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We have found that the use of fluoroalcohol media greatly
enhanced the efficiency and scope of the direct dehydrative
condensation of arenes 1 and hypervalent iodine(Ill) com-
pounds; the present clean method has a broad range of applic-
ability as well as unique selectivity in the aromatic substrates,
and is highly efficient even in polymer functionalization.

The diaryliodonium(1ir) salts, ArI*Ar'X "™, represent one of the
useful and important classes of hypervalent iodine compounds,
which show a wide range of applicability as arylating agents and
benzyne precursors in organic synthesis, active bactericides,
photoacid generator (PAG) cationic polymerization processes,
etc.! These beneficial chemical and physical properties highly
depend on both the structure of the iodonium(Ii) and anionic
counter part, X, and hence the development of general synthetic
methods for diaryliodonium(ii) salts with a large structural
diversity are strongly desired. The dehydrative condensation of
iodine(11) compounds and arenes is considered to be the most
simple, clean and facile approach for the synthesis of these
diaryliodonium(ir) salts.> Typically, such direct methods via
electrophilic substitution were achieved for a limited number of
aromatic compounds and counterions using activated iodine(III)
compounds with the strong acids or [hydroxy(tosyloxy)iodo]ar-
enes, in moderate yields and with poor regioselectivities. Therefore,
the stepwise methods using a variety of organometallic nucleo-
philes, ie., lithio-, silyl-, stannyl- and boryl-arenes, instead of
arenes themselves, have been developed for the purpose of
surpassing the limitation of the original methodology.® More
recently, synthesis of diaryliodonium(iil) #riflates by the most
straightforward approach starting from iodoarenes or aromatic
compounds has been explored with the use of stoichiometric co-
oxidants.* Herein, we would report a direct waste-free method for
preparation of diaryliodonium(Iir) salts from a variety of arenes
using hypervalent iodine(I1I) reagents in the presence of 1 equiv. of
Bronsted acids (eqn (1)). In the reaction, remarkable effects of the

media were clearly observed.
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Recently, the high synthetic potential of fluoroalcohol media, as
an attractive unique alternative to ordinary solvent systems, has
been growing in interest in organic synthesis.’ In this study, we
have successfully introduced 1,1,1,3,3,3-hexafluoroisopropanol
(HFIP) and 2.2,2-trifluoroethanol (TFE) for the first time to
hypervalent iodine-mediated® and -catalyzed” oxidative transform-
ations as stabilizing solvents of reactive cationic intermediates,
taking advantage of their unique acid-like behaviors.® Therefore,
we examined dehydrative iodonium(1i) salt formation using a
weakly nucleophilic alkylbenzene 1a in TFE, since usual solvents
were not productive to the iodine(il) compound 2a (Table 1,
entries 1-3).” The dehydrative condensation of l1a and
PhI(OH)OTs (Koser’s reagent) in TFE proceeded at room
temperature in accordance with our proposal, but unexpectedly,
in a high yield of pure 2a after precipitation (entry 4). Although
TFE apparently plays a critical role for the initiation of the
reaction, the use of a mixed solvent system with CH,Cl, was
acceptable (entry 5). A large number of stable Koser’s types of
iodine(111) derivatives are now readily available,” and variation of
the compounds in the reaction would expand the structural motif
of the obtained iodonium(1i1) products. Selected examples utilizing
these types of iodine(1l1) compounds are shown in entries 6-9.

Under the optimized reaction conditions, the new protocol
provided a facile access to a wide range of products 2, including
aromatic and heteroaromatic rings, from 1 (Table 2).f Thus, all of

Table 1 Reaction of mesitylene 1a with ArI(OH)X“

Arl(OH)X X
I*Ar
solvent
1
2

r
1a
Yield”
Entry Ar X Product Solvent (o)
1 Ph OTs 2a CH,Cl, 15¢
2 Ph OTs 2a — n.r.’
3 Ph OTs 2a MeOH n.d/
4 Ph OTs 2a TFE 97
5 Ph OTs 2a TFE-CH,Cl, (1 : 1) 92
6 Ph OMs* 2a-OMs TFE 87
7 Ph (+)-10-OCs" 2a-OCs TFE 98
8 Mesityl OTs 2aa TFE 62
9 CeFs  OTs 2ab TFE 81

“ All reactions were performed using an equimolar amount of la
and ArI(OH)X for 24 h. ? Isolated yield. ¢ Product was obtained as
a mixture including a large amount of inseparable impurities.
¢ Mesitylene was used as a solvent. ¢ No reaction was observed with
the recovery of PhI(OH)OTs. “n.d. = Not detected ¢ OMs =
methanesulfonyloxy ” OCs = camphorsulfonyloxy
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Table 2 Scope of the substrates”

Entry Substrate (1) Time/h  Yield® (%)

1
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2 24 81
I'Ph
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3 'Pr 'Pr 18 62
Pr Pr
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7 o} [0) 18 72
D OO
(1h) (2h)

o Non

(1) (2)
97 Vi Ph*| 24 94

O@I*Ph

(2i)-bis

3 98
-
I*Ph

S S
1) (e2)
11 Ph Ph 3 88
SEENGS
S S I*Ph
(1k) (2k)

“ Reactions were performed using an equimolar amount of 1 and
PhI(OH)OTs in the TFE (0.2 M) at room temperature unless
otherwise noted. ” Isolated yield of pure product after precipitation.
¢ HFIP was used as a solvent. ¢ 2 equiv. of PhI(OH)OTs was used.

the products 2 were precipitated as solids after simple replacement
of TFE with Et,0, and did not contain other iodine(1i1) impurities
and regioisomeric products. Although the reactions might be

susceptible to the steric environments of the aromatic compounds
resulting from using 1b and 1c¢ (entries 1 and 2), sterically
congested product 2d could be obtained in good yield (entry 3).
The electron-deficient benzene derivatives did not afford the
corresponding iodonium(Iil) products as expected, but benzene
was applicable for the reaction (entry 4). Similar results were
obtained in electron-rich aromatic and heteroaromatic compounds
with some functional groups (entries 5-11).'° The reactions
occurred selectively at the p-position of the oxygen or nitrogen
atoms and the 2-position of the thiophene rings, respectively. In
diphenyl ether 1i, controlling the product distribution of 2i and 2i-
bis was possible by a simple modulation of the amount of the
reagent added (entries 8 and 9)."!

Modification of the counter ions, X, was easily attainable by
the utilization of iodosobenzene, PhIO (Scheme 1). Thus, a variety
of the Brensted acids were conveniently introduced to the products
as the counterions, X, in good yields under similar reaction
conditions; so avoiding circuitous anion metatheses work-up.**

PhIO

X
HX
I*Ph
CF3CH»0H
0°Ctort

1a X = OTf (2a-OTF. 81%)

= OCOCF; (2a-OCOCFs: 72%)
= ClO, (2a-CIO,: 73%)

Scheme 1 Incorporation of other counterions, X .

As described above, a new condensation method utilizing
fluoroalcohol media is quite simple and versatile. The high
efficiency of the method finally made us examine it for the
polymer functionalization by the incorporation of the
iodonium(IIr) cation. The transformation of poly(styrene)s to their
iodonium(1ir) forms was reported more than thirty years ago, to
control the physical and chemical properties of the polymers.'? For
this purpose, multistep transformations (e.g., iodination, oxidation
followed by conversion to the iodonium(1ir) forms) starting from
poly(styrene)s were typically employed, and the loading of the
function sites was generally unsatisfactory (~ 1.5 mmol loading of
I(111) per gram). It became clear that our straightforward procedure
was applicable to the low-reactive polymers, and accordingly, after
dissolving the linear poly(styrene) 3 (100 mg) and PhI(OH)OMs
(317 mg, 1 mmol) in a mixed solvent of TFE and CH,Cl,, and
stirring for 24 h at an ambient temperature, 369 mg of iodine(IIn)-
containing polymer 4-OMs (ca. 85% incorporation of the
iodine(11) reagent) was obtained by simple precipitation of
the crude mixture in Et,O (Scheme 2). Elemental analysis of the
reformed polymer 4-OMs disclosed that it contains ca. 2.3 mmol
g ! of the functionalized iodine(1n) site. The high loading of the

. PhI(OH)OMs i
CF3CH,OH/CH,Cl,
n (1/2) n
Mw: 1.09 x 106 rt.24h MsO™ I'Ph  4.0Ms
3

ca. 2.3 mmol/g loading

Scheme 2 Application of the method for a poly(styrene) reforming.
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iodonium(11r) site in 4-OMs allowed the umpolung of the polarity
leading to high solubility of the polymer in MeOH compatible to
the monomeric diphenyliodonium mesylate, Ph,I*MsO~.!?

On the mechanism, the reaction would involve the usual
electrophilic attack of iodine(1il) centers toward the arenes 1,
forming the corresponding Wheland type of o-complexes as the
first step.® However, based on our previous studies utilizing
fluoroalcohol solvents for cation radical generation from electron-
rich aromatic compounds by the iodine(Ill)-induced SET oxida-
tion® as well as the recent participation of PhI(OH)OTs in that
chemistry,14 the involvement of the aromatic cation radicals as an
alternative possible reaction intermediate was not excluded.'® One
interesting feature of the present reaction is that the organosilane 11
did not give an ipso-substituted product 5 as a result of the usual
electrophilic substitution using the organosilicon reagents,” but
instead gave a condensation product 21 (Scheme 3).'° Anyway, the
TFE solvent can work for the generation and stabilization of the
both o-complexes and cation radicals,” which seems to be one of
the key roles of the TFE solvent for an effective reaction progress.

SiMes SiMe, I'Ph
[y fwowors ﬂ [§ ors
CF3CH,0H
S 3&2 ! S S
1 rt OTs 2 5
(not observed)

71% (isolated)

Scheme 3 A unique selectivity in organosilane 1L

In conclusion, we have established a new direct condensation
route for diaryliodonium(Iir) salts, utilizing the unique character of
fluoroalcohol media. The present dehydrative method is very clean
only producing water as a co-product, and versatile being capable
of affording a variety of iodonium(11r) salts. The high efficiency of
the present method allowed even polymer functionalization, so
called, a ‘poly(styrene) reforming’. Furthermore, a remarkable
solvent effect was observed through the reactions, and the reaction
showed unique selectivity in the organosilicon compound to afford
the iodonium(111) product, in which the C-Si bond is maintained.
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