling access to both
trans- and cis-acetals 78 under mild conditions. Based on various
mechanistic experiments, a plausible mechanism of this reaction was
proposed. The reaction begins with an anionic phase transfer
process, converting diaryliodonium chloride into chiral
diaryliodonium phosphate 28A in the presence of chiral phosphate
anion. This intermediate facilitates hydrogen atom abstraction from
tetrahydrofuran under visible-light irradiation, generating 28B,
which further disintegrates to iodoarene, chiral phosphate anion,
and oxonium intermediate 28C. Finally, the reaction of oxonium
intermediate 28C with alcohol 76 delivers the final product 78 with
defined stereoselectivity.
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Shi and co-workers presented a photocatalyst-free cross-
dehydrogenative C(sp®)—C(sp®) and C(sp®)—C(sp?) radical-radical
cross-coupling facilitated by an intermolecular hydrogen atom
transfer (HAT) process (Scheme 29).5° The strategy enabled efficient
cross-coupling of a-N C(sp3)-H of amines with C(sp3)-H of both
activated and non-activated aliphatic substrates 80, including ethers,
allylic and benzylic systems, simple cycloalkanes, and C(sp?)-H of
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aldehydes, and amide to provide the corresponding products 81;in
moderate to good yields. Following the form¥tio Foofs phemyl ¢agieal
through EDA complex formation, it undergoes HAT with 80 to
generate corresponding C-centered radicals 29A. Finally, radical
radical cross-coupling between 29A and benzylic radicals 29C derived
from tetrahydroisoquinoline provides the desired cross-coupled
product 81. Notably, in the absence of C-H partners, a direct coupling
of the phenyl radical and a-N C(sp3)—H of amines was observed.
Huang and co-workers reported a novel strategy for the
synthesis of both unsymmetrical and symmetrical
bis(indolyl)methanes 84, where a diaryliodonium reagent
enabled the coupling of simple indoles 82 with alcohols 83
under visible-light irradiation (Scheme 30).°¢ In this process,
DAIR enabled photoinduced HAT from alcohols for the
formation of corresponding hydroxy alkyl radicals.
Mechanistically, the reaction begins with the disintegration of
DAIR under visible light irradiation to generate an aryl radical,
which then abstracts a hydrogen atom from methanol via HAT
to furnish  hydroxymethyl radical 30B. Afterwards,
regioselective addition of nucleophilic hydroxymethyl radical to
electron-deficient indole 82a provides intermediate 30C, which
upon single-electron oxidation by the radical intermediate 30A
forms a cationic species 30D. Subsequent, B-Hydride
elimination from 30D affords indole-3-carbinol 30E, which after
successive SET oxidation and B-scission produces intermediate
30G. Finally, interception of 30G by electron-rich indole 82b
furnishes the desired product 84a.
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Scheme 30 Synthesis of bis(indolyl)methanes via

diaryliodonium reagent-mediated HAT

4. Halogen Atom Transfer (XAT)
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Halogen atom transfer (XAT) primarily relies on the bond
dissociation energy (BDE) and the polarizability of the carbon-
halogen (C—X) bond.!! In this process, a specific abstractor radical
extracts the halogen atom from the C—X bond via homolytic cleavage.
Recently, XAT has garnered significant attention as it is independent
of the redox potentials of alkyl halides.>” The subsequent discussion
focuses on aryl radical-mediated C—X bond activation strategies
utilizing DAIRs as XAT reagents.

In 2023, Leonori and co-workers developed a novel toolbox
strategy for the functionalization of alkyl iodides 85 with N-, O-, and
C-based nucleophiles 86 using aryl radical-mediated halogen-atom
transfer (XAT) process under visible light irradiation (Scheme 31).58
The method utilized organic dye 4CzIPN and Cul as the catalytic dyad,
and diaryliodonium reagent 5a as the halogen abstractor for the XAT
process. The merging of aryl radical-mediated XAT with copper
catalysis provided a modular and divergent approach to assemble
C(sp®)-N/O/C bonds under mild conditions. The proposed
mechanism begins with the excited photocatalyst generating a
phenyl radical from DAIR 5a, leaving iodobenzene as a by-product.
The phenyl radical then undergoes a rapid XAT process with alkyl
iodide 85, producing the corresponding alkyl radical 31A.
Simultaneously, the base-assisted in situ generated Cu(l)-Nu species
31B undergoes SET with the oxidized photocatalyst completing the
photoredox cycle and forming intermediate 31C. Finally,
intermediates 31A and 31C combine to form intermediate 31D which
upon reductive elimination delivers the desired product 87.
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Scheme 31 Merger of XAT and Cu-catalysis for the cross-coupling of
alkyl iodides with nucleophiles

In 2024, the Murarka group successfully demonstrated that
copper-photoredox-catalyzed SET strategy can be merged with the
XAT process in the presence of alkyl iodides to accomplish site-
selective a-Csp3-H alkylation of glycines and peptides. In this
synergistic SET/XAT approach, phenyl radicals generated from
diphenyl iodonium triflate were subsequently employed in an XAT
process to produce alkyl radicals from alkyl iodides 85 (Scheme 32).24
The method exhibited broad scope and excellent functional group
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tolerance, facilitating access to a variety of a-alkylated glycinesand
peptides under ambient conditions. The mecdkahisid (5816nE ERa fiids
of the arylation of glycines and peptides described in Scheme 8.
Subsequent to its generation, the phenyl radical reacts with alkyl
iodides to generate alkyl radicals through an XAT process, which
upon radical-radical coupling with alpha-amino carbon radicals,
results in the desired alkylated product 88.
OTf
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Scheme 32 Site-selective Csp3-H alkylation of glycines and peptides
via copper-photoredox catalysis

Conclusion and Outlooks

In this feature article, we have summarized the significant
advancements, including contributions from our research
group, in visible light-mediated transformations using
diaryliodonium reagents as aryl radical surrogates. Due to the
affordability, ease of handling, and stability at room
temperature, this class of reagents has garnered applications in
a variety of synthetic transformations, such as C(sp?)-H and
C(sp®)-H arylations, allylic arylations, and cascade annulations.
Besides two-component reactions, they also participate in
various  multicomponent reactions, including alkene
difunctionalizations under photoinduced conditions, providing
access to biologically relevant and structurally important
building blocks in an efficient manner. Although the full
industrial potential of diaryliodonium reagents under
photoinduced conditions has yet to be fully realized, the
examples presented in this feature article underscore their
growing significance in academic research. Continued
development of milder and more sustainable photocatalytic
methodologies is expected to further enhance the applicability
of these reagents, potentially extending their relevance to
industrial settings upon appropriate optimization. Despite this
tremendous development and growing interest in this area,
there are many opportunities for future research. For example,
novel strategies should be devised to utilize the released
iodoarene in an effective manner through innovative radical-
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polar cross-over reactions. The foreseeable future should
witness the development of a variety of asymmetric cross-
couplings involving DAIRs. Moreover, the development of novel
synthetic strategies to prepare di(hetero)aryliodonium salts
from complex natural products, heterocycles, and bioactive
compounds will certainly boost the popularity of this class of
compounds. Nevertheless, we hope this feature article will
further stimulate the interest of the audience towards the
discovery of new reaction paradigms involving DAIRs under
visible light irradiation.
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