OChote

Reaction of Arenes with lodine in the Presence of  convenient synthesis of diaryliodonium triflates via the reac-

Potassium Peroxodisulfate in Trifluoroacetic tion of (diacetoxyiodo)benzene and triflic acid with aromatic
; ; ; : substrate$;(c) A direct synthesis of diaryliodonium triflates
Acid. D|_rect_ and _Slmple_ Synthesis of by the reaction of iodosyl triflate with the trimethylsilyl
Diaryliodonium Triflates derivatives of aromatic compound@) Synthesis of unsym-
metrical diaryliodonium triflates by the treatment @trifyl-
oxy)vinyl iodonium triflates with aryl lithium reageni§(e) A
generalized synthesis of unsymmetrical functionalized diaryl-
iodonium triflates through the direct reaction of (diacetoxyiodo)-
arenes with arenes in a triflic acid or trifluoroacetic acid
mediumi(f) Diaryliodonium triflates were prepared by the
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iodosylarenes, and (diacetoxyiodo)arenes. Considering the useful
properties of salts and other derivatives of triflic atidhe
development of a simple and efficient procedure for the

KeS:0s, TFA  aq. NaOTY

AtH + I Arpl* TIO preparation of diaryliodonium triflates is a desirable goal. The
CICH2CHCI rt,12h most ideal procedure for diphenyliodonium triflate should
40°C, 72h involve a straightforward synthesis from benzene and iodine.
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SCHEME 1

K850, TFA, CICH,CH,CI aq. NaOTf

PhH + I,

Phol* TfO"

40°C, 48-72h rt,12h

TABLE 1. Optimization for Preparation of Diphenyliodonium
Triflate @

benzene I, K2$05 TFA CICH,CH,Cl time yield

entry (mmol) (mmol) (mmol) (mL) (mL) (h) (%)
1 4 0.5 4 9 5 48 48
2 10 0.5 4 9 5 72 58
3 10 0.5 5 9 5 72 66
4 10 0.5 6 9 5 72 64
5 20 0.5 5 9 5 72 45
6 10 0.5 5 10 5 72 71
7 100 5 50 100 50 72 69

aThe reaction of benzene with iodine was carried out in TFA and 1,2-
dichloroethane in the presence 03Og at 40 °C. Then, the reaction
mixture was treated with NaOTf solution at room temperature for 12 h.

of our systematic studies on effective and easy preparation of
hypervalent iodine compounds, we examined a simpler and more
convenient method for preparing Arl(OCOg# This simple

and convenient system consisted of arenes and molecular iodine.
We expected that diaryliodonium salts would be formed when
iodoarenes were produced in situ in the reaction of arenes with
iodine. Thus, we conducted the reaction of arenes with molecular
iodine in the presence of %,05 in TFA, followed by treatment
with NaOTf. Herein, we wish to report a direct, easy method
for the preparation of diphenyliodonium triflate from benzene.
Also, we describe an application tert-butylbenzene, toluene,
and less reactive halobenzenes.

A simple, easy, and efficient method for the direct preparation
of diphenyliodonium triflate, PA*OTf~, from benzene and
iodine was examined. At first, the reaction of benzene with
elemental iodine was conducted in TFA in the presence of
commercial KS,0g as the oxidant at 40C, where diphenyl-
iodonium trifluoroacetate [Ph*(OCOCR)"] was formed.
K>$,0gis used as a strong oxidizing agent in many applications.

not contain the step via iodobenzene or the related synthesis It has the particular advantages of being almost nonhygroscopic,
However, to the best of our knowledge, there are no methodshaving particularly good storage stability and being easy and

for preparing diphenyliodonium triflate directly from benzene
and iodine.

Recently, we have reported easy preparation of [bis(trifluo-

roacetoxy)iodo]arenes, Arl(OCOG)g, from respective iodo-

safe to handle. 1,2-Dichloroethane was added for dissolving
iodine completely. Next, Ph"*(OCOCR)~ was treated with

aqueous sodium triflate (NaOTf) solution at room temperature
to provide the corresponding diphenyliodonium triflate. The

arenes in trifluoroacetic acid (TFA), using commercial potassium outline is shown in Scheme 1.

peroxodisulfate, KS,0s, as the oxidant* Arl(OCOCR); is a

Table 1 summarizes the results obtained by optimization of

relatively reactive reagent and can undergo arylation reaction the preparation of diphenyliodonium triflate. The reaction of

to give diaryliodoniun salts. We also found that diaryliodonium

benzene (4 mmol) with iodine (0.5 mmol) was carried out in

salts were formed by the reaction of iodoarenes with aromatic the presence of ¥5,0g (4 mmol) in TFA and 1,2-dichloroethane

substrates in the presence af340g in TFA.1% During the course

(3) (a) Crivello, J. V.Adv. Polym. Scil1984 62, 1-48. (b) Pappas, S.
P. Prog. Org. Coat.1985 13, 35-64. (c) Yagci, Y.; Schnabel, W.
Makromol. Chem. Macromol. Symp988 13/14 161-174. (d) Wilson,
C. G.; Bowden, M. JCHEMTECH1989 19, 182-189.
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F. M.; Dresler, M.; Gindler, E. M.; Lumpkin, C. Cl. Am. Chem. Soc.
1953 75, 2705-2708. (c) Beringer, F. M.; Falk, R. A.; Karniol, M.; Lillien,
I.; Masullo, G.; Mausner, M.; Sommer, H. Am. Chem. Sod 959 81,
342-351. (d) Beringer, F. M.; Chang, L. L. Org. Chem1972 37, 1516~
15109. (e) Tyrra, W.; Butter, H.; Naumann, D.Fluorine Chem1993 60,
79-83. (f) Beringer, F. M.; Dehn, J. W.; Winicov, M. Am. Chem. Soc.
196Q 82, 2948-2952. (g) Schmeisser, M.; Dahmen, K.; SartoriChem.
Ber.197Q 103 307—311. (h) Stang, P. J.; Tykwinski, R.; Zhdankin, V. V.
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at room temperature for 48 h. After treatment with aqueous
NaOTf, diphenyliodonium triflate was obtained in 48% yield
(entry 1). Use of 10 mmol of benzene gave diphenyliodonium
triflate in 58% yield (entry 2). Use of 5 mmol of 46,05 led to
better yield, 66%, but further improvement was observed in the
case of 6 mmol of KS,0g (entries 3 and 4). Increase of benzene
from 10 to 20 mmol decreased the yield, 45% (entry 5). The
best result, 71% yield, was obtained by using benzene (10
mmol), iodine (0.5 mmol), KS,0g (5 mmol), TFA (10 mL),

and 1,2-dichloroethane (5 mL) (entry 6). The direct conversion
of benzene to diphenyliodonium triflate can be easily scaled
up and has the advantages of0Os outlined above, together
with the complete absence of effluent or byproduct problems.
When the reaction of benzene (100 mmol) with iodine (5 mmol)
was conducted in the presence ofS80s (50 mmol) in TFA
(100 mL) and 1,2-dichloroethane (50 mL) under the same
conditions, diphenyliodonium triflate was obtained in 69% yield
(entry 7). No large decrease of the yield was observed even in
the case of the 10-fold scale experiment.

As described above, the reaction of benzene with iodine in
the presence of ¥5,0g initially affords diphenyliodonium
trifluoroacetate, which is subject to exchange acetate with triflate
to give diphenyliodonium triflate. To confirm the formation of
diphenyliodonium trifluoroacetate, we examined the isolation
of diphenyliodonium trifluoroacetate. We worked up the reaction
mixture without the treatment with agueous NaOTf solution.
After completion of the reaction according to entry 6 in Table
1, the reaction mixture was quenched with water and the product

“was extracted with CkCl,. Evaporation of the solvent gave

diphenyliodonium trifluoroacetate in 81% vyield, as shown in

(15) Hossain, M. D.; Kitamura, TTetrahedron2006 62, 6955-6960.



SCHEME 2
K2S50g, TFA, CICH,CH,Cl
PhH + Iy Phl* CF3C00-
0,
40°C,72h 1%
SCHEME 3

K2850g, TFA, CICHCH.CI

ArH + |
40°C, 72h

aq. NaOTf

Arol* TIO-
rt.,12h

TABLE 2. Preparation of Diaryliodonium Triflates from Arenes 2

entry arene product yield (%)
1 chlorobenzene (4-CUEly) I T TfO™ 57
2 bromobenzene (4-BeBl)ol TTFO™ 54
3 fluorobenzene (4-FgE1g)ol TTFO~ 60
4 iodobenzene (4-184)(Ph)FTFO~ 69
5 tert-butylbenzene (4ert-BuCgHa)ol TTFO™ 55
6 toluene (4-Me@Hy)ol TTfO~ 11

aThe reaction of an arene (10 mmol) was carried out in TFA (10 mL),
1,2-dichloroethane (5 mL), and iodine (0.5 mmol) in the presence8f®g
(5 mmol) at 40°C for 72 h. Then, the reaction mixture was treated with
NaOTf solution (10 mL) at room temperature for 12 h.

SCHEME 4
KzSzOs, TFA ArH
ArH + 1o Ar{OCOCFg), ———
TFA
Arpl* CF3CO0~ Arl* TFO"

Scheme 2. This result indicates that diphenyliodonium trifluo-
roacetate is formed at the first step, and then it is converted to
diphenyliodonium triflate by anion exchange.

The presence of 5,05 was indispensable for this reaction
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Selectfluor-promoted preparation of difluoroiodoarenes or (di-
acetoxyiodo)arenes has been repotfatiere are no reports on
the synthesis of [bis(trifluoroacetoxy)iodo]arenes. According to
the literaturet®17 the Selectfluor-promoted reaction seems to
be applicable only for electron-rich aromatics. The mechanism
on the formation of [bis(trifluoroacetoxy)iodo]arenes is not clear,
but it is considered that the mechanism involves the oxidation
of iodoarenes by KS,0s because iodoarenes are efficiently
oxidized by KS,0Og in TFA to give [bis(trifluoroacetoxy)iodo]-
arenes? Once [bis(trifluoroacetoxy)iodo]arenes are formed, they
immediately react with arenes to yield diaryliodonium trifluo-
roacetate$® Finally, exchange of anions in the diaryliodonium
salts is well recognized and occurs easily.The present method
described above covers relatively electron-rich to weakly
deactivated aromatic substrates. This method involves funda-
mental starting materials (simple arenes and elemental iodine,
and commercial K5,0g). The simple and convenient procedure
for diaryliodonium triflates has a significant advantage over the
previous reported ones.

In conclusion, we have demonstrated a novel, simple, and
direct method for the preparation of diaryliodonium triflates.
The new method gives diaryliodonium triflates in good yields
by the reaction of arenes with elemental iodingSyOs, TFA,
and 1,2-dichloroethane at 4, followed by treatment with
NaOTf. Since the present procedure can be scaled up easily, it
is expected that this procedure will be used widely for many
purposes.

Experimental Section

Optimized Procedure for Preparing Diaryliodonium Triflates
from Arenes. A solution of the appropriate arene (10 mmol) in a
mixture of molecular iodine (0.5 mmol), TFA (10 mL), and 1,2-
dichloroethane (5 mL) was heated with stirring to 4D. After
dissolving iodine, KS;Og (5 mmol) was added. The reaction
mixture was stirred at that temperature for 72 h. After completion

because without its addition the oxidation reactions did not of the reaction, water (20 mL) was added. The resulting precipitates
proceed and the starting materials were recovered unchangedwere collected by filtration under reduced pressure, washed with
In order to explore the scope of this reaction, we applied it to CH,Cl, (10 mL), and discarded. The crude product was obtained
other aromatic substrates. The outline is shown in Scheme 3.by extraction of the filtrate with CkCl (3 x 10 mL), followed by
The results are given in Table 2. Interestingly, arenes bearing drying (anhydrous N#5Q;), filtration, and removal of the solvent
weakly deactivated groups such as chloro, bromo, and fluoro by evaporation. The crud_e product was treated with aqueous NaOTf
groups gave darlodonium fates n ooy, Honever, (% L1, 10,1) Souten v empeatie o 12 1. Toe
g5|m|_lar reqcnon of |odobenzene_ did not give bls(4-|0(_jophe_nyl)- \r/)vash%d with HO (10 mL), andydried in vacuo. Another crgp was ,
|qdon|L!m trlﬂate. but afforded (4-Ilodoph_enyl)(phenyl)lc.)d.onlum obtained by extraction of the filtrate with dichloromethanex3
triflate in 69% yield. In the reaction of iodobenzene, it is con- 1g mL), followed by drying (anhydrous N8Qy), filtration, and
sidered that the iodo group of iodobenzene is oxidized to form removal of the solvent by evaporation. The combined crude product
[bis(trifluoroacetoxy)iodo]benzene, which reacts with iodoben- was recrystallized from CyTl./hexane.
zene to yield the (4-iodophenyl)(phenyl)iodonium sagrt- Large-scale synthesis was conducted for diphenyliodonium
Butylbenzene also gave bistdrt-butylphenyl)iodonium triflate triflate in a similar manner. A solution of benzene (7.9 g, 100 mmol)
in good yield, but toluene afforded bis(4-methylphenyl)iodonium in & mixture of TFA (100 mL), 1,2-dichloroethane (50 mL), apd |
triflate only in 11% yield. This method was not applicable for i(c}dizr?eg'KZSSTOm(()gOWn?; 236\‘;‘;‘1 ‘;Vggesé'rgzg :ﬁ(i)t.it’Aﬂf:ervelasssgglrllg%ued
-ri i i ’ 8 ’

B S e sl 72 Dlowed b Tesman i NaOT! (G 1 11100 L)

. v o ’ o - Workup of the reaction mixture gave pure product (2.97 g, 69%).
quickly oxidized to indicate black color, but no diaryliodonium
salts were obtained. This method was not effective for arenes Supporting Information Available: Characterization data for
with strong electron-withdrawing groups such as trifluoromethyl iodonium salts obtained. This material is available free of charge
and nitro groups due to their decreased reactivity. via the Internet at http://pubs.acs.org.

From the above results, it is considered that the reaction 30061889Q
proceeds with three major fundamental steps: bis(trifluoro-
acetoxy)iodination, arylation, and anion exchange. The key step
is the first bis(trifluoroacetoxy)iodination. The in situ formation
of [bis(trifluoroacetoxy)iodo]arenes is a novel direct reaction
from arenes and iodine promoted by34Os. Although a similar

(16) Ye, C.; Twamley, B.; Shreeve, J. @rg. Lett.2005 7, 3961-3964.

(17) (&) Zupan, M.; Iskra, J.; Stavber, Betrahedron Lett1997, 38,
6305-6306. (b) Stavber, S.; Jereb, M.; Zupan, ®hem. Commur2002
488-489. (c) Pavlinac, J.; Zupan, M.; Stavber,JSOrg. Chem2006 71,
1027-1032.
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