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Abstract 

This thesis summarizes three novel and general reaction protocols for the 
synthesis of diaryliodonium salts. All protocols utilize mCPBA as oxidant 
and the acids used are either TfOH, to obtain triflate salts, or BF3·Et2O that 
gives the corresponding tetrafluoroborate salts in situ.  

Chapter two describes the reaction of various arenes and aryl iodides, 
delivering electron-rich and electron-deficient triflates in moderate to 
excellent yields.  

In chapter three, it is shown that the need of aryl iodides can be 
circumvented, as molecular iodine can be used together with arenes in a 
direct one-pot, three-step synthesis of symmetric diaryliodonium triflates. 

The final and fourth chapter describes the development of a sequential 
one-pot reaction from aryl iodides and boronic acids, delivering symmetric 
and unsymmetric, electron-rich and electron-deficient iodonium 
tetrafluoroborates in moderate to excellent yields. This protocol was 
developed to overcome mechanistic limitations existing in the protocols 
described in chapter two and three. 

The methodology described in this thesis is the most general, efficient and 
high-yielding existing up to date, making diaryliodonium salts easily 
available for various applications in synthesis.  
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Abbreviations 

The abbreviations and acronyms are used in agreement with the standards of the 
subject.1 Only nonstandard and unconventional ones that appear in the thesis are 

listed here. 

  

BF3·Et2O Boron trifluoride ethyl etherate 

ee Enantiomeric excess 

EDG Electron donating group 

eq. Equivalent(s) 

EWG Electron withdrawing group 

DMP Dess–Martin periodinane 

IBX 2-Iodoxybenzoic acid 
mCBA meta-Chlorobenzoic acid 

mCPBA meta-Chloroperbenzoic acid 

TfOH Trifluoromethanesulfonic acid  
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Chapter 1 

 

Introduction to Hypervalent Iodine 
Compounds 

In 1886, a German chemist by the name of Conrad Willgerodt published the 
first synthetic route towards a hypervalent iodine compound.2 This was 
accomplished by passing chlorine gas through an ice-cold solution of 
iodobenzene in chloroform, from which (dichloroiodo)benzene precipitated 
as light yellow needles (Figure 1). In the same paper it is mentioned that this 
new compound could oxidize ethanol to acetaldehyde, but this was 
apparently not investigated further until some 50 years later. 

I

Cl

Cl

 

Figure 1. (Dichloroiodo)benzene 

The following decade other important hypervalent iodine compounds such as 
iodosyl-,3 iodyl-,4 iodoxy-benzene5 and diphenyliodonium salts6 were 
discovered (Figure 2). 

I

O

I

O

O

O

I

O

OHO
I

X

Iodosy lbenzene Iody lbenzene Iodoxybenzoic acid
(IBX)

Diphenyliodonium salt

 

Figure 2. Important hypervalent iodine compounds. 

The following 60 years few advances were made in this field. The major 
contribution to this area was done by the groups of Beringer and Koser in the 
1950s and 70s respectively, however, it was not until the discovery of DMP 
by Dess and Martin in the 80s that the area of hypervalent iodine really 
reached out to the general chemistry community (Figure 3).7 
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+I +III +V 

Nowadays, hypervalent iodine compounds frequently demonstrate their 
power as mild, non-toxic and selective reagents.8-10 Novel reactions are 
frequently discovered and old reagents are brought to light. For example, the 
power of IBX, which was first discovered in 1893, was unveiled as late as 
1994, proving to be an even more powerful and milder reagent than DMP in 
many oxidation reactions.11 

1.1 Nomenclature, Oxidation State and Bonding 

Hypervalent iodine compounds are generally classified according to their 
oxidation state. Aryl iodides have the oxidation state of +I and are not 
hypervalent, whereas iodine compounds with oxidation states +III and +V 
are (Figure 3). According to IUPAC rules, they are termed λ3- and λ5-
iodanes, respectively. Another way to determine if an iodine compound is 
hypervalent or not, is by counting electrons. Compounds that have more than 
eight electrons in their valence shell are described as hypervalent e.g. 10 or 
12 e–. 

O

I

O

OAc
OAc

AcO

I I

OAc

OAc

Iodobenzene (Diacetoxyiodo)-
benzene

DMP

 

Figure 3. 

A general depiction of how the iodine is oxidized is shown in Scheme 1. 

L I
L
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L

L
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L
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I

L

L

L

L
L

+Ι +ΙΙΙ +V+ΙΙΙ +V
Oxidation

Ligand
Association Oxidation

Ligand
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10 e- 12 e-8 e-  

Scheme 1. General oxidation of iodine compounds. 

To describe the hypervalent bond, a λ3-iodane will be used as an example.12 
The geometry is best depicted as a pseudo-trigonal bipyramid (T-shape) with 
an aryl group and two free electron pairs in equatorial positions whereas the 
two heteroligands (L) are in apical positions (Figure 4, left). The L–I–L bond 
is derived from a doubly occupied 5p orbital with two electrons from iodine, 
and two electrons from the ligands. This is referred to as a three-center four-
electron bond (3c – 4e) or a hypervalent bond. Hypervalent iodine 
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compounds react as electrophiles, which can be understood by looking at the 
molecular orbitals (MOs) (Figure 4, right). 

•

L I L

Nonbonding orbital

Bonding orbital

Antibonding orbital

Ar I

Lδ−

Lδ−

δ+

 

Figure 4. Left: Geometry of a λ3-iodane. Right: MOs of the hypervalent bond. 

The HOMO is the nonbonding orbital, which has a node at the central atom. 
Hence more electrons are distributed at the ligands, rendering the iodine as a 
soft electrophilic center that can be attacked by many nucleophiles. 

1.2 Some λ3- and λ5-Iodanes and their Applications 

The applications of hypervalent compounds are vast and stretch over areas 
such as C-C, C-heteroatom and heteroatom-heteroatom bond formation, 
oxidations, radical reactions and rearrangements.9, 10 

Iodine(V) reagents such as DMP and IBX are frequently used as mild 
oxidants of alcohols, e.g. in total synthesis of natural products.13-16 IBX can 
also affect oxidative transformations of a variety of other functional groups 
by Single Electron Transfer (SET) reactions.17 A nice example is the mild 
synthesis of α,β-unsaturated ketones from ketones or alcohols in a 
toluene/DMSO solvent mixture (Scheme 2). 

OH

O

O
I

O
OH

O

O

O

IBX , 4 eq.

IBX

IBX :

80 °C, 22 h

80 °C, 15 h

65 °C, 6 h

75 °C, 12 h25 °C, 3 h

IBX, 1.2 eq. IBX, 2 eq.

IBX , 2 eq.

2.5 eq.

65 °C, 6 h

3 eq.

98%

88%

74%

76%

82%

81%

 

Scheme 2. Selective IBX-mediated oxidation. 

Iodine(III) compounds with two heteroatom ligands, such as 
(diacetoxyiodo)benzene, are also frequently employed in oxidations of 
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alcohols and alkenes, synthesis of quinones, in rearrangements and also in α-
functionalization of carbonyl compounds.18, 19 It was recently shown that α-
acetoxylation of carbonyl compounds can be performed catalytically, with 
mCPBA as a stoichiometric oxidant to oxidize iodobenzene to the active 
specie (diacetoxyiodo)benzene (Scheme 3).20 Other catalytic routes have 
also recently been developed, especially within the area of alcohol oxidation. 
21, 22 

mCPBA,

BF3⋅Et2O
AcOH

Ph−I

mCBA
R1

OH

R2

R1

O

R2Ph I

OAc

OAc

R1

O

R2

OAc

H

 

Scheme 3. Catalytic α-acetoxylation of ketones. 

Another class of iodine(III) compounds has two carbon ligands. They are not 
very good oxidation agents but they readily transfer one of their carbon 
ligands to a diversity of nucleophiles. Some of these reagents are of great 
interest, as they have properties resembling those of metals such as Hg, Pb 
and Pd, and can be employed in reaction pathways that are similar to metal-
catalyzed reactions.23  

1.3 Diaryliodonium Salts 

A general depiction of an iodonium salt, also referred to as diaryl-λ3-iodanes, 
is shown in Figure 5. The salt is referred to as a symmetric salt if R1 = R2, 
and as an unsymmetric salt if R1 ≠ R2. 

I

R1 R2

X

 

Figure 5. General structure of an iodonium salt. 

The anion of the salt not only influences the solubility of the iodonium salt 
but also the reactivity. Generally, non-nucleophilic anions (X) such as BF4, 
TfO, TsO are preferred over anions such as Cl, Br and I in applications.24-27 
Usually we call diaryliodonium salts hypervalent reagents, not really 
reflecting what the name implies. Are then -onium salts as ammonium, 
phosphonium or sulfonium salts also hypervalent? The answer is no. The 
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latter -onium salts have a pseudo-tetrahedral geometry and eight valence 
electrons as seen in Figure 6. 

S
Me Me

Me

Cl
8 valence e−

 

Figure 6. A sulfonium salt in solid state. 

One could then argue, that the iodonium salt is not a ‘real’ salt with a cation 
and an anion as seen in the case with the sulfonium salt above? The answer 
is somewhat more complex. Strictly speaking, in solution most iodonium 
salts are considered to be purely ionic, e.g. Ar2I

+ BF4
– with pseudo-

tetrahedral geometry, hence no hypervalent bonding exists (Figure 7).28 
However, in solid state, an overwhelming majority of all X-ray structural 
data reported for iodonium salts show a significant secondary bonding 
between the anion and the iodine atom.9, 29 The geometry is also in 
agreement with the T-shaped (pseudo-trigonal bipyramid) geometry as seen 
in Figure 7. 

I
Ar

Ar
X

Ar I

X

Ar

10 valence e
−

8 valence e
−

Diaryliodonium salt Diaryl-λ3-iodane

 

Figure 7. Structure in solution versus solid state. 

1.3.1 Synthesis 

The first synthesis of an iodonium salt was accomplished over 100 years ago 
by Meyers6 and refined by Beringer in the 1950s to a working one-pot 
reaction, albeit with a small substrate scope (Scheme 4).30 

+
I I

HOSO3

K2S2O8

H2SO4

KI I
I

NO2 NO2 NO2

79%

Anion
Exchange  

Scheme 4. Beringer’s one-pot synthesis of an iodonium salt. 

Acidic Syntheses of Diaryliodonium Salts 

Acidic routes are the most common way to synthesize iodonium salts. There 
are three different approaches (A-C) as summarized in Scheme 5. The most 
frequent strategy is A, where the salt is isolated after a 2-3 step procedure. It 
is however quite common to start from a commercially available iodine(III) 
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reagent e.g. Ar1-IL2, to shorten the synthetic route and examples of these are 
given below.  

Ar1 I
Oxidant

Acid
Ar1 IL2

Ar2 H Ar2 Mor

Acid Ar1
I

Ar2
X

Ar1 I Ar2 H+
Oxidant

Acid Ar1
I

Ar2
X

Ar1
I

Ar2
Y

Anion
Exchange

A)

B)

C)

M = SnBu3, SiMe3

or B(OH)2

IL3
Acid

Ar Ar MorH

Ar
I

Ar

X

 

Scheme 5. General acidic routes to iodonium salts 

Ph-IL2 is easiest synthesized by oxidation of iodobenzene (1a) with AcOOH 
in Ac2O to give (diacetoxyiodo)benzene (3) (Scheme 6).31 3 can smoothly be 
converted to iodosylbenzene (4) with aqueous NaOH.32  

Kitamura developed a procedure where 4 was treated with TfOH followed 
by a sequential addition of benzene (2a) to obtain diphenyliodonium triflate 
(5a) in 65% yield.33 This route was shortened by the same group when they 
found that 3 could be treated directly with TfOH for one hour before the 
addition of 2a to obtain salt 5a in 85% yield.34 Other methods included in 
strategy A are those were silanes,35 stannanes36, 37 or boron reagents38, 39 are 
employed together with preformed iodine(III) reagents. 

AcOOH

Ac2O
I I

OAc

OAc

I
1) TfOH

1 h, rt

1a 3

5a 2a

Anion
Exchange

K2S2O8 I
CF3COO

NaOH (aq.)

I

O

I

OTf

TfOH

4

OTf

NaOTf (aq.)
8 - 12 h, rt

2 h, rt

2a, 17 h, rt
65%

2) 2a
30 min, rt
85%

CF3COOH, 2a

20 h, 36-38 °C

78%

I2, K2S2O8

CF3COOH

72 h, 40 °C
71%

OTf

 

Scheme 6. Kitamura and co-workers have developed many synthetic routes towards 
iodonium triflates. 
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An example of strategy B, is the one-pot reaction developed by Kitamura 
and co-workers, where they oxidize 1a in situ with K2S2O8 (Scheme 6). In 
the presence of 2a the diphenyliodonium triflate salt is obtained after an 
anion exchange in 78% yield.40 Another impressive method that recently was 
developed by the same group, is the direct utilization of 2a and molecular 
iodine with the same oxidant and acid as in their previous method (Scheme 
6).41 After 72 h at 40 ˚C an anion exchange was performed delivering 5a in 
71% yield. Their protocol,41 which was published in parallel to our work, 
however, suffers from long reaction times and has a small substrate scope. 
Another interesting synthesis exemplifying strategy B, was developed by 
Skulski and co-workers in 1995.42 CrO3 oxidizes iodoarenes smoothly to an 
iodine(III) intermediate, which sequentially reacts with an arene to give 
diaryliodonium salts in moderate yields. A drawback with their protocol is 
however the toxicity of the oxidant. 

Iodonium salts synthesized with strategy C are few. Zhdankin and co-
workers developed a method in the early 1990s, were iodosyl fluorosulfate is 
used as the iodine(III) source (Scheme 7).43-45 In the presence of an arene, 
symmetric salts are obtained in moderate to good yields. The iodine(III) 
intermediate is, however, not commercially available and needs to be 
prepared in advance. 

O IOSO2F
I

HOSO3

2 eq.

71%  

Scheme 7. Zhdankin’s synthesis of symmetric iodonium salts utilizing iodosyl 
fluorosulfate.  

Basic Synthesis of Diaryliodonium Salts 

The basic methodologies are fairly few but not to be underestimated. Some 
heteroaryl salts, e.g. pyridyl salts are only accessible by these routes. 

A frequently used method is the ligand exchange on β-(dichloroiodo)-
chloroethylene with lithiated arenes, in which symmetric salts are obtained 
regio-specifically (Scheme 8).46-48 The iodine(III) reagent needs to be 
prepared in advance and is extremely unstable, which of course is practically 
inconvenient.  

HH
ICl3

HCl, H2O

ICl2

Cl - 2 LiCl

2 Ar-Li

- C2H2

Ar
I

Ar
Cl

 

Scheme 8. Symmetric salts can be obtained by this procedure, employing an 
unstable iodine(III) reagent.  

Other similar methods also utilizes organometallic reagents, which are 
reacted with a preformed vinyl iodonium salt as shown in Scheme 9.49-52 
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This type of protocol has the advantage that unsymmetric salts also can be 
obtained in contrast to the method shown above. 

TfO

Ar2R
I

Ar2

OTf

Ar1

I Ar1
OTf

R
TfOH

Li
R

R

Ar1-I(OAc)2

 

Scheme 9. Diaryliodonium salts can be obtained by adding lithiated arenes to vinyl 
iodonium salts.  

1.3.2 Mechanistic Considerations 

To understand some of the limitations of the synthetic routes, it is important 
to understand the reaction mechanism. Starting from an iodoarene, the first 
step is an oxidation, usually together with a strong acid. This gives the 
general structure Ar-IX2, which can be isolated or used in situ for further 
reactions (Scheme 10). 

Ar I Ar I

OH

X
Oxidation Ligand

Exchange

HX
Ar I

X

X

III I II

-H2O

"O"

HX

 

Scheme 10. Oxidation of iodine(I) to iodine(III). 

Upon addition of an arene an electrophilic aromatic substitution (EAS) takes 
place, hence the reactivity pattern differs depending on what arene is added 
(Scheme 11). As normal EAS rules apply, activated arenes (R = EDG) 
would give a mixture of ortho- and para-products. In reactions with 
iodine(III) species the selectivity is usually high for the para-position. 

 

Scheme 11. The mechanistic limitation in the EAS step.  

Deactivated arenes (R = EWG) are usually too unreactive, leading to by-
product formation instead of the expected meta-substituted salt. These two 
issues are to be regarded as major mechanistic limitations, as numerous 
symmetric ortho- and meta-substituted diaryl-iodonium salts are 
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inaccessible. This problem can however be circumvented, by the 
introduction of organometallic reagents or boronic acids to pre-formed 
iodine(III) reagents. In Scheme 12, an example from Widdowson’s group is 
highlighted where the arene reacts regio-specifically at the ipso-position with 
the iodine(III) compound. 

I

OAc

OAc

(HO)2B I OTf

+
TfOH

86%  

Scheme 12. Widdowson’s developed regiospecific synthesis of diaryliodonium 
triflates. 

1.3.3 Application Areas 

Symmetric diaryliodonium salts are generally preferred over unsymmetric 
salts in arylation reactions, as no selectivity problems arise. The use of 
unsymmetric salts is however desirable when the starting materials are 
expensive, as the more electron deficient aryl moiety can be selectively 
transferred in enolate reactions, whereas the more electron rich is transferred 
in metal-catalyzed couplings.25 There are also reports that other reactivity 
patterns arise when steric hindrance is present in the ortho-positions in one 
of the aryl groups.25 Thus, unsymmetric salts can be used selectively, when 
the difference between the aryl moieties is big enough. 

The most predominant use of iodonium salts is as efficient arylation 
reagents, due to their highly electron-deficient nature and hyperleaving 
group ability.53-56 An excellent example is shown in Scheme 13, where the 
symmetric pyridyl salt is employed in the key step in the total synthesis of (–
)-Epibatidine.53 The arylation of the 4-substituted cyclohexanone after 
enolization with a chiral base, gives excellent diastereoselectivity (dr) and 
enantiomeric excess (ee), albeit in moderate yield. 

O

N(Boc)2

N

I

NCl Cl

Cl

O

N(Boc)2

Ar

dr > 20:1, 94% ee
41%

4 Steps

H
N

N

Cl

(−)-Epibatidine

Ph N
Li

Ph

 

Scheme 13. Key step in the shortest synthesis of (–)-Epibatidine. 

In recent years diaryliodonium salts have frequently been applied in metal-
catalyzed reactions, resulting in new, exciting and unique reaction 
pathways.25 Zhu and co-workers recently showed that Heck reactions can be 
performed in less than 1 min with microwave irradiation when 
diaryliodonium salts were employed (Scheme 14).57  
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HOOC

Ar2I

PdCl2, H2O
HOOC

Ar

MW, 20 s
95%

X

 

Scheme 14. A very fast Heck reaction. 

Another example is the selective arylation of indoles by Sanford and co-
workers (Scheme 15).26 The reaction conditions are incredibly mild and the 
selectivity for arylation in the 2 position is rarely seen. 

N
H

5 mol % Pd(OAc)2

AcOH, 25 °C, 5 min

49%

Ph I Ph

BF4

2 eq.

N
H

 

Scheme 15. Use of diaryliodonium salts in the selective 2-arylation of indoles. 

Other application areas of diaryliodonium salts include the generation of 
benzynes,58 as photoinitiators in polymerizations59, 60 and also as precursors 
to 18F-labelled radio-ligands.61 

1.4 Aim of the Project 

The described strategies for the synthesis of diaryliodonium salts have many 
drawbacks and they are summarized as follows: 
1. Usually the protocols are confined to the synthesis of either electron-rich 
or electron-deficient iodonium salts and often with a narrow substrate scope. 
This makes the synthesis of these reagents less attractive, especially for non 
specialists that will find a swarm of synthetic protocols but none that is 
general and can deliver both electron-rich and electron-deficient iodonium 
salts.  
2. The protocols often employ pre-formed iodine(III) compounds that 
generally, are not commercially available. This adds a synthetic step as the 
iodine(III) reagent has to be synthesized prior to the synthesis of the desired 
iodonium salt. This is of course, time consuming and lowers the overall 
yield. 
3. In those few one-pot protocols that exist, reagents as CrO3 is employed 
which is highly toxic and not attractive to work with. The protocols often 
also suffer from narrow substrate scope and long reaction times. 

With the drawbacks of old protocols in mind, we envisioned a general 
one-pot procedure that would neither be constrained in electronic properties 
of the substrates or require special conditions. The protocol should be quick, 
high yielding and easy applicable for non specialists, to make the synthesis 
of these reagents more attractive.  
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Chapter 2 

 

One-Pot Synthesis of Diaryliodonium 
Triflates from Aryl Iodides and Arenes  

(Paper I & II) 

An atom efficient and simple one-pot synthesis of diaryliodonium salts 
would involve treatment of an aryl iodide (1) with a commercially available 
oxidant in the presence of an arene (2) and a suitable acid, the anion of 
which would end up in the iodonium salt (5) (Scheme 16). 

+

I I
X

Oxidant

HX, Solvent
R1 R1R2 R2

1 2 5  

Scheme 16. Envisioned one-pot synthesis of diaryliodonium salts. 

The greatest challenge in finding such a procedure would be to find powerful 
reagents that are still compatible with each other. Thus, a screening of 
possible oxidants, acids and solvents that could be employed in the selected 
model reaction between iodobenzene (1a) and benzene (2a) to yield 
diphenyliodonium salts (5) was subsequently undertaken. 

2.1 Initial Experiments 

It is important to mention that the given yields in the text and schemes are 
the best yields obtained from many reactions under different conditions. That 
is why the change of solvent/acid/oxidant may in some cases change without 
any apparent order. 

Our initial attempts with BF3·Et2O in dichloromethane with K2S2O8 as 
oxidant indeed gave an iodonium salt, but numerous anions could be 
detected in the mass spectrum (Scheme 17). Problems with isolation of the 
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salts were a major drawback as well as by-product formation (i.e. (4-
iodophenyl)(phenyl)iodonium salt). 

K2S2O8

BF3·Et2O, CH2Cl2

I

+

X
I I X

I
1a 2a 5 By-product  

Scheme 17. In our first protocol we had difficulties in assigning the anion (X–). 

Consequently a screening of other acids began, changing BF3·Et2O to TsOH 
only resulted in recovered starting materials whereas TfOH produced the 
desired triflate salt 5a, however only in 8% from a tarry black solution. 

Despite our merest success with K2S2O8 as oxidant, the problems 
associated with it were too great and other oxidation reagents were 
sequentially screened. At that same time Kitamura and co-workers published 
a paper, where they utilized this oxidant in combination with excess 
trifluoroacetic acid (see Scheme 6 in the introduction part).40 

Oxone® is a powerful oxidant, but it is not readily soluble in organic 
solvents.62 If the cation in Oxone® (e.g. K+) is changed to n-Bu4N

+, the 
oxidant also shows higher solubility in organic solvents, and especially in 
dichloromethane.63 Regrettably, when applying this oxidant in our reaction 
only starting materials were recovered. 

Recently, Stavber and co-workers64, 65 showed that aqueous H2O2 oxidizes 
I– to I+ in their green iodination protocol of arenes, and we found it of high 
interest to apply it in our system. Trace amounts of 5a could be detected by 
1H–NMR, however, only when the reaction was performed in MeCN with 
TfOH (Scheme 18). 

+

I
H2O2 (30% aq.)

TfOH, MeCN

15 h, rt

I
OTf

Traces of salt

1a 5a2a  

Scheme 18. Reaction with hydrogen peroxide. 

Peracetic acid,31 can easily be used to oxidize iodine compounds and more 
recently mCPBA has also been utilized.20, 21, 66 Surprisingly, mCPBA had 
never been used in the direct synthesis of diaryliodonium salts. 

Gratefully, when applying mCPBA and BF3·Et2O in our model reaction, a 
pure diphenyliodonium salt with mCBA as anion (6) could be obtained in 
36% yield after recrystallization (Scheme 19). A drawback is that excess 
amount of benzene was needed together with long reaction times. 

We thus continued exploring the scope of this reaction and found that it 
went smoother when TfOH was used. The amount of 2a and acid could be 
lowered and the diaryliodonium salt could be obtained in higher yield than 
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with BF3·Et2O (Scheme 19). A problem however, was that the crude mixture 
contained an inseparable mixture of 6 and 5a, in a ratio of 10:1. 

 

Scheme 19. 

When quenching the reactions in Scheme 19 with a saturated solution of 
NaHCO3 (to wash away mCBA in the work-up), we could always observe a 
significant change of color. Hence, we decided to see what happened if we 
left the reaction un-quenched. Fortunately, addition of diethyl ether to the 
crude concentrated reaction mixture precipitated out a solid that was pure 
diphenyliodonium triflate (5a) in high yield, while the mCBA was still in 
solution. The basic workup, resulting in deprotonation of mCBA apparently 
gives a rapid ligand exchange, expelling the weaker triflate anion as the 
dominant one to the diphenyl iodonium cation. These promising initial 
results lead us to further investigations. 

2.2 Optimization Studies 

When using stoichiometric amounts of all reagents, the reaction was sluggish 
and only delivered the product in a low yield. (Table 1, entry 1). We could 
not recover any iodobenzene, which is an indication of a working oxidation 
process but inefficient EAS. Hence, the amount of TfOH was increased to 2 
eq. which made the formation of 5a much faster (entry 2). An increase of 
mCPBA to 2 eq. instead resulted in decreased yield (entry 3), which could be 
due to over-oxidation to iodine(V). The amount of benzene also had an 
impact on the reaction outcome, as depicted in entries 4, 5. Increasing the 
temperature considerably reduced the reaction time, delivering 5a in good 
yields after 3 h at 40 °C (entry 6) or 10 min at 80 °C (entry 7). The best 
results could however be obtained when 3 eq. of TfOH was used, where 5a 
was obtained in 89% yield (entry 8). 
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Table 1. Optimization of reaction conditions for synthesis of salt 5a.[a] 

+

I I
mCPBA

TfOH, CH2Cl2

OTf

1a 2a 5a  
 

Entry 2a 

(eq.) 
mCPBA 

(eq.) 
TfOH 

(eq.) 
T (ºC) Time Yield 

(%)[b] 
1 1.1 1.1 1.1 rt 18 h 5 
2 1.1 1.1 2 rt 18 h 68 
3 1.1 2 2 rt 18 h 60 
4 2 1.1 2 rt 18 h 75 
5 5 1.1 2 rt 21 h 82 
6 1.1 1.1 2 40 3 h 83 
7 1.1 1.1 2 80 10 min 73 
8 1.1 1.1 3 80 10 min 89 

[a] Reaction conditions: 1a (1.0 eq. 0.23 mmol), 2a and mCPBA were dissolved in 
CH2Cl2 (1 mL), TfOH was added dropwise at 0 ºC and the reaction was stirred at the 
indicated temperature and time. [b] Isolated yield. 

A subsequent temperature study revealed that the reaction is much faster 
than we had anticipated (Figure 8). Amazingly, the reaction was complete 
within 10 min even at temperatures as low as -50 ºC. However 0 ºC or room 
temperature was deemed to be the most convenient temperature for further 
reactions. 
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Y
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%
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Figure 8. Temperature study with the optimum reaction conditions.[a] 

[a] Equivalents and reaction conditions used as in Table 1, entry 8. TfOH was added 
at 25 ˚C for reactions over 25 ˚C and at indicated temperature for those under 25 ˚C. 
All reactions were run for 10 minutes at indicated temperature after the addition of 
TfOH. 
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Performing control experiments with 2 eq. of TfOH showed that the 
reactivity is considerably decreased with less acid (Table 2, entries 1, 2). 
Changing the solvent to Et2O, CHCl3 or CH3CN only resulted in decreased 
yields (entries 3-5), whereas changes in concentration were less important 
(entries 6, 7). The reaction also proceeded under solvent free conditions, 
however gave lower yield (entry 8). We continued our investigation by 
checking whether TfOH was needed in the oxidation or only mediated the 
EAS step. Reacting iodobenzene, benzene and mCPBA in the absence of 
TfOH, indeed gave a slow oxidation but no iodonium salt was formed (entry 
9). Purification by flash chromatography in CH2Cl2/MeOH instead of 
precipitation gave 5a in slightly lower yield (entry 10). 

Table 2. Resumed optimization of reaction conditions for synthesis of salt 5a.[a] 

Entry TfOH (eq.) Solvent T (ºC) Yield (%)[b] 
1 2 CH2Cl2 rt 58 
2 2 CH2Cl2 0 56 
3 3 Et2O 0 5 
4 3 CHCl3 0 66 
5 3 CH3CN 0 - [e] 
6 3 CH2Cl2

[c] 0 84 
7 3 CH2Cl2

[d] 0 91 
8 3 Neat 0 52 
9 0 CH2Cl2 0 - 
10 3 CH2Cl2 0 79[f] 

[a] Reaction conditions: As described under Table 1. All reactions employed benzene 
(1.1 eq.) and mCPBA (1.1 eq.) and were run for 10 minutes at temperature indicated 
above. [b] Isolated yield. [c] 2 mL. [d] 0.5 mL. [e] No precipitation. [f] Isolated by flash 
chromatography. 

2.3 Arene Scope 

Most previous protocols have been restricted to the synthesis of either 
electron-rich or electron-deficient iodonium salts, as the reactivity of the 
arenes varies with the electronic properties.34-39, 51, 67 To determine the 
generality of this novel one-pot reaction, it was applied to the synthesis of 
various diaryliodonium salts 5 from iodobenzene (1a) and various arenes 2 
(Table 3). 

The use of iodobenzene as arene (2b) yielded (4-iodophenyl)(phenyl)-
iodonium triflate (5b), as a single regioisomer (entry 2). The other aryl 
halides also participated in the reaction, giving salts 5c-e with small amounts 
of ortho-substituted product detectable by NMR (entries 3-5). We continued 
by reacting 1a with various alkyl-substituted arenes, which delivered salts 
5f-j in good yields, surprisingly also for very sterically hindered arene 2i 
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(entries 6-10). Regioselectivity became an issue with 1-bromo-3,5-
dimethylbenzene (2k), which gave an inseparable mixture of salts 5k’ and 
5k’’ (entry 11).  The electron-rich arenes acetanilide (2l), anisole (2m) and 
thiophene (2n) were, as expected, very reactive under the standard 
conditions. By decreasing the temperature, salts 5l-n could be obtained in 
excellent yields (entries 12-14). 

Table 3. Synthesis of substituted diaryliodonium salts 5 from PhI (1a) and arenes 2. 

+

I I
mCPBA

TfOH, CH2Cl2

OTf

R1
R1

1a 2 5  
 

Entry 2 

Ar–H 
Salt 5

[a]
 Yield 

(%)[b] 

1 
2a 

PhH 
Ph

I

 

5a 92 

2 
2b 
PhI 

Ph
I

I  

5b 85 

3 
2c 

PhBr 
Ph

I

Br  

5c 
71[c] 

 

4 
2d 

PhCl 
Ph

I

Cl  
5d 57[c] 

5 
2e 

PhF 
Ph

I

F  
5e 

92[c] 
 

6 
2f 

PhMe 
Ph

I

 

5f 85 

7 
2g 

PhtBu 
Ph

I

tBu  
5g 86 

8 
2h 

1,4-Me2Ph 
Ph

I

 

5h 
66 
 

9 
2i 

1,4-tBu2Ph 
Ph

I

tBu

tBu  

5i 80 
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10 
2j 

1,3,5-Me3Ph 
Ph

I

 

5j 78 

11 
2k 

3,5-
Me2PhBr 

Ph
I

Br

 

Ph
I

Br  

5k’ 

 

 

5k’’ 

 
94 

5k’:5k’’ 

1.2:1 

12 
2l 

PhNHAc 
Ph

I

NHAc  
5l 83 

13 
2m 

PhOMe 
Ph

I

OMe  

5m 87 

14 
2n 

Thiophene 
Ph

I S

 
5n 82 

[a] Formed with complete regioselectivity unless stated otherwise. Anion is omitted 
for clarity. [b] Isolated yield. [c] Less than 5% ortho-isomer detectable by NMR. 

2.4 Aryl Iodide Scope 

After the successful results obtained from the arene scope we subsequently 
investigated the aryl iodide scope, and the results are shown in Table 4. 
When 4-bromoiodobenzene (1b) reacted with benzene, salt 5c was obtained 
in good yield without the ortho- para-selectivity issue described above 
(entry 1). Further reactions with 1b delivered symmetric salt 5o, and anisole 
was also successfully employed to give the novel salt 5p (entries 2, 3).  The 
chloro-substituted substrate 1c showed similar reactivity to 1b, as depicted in 
entries 4-6. 2-Iodotoluene (1d) was deemed as an interesting substrate as 
ortho-substituted salts cannot be obtained selectively in reactions with 
iodobenzene. Iodide 1d was hence reacted with various arenes, giving salts 
5s-z in high yields (entries 7-14). The sterically hindered arene 2i, yet again 
participated in the reaction, albeit in moderate yield (entry 12). As expected, 
1d was more reactive than 1a, but still delivered salts with high purity, 
including in the reaction with anisole (entry 14). Similar to 1d, 4-iodotoluene 
(1e) was reacted with benzene and toluene, respectively, to deliver salts 5f 
and 5aa (entries 15, 16). The reason for the moderate yield of 5aa is unclear, 
as the reactivity of 1e should be similar to 1d.  
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Table 4. Synthesis of substituted diaryliodonium salts 5 from aryl iodides 1 and 
arenes 2. 

+

I I
mCPBA

TfOH, CH2Cl2

OTf

R2
R2

1 2 5

R1 R1

 
Entry 1 

Ar1–I 
2 

Ar2–H 
Salt 5

[a]
 Yield 

(%)[b] 

1 
1b 

4-BrPhI 
2a 

PhH 

I

Br
 

5c 78 

2 
1b 

4-BrPhI 
2c 

PhBr 

I

BrBr
 

5o 91 

3 
1b 

4-BrPhI 
2m 

PhOMe 
I

OMeBr  

5p 58 

4 
1c 

4-ClPhI 
2a 

PhH 

I

Cl
 

5d 65 

5 
1c 

4-ClPhI 
2d 

PhCl 

I

Cl Cl
 

5q 83 

6 
1c 

4-ClPhI 
2m 

PhOMe 

I

Cl OMe
 

5r 57 

7 
1d 

2-MePhI 
2a 

PhH 
I

 

5s 85 

8 
1d 

2-MePhI 
2e 

PhF 
I

F  

5t 82 

9 
1d 

2-MePhI 
2f 

PhMe 
I

 

5u 90 

10 
1d 

2-MePhI 
2g 

PhtBu 
I

tBu  

5v 89 
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11 
1d 

2-MePhI 

2h 

1,4-
Me2Ph 

I

 

5w 62 

12 
1d 

2-MePhI 
2i 

1,4-tBu2Ph 

I

tBu

tBu  

5x 51[c] 

13 
1d 

2-MePhI 

2j 

1,3,5-
Me3Ph 

I

 

5y 84 

14 
1d 

2-MePhI 
2m 

PhOMe 
I

OMe  

5z 56[c] 

15 
1e 

4-MePhI 
2a 

PhH 
I

 

5f 71 

16 
1e 

4-MePhI 
2f 

PhMe 
I

 

5aa 52 

17 
1f 

4-tBuPhI 
2a 

PhH 
 

5g 66[c] 

18 
1g 

4-NO2PhI 
2a 

PhH 

I

O2N  

5ab 85 

19 
1h 

4-CF3PhI 
2a 

PhH 

I

F3C  

5ac 59 

20 
1i 

3-CF3PhI 
2a 

PhH 
IF3C

 

5ad 63 

21 
1j 

4-COOH-PhI 
2a 

PhH 

I

HO2C  

5ae 73 

22 
1k 

2-chloro-5-
iodo-pyridine 

2a 
PhH 

I

NCl  

5af 60 

23 
1k 

2-chloro-5-
iodo-pyridine 

2m 

PhOMe 
 

I

NCl OMe  

5ag 53 

[a] Formed with complete regioselectivity. Anion omitted for clarity. [b] Isolated 
yield. [c] Isolated by flash chromatography. 
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Generally, the synthesis of electron-rich salts was easier from iodobenzene 
and a substituted arene than from the reaction of a substituted aryl iodide 
with benzene (compare the yields of 5f and 5g in Table 3 and Table 4). On 
the other hand, electron-deficient iodonium salts were easily synthesized in 
the opposite manner. Highly deactivated aryl iodides 1g-j, bearing –NO2, –
CF3 or –CO2H substituents, all reacted cleanly with benzene, delivering salts 
5ab-ae in good yields (entries 18-21). 

Pyridyl iodonium salts have previously been inaccessible by acidic routes. 
We were thus interested to see if these substrates could be synthesized by 
our protocol. Indeed, when 2-chloro-5-iodopyridine (1k) was reacted with 
benzene or anisole, salts 5af and 5ag could be obtained in moderate yields 
(entries 22, 23). Iodonium salts containing this pyridyl moiety have recently 
been used in an efficient total synthesis of (–)-Epibatidine (see Scheme 13).53 

In that report however, salt 5af could only be obtained in moderate yield 
after several reaction steps, and they were unsuccessful in the preparation of 
salt 5ag.68 

The formation of iodonium salts 5 from iodoarenes 1 and substituted 
arenes 2 was in most cases highly regioselective yielding para- substituted 
salts. Likewise, the reaction of 1a with thiophene (2n) afforded only 2-
substituted 5n. 

2.5 Limitations to the Developed Protocol 

2.5.1 Electron-Rich Aryl Iodides 

All reactions with electron-rich iodoarenes resulted in a black tarry solution 
when TfOH was added (Appendix B). A brief investigation was hence 
performed with 4-iodoanisole (1l). In the absence of TfOH we found that 
mCPBA smoothly oxidized 1l and compound 7 could be isolated in 82% 
yield (Scheme 20).  

 

Scheme 20. Oxidation of the highly electron rich 4-iodoanisole works fine without 
TfOH. Sequential synthesis of 6 or 5m from 7 was however unsuccessful. 
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A sequential addition of benzene (2a) to 7 resulted in recovered starting 
materials, whereas adding 2a together with TfOH, only resulted in a black 
tarry solution. This indicates that the acid is needed in the EAS step, 
however, gives side reactions when added to very electron-rich systems. As 
this limits the possibility to synthesize symmetric electron-rich salts, another 
method was developed in our group to obtain such salts.69 

2.5.2 Electron-Deficient Arenes 

In reactions starting from iodobenzene and a deactivated arene 2 the 
formation of 5b was the major product when heated for long reaction times 
(Figure 9). 

 
Figure 9. Salt 9 was obtained instead of the expected product 8. 

Heating 1-iodo-4-nitrobenzene (1g) with nitrobenzene at 80 ˚C for 14 h was 
expected to deliver the unsymmetrical bis-nitro-iodonium triflate salt 8. 
Surprisingly, compound 9, where mCBA had reacted as an arene, was 
isolated as the only product in 35% yield (Figure 9). This clearly 
demonstrates a limitation to our developed protocol as arenes that are more 
deactivated than mCBA are not applicable, hence symmetric deactivated 
salts cannot be obtained.  
 
Another limitation is the restriction in the regioselectivity. As the last step is 
an EAS, the regioselectivity is dependent on the arene (see Scheme 11). As 
the reaction is highly regioselective in delivering only para- products, 
symmetric ortho- and meta- salts are inaccessible.  

2.6 Conclusions 

To conclude this chapter, we have developed a powerful and efficient novel 
one-pot procedure towards diaryliodonium triflates. The protocol is high 
yielding, has a broad substrate scope, easy applicability and also short 
reaction times, compared to other protocols. 

The general strategy for the synthesis of unsymmetric salts is to start from 
the less electron-rich aryl iodide and the more electron-rich arene rather than 
via reaction from the reverse combination. 
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Chapter 3 

 

One-Pot Synthesis of Diaryliodonium 
Triflates from Iodine and Arenes  

(Paper I & II) 

Aryl iodides are readily available but often expensive. Formation of 
diaryliodonium salts directly from iodine and arenes, via an in situ 
generation of the aryl iodide, would conveniently circumvent the need for 
aryl iodides as a starting material. Finding such a reaction pathway would 
greatly facilitate the synthesis of these reagents. 

Halogenation of arenes is usually performed together with a Lewis acid, 
which withdraws electrons from the diatomic molecule, thereby polarizing 
the bond. This is regarded as a standard procedure when chlorinating or 
brominating arenes. Iodination of arenes is, however, usually carried out in 
the presence of an oxidant (e.g. HNO3) to generate the iodine electrophile, 
I+.70 

Kitamura and co-workers recently showed that (diacetoxyiodo)arenes 
could be formed directly from arenes and iodine in the presence of K2S2O8, 
presumably with the corresponding aryl iodide as intermediate.71 Hence, we 
envisioned a direct one-pot synthesis of diaryliodonium triflates (5), from 
arenes (2) and molecular iodine or lithium iodide with mCPBA and TfOH. 
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3.1 Optimization 

A complete transformation of molecular iodine to two diaryliodonium ions 
would require 3 equivalents of mCPBA and four equivalents of arene. We 
thus started our investigation with those conditions (Scheme 21).  

mCPBA

TfOH

I

2 eq.

5a

I

Benzene, 2a, 2 eq.

mCPBA, TfOH

Iodinat ion Oxidation, EAS

2 eq.

OTf

I2 +

2 eq.

2a

 

Scheme 21. Schematic overview of how I2 probably is utilized in the reaction to 
deliver two equivalents of triflate salt. 

To keep the triflic acid:product ratio at 2:1,72 4 eq. of TfOH was added 
which indeed delivered salt 5a in 45% yield in this one-pot, three-step 
reaction (Table 5, entry 1).73 Longer reaction time resulted in 61% yield 
(entry 2), and an increase of the triflic acid:product ratio to 3:1 gave 5a in 
excellent yield within 10 min at rt (entry 3). Increasing the amount of 
mCPBA to 4 eq. had a negative effect whereas excess benzene increased the 
yield slightly (entries 4-6). 

Table 5. Synthesis of salt 5a directly from benzene and iodine.[a] 

mCPBA

TfOH, CH2Cl2
2a 5a

+ I2Ph−H Ph
I

Ph
OTf

 
 

Entry 2a 

(eq.) 
mCPBA 

(eq.) 
TfOH  

(eq.) 
T (ºC) Time Yield 

(%)[b] 

1 4.1 3 4 rt 10 min 45 
2 4.1 3 4 rt 20 h 61 
3 4.1 3 6 rt 10 min 92 
4 4.1 4 4 rt 21 h 72 
5 4.1 4 4 rt 10 min 41 
6 10 4 4 rt 22 h 81 
7 4.1 3 4 60 10 min 92 (87) 
8 4.1 3 4 80 10 min 93 (80) 
9 4.1 3 3 80 10 min 46 

10[c] 10 3 3 80 10 min (51) 
11[c] 10 4 4 80 10 min (66) 
12[c] 10 6 6 80 10 min (72) 

[a] Reaction conditions: I2 (1.0 eq.), 2a, mCPBA and TfOH were stirred in CH2Cl2 at 
the indicated temperature and time. [b] Isolated yield. Numbers in parentheses are 
results obtained by flash chromatography. [c] LiI (1 eq.) was used instead of I2. 
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As seen from the aryl iodide reactions, the reaction time could be 
dramatically shortened by increasing the temperature, and 5a was obtained 
in excellent yields with 4 eq. of TfOH (entries 7, 8). It is thus possible to 
choose reaction conditions depending on which parameter is deemed most 
important; time, reagent amount or temperature, which should be of interest 
when scaling up the reaction. Further investigations showed that a decreased 
amount of triflic acid lowered the yield drastically (entry 9). Lithium iodide 
could successfully be employed as iodine source, although an excess of 
reagents was needed to give useful yields of 5a (entries 10-12). The 
formation of lithium triflate complicated the isolation of salt 5a in this last 
reactions and purification was thus performed with flash chromatography 
instead of precipitation 

3.2 Substrate Scope 

To determine the scope of this efficient synthesis of diaryliodonium salts, a 
number of arenes were subsequently tested (Table 6). The aryl halides 2c-e 
gave symmetric salts 5o, 5q and 5ah with complete para-selectivity (entries 
2-4). Toluene (2f) yielded a mixture of salts 5u and 5aa with 3:1 
regioselectivity favoring ortho-iodination (entry 5). Pure 5u was obtained, 
albeit at lower conversion, when the reaction was run for one hour at 0 °C 
(entry 6). Tert-butylbenzene (2g) proved to be an excellent substrate and 
delivered salt 5ai in 78% yield (entry 7). Other alkyl-substituted arenes, such 
as p-xylene (2h) and mesitylene (5j), gave salts in moderate yields (entries 8, 
9). Even highly functionalized, deactivated arene 2o participated in the 
reaction to give salt 5al (entry 10). 

As this one-pot reaction involves several sequential steps and many 
possible sources of byproducts, it is surprising that salts 5 are easily obtained 
in moderate to excellent yields.  

All attempts with electron-rich arenes under our reaction conditions only 
resulted in black tar (See Appendix C). To obtain electron-rich symmetric 
salts another method developed by our group can be used.69 Attempts were 
also made to obtain unsymmetric salts by using two different arenes in the 
reaction, however, this always resulted in product mixtures.74 
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Table 6. Direct synthesis of salts 5 from arenes and iodine. 

mCPBA

TfOH, CH2Cl2
2 5

+ I2Ar−H Ar
I

Ar
OTf

 
 

Entry 2 

Ar–H 
Salt 5

[a]
 Yield 

(%)[b] 

1 
2a 

PhH 
I

 

5a 93 

2 
2c 

PhBr 

I

Br Br  

5o 64 

3 
2d 

PhCl 

I

Cl Cl  

5q 57 

4 
2e 

PhF 

I

F F  

5ah 71 

5 
2f 

PhMe 

I

 

I

 

 

5u 

 

 

5aa 

 

52 
5u:5aa 

3:1 

6 
2f 

PhMe 
I

 

5u 31 

7 
2g 

PhtBu 
I

tBu tBu  

5ai 78 

8 
 

2h 

1,4-Me2Ph 

I

 

5aj 47 

9 
2j 

1,3,5-Me3Ph 
I

 

5ak 52 

10 
2o 

4-nitro-m-
xylene 

I

NO2NO2  

5al 24 

[a] Anion omitted for clarity. Salts 5 formed with complete regioselectivity apart 
from entry 5. [b] Isolated yield.  
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After the completion of this work, Kitamura and co-workers also published a 
direct synthesis of diaryliodonium triflates from iodine. Their protocol 
however required heating for 72 h and a sequential anion exchange step to 
obtain the products (Scheme 22).75 

2a

NaOTf (aq.)

I2, K2S2O8

CF3COOH

72 h, 40 °C

I
CF3COO

8 - 12 h, rt

I

5a

OTf

71%

 

Scheme 22. Kitamura’s one-pot, three step procedure. 

3.3 Conclusions 

A novel, direct synthesis of diaryliodonium triflates from iodine and arenes 
has been realized. The reaction times are often short and yields range from 
moderate to excellent. The utilization of molecular iodine and activation of 
both iodine atoms is seldomly seen in the literature, which makes the 
developed protocol highly attractive as it is atom efficient and also 
circumvents the need for expensive aryl iodides. 
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Chapter 4 

 

Regiospecific Synthesis of Diaryliodonium 
Tetrafluoroborates  

(Paper III) 

Limitations in synthetic protocols are common and usually arise from 
incompatibility between reagents and substrates. In some special cases, 
however, the reactivity pattern of the substrates can be a limitation. This was 
evident in our one-pot procedure from aryl iodides and arenes, as the 
synthesis of symmetric salts with ortho- and meta-substituents is not 
possible. 

When searching the literature for procedures that circumvent the 
electrophilic aromatic substitution (EAS) rules, only a handful could be 
found. Surprisingly, all of them employed pre-formed iodine(III) reagents in 
reaction with silanes,35 stannanes,36, 37 boron reagents38, 39 or lithiated 
arenes51, 52(Scheme 23). 

I

R1

I
OTf

X

R1

I

R1
IL2

R1

HX

Ar−M

M = B(OH)2, SiMe3, SnBu3

R2

X

Ar−LiDirect Route
Possible?

 

Scheme 23. Regiospecific routes to diaryliodonium salts. 
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To widen the scope of easily accessible diaryliodonium salts and circumvent 
the need for preformed iodine(III) reagents, we thus envisioned a 
regiospecific one-pot reaction starting from iodoarenes and a suitably 
activated arene source.  

4.1 Initial Experiments 

Due to the high reactivity and low toxicity compared to silanes and 
stannanes, arylboronic acids were deemed as the most interesting arene 
source to start our investigation with. We also decided to continue 
employing mCPBA and TfOH, as they were well established reagents in our 
previous work. 

When mixing mCPBA and phenylboronic acid (10a) an unwanted 
reaction took place, resulting in a black tarry mixture. Fortunately, this could 
be avoided by adding the boronic acid as the last reagent, delivering 5a in 
24% yield, with 5b as a minor by-product (Scheme 24).  

+

I I
mCPBA

TfOH, CH2Cl2

OTf

1a 10a 5a

(HO)2B I
OTf

5b

I

+

24%

rt, 60 min

 

Scheme 24. Initial experiments with TfOH. 

After initial optimization attempts, the use of triflic acid was abandoned in 
this model reaction, as the yield was difficult to increase. BF3·Et2O was 
deemed as an interesting alternative, as it could give rise to tetrafluoroborate 
anions in situ.76, 77, 78 Diaryliodonium salts bearing this anion are highly 
attractive and are employed in several recent papers on Pd-catalyzed 
arylation reactions.25-27 There is, however, no general way to synthesize 
them.38, 79-82 When iodobenzene and phenylboronic acid were reacted in the 
presence of mCPBA and BF3·Et2O at room temperature, diphenyl 
tetrafluoroborate (11a) was indeed formed, albeit in 29% yield. 

4.2 Optimization 

As in the reactions with TfOH, an unwanted reaction between mCPBA and 
10a was observed. By introducing a pre-oxidation time before addition of 
the boronic acid, considerably higher yields could be obtained. When the 
pre-oxidation time was set to between 15-60 minutes we could observe a 
dramatic increase in the yield of 11a (Table 7, entries 1-3). Temperature 
variation did not improve the results, either during the pre-oxidation (entries 
4, 5) or in the second step. 
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Table 7. Optimization of the synthesis of 11a.[a] 

I

1a

mCPBA

BF3⋅Et2O, CH2Cl2

Step I

Ph−B(OH)2, (10a)

rt

Step II
I

BF4

11a  
 

Entry BF3⋅⋅⋅⋅Et2O 

(eq.) 
Step I 

(min) 
T (°C) Step II 

(min) 
Yield 

(%)[b] 

1 2.0 15 rt 60 59 
2 2.0 30 rt 60 75 
3 2.0 60 rt 60 78 
4 2.0 30 0 60 47 
5 2.0 30 40 60 61 
6 2.0 30 rt 30 74 
7 2.5 30 rt 30 80 
8 2.5 30 rt 15 82 
9 3.0 30 rt 15 78 

10[c] 2.5 30 rt 15 83 
[a] Reaction conditions: 1a (0.27 mmol) and mCPBA (0.30 mmol) were dissolved in 
CH2Cl2 (1 mL), BF3⋅Et2O was added and the reaction was stirred at the indicated 
temperature for the time given in Step I. 10a (0.30 mmol) was subsequently added 
at 0 ˚C, the mixture was then stirred at rt for the time given in Step II. [b] Isolated 
yield. [c] 1 g scale. 

The use of 2.5 eq. of BF3⋅Et2O resulted in a faster reaction, and 11a was 
isolated in high yield after only 45 min reaction time (entries 7, 8). 
Increasing the amount of BF3⋅Et2O to 3.0 eq. resulted in similar yield (entry 
9). The isolation of salt 11a was easily done by a fast elution of the crude 
reaction mixture through a silica plug, followed by precipitation from diethyl 
ether, which gave high purity of the salt. Furthermore, the protocol was 
easily scaled up to 1 g without loss in yield or purification efficiency (entry 
10). 

4.3 Application on Different Arylboronic Acids 

To investigate the scope of this reaction, the optimized conditions were 
subsequently applied to other substrates. Iodobenzene was reacted with 
electron-deficient and electron-rich arylboronic acids 10 to give 
unsymmetrical salts 11b-p in high yields (Table 8). The halide-substituted 
arylboronic acids 10b-f participated excellently in the reaction, yielding 
ortho-, meta- and para- substituted salts 11b-f (entries 2-6). Likewise, ortho- 
and meta-methyl-substituted boronic acids 10g, h delivered salts 11g, h 
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(entries 7, 8). Sterically hindered substrates like 2,6-dimethylphenyl boronic 
acid (10i) could also be employed (entry 9).  

The synthesis of electron-deficient iodonium salts generally requires 
heating and prolonged reaction times. It was therefore surprising that salts 
11j-m, obtained from electron-deficient boronic acids with various 
substitution patterns, could be isolated in good yields in only 45 minutes 
(entries 10-13). Electron-rich substrates, such as para-methoxy- and 1-
naphthylboronic acids (10o, p), delivered salts 11o, p in high yields when 
the reactions were performed at low temperature (entries 15, 16). 
Unfortunately, meta-methoxy-phenylboronic acid did not give the expected 
meta-substituted iodonium salt. A para-substituted salt was obtained instead, 
presumably via the electrophilic aromatic substitution pathway. 

Table 8. Synthesis of salts 11 from 1a and arylboronic acids 10. 

I

1a

mCPBA

BF3⋅Et2O, CH2Cl2 rt, 15 min

I
Ar

BF4

11
rt, 30 min

Ar−B(OH)2 (10)

 
 

Entry Ar-B(OH)2 10 Salt 11
[a]
 Yield (%)[b] 

1 
B(OH)2

10a 
I

Ph

 

11a 82 

2 B(OH)2

F

10b I
Ph

F

 

11b 88 

3 
B(OH)2

F

10c 
I

Ph

F
 

11c 58 

4 
B(OH)2Br

10d 
I

Ph
Br

 
11d 75 

5 
B(OH)2

Br

10e 
I

Ph

Br  
11e 78 

6 
B(OH)2

I

10f 
I

Ph

I  
11f 73 

7 B(OH)2

Me

10g I
Ph

Me

 

11g 80 

8 
B(OH)2Me

10h 
I

Ph
Me

 
11h 84 
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9 B(OH)2

Me

Me

10i 
I

Ph

Me

Me  

11i 81 

10 
B(OH)2F3C

10j 
I

Ph
CF3

 
11j 73 

11 
B(OH)2

F3C

10k 
I

Ph

CF3  

11k 69 

12 
B(OH)2O2N

10l 
I

Ph
NO2

 
11l 56 

13 
B(OH)2

O
10m 

I
Ph

O  
11m 65 

14 
B(OH)2

MeO

O 10n 
I

Ph

OMe

O

 
11n 85 

15[c] 
B(OH)2

MeO

10o 
I

Ph

OMe  
11o 84 

16[c] B(OH)2 10p I
Ph

 

11p 81 

[a] Anion omitted for clarity. [b] Isolated yield. [c] 10 was added at –78 ˚C. 

4.4 Application on Aryl Iodides 

The substituted symmetric salts are generally difficult to obtain, as the 
system either becomes too unreactive (electron-deficient substrates) or too 
reactive (electron-rich substrates). Reported procedures are generally limited 
in scope and give moderate yields. Gratefully, our protocol delivered both 
electron-deficient and electron-rich salts, as depicted in Table 9. 

The halogenated iodoarenes 1m and 1b were smoothly oxidized and 
coupled with 10b and 10e, respectively, yielding symmetric salts 11q and r 
(entries 2, 3). Likewise, 2-iodotoluene (1d) and ortho-methyl-substituted 
boronic acid 10g gave salt 11s (entry 4). Again, the deactivated substrates 
showed high reactivity, giving salts 11t-v within 1.5 hours at rt (entries 5-7). 
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Table 9. Synthesis of symmetric salts 11 from aryl iodides 1 and  
arylboronic acids 10. 

1

mCPBA

BF3⋅Et2O, CH2Cl2 rt, 15 min Ar
I

Ar

BF4

11
30 min, rt

Ar−B(OH)2 (10)
Ar I

 
 

Entry Ar-I (1) Ar-B(OH)2 (10) Salt (11)
[a]
 Yield 

(%)[b] 

1 
I

a 
B(OH)2

a 
I

2 a 82 

2 
I

F

m 
B(OH)2

F

b 
I

F

2 q 85 

3 
I

Br

b 
B(OH)2

Br

e 
I

Br

2 r 66 

4 
I

Me

d 
B(OH)2

Me

g 
I

Me

2 s 74 

5[c] 
F3C I

i 
B(OH)2F3C

j 
F3C I

2 t 51 

6[c] 

F3C

I

h 

B(OH)2

F3C

k 

F3C

I
2 u 56 

7[d] 
I

O
n 

B(OH)2

O m 
I

O
2 v 31 

8[e] 
MeO

I

l 

B(OH)2

MeO
o 

MeO

I
2 w 46 

9[e] I o B(OH)2 p I
2

x 37 

[a] Anion omitted for clarity. [b] Isolated yield. [c] 60 min pre-oxidation time. [d] In 
acetonitrile. [e] Special conditions were required. 

The highly activated iodoarenes 1l and 1o also participated in the reactions 
with the corresponding arylboronic acids 10o and p, but even at –78 ˚C side 
reactions took place and moderate yields were obtained (entries 8, 9). 
Although the yields in entries 5-9 are moderate, the synthesis should be 
appealing due to its simplicity, short reaction time, easy purification and 
large substrate scope. 
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As previously stressed, our developed one-pot synthesis of triflate salts (see 
Chapter 2 and 3) was unable to deliver symmetric ortho- and meta-salts. It 
was therefore of interest to investigate whether the boronic acid route could 
in short reaction time deliver diaryliodonium triflates via an in situ anion 
exchange. This was attempted on tetrafluoroborate salt 11q, which was 
synthesized as described above. TfOH was added to the reaction mixture and 
after 15 minutes of stirring at rt, the corresponding triflate salt 12 was 
obtained in high yield (Scheme 25). 

F

I

1m

1) mCPBA, BF3⋅Et2O

30 min, rt

2) F

B(OH)2

F

I

FBF4

10b

15 min, rt

TfOH
(1.1 eq.)

15 min, rt

F

I

FOTf

11q 12

75 %

 

Scheme 25. In situ anion exchange from tetrafluoroborate to triflate 

4.5 Conclusions 

We have demonstrated an efficient and fast novel one-pot synthesis of 
symmetric and unsymmetric diaryliodonium tetrafluoroborates from 
iodoarenes and arylboronic acids. Both electron-deficient and electron-rich 
salts can be synthesized in a regiospecific manner, and the substitution 
pattern can easily be varied. An in situ anion exchange with triflic acid also 
gives access to the corresponding diaryliodonium triflates, some of which 
were inaccessible with previous protocols. 
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Concluding Remarks 

 
New efficient methodology towards the synthesis of iodonium salts has 
successfully been developed. The methodology has a broad substrate scope, 
delivering electron-deficient and electron-rich iodonium salts in high yields 
and short reaction times. The need for preformed iodine(III) reagents is 
circumvented as aryl iodides or molecular iodine can be utilized directly. No 
precaution towards air or moisture is necessary, which makes the protocols 
readily applicable for non-specialists and undoubtedly broadens the 
applicability of these electrophilic arylation reagents in organic synthesis.  
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Appendix A 

The following is a description of my contribution to publications I - III: 
 
 

I. I shared the lab work with Dr. Berit Olofsson and 
contributed to the writing of the supporting information. 

 
 
II. I performed the major part of the synthetic work from aryl 

iodides and arenes. Dr. Mingzhao Zhu did most of the 
direct synthesis from arenes and iodine. I wrote parts of 
the supporting information. 

 
 
III. I supervised the diploma worker David Aili, who made 

initial optimizations and experiments with different aryl 
boronic acids. I continued his work with further 
optimization and finished the project. I took part in writing 
the article and the supporting information.  
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Appendix B 

In A-Figure 1 we summarize all arenes that were to activated/deactivated or 
for some other reason gave very low or no yield in the reaction with 
iodobenzene. 

Ar−H OTf
mCPBA

TfOH, CH2Cl2

+
Ph

I
Ar

1a 2 5a

Ph−I

 
 

Br

Br

Br

Br

Br

NO2 NO2 CF3

O

O

OH
MeO

OMe

MeO

OMe

MeO

MeO NMe2

N

H
N O

Cl

Cl

Cl

 

A-Figure 1. Arenes that gave no or deficient yield of the desired iodonium salts with 
iodobenzene. 

In A-Figure 2 we summarize the reactions between aryl iodides and arenes 
that did not deliver or gave deficient yield of the desired iodonium triflate 
salt. 

S
I

I

MeO

I

COOH

I

O2N

I

+ +

++

+

 

A-Figure 2. Aryl iodide and arene combinations that gave no or deficient yield of 
the desired iodonium salts. 
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Appendix C 

In A-Figure 3 we summarize all arenes that were to activated/deactivated or 
for some other reason gave very low or no yield in the direct synthesis with 
iodine. 

I2
OTf

mCPBA

TfOH, CH2Cl2

+
Ar

I
Ar

2 5

Ar

 
 

N

OH

Br

Br

Br

Br

Br

F3C

Cl Cl

Cl

O

tBu

tBu

OH

 

A-Figure 3. Substrates that gave no or deficient yield in reactions with iodine. 


