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The reaction of arenes with elemental iodine, acetic acid, and potassium [-peroxo-hexaoxodisulfate (K,S,0g) in
the presence of concentrated sulfuric acid, efficiently generated the corresponding (diacetoxyiodo)arenes in good yields.
Diaryliodonium triflates were directly synthesized by reaction of arenes with elemental iodine in good yields by using
K>S,03, AcOH, and TfOH. Diaryliodonium tosylates were also prepared from arenes and elemental iodine by using
K,S,0g, AcOH, H,SO4, and TsOH. The procedure involved mild conditions and a straightforward one-pot synthesis.

Molecular iodine has been widely used for iodination reac- AcOOH

tions, and its utilization has afforded many fundamental and Phl PhI(OAc)s

significant processes in chemistry. However, direct use of mo-

lecular iodine for synthesizing hypervalent iodine compounds Cly "OAc

is not general, because most of them are synthesized from aro- _ AcOH

matic iodides. Recently, hypervalent iodine reagents have at- OH

tracted increasing interest as green oxidants in organic synthe- PhICI, PhIO

sis due to their low toxicity, ready availability, easy handling, Scheme 1.

high efficiency and stability to air and moisture, and because
they are environmentally benign alternatives to heavy metal
reagents, such as lead(IV), thallium(III), and mercury(II). Hy-
pervalent iodine compounds, such as (diacetoxyiodo)arenes,
[bis(trifluoroacetoxy)iodo]arenes,  [hydroxy(tosyloxy)iodo]-
arenes, and diaryliodonium salts, have been extensively stud-
ied, and their applications for organic synthesis have been re-
viewed.! (Diacetoxyiodo)arenes, [ArI(OAc),], and their parent
compound, (diacetoxyiodo)benzene [PhI(OAc);], have been
known for a long time.> Particularly, (diacetoxyiodo)benzene
is a crystalline compound, is fairly stable in air, and can be
stored for long periods in the dark. It is a potent, often chemo-
selective oxidant, and is widely used in modern organic syn-
thesis. There are several methods for synthesizing (diacetoxy-
iodo)benzene. Historically, (diacetoxyiodo)benzene was pre-
pared by Willgerodt in 1892, by simply dissolving iodosylben-
zene in hot acetic acid.’ Basically, the methods, as shown in
Scheme 1, involve the reaction of iodosylbenzene with acetic
acid,’ the direct oxidation of iodobenzene in acetic acid,*¢-1°
and the reaction of (dichloroiodo)benzene with metal acetates
or acetic acid.'"'? During the course of our systematic studies
on effective and easy preparations of Arl(OAc),, we have de-
vised two methods for their synthesis from iodoarenes.'® In
most of the above methods, iodobenzene is used as a starting
material to prepare (diacetoxyiodo)benzene; however, iodo-
benzene is readily available but expensive.

Similarly, diaryliodonium salts also represent an important
class of aromatic iodine(Ill) derivatives. They have been used
in organic synthesis mostly as arylating reagents for a large

variety of organic and inorganic nucleophiles'# and have been
applied to a photochemical polymerization process as a photo-
acid generator' and to chemical amplification in imaging sys-
tems.'® In addition, some of diaryliodonium salts also show
biological activity.!” There are many methods for preparing di-
aryliodonium salts,'® but very few of them involve the synthe-
ses of diaryliodonium triflate and tosylate salts. Most of the
diaryliodonium triflates and tosylates have been prepared
from (diacetoxyiodo)arenes because of their stability and easy
handling. For example, diaryliodonium triflates are prepared
by the reaction of aromatic substrates with (diacetoxyiodo)-
benzene activated with triflic acid or trifluoroacetic acid.!®?°
For the synthesis of diaryliodonium tosylates,?'?* the prepara-
tive methods involve the reaction of [hydroxy(tosyloxy)iodo]-
arenes, which are prepared from (diacetoxyiodo)arenes. There-
fore, once (diacetoxyiodo)arenes are available, diaryliodonium
triflates and tosylates can be readily prepared.

The most ideal and fundamental procedure for (diacetoxy-
iodo)benzene should involve a straightforward synthesis from
benzene and iodine. This procedure would give a direct and
efficient method that does not involve iodobenzene. However,
to the best of our knowledge, there are no methods for prepar-
ing (diacetoxyiodo)benzene directly from benzene and iodine.
Very recently, Shreeve et al. have reported a direct synthesis of
(diacetoxyiodo)arenes mediated by Selectfluor.?? In the Select-
fluor-mediated method, electron-rich di- and tri-substituted
benzenes are used as starting materials to obtain the corre-
sponding (diacetoxyiodo)arenes. However, it seems that this
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method cannot be applied to benzene, mono-substituted ben-
zenes, and electron-deficient arenes due to low reactivity,
judging from the Selectfluor-mediated iodination of arenes.?*

In addition, considering the useful properties of salts and
other derivatives of triflic acid,? the development of a simple
and efficient procedure for the preparation of diaryliodonium
triflates is desirable. Similarly, the most ideal procedure for di-
phenyliodonium triflate should involve a straightforward syn-
thesis from benzene and iodine. In other words, it would be
a direct and efficient method that does not involve the prepa-
ration of iodobenzene and (diacetoxyiodo)benzene. Prepara-
tion of diaryliodonium triflates has been studied so far by using
ArI(OAc),."%% Very recently, we have found that diaryliodo-
nium triflates are directly prepared by the reaction of arenes
and iodine in the presence of potassium jL-peroxo-hexaoxo-
disulfate (K,S,0g) in TFA, followed by treatment with
NaOTf.2® However, this method requires two successive pro-
cedures to obtain triflate salts: (1) reaction of arenes and iodine
and (2) exchange of the counter anion with triflate.

Herein, we wish to report a direct, easy method for the
preparation of (diacetoxyiodo)benzene from benzene, together
with its application to toluene and less reactive haloben-
zenes.?” Furthermore, we wish to report a one-pot, easy meth-
od for the preparation of diaryliodonium triflates and tosylates
from arenes and iodine.

Results and Discussion

In our laboratory, we found a direct and efficient method for
preparing ArI(OAc), in good yield from the corresponding
arenes with iodine in AcOH, using commercial K,S,0g as
the oxidant. The results are given in Table 1. Addition of con-
centrated H,SO,4 was essential to generate (diacetoxyiodo)-
arenes. Trifluoromethanesulfonic acid was also effective, but
H,SO, was more convenient for handling and workup.
K>S,0s is used as a strong oxidizing agent in many applica-

Table 1. Direct Synthesis of (Diacetoxyiodo)arenes from
Arenes?

Entry Arene Time/h Product Yield/%®
1 Benzene 20 PhI(OAc), 73
29) Benzene 20 PhI(OAc), 0
39 Benzene 24 PhI(OAc), 70
49 Benzene 28 PhI(OAc), 66
5D Benzene 30 PhI(OAc), 64
6 Toluene 12 4-MeC¢H4I(OAc), 70

7  Chlorobenzene 20
8 Bromobenzene 20
9  Fluorobenzene 20

4-CICgH,4I(OAc), 71
4-BrCgH41(OAc), 70
4-FCgH,4I(OAc), 69

a) The reaction of an arene (1.18 mmol) was carried out in a
mixture of AcOH (5mL), I, (0.5 mmol), 1,2-dichloroethane
(2mL), and H,SO4 (4mmol) in the presence of K;S,Og
(5mmol) at 40°C. b) Isolated yield based on iodine atom.
¢) In the absence of K,S,0g. d) Benzene (1.18 mmol), AcOH
(2mL), I, (0.5mmol), 1,2-dichloroethane (2mL), H,SO4
(4 mmol), and K;S,0g (5mmol). e) Benzene (11.8 mmol),
AcOH (20mL), I, (5mmol), 1,2-dichloroethane (20mL),
H,SO,4 (40 mmol), and K;,S,0g (50 mmol). f) Benzene (59.0
mmol), AcOH (100mL), I, (25mmol), 1,2-dichloroethane
(100 mL), H,SO4 (200 mmol), and K,S,0g (250 mmol).
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K;S,08, HpSO4

ArH + 1y > Arl(OAC),
AcOH, CICH,CH,CI
40°C, 12-30 h
Scheme 2.
K,$,0s, H,SO,
ArH + 1, ArlO

AcOH, CICH,CH,CI
40°C, 20 h
Ar = 2,5-Me,CgH3 (30%)
Ar = 2,4, 6-Me;CgH, (30%)
Ar = 4-'BuCg¢H, (35%)

Scheme 3.

tions. It has particular advantages of being almost non-hygro-
scopic, stable for storage, and easy and safe to handle. There-
fore, K»S,03 was good choice for this reaction. The transfor-
mation of arenes to (diacetoxyiodo)arenes could be easily
scaled up, given the advantages of K,S,0Og outlined above,
together with the complete absence of effluent or by-product
problems. The optimized conditions involved a slight excess
of arenes. It is thought that an excess of arenes do not undergo
the further reaction affording diaryliodonium salts because the
amount of H,SOy, is not enough to promote further reaction.
Our novel diacetoxyiodination is described in Scheme 2.

The diacetoxyiodination reaction of arenes shown in
Scheme 2 was carried out at 40°C in a mixture of AcOH,
1,2-dichloroethane, iodine, and concentrated H,SO4. The
presence of K,S,0g in the reaction mixture was required, be-
cause (diacetoxyiodo)arenes did not form otherwise (Entry 2).
When K;S,0g was replaced with Na,S,0Og, the final yields of
Arl(OAc), were lowered by ca. 20-25%. Attempt to use
NaBOs for this preparation was unsuccessful. Decreasing the
amount of AcOH did not affect the yield of (diacetoxyiodo)-
benzene (Entry 3). The reaction on as 10- or 50-fold scale larg-
er than that in Entry 3 did not lead to the decrease in the yield
(Entries 4 and 5). Toluene also gave 4-(diacetoxyiodo)toluene
in good yield (Entry 6). Interestingly, arenes bearing weak de-
activating groups, such as chloro, bromo, and fluoro groups,
gave (diacetoxyiodo)arenes in good yields (Entries 7-9). In
order to broaden the scope of this reaction, we conducted the
diacetoxyiodination of xylene, mesitylene, and tert-butylben-
zene. Actually, these substrates underwent the reaction. How-
ever, as shown in Scheme 3, we found that these reactions re-
sulted in the formation of iodosylbenzene derivatives, respec-
tively. Therefore, it is thought that, because these compounds
are electron-rich, hydrolysis of (diacetoxyiodo)arenes occurs
during the reaction or the workup procedure. This method
was not applicable for arenes with strong electron-donating
groups. For example, naphthalene and anisole were quickly
oxidized in the reaction mixtures, but the reaction resulted
in decomposition and the formation of viscous products.
This method also did not work for arenes with strong electron-
withdrawing groups, such as trifluoromethyl and nitro groups,
due to their decreased reactivity.

Generally, (diacetoxyiodo)arenes are activated by adding a
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Table 2. Preparation of Diaryliodonium Triflates from
Arenes¥

Entry Arene Product Yield/%®
1 Benzene Ph,I*T TfO~ 72
29 Benzene Ph,I*t TfO~ 71
3 Bromobenzene (4-BrCgHy),I™ TfO~ 55
4 Chlorobenzene (4-CICgH4),IT TfO~ 60
5 Fluorobenzene (4-FCgHy),IT TfO™ 68
6 tert-Butylbenzene  (4-'BuCgHy),I" TfO™ 81
7 p-Xylene (2,5-M€2C§H3)2IJr TfO~ 47
8 Mesitylene (2,4,6-Me;CgH, ), 1T TFO™ 56

a) The reaction of an arene (10 mmol) was carried out in a
mixture of AcOH (5mL), TfOH (10 mmol), 1,2-dichloro-
ethane (2mL), and iodine (0.52mmol) in the presence of
K;S,03 (5.11 mmol) at 40 °C for 48 h. b) Isolated yield based
on iodine atom. c¢) Benzene (100 mmol), AcOH (50 mL),
TfOH (100 mmol), 1,2-dichloroethane (20 mL), iodine (5.2
mmol), and K,S,0g (51.1 mmol).

K»S,0g, TFOH

ArH + I, Ar,l" TfO™

ACOH, CICH,CH,CI
40°C, 48 h

Scheme 4.

strong acid and react with arenes to give diaryliodonium salts.
Since a strong acid is present in the preparation of (diacetoxy-
iodo)arenes, it is expected that diaryliodonium salts are formed
by the reaction of the in situ generated (diacetoxyiodo)arenes
on using excess aromatic substrates. Thus, one-pot preparation
of diaryliodonium triflates, Ar,ITOTf~, and tosylates, Ar,I"-
OTs™, from arene and iodine were examined by applying the
above method. In the case of diphenyliodonium triflate, the
reaction of benzene with elemental iodine was conducted in
AcOH with triflic acid in the presence of commercial grade
K;S,0g as the oxidant at 40 °C. This simple, one-pot reaction
for 48 h gave diphenyliodonium triflate directly in 72% yield
(Table 2, Entry 1). In order to explore the scope of this reac-
tion, we applied it to other aromatic substrates, as shown in
Scheme 4. The results are given in Table 2. Analogous to pre-
vious results,?® use of a large excess of arenes and triflic acid
was essential to obtain a better yield of diaryliodonium salts.

The preparation of diphenyliodonium triflate from benzene
could easily be scaled up (Entry 2), together with the complete
absence of effluent or by-product problems. Interestingly,
arenes bearing weak deactivating groups such as chloro, bro-
mo, and fluoro groups, gave diaryliodonium triflates in good
yields (Entries 3-5). However, the similar reaction with iodo-
benzene did not give bis(4-iodophenyl)iodonium triflate, but
afforded (4-iodophenyl)(phenyl)iodonium triflate in 23% yield
(Scheme 5). In the reaction of iodobenzene, it is thought that
the iodo group of iodobenzene is oxidized to form (diacetoxy-
iodo)benzene, which reacts with iodobenzene to yield the (4-
iodophenyl)(phenyl)iodonium salt, as it is observed previously
in the reaction of iodobenzene.?® rert-Butylbenzene, p-xylene,
and mesitylene gave bis(4-tert-butylphenyl)iodonium triflate,
bis(2,5-dimethylphenyl)iodonium triflate, and bis(2,4,6-tri-
methylphenyl)iodonium triflate, respectively (Entries 6-8).
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K»S,0s, TIOH

+ Iy
AcOH, CICH>CH,CI
40°C, 48 h
23%
Scheme 5.
KQSZOB, TsOH-H20 B
ArH + 1o Arl* TsO

ACOH, CICH,CH,CI
H,S0,, 40 °C, 48 h

Scheme 6.

Table 3. Preparation of Diaryliodonium Tosylates from
Arenes?

Entry Arene Product Yield/%®
1 Benzene PhoIT TsO~ 67
29 Benzene Ph,I* TsO~ 65
3 Bromobenzene  (4-BrCgHy),IT TsO~ 22
4 Chlorobenzene  (4-CICgHy),IT TsO™ 24
5 Fluorobenzene  (4-FCgHy),It TsO~ 50
6  tert-Butylbenzene (4-'BuCgHy),I" TsO~ 85

a) The reaction of an arene (10 mmol) was carried out in a
mixture of AcOH (5mL), TsOH (2.36 mmol), H,SO4 (8
mmol), 1,2-dichloroethane (2mL), and iodine (0.52 mmol)
in the presence of K;S,0g (5.11 mmol) at 40 °C for 48h. b)
Isolated yield based on iodine atom. ¢) Benzene (100 mmol),
AcOH (50mL), TsOH (23.6 mmol), H,SO4 (80 mmol), 1,2-
dichloroethane (20mL), iodine (5.2mmol), and K;S;0Og
(51.1 mmol).

This method was not applicable to arenes with strong elec-
tron-donating groups. For example, in the case of anisole,
the reaction mixture was quickly oxidized as indicated by
the formation of a black solution, but no diaryliodonium salts
were obtained. In addition, arenes with strong electron-with-
drawing groups, such as trifluoromethyl and nitro groups,
could not be used due to their decreased reactivity.

Similarly, it was applied to the synthesis of diaryliodonium
tosylates, Ar,ITTsO~. Diphenyliodonium tosylate, Ph,I"-
OTs™, was prepared from benzene and iodine in the presence
of AcOH, H,SOy, 1,2-dichloroethane, and p-toluenesulfonic
acid monohydrate with K,S,0g at 40°C. In order to explore
the scope of this reaction, we applied it to other aromatic sub-
strates in Scheme 6. The results are given in Table 3. Arenes
bearing weak deactivating groups, such as chloro, bromo, and
fluoro groups, gave diaryliodonium tosylates (Entries 3-5).
tert-Butylbenzene gave bis(4-tert-butylphenyl)iodonium tosyl-
ate in good yield (Entry 6). This method was not applicable for
electron-rich arenes, such as anisole, mesitylene, and p-xylene,
and for arenes with strong electron-withdrawing groups, such
as trifluoromethyl and nitro groups, due to their decreased
reactivity.

Mechanistically, there are two possible routes for generating
(diacetoxyiodo)arenes, as shown in Scheme 7: route A is the
iodination of arenes, followed by oxidative diacetoxylation
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route A
K»S,0g, H,SO, K5S,0g, H,SO4
ArH + 1, Arl Arl(OAc),
iodination AcOH
oxidative diacetoxylation
route B
KZSZOS’ H2804 ArH
I I(OAC)3 Arl(OAc),
oxidative acetoxylation electrophilic aromatic
of iodine substitution
Scheme 7.
Kzszog, TfOH K25208,TfOH TfOH, ArH
ArH + |, Arl Arl(OAc), Ar,l" TfO™
AcOH
Scheme 8.
of iodoarenes leading to (diacetoxyiodo)arenes, and route B is .
Conclusion

the generation of triacetoxyiodine(IIl), followed by electro-
philic aromatic substitution to give (diacetoxyiodo)arenes. The
latter route may be probable, because I(OAc); is a reactive
electrophile and can react with aromatic substrates. According
to Shreeve’s result,”> I(OAc); is only effective for tri-substitut-
ed electron-rich aromatics such as mesitylene and 1-tert-butyl-
3,5-dimethylbenzene. In our case, however, our method is ef-
fective for benzene and electron-deficient, less reactive halo-
benzenes. Actually, (diacetoxyiodo)benzene was not obtained
by the same reaction for 11h without benzene followed by
treatment with benzene. Therefore, a plausible route is the
former one. In order to detect the intermediate iodoarene in
route A, we examined the reaction with a smaller amount of
K>S,0g4. When benzene was allowed to react with iodine in
the presence of 2 molar amounts of K,S,0g under the same
conditions, iodobenzene was formed in 66% yield, together
with PhI(OAc), in 21% yield. We have already shown that
the reaction of iodobenzene with K,S,05/H;SO4 in AcOH
effectively proceeds to give (diacetoxyiodo)benzene.!3* There-
fore, it is thought that, once iodoarenes form, they are im-
mediately oxidized to give ArI(OAc), under the reaction con-
ditions.

In the formation of diaryliodonium triflates, it is possible
that there are three major steps: iodination of arenes, diacet-
oxylation of iodoarenes, and arylation of (diacetoxyiodo)arenes
(Scheme 8). The key step is the formation of (diacetoxyiodo)-
arenes. As it is discussed above, the formation of (diacetoxy-
iodo)arenes is an efficient process from arenes and iodine pro-
moted by K;S;0s. Then, once (diacetoxyiodo)arenes are
formed, they are immediately activated by trifluoromethane-
sulfonic acid to react with excess aromatic compounds, yield-
ing diaryliodonium triflates.'” Tn the case of diaryliodonium
tosylates, the reaction proceeds similarly to that for the forma-
tion of diaryliodonium triflates. However, (diacetoxyiodo)-
arenes are activated by H,SO,4 and react with excess arenes
to yield diaryliodonium sulfates, because diaryliodonium salts
do not form without H,SOy. Finally, the anion exchanges with
tosylate.

In conclusion, we have demonstrated novel, simple, and
one-pot procedures for the preparations of (diacetoxyiodo)-
arenes, diaryliodonium triflates, and diaryliodonium tosylates.
These processes involve a fundamental process composed of
arenes and elemental iodine. (Diacetoxyiodo)arenes were ob-
tained in good yields by the reaction promoted by K,S,0Og and
concentrated H,SO4 in AcOH. Diaryliodonium triflates were
prepared in good yields by using excess arenes in the presence
of K;,S,0g and TfOH. This new method also afforded diaryl-
iodonium tosylates by the reaction of excess arenes with ele-
mental iodine in the presence of K,S,0g, H>SO4, TsOH in
AcOH. Since the present one-pot procedures can be scaled up
easily, it is expected that this procedures will be used widely
for many purposes.

The present methods described above cover relatively elec-
tron-rich to weakly deactivated aromatic substrates, and it in-
volves fundamental starting materials (simple arenes, elemen-
tal iodine, and commercial K,S,0g). The simple and conven-
ient one-pot procedures for (diacetoxyiodo)arenes, diaryliodo-
nium triflates and diaryliodonium tosylates have a significant
advantage over the previous reported ones.

Experimental

General.  Melting points were determined with a Yanaco
micro-melting point apparatus and are uncorrected. '"HNMR and
BCNMR spectra were recorded on a JEOL JNM-AL300 spec-
trometer and the chemical shifts are expressed in parts per million
downfield from tetramethylsilane. Elemental analysis was con-
ducted by the Service Center of the Elemental Analysis of Organic
Compounds, Faculty of Science, Kyushu University.

Optimized Procedure for Preparing (Diacetoxyiodo)arenes
from Arenes. General Procedure (Table 1, Scheme 2): A so-
lution of an appropriate arene (1.18 mmol) in a mixture of AcOH
(5mL), 1,2-dichloroethane (2 mL), concentrated H,SO4 (4 mmol),
and I, (0.5 mmol) was heated with stirring to 40°C for 15 min.
Next, K»S,0sg (5 mmol) was added portionwise over 10 min, and
the stirring was continued until TLC analysis indicated comple-
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tion of reaction. Reaction needed 12-30h. After the reaction was
completed, water (10 mL) was added. The precipitate was collect-
ed by filtration under reduced pressure, washed with CH,Cl,
(10mL), and discarded. The crude product was obtained by
extraction of the filtrate with dichloromethane (3 x 10mL) and
finally washed with HO (10 mL). The extracts were dried over
anhydrous Na,;SOy and filtered, and the solvent was removed by
evaporation under reduced pressure. The crude product was puri-
fied by washing with hexane (20mL) or recrystallized from
AcOH. Large-scale (Table 1, Entry 5) synthesis was conducted
for (diacetoxyiodo)benzene in a similar manner. A solution of
benzene (4.62 g, 59 mmol), AcOH (100 mL), 1,2-dichloroethane
(100mL), concentrated H,SO4 (200 mmol), and I, (6.34g, 25
mmol) was heated with stirring to 40°C. Next, K,S,05 (250
mmol) was added portionwise over 20 min, and the stirring was
continued 30 h. Workup of the reaction mixture gave the product
(10.79 g, 64%).

(Diacetoxyiodo)benzene: 0.245¢g (73%); mp 160-161°C
(1it.?’ mp 161.1-162.2°C); 'HNMR (300 MHz, CDCl3) § 8.09 (d,
J =17.5Hz, 2H, ArH), 7.59 (t, J = 7.5Hz, 1H, ArH), 7.51 (t,
J =17.5Hz, 2H, ArH), 2.0 (s, 6H, MeCO,); *CNMR (75 MHz,
CDCl3) 6 176.27, 134.81, 131.61, 130.83, 121.50, 20.21.

1-(Diacetoxyiodo)-4-methylbenzene: 0.248g (70%); mp
107-108°C (1it.?? mp 106-110°C); 'HNMR (300 MHz, CDCl5)
6 7.83 (d, J = 7.8 Hz, 2H, ArH), 7.09 (d, J = 7.8 Hz, 2H, ArH),
2.49 (s, 3H, Me), 2.27 (s, 6H, MeCO,); *CNMR (75MHz,
CDCl3) 8 176.36, 142.06, 134.95, 132.25, 111.72, 21.29, 20.36.

4-Chloro-1-(diacetoxyiodo)benzene: 0.261g (71%); mp
112-113°C (1it.?° mp 109.8-113.2°C); '"HNMR (300 MHz, CD3-
OD) § 8.06 (d, J = 8.7Hz, 2H, ArH), 7.57 (d, J = 8.7Hz, 2H,
ArH), 1.94 (s, 6H, MeCO,); *CNMR (75 MHz, CDCl3) § 176.38,
138.34, 136.25, 131.12, 118.74, 20.22.

4-Bromo-1-(diacetoxyiodo)benzene: 0.291g (70%); mp
121-122°C (lit.” mp 120-122°C); 'HNMR (300 MHz, CD;0D)
6 8.0 (d, J =8.4Hz, 2H, ArH), 7.71 (d, J = 8.4Hz, 2H, ArH),
1.94 (s, 6H, MeCO,); PCNMR (75MHz, CDCl3) 8 176.37,
136.33, 134.03, 126.66, 119.49, 20.22.

1-(Diacetoxyiodo)-4-fluorobenzene: 0.241g (69%); mp 175—
176 °C (lit.*® mp 177.0-179.8 °C); 'HNMR (300 MHz, CDCl;) §
8.11-8.06 (m, 2H, ArH), 7.17 (m, 2H, ArH), 2.01 (s, 6H, MeCO,);
I3CNMR (75MHz, CDCl3) § 176.39, 164.18 (d, Jcg = 252.82
Hz, CF), 137.46 (d, Jcg = 9.22Hz, CCF), 118.41 (d, Jcg =
22.87Hz, CCCF), 115.42, 20.17.

1-Todosyl-2,4-dimethylbenzene:** 0.077 g (30.4%); mp 118—
121°C; 'THNMR (300 MHz, CDCl3) § 2.30 (s, 3H, Me), 2.54 (s,
3H, Me), 7.25 (d, J = 6.6 Hz, 2H, ArH), 7.81 (d, J = 6.6 Hz, 2H,
ArH), 7.9 (s, 1H, ArH).

1-Iodosyl-2,4,6-trimethylbenzene:®'  0.078 g (29.5%); mp
148-150°C; '"HNMR (300 MHz, CD;0D) § 7.18 (s, 2H, ArH),
2.5 (s, 6H, Me), 2.34 (s, 3H, Me); '*CNMR (75MHz, CDCls) §
145.26, 143.63, 131.75, 118.99, 26.09, 20.85.

4-tert-Butyl-1-iodosylbenzene: 0.101 g (35.2%); mp 182-184
°C (lit.*> mp 189°C); 'THNMR (300 MHz, CD;0D) § 8.07 (d,
J = 8.7Hz, 2H, ArH) 7.55 (d, J = 8.7 Hz, 2H, ArH); 3CNMR
(75 MHz, CDCl3) 6 157.57, 136.19, 130.40, 112.48, 36.05, 31.33.

Optimized Procedure for Preparing Diaryliodonium Tri-
flates from Arenes. General Procedure (Table 2, Scheme 4):
A solution of the appropriate arene (10 mmol), molecular iodine
(0.52 mmol), AcOH (5mL), TfOH (10 mmol) and 1,2-dichloro-
ethane (2 mL) was heated with stirring to 40 °C. After the iodine
dissolvved, K,S,0g (5.11 mmol) was added. The reaction mixture
was stirred at that temperature for 48 h. After completion of the
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reaction, water (12mL) was added. The resulting precipitates
were collected by filtration under reduced pressure, washed with
CH,Cl, (10mL), and discarded. The crude product was obtained
by extraction of the filtrate with CH,Cl, (4 x 10 mL). The extracts
were dried over anhydrous Na,SO, and filtered, and the solvent
was removed by evaporation. The crude product was washed with
Et;O (3 x 3mL), and recrystallized from CH,Cl,/hexane. Large
scale (Table 2, Entry 2) synthesis was conducted for diphenyl-
iodonium triflate in a similar manner. A solution of benzene (7.8 g,
100 mmol), AcOH (50 mL), 1,2-dichloroethane (20 mL), TfOH
(100 mmol), and I, (1.32g, 5.2mmol) was heated with stirring
to 40°C. After the iodine dissolved, K,S,0g (51.1 mmol) was
added and the stirring was continued 48 h. Workup of the reaction
mixture gave pure product (3.16 g, 71%).

Diphenyliodonium Triflate: 0.324 ¢ (72%); mp 177-178°C
(1it.* mp 178-180°C); 'HNMR (300 MHz, CDCl3) § 8.19 (d,
J =8.1Hz, 4H, ArH), 7.66 (t, J = 8.1Hz, 2H, ArH), 7.51 (t,
J =8.1Hz, 4H, ArH); *CNMR (75MHz, CDCl3) § 136.39,
133.56, 133.10, 121.78 (q, Jcr = 316.5Hz, SO, CF;), 115.80.

Bis(4-bromophenyl)iodonium Triflate: 0.334 g (55%); mp
190-191°C (lit.* mp 198°C); 'THNMR (300 MHz, CDCl3) §
8.12 (d, J = 8.4Hz, 4H, ArH), 7.67 (d, J = 8.4Hz, 4H, ArH);
BCNMR (75MHz, CDCly) § 138.12, 136.24, 128.69, 121.73
(q, Jer = 316.42 Hz, SO,CF3), 114.25.

Bis(4-chlorophenyl)iodonium Triflate:>* 0.294 g (60%); mp
175-176°C; '"HNMR (300 MHz, CDCl3) 8 8.21 (d, J = 8.7 Hz,
4H, ArH), 7.53 (d, J = 8.7Hz, 4H, ArH); BCNMR (75 MHz,
CDCl3) & 140.41, 138.08, 133.22, 121.74 (q, Jcr = 316.5Hz,
SO,CF;3), 113.55.

Bis(4-fluorophenyl)iodonium Triflate:>® 0.332 ¢ (68%); mp
167-168°C; 'HNMR (300 MHz, CDCl3) § 8.25-8.21 (m, 4H,
ArH), 7.31 (t, J = 8.7Hz, 4H, ArH); >*CNMR (75 MHz, CDCl;)
6 166.35 (d, Jcg = 252.22Hz, CF), 139.31 (d, Jcr = 9.3 Hz,
CCCF), 121.78 (q, Jcr = 316.5Hz, SO,CF3), 120.50 (d, Jcg =
23.47Hz, CCF), 110.11.

Bis(4-tert-butylphenyl)iodonium Triflate:>° 0.453 g (81%);
mp 164-165°C; '"HNMR (300 MHz, CDCl;) § 8.11 (d, J = 8.4
Hz, 4H, ArH), 7.54 (d, J = 8.4 Hz, 4H, ArH), 1.28 (s, 18H, Me);
BCNMR (75 MHz, CDCl;) 8 157.61, 136.15, 130.39, 121.78 (q,
Jer = 317.1 Hz, SO, CF;3), 35.99, 31.32.

(4-Iodophenyl)(phenyl)iodonium Triflate: 1.27 g (23%) mp
138-140°C (lit.> mp 144-148°C); 'HNMR (300 MHz, CDCl5) §
8.18 (d, J = 8.4Hz, 2H, ArH), 791 (q, J = 8.4Hz, 4H, ArH),
7.68 (t, J =8.4Hz, 1H, ArH), 7.55 (t, J = 8.4Hz, 2H, ArH);
BCNMR (75MHz, CDCl3) § 142.29, 137.75, 136.47, 133.77,
133.24, 121.79 (q, Jcr = 315.9Hz, SO,CF;3), 116.07, 115.16,
100.61.

Bis(2,4-dimethylphenyl)iodonium Triflate: 0.238 g (47%);
mp 192-193 °C; 'HNMR (300 MHz, CDCls) & 8.02 (s, 2H, ArH),
7.41 (s, 4H, ArH), 2.59 (s, 6H, Me), 2.35 (s, 6H, Me); *CNMR
(75MHz, CDCl3) § 141.40, 139.22, 138.28, 135.07, 132.63,
121.79 (q, Jcr = 315.8 Hz, SO, CF3), 119.4, 24.98, 20.45. Found:
C, 41.91; H, 3.72%. Calcd for C17H;30;1F;S: C, 41.98; H, 3.70%.

Bis(2,4,6-trimethylphenyl)iodonium Triflate: 0.298 g
(56%); mp 190-192°C (lit.>* mp 192-193°C); 'HNMR (300
MHz, CDCl3) 6 7.19 (s, 4H, ArH), 2.53 (s, 12H, Me), 2.34 (s,
6H, Me); 3*CNMR (75 MHz, CDCl3) § 145.20, 143.55, 133.74,
121.76 (q, Jcp = 316.42Hz, SO,CF3), 118.94, 26.09, 20.84.

Optimized Procedure for Preparing Diaryliodonium Tosyl-
ates from Arenes. General Procedure (Table 3, Scheme 6):
A solution of the appropriate arene (10 mmol), molecular iodine
(0.52 mmol), AcOH (5 mL), H,SO4 (8 mmol), TsOH (2.36 mmol),
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and 1,2-dichloroethane (2 mL) was heated with stirring to 40 °C.
After the iodine dissolved, K,S,0g (5.11 mmol) was added. The
reaction mixture was stirred at that temperature for 48h. After
completion of the reaction, water (12 mL) was added. The result-
ing precipitate was collected by filtration under reduced pressure,
washed with CH,Cl, (10 mL), and discarded. The crude product
was obtained by extraction of the filtrate with CH,Cl, (4 x 10
mL). The extracts were dried over anhydrous Na, SOy and filtered,
and the solvent was removed by evaporation. The crude product
was washed with Et;O (3 x 3mL) and recrystallized from
CH,Cl, /hexane. Large scale synthesis (Table 3, Entry 2) was
conducted for diphenyliodonium tosylate in a similar manner. A
solution of benzene (7.8g, 100 mmol), AcOH (50mL), 1,2-di-
chloroethane (20 mL), H,SO4 (80 mmol), TsOH (23.6 mmol), and
I (1.32¢g, 5.2mmol) was heated with stirring to 40°C. After the
iodine dissolved, K»S,0s (51.1 mmol) was added, and the stirring
was continued 48 h. Workup of the reaction mixture gave pure
product (3.07 g, 65%).

Diphenyliodonium Tosylate: 0.313 g (67%); mp 178-179°C
(1it.?2 mp 179-180°C); 'HNMR (300 MHz, CDCl3) § 8.14 (d,
J = 8.1Hz, 4H, ArH), 7.68 (d, J = 8.1 Hz, 2H, ArH), 7.62 (t, J =
8.1Hz, 2H, ArH), 7.47 (t, J = 8.1 Hz, 4H, ArH), 7.17 (d, J = 8.1
Hz, 2H, ArH), 2.31 (s, 3H, Me); *CNMR (75MHz, CDCl;) §
143.67, 141.52, 136.39, 133.44, 133.04, 129.78, 126.9, 115.98,
21.31.

Bis(4-bromophenyl)iodonium Tosylate: 0.137 g (22%); mp
200-201°C (1it.*®* mp 203°C); '"HNMR (300 MHz, CDCl;) §
8.06 (d, J = 8.4Hz, 4H, ArH), 7.66 (d, J = 8.4Hz, 6H, ArH),
7.20 (d, J = 8.4Hz, 2H, ArH), 2.36 (s, 3H, Me); *CNMR (75
MHz, CDCl;) & 141.64, 138.15, 136.25, 133.92, 129.82, 128.66,
126.93, 114.50, 21.34.

Bis(4-chlorophenyl)iodonium Tosylate:>” 0.131 g (24%); mp
205-206°C; '"HNMR (300 MHz, CDCl;) § 8.14 (d, J = 7.8 Hz,
4H, ArH), 7.65 (d, J = 7.8 Hz, 2H, ArH), 7.49 (d, J/ = 7.8 Hz, 4H,
ArH), 7.20 (d, J = 7.8 Hz, 2H, ArH), 2.35 (s, 3H, Me); 3C NMR
(75MHz, CDCl3) § 141.66, 140.37, 138.11, 137.33, 133.24,
129.82, 126.92, 113.78, 21.32.

Bis(4-fluorophenyl)iodonium Tosylate: 0.255g (50%); mp
189-190°C; 'HNMR (300 MHz, CDCl3) § 8.22 (s, 4H, ArH),
7.67 (d, J =7.2Hz, 2H, ArH), 7.25-7.2 (m, 6H, ArH), 2.34 (s,
3H, Me); >*CNMR (75 MHz, CDCl3) § 166.20 (d, Jcg = 252.22
Hz, CF), 143.60, 141.64, 139.33 (d, Jcr = 9.22Hz, CCCF),
129.83, 126.91, 120.39 (d, Jcr = 22.87Hz, CCF), 110.33, 21.3.
Found: C, 46.64; H, 3.04%. Calcd for C;oH;503IF,S: C, 46.73;
H, 3.07%.

Bis(4-tert-butylphenyl)iodonium Tosylate:3® 0.495 g (85%);
mp 250-251°C; '"HNMR (300 MHz, CDCl;) § 8.06 (d, J = 7.8
Hz, 4H, ArH), 7.69 (d, J = 7.8 Hz, 2H, ArH), 7.51 (d, J/ = 7.8 Hz,
4H, ArH), 7.18 (d, J = 7.8Hz, 2H, ArH), 1.28 (s, 18H, Me);
3CNMR (75MHz, CDCl3) § 157.52, 141.70, 141.47, 136.18,
130.36, 129.78, 126.97, 112.48, 36.03, 31.35, 21.36.
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