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Abstract
Diaryliodonium(III) salts are versatile reagents that exhibit a range of reactions, both in the presence and absence of metal catalysts.
In this study, we developed efficient synthetic methods for the preparation of aryl(TMP)iodonium(III) carboxylates, by reaction of
(diacetoxyiodo)arenes or iodosoarenes with 1,3,5-trimethoxybenzene in the presence of a diverse range of organocarboxylic acids.
These reactions were conducted under mild conditions using the trimethoxyphenyl (TMP) group as an auxiliary, without the need
for additives, excess reagents, or counterion exchange in further steps. These protocols are compatible with a wide range of substit-
uents on (hetero)aryl iodine(III) compounds, including electron-rich, electron-poor, sterically congested, and acid-labile groups, as
well as a broad range of aliphatic and aromatic carboxylic acids for the synthesis of diverse aryl(TMP)iodonium(III) carboxylates in
high yields. This method allows for the hybridization of complex bioactive and fluorescent-labeled carboxylic acids with
diaryliodonium(III) salts.
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Introduction
Hypervalent iodine compounds are an attractive class of
reagents due to their stability, accessibility, and diverse chemi-
cal reactivity [1]. Diaryliodonium(III) salts, in particular, have

been widely recognized as efficient arylating reagents for a
range of carbon, nitrogen, oxygen, sulfur, and other nucleo-
philes, and can be employed in the presence or absence of tran-
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Scheme 1: Synthetic approaches of diaryliodonium(III) trifluoroacetates.

sition metal catalysts under thermal or photochemical condi-
tions [2-5]. Furthermore, these compounds have practical appli-
cations in the synthesis of radiochemicals utilized in positron
emission tomography (PET) imaging [6], as well as serving as
photoacid generators for photoinitiated radical polymerizations
[7,8]. Consequently, there exists a growing interest in the devel-
opment of more convenient synthetic routes for these com-
pounds, facilitating the creation of structurally novel diaryliodo-
nium(III) salts.

The counterions of diaryliodonium(III) salts play a crucial role
in modifying their physical properties, and stability and control-
ling the reactivity of arylation processes, as demonstrated in
various studies [9,10]. For instance, the Gaunt group reported
that the use of a fluoride counterion in diaryliodonium(III) salt
can trigger phenol O-arylation by activating the phenolic O–H
group with a fluoride anion [11]. Additionally, Muñiz et al.
found that the acetate counterion was more effective than chlo-
ride, hexafluorophosphate, and trifluoromethane sulfonate for
the borylation of diaryliodonium(III) salts [12]. Recently, our
group has developed a new method for phenol O-arylation
using aryl(2,4,6-trimethoxyphenyl)iodonium(III) acetates [13].
In this process, the acetate ligand acted as a base to activate the
phenol group and positioned it in proximity to accomplish the
smooth SNAr reaction.

The synthesis of diaryliodonium(III) salts with various counter-
ions, such as triflate (TfO−) [14], tetrafluoroborate (BF4

−) [15],
tosylate (TsO−) [16], and others [17], has been extensively
studied, as they play a key factor in the participation of iodo-
nium salts in diverse arylation reactions. Recently, efficient syn-
theses of diaryliodonium(III) trifluoroacetates have been re-
ported [18,19] (Scheme 1). The importance of the trimethoxy-
phenyl (TMP) group as an auxiliary (dummy) ligand on the

iodonium salt has prompted researchers to synthesize
aryl(TMP)iodonium(III) trifluoroacetates via oxidation of
iodoarene with m-chloroperbenzoic acid (mCPBA) in the pres-
ence of trifluoroacetic acid, followed by coupling with 1,3,5-
trimethoxybenzene [18] (Scheme 1A). This process demon-
strated tolerance for a wide range of electron-rich and electron-
deficient (hetero)aryl iodine(III) compounds. Wirth and
colleagues reported the flow synthesis of diaryliodonium(III)
trifluoroacetates using a cartridge filled with powdered oxone®

for in situ generation of bis(trifluoroacetoxyiodo)arenes and
their reaction with electron-rich arene or arylboronic acid [19]
(Scheme 1B).

Carboxylic acids, such as acetic acid and benzoic acid, charac-
terized by substantial difference in pKa values when compared
to trifluoroacetic acid, TfOH, HBF4, and p-TsOH, present a
wider substrate scope, including acid-sensitive groups, in the
preparation of diaryliodonium(III) salts. While the counterion
exchange of diaryliodonium(III) chloride with silver acetate
was reported [20], this method required heating conditions and
the use of an equimolar amount of the metal salt (Scheme 2A).
Despite the expected advantage, direct synthesis of these
diaryliodon-ium(III) carboxylates are scarce, and these com-
pounds were synthesized by reacting (diacetoxyiodo)benzene
and N-functionalized pyrrole in 2,2,2-trifluoroethanol (TFE,
Scheme 2B) [21].

Our group previously reported the synthesis of diaryl-
iodonium(III) salts by combining hypervalent iodine(III)
reagents with electron-rich arenes in fluoroalcohol solvents,
such as TFE or 1,1,1,3,3,3-hexafluoro-2-propanol [21,22].
These solvents stabilize the cationic intermediates in the synthe-
sis of diaryliodonium(III) salts from Koser's reagents or (diace-
toxyiodo)arenes. While iodonium salts with TfO−, TsO−, and
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Scheme 2: Synthesis of diaryliodonium(III) carboxylates.

other counterions are common, the related diaryliodonium
carboxylates are more attractive from a cost and safety stand-
point. In this work, we present a more practical, direct ap-
proach for the synthesis of aryl(TMP)iodonium(III) carboxyl-
ates, utilizing readily accessible iodosoarenes or (diace-
toxyiodo)arenes as starting materials in a fluoroalcohol solvent
(Scheme 2C). This protocol allows for the synthesis of electron-
rich, electron-poor, heterocyclic, and sterically hindered
aryl(TMP)iodonium(III) carboxylates by combining the broad
substrate scope of (hetero)aryl iodine(III) and carboxylic acids
under mild conditions.

Results and Discussion
In the synthesis of diaryliodonium(III) salts and their applica-
tion in arylation reactions, it is highly desirable to design
diaryliodonium(III) salts including a commercially available
and inexpensive auxiliary group to achieve efficient prepara-
tion of the salts and a high degree of chemoselectivity for
transferring the required aryl group. Electron-rich aryl ligands
derived from anisole, mesitylene, and particularly 1,3,5-
trimethoxybenzene are highly recommended for chemoselec-
tive arylation processes. Aryl(TMP)iodonium(III) salts
have been successfully used as transition metal-free
arylating reagents for various nucleophiles such as nitrogen-
[23-26], oxygen- [13,27-29], sulfur- [30], and carbon- [31]
nucleophiles due to their excellent reactivity and aryl group
selectivity over aryl(anisyl)iodonium(III) salts [32] and
aryl(mesityl)iodonium(III) salts [33].

Based on our previously reported conditions for the synthesis of
diaryliodonium(III) salts [21], we designed a more practical
synthetic protocol for the extended numbers of diaryl-
iodonium(III) carboxylates. Various electron-rich arenes were
screened as auxiliary aryl groups in the reaction with PhI(OAc)2
(1a) (Scheme 3). However, common partners such as toluene
(2a), mesitylene (2b), and anisole (2c) failed to react with
PhI(OAc)2 (1a). Therefore, 1,3-dimethoxybenzene (2d) was
used as a more electron-rich aryl group in the reaction with
PhI(OAc)2 (1a), resulting in the formation of the desired phe-
nyl(2,4-dimethoxyphenyl)iodonium(III) acetate (3ad) in 69%
yield. Notably, utilizing 1,3,5-trimethoxybenzene (2e) as an
auxiliary aryl group under identical conditions yielded the cor-
responding phenyl(TMP)iodonium(III) acetate (3ae) in 96%
yield.

Utilizing TMP as an auxiliary aryl group, we investigated the
substrate scope of (diacetoxyiodo)arenes 1 for the synthesis of
aryl(TMP)iodonium(III) acetates 4 (Scheme 4). The starting
materials, (diacetoxyiodo)arenes 1, can be prepared through the
oxidation of iodoarenes with NaBO3·4H2O [34], AcOOH [35],
mCPBA [36], and NaClO·5H2O [37] in the presence of acetic
acid. The reaction of (diacetoxyiodo)arenes bearing electron-
donating (methyl (1b), methoxy (1c), and phenyl (1d)) and
electron-withdrawing (methyl ester (1e), nitro (1f), and fluoro
(1g)) groups proceeded efficiently to produce the correspond-
ing aryl(TMP)iodonium(III) acetates 4b–g in high yields. A
sterically hindered ortho-disubstituted aryl group was also well-
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Scheme 3: Scope of dummy ligands.

tolerated, and the related ortho-disubstituted aryl(TMP)iodo-
nium(III) acetate (4h) was obtained in 83% yield. Notably, this
strategy allowed the synthesis of (diacetoxyiodo)arenes bearing
acid-sensitive Boc protecting groups (1i) and heteroaromatic
moieties such as pyridyl (1j) and thienyl (1k) groups. The reac-
tion of bis(diacetoxyiodo)arene (1l) with 1,3,5-trimethoxyben-
zene (2.1 equiv) under the same conditions afforded the
ditrigger iodonium salt 4l in 88% yield, demonstrating the
versatility of the process for the synthesis of multivalent precur-
sors. Furthermore, phenyliodine(III) bis(trifluoroacetate) was
used as a starting material under the optimized reaction condi-
tions and the corresponding phenyl(TMP)iodonium(III) tri-
fluoroacetate (4m) was obtained in 91% yield. These
aryl(TMP)iodonium(III) acetates were recently utilized by our
group for the arylation of phenols [13] and N-alkoxyamides
[26,29], exhibiting excellent reactivity and aryl group selec-
tivity.

In subsequent experiments, we sought to develop an alternative
approach by reacting iodosobenzene (5a) with a range of aro-
matic and al iphatic carboxylic acids 6a– i  to form
phenyl(TMP)iodonium(III) carboxylates 3ae ,  7aa–ai
(Scheme 5A). The reaction between benzoic acids (6a, 6b) and
heteroaromatic carboxylic acids (6c, 6d) proceeded smoothly
under the set conditions to form the corresponding

phenyl(TMP)iodonium(III) carboxylates 7aa–ad in high yield.
Additionally, a range of aliphatic carboxylic acids such as acetic
acid (6e), pivalic acid (6f), cyclohexanecarboxylic acid (6g),
and aliphatic carboxylic acid with acidic α-proton (6h) was also
tolerated under these conditions to produce the corresponding
phenyl(TMP)iodonium(III) carboxylates (3ae, 7af–ah) in
63–81% yield without any signs of side reactions. The adeno-
sine receptor antagonist acefylline (6i) was also used as a
carboxylic acid to give the corresponding phenyl(TMP)iodo-
nium(III) carboxylate 7ai in 86% yield, opening up new
avenues for structural modifications of drug candidates to
improve their properties and consequently, bioactivities [38-40].
The umbelliferone-3-carboxylic acid derivative 6j was also em-
ployed to produce the phenyl(TMP)iodonium(III) carboxylate
7aj carrying a fluorescent-labeling group in 93% yield.

Iodosoarenes 5b–f can be easily obtained by treating
(dichloroiodo)arenes [41] or (diacetoxyiodo)arenes [42] with
sodium hydroxide, by oxidation of iodoarenes with
NaClO·5H2O [43], or by electrolysis [44]. The reaction scope of
iodosoarenes 5b–f was explored with benzoic acid (6a) and
1,3,5-trimethoxybenzene (Scheme 5B). Iodosoarenes with elec-
tron-rich (5b, 5c, 5f), electron-deficient (5d), bromo (5e), and
sterically hindered substituents (5f) were applicable to give the
corresponding aryl(TMP)iodonium(III) benzoates 7ba–fa in
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Scheme 4: Substrate scope of aryl(TMP)iodonium(III) acetates. a) 0.50 mmol scale of 1i. b) 1,3,5-Trimethoxybenzene (2.1 equiv) was used.
c) Bis(trifluoroacetoxyiodo)benzene was used instead of 1a.

63–93% yield. It is worth noting that the products yielded by
these protocols were easily separated as white amorphous solids
by concentration and trituration of the obtained residue with
diethyl ether. The color of the products indicates that the reac-
tions proceeded without any signs of decomposition, conse-
quently yielding the desired products in high yields. However,
the common synthetic methods of diaryliodonium(III) triflates
involving a strong oxidizing agent with a strong acid and an
electron-rich arene often resulted in black/discolored products,
indicating decomposition, poor yields, and lower productivity in
arylation processes [45].

These aryl(TMP)iodonium(III) carboxylates are stable at room
temperature and are available as amorphous solids that dissolve
in specific solvents, such as chloroform, methanol, and
dimethyl sulfoxide. The iodonium salt 7aa does not decompose
even at 70 °C, and further increase in temperature facilitates the
ligand coupling between the phenyl group and the carboxylate
counterion. When heated at 140 °C for 2.5 h under solvent-free

conditions, iodonium salt 7aa underwent carboxylate O-pheny-
lation with complete phenyl group transfer, resulting in the for-
mation of phenyl benzoate in 70% yield (Scheme 6A).

Furthermore, iodonium salt 7aj with an umbelliferone-3-
carboxylate counterion displayed extremely weak blue fluores-
cence emission under 365 nm UV light compared to free
carboxylic acid 6j. This unique property was utilized for tracing
the counterion exchange process of the diaryliodonium(III) salt
by irradiating with 365 nm UV light. The counterion exchange
in umbelliferone carboxylate salt 7aj with trifluoroacetic acid
was rapid, and after 30 s, the completion of the reaction was
confirmed by the emergence of strong blue fluorescence emis-
sion due to the liberation of the fluorescent-labeling carboxylic
acid 6j (see Supporting Information File 1, Figure S1). Thus,
this post-fluorescence iodonium salt can be used for visual indi-
cation of the ligand exchange process, elucidating the arylation
mechanism of diaryliodonium(III) salts for their further applica-
tions in organic chemistry and other scientific fields. The poten-
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Scheme 5: Substrate scope of the carboxylic acids and iodosylarenes. a) The reaction was conducted for 4 h. b) 2.0 mL TFE was used.

tial of diaryliodonium(III) carboxylates obtained in this study
(i.e., Scheme 6B,C) and the related amino acid derivatives [46-
49] as new arylating reagents will be further explored by con-
ducting reactions with various nucleophiles involving the coun-
terion exchange process.

Conclusion
The absence of a widely applicable method for the synthesis of
diaryliodonium(III) carboxylates has prompted our research
group to devise a practical strategy for the synthesis of

aryl(TMP)iodonium(III) carboxylates with minimal reagents
without a counterion exchange step. By employing TMP as an
auxiliary aryl group, we have successfully achieved the reac-
tion between the hypervalent iodine compounds (ArI(OAc)2 or
ArIO) and 1,3,5-trimethoxybenzene in the presence of
organocarboxylic acid under mild conditions. This process
was completed in comparatively shorter time at room
temperature, yielding high yields of the corresponding
aryl(TMP)iodonium(III) carboxylates. Our method is
compatible with a wide range of electronically and sterically



Beilstein J. Org. Chem. 2024, 20, 1020–1028.

1026

Scheme 6: Representative applications of aryl(TMP)iodonium(III) carboxylates.

diverse (hetero)aryl iodine(III) compounds, as well as aliphatic
and aromatic carboxylic acids with a diverse series of
functional groups. As a result, this process can be applied
for the unique hybridization of biologically active and
fluorescently-labeled carboxylic acids with diaryliodonium(III)
salts. We anticipate that this study will encourage the incorpora-
tion of diaryliodonium(III) carboxylates in various new applica-
tions.

Supporting Information
Supporting Information File 1
Further experimental details and copies of 1H, 13C, and
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[https://www.beilstein-journals.org/bjoc/content/
supplementary/1860-5397-20-90-S1.pdf]
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