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An easy, safe, and effective method for preparing [bis-
(trifluoroacetoxy)iodo]arenes, Arl(OCOCF;),, in high yields
from some iodoarenes are reported, using a K;S,0g/
CF;COOH/CH;Cl, system. This procedure avoids the use
of high temperature and severe reaction conditions.

Hypervalent iodine reagents have been widely used as green
oxidants in organic synthesis due to their low toxicity, ready
availability, easy handling, high efficiency, stability to air and
moisture, and them being a safe alternative to heavy metal re-
agents such as lead(IV), thallium(III), and mercury(II). Recent-
ly, extensive studies on hypervalent iodine compounds such as
(diacetoxyiodo)arenes, [bis(trifluoroacetoxy)iodo]arenes, and
[hydroxy(tosyloxy)iodo]arenes have been carried out and their
use for organic synthesis has been reported.! Among them,
[bis(trifluoroacetoxy)iodo]arenes, Arl(OCOCFs3),, are funda-
mental reagents, potent and often chemoselective oxidants,
and widely used in modern organic synthesis. They are also
used for facile transformations of alkynes, ketones, and sulfur
compounds, phenolic oxidation, oxidation of nitrogen com-
pounds, oxidative biaryl coupling, etc.> Several methods are
available for the preparation of Ar[(OCOCFj3),. The methods
used so far are generally as follows:

(a) Reaction of arenes with tris(triﬂuoroacetoxy)iodine.3

(b) Oxidation of iodoarenes with HNO;/(CF;C0),0,* xenon
bis(trifluoroacetate),’ sodium percarbonate/(CF;CO),0/CH,-
Cl,.% and trifluoroperoxyacetic acid.”

(c) Reaction of iodosylarenes with Me3Si(OCOCF;).8

(d) Ligand exchange of (diacetoxyiodo)arenes by dissolving
with heating in CF3CO,H.°

(e) Reaction of (dichloroiodo)arenes with AgOCOCF;.!°

The most general synthetic method of Ar[(OCOCF;3), for
laboratory use is to dissolve (diacetoxyiodo)arenes in CF3-
CO,H with heating.” However, there is yet room for improve-
ment in this method because contamination with (diacetoxy-
iodo)arenes decreases the yields. In the reaction of [[OCOCFs3);
with arenes,’ the reactivity of the arenes decreases in the order:
p-Me,C¢Hy > MePh > PhH > PhCl > PhCF;. However, this
reaction does not work in the case of nitrobenzene due to its
lack of reactivity.

Direct oxidation of iodoarenes to Ar[(OCOCF;), is consid-
ered as a convenient method. The oxidation of iodoarenes by
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concd HNO;3; and (CF3CO),0 appears only for deactivated
substrates.* However, this procedure is accompanied with a
vigorous evolution of toxic nitrogen oxides. In the sodium per-
carbonate method,® it is not suitable for the preparation of
N02C6H4I(OCOCF3)2 isomers, and m-CF3C6H4I(OCOCF3)2
is obtained in only 40% yield. The oxidation of iodoarenes
with trifluoroperoxyacetic acid seems to be the most suitable
method,” but preparation of trifluoroperoxyacetic acid requires
80% H,0O,, which is not available commercially. Here, we
wish to report an alternative, direct method for the preparation
of [bis(trifluoroacetoxy)iodo]arenes from iodoarenes.

Recently, we have devised a simple, easy, and efficient
method for the direct preparation of Arl(OCOCF3), from the
respective iodoarenes in CF;CO,H, using commercial potassi-
um peroxodisulfate, K,S,0s, as the oxidant. For example, the
reaction of iodobenzene in a mixed solvent of CF;CO,H and
CH,Cl, in the presence of K,S,0g at 36-38 °C for 20h gave
[bis(trifluoroacetoxy)iodo]benzene in 76% yield. The results
are given in Table 1. K,S,0g is used as a strong oxidizing
agent in many applications. It has the particular advantages
of being almost non-hygroscopic, having a particular good
storage stability, and being easy and safe to handle. The oxida-
tion of iodoarenes to [bis(trifluoroacetoxy)iodo]arenes can be
easily scaled up to give the advantages of K,S,Og outlined
above, together with the complete absence of effluent or by-
product problems. The essence of our novel method is describ-
ed in Scheme 1.

The oxidative reactions shown in Scheme 1 were carried out
at 36-38 °C in CF3CO,H. CH,Cl, was added to dissolve iodo-
arenes completely. The presence of K;S,0g (in stoichiometric

Table 1. Preparation of [Bis(trifluoroacetoxy)iodo]arenes
from lodoarenes®

Entry Todoarene Yield/%
1 CeHsl 76
2 4-CICgHyI 87
3 3-CF;CgHyl 82
4 3-NO,CgH4I? 72
5 4-NO,C¢H,4I? 71
6 4-FCeHyl 71
7 4-BrCgHyl 75
8 3,5-(CF3),CgHsI 36
9 4-CICeH,I® 81

10 4-CICgH4I9Y 79

a) The reaction of an iodoarene (1 mmol) was carried out at
20h at 36-38°C in the presence of K;S;0Og (4 mmol) in
CF;CO,H (9mL) and CH,Cl, (2mL). b) CH,Cl, (5mL) was
added. c¢) 1-Chloro-4-iodobenzene (5mmol), K»>S,0g (20
mmol), CF;CO,H (45mL), and CH,Cl, (10 mL) were added.
d) CF;CO,H (30 mL) was used.

K23208, CH2C|2

Arl + CF3COzH ArI(OCOCF3)2

36-38°C,20h
36-87%

Ar = CgHs, 4-CICgH,, 3-CF3CgH, 3-NO,CgHy,
4-NO,CgH 4, 4-FCgH,, 4-BrCgHy, 3,5-(CF3),CqH3

Scheme 1.
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quantities) in the reaction mixture was indispensable, because
without its addition the oxidation reactions did not proceed.
lodoarenes bearing strong electron-withdrawing groups at the
meta and para positions gave Arl[(OCOCF;), in good yields,
but the reaction of 1,3-bis(trifluoromethyl)-5-iodobenzene re-
sulted in a low yield (36%) due to its lower reactivity. This
method was not applicable for iodoarenes with strong electron-
donating groups. For example, 4-iodotoluene and iodoanisoles
were quickly oxidized in the reaction mixtures, but the reac-
tion resulted in the decomposition to tarry products.

In conclusion, we have developed a new (or considerably
improved) preparative procedure, which is easy and cheap.
The new method gives [bis(trifluoroacetoxy)iodo]arenes in
high yields by the reaction of iodoarenes with K,S,0g in CF3-
CO,H and CH,Cl, at 36-38 °C. Because of its simplicity and
convenience, we are sure that the present method will continue
to attract significant research activity in the future.

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 were expressed in parts per
million downfield from tetramethylsilane. Elemental analysis
was conducted by the Service Center of the Elemental Analysis of
Organic Compounds, Faculty of Science, Kyushu University.

Preparation of [Bis(trifluoroacetoxy)iodo]arenes from Iodo-
arenes. A solution of an appropriate iodoarene (1 mmol) in a
mixture of CF3CO,H (9 mL) and CH,Cl, (2 mL) was heated with
stirring to 36-38 °C. Next, K,S,0g (4 mmol) was added portion-
wise over 10 min and the stirring was continued until TLC analy-
sis indicated completion of the reaction. Reaction times needed
20 h. After completion of the reaction, water (10 mL) was added.
The precipitated product 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 dichloro-
methane (3 x 10mL), followed by drying (anhydrous Na;SOy),
filtration, and removal of the solvent by evaporation under reduced
pressure. The crude product was washed with hexane (10 mL) and
purified by recrystallization from CF;CO,H /hexane.

Large scale synthesis was conducted for 1-[bis(trifluoroacet-
oxy)iodo]-4-chlorobenzene in a similar manner. A solution of
1-chloro-4-iodobenzene (1.196 g, 5mmol) in a mixture of CF3-
COOH (45mL) and CH,Cl, (10mL) was heated with stirring to
36-38 °C. Next, K»S,0g (20 mmol) was added portionwise over
20min and the stirring was continued for 20h. Workup of the
reaction mixture gave the purified product (1.881 g, 81%). When
CF3;CO,H was decreased from 45 to 30 mL under the above con-
ditions, the yield was slightly decreased (1.841g, 79%).

[Bis(trifluoroacetoxy)iodo]benzene: 0.335g (76%); mp 119—
120°C (lit.,> mp 120-121°C). "HNMR (300 MHz, CDCl3) § 7.62
(t, J = 8Hz, 1H, ArH), 7.74 (t, / = 8 Hz, 2H, ArH), 8.20 (d, J =
8 Hz, 2H, ArH). 3CNMR (75MHz, CDCl3) § 161.07 (q, Jcg =
41Hz, COCF3), 135.14, 133.67, 132.02, 122.76, 112.84 (q, Jcr =
286 Hz, COCFs).

1-[Bis(trifluoroacetoxy)iodo]-4-chlorobenzene: 0.404 g (87%);
mp 129-130°C (lit.,*®* mp 131-133°C). 'HNMR (300 MHz,
CDCl;) 6 7.58 (d, J = 9Hz, 2H, ArH), 8.14 (d, J = 9Hz, 2H,
ArH). BCNMR (75MHz, CDCl3) § 161.15 (q, Jop = 41 Hz,
COCF,), 140.84, 136.56, 132.38, 119.59, 112.82 (q, Jcr = 286
Hz, COCF;3).
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1-[Bis(trifluoroacetoxy)iodo]-3-(trifluoromethyl)benzene:
0.416 g (82%); mp 96-97 °C (lit.,> mp 99-100°C). '"HNMR (300
MHz, CDCl3) § 7.80 (t, J/ = 8 Hz, 1H, ArH), 8.0 (d, / = 8 Hz, 1H,
ArH), 8.39 (d, J = 8Hz, 1H, ArH), 8.44 (s, 1H, ArH). *CNMR
(75MHz, CDCl3) § 161.23 (q, Jcr = 41 Hz, COCF;), 138.12,
134.22 (q, Jcrp = 34Hz, CCF;3), 132.51, 131.82 (q, Jcr = 4Hz,
CCCF3), 130.42 (q, Jcgp = 4Hz, CCCF3), 122.30 (q, Jcg = 271
Hz, CCF3), 121.79, 112.84 (q, Jcr = 286 Hz, COCF;3).

1-[Bis(trifluoroacetoxy)iodo]-3-nitrobenzene: 0.347 g (72%);
mp 143-144°C (lit.,* mp 143°C). 'HNMR (300 MHz, CDCls)
8 7.87 (t, J = 8Hz, 1H, ArH), 8.51 (d, J = 8 Hz, 1H, ArH), 8.55
(d, J = 8Hz, 1H, ArH), 9.04 (s, 1H, ArH). 3CNMR (75 MHz,
CDCl3) & 162.17 (q, Jcr =43 Hz, COCF;), 149.29, 141.02,
133.27,130.77, 128.79, 121.42, 114.54 (q, Jcr = 282 Hz, COCF3).

1-[Bis(trifluoroacetoxy)iodo]-4-nitrobenzene: 0.341g (71%);
mp 158-159°C (lit.,* mp 161°C). 'HNMR (300 MHz, CDCls)
5 8.41-8.49 (m, 4H, ArH). >*CNMR (75 MHz, CDCl5) § 161.03
(q, Jer = 44 Hz, COCF3), 150.39, 136.31, 126.95, 126.83, 114.22
(q, Jcr = 284 Hz, COCF3).

1-[Bis(trifluoroacetoxy)iodo]-4-fluorobenzene: 0.319 g (71%);
mp 94-96°C (lit., mp 103-105°C). 'HNMR (300 MHz, CDCl3)
6729 (dd,J = 8,9Hz, 2H, ArH), 8.24 (dd, J = 5,9 Hz, 2H, ArH).
BCNMR (75MHz, CDCls) § 165.31 (d, Jcp = 259 Hz, CF),
161.17 (q, Jcr = 41 Hz, COCF3), 138.25 (q, Jor = 9Hz, CCCF),
119.76 (q, Jcr = 23 Hz, CCF), 116.38, 112.83 (q, Jcr = 286 Hz,
COCF3).

1-[Bis(trifluoroacetoxy)iodo]-4-bromobenzene: 0.384 g (75%);
mp 125-127°C. '"HNMR (300 MHz, CDCl3) § 7.74 (d, J = 9 Hz,
2H, ArH), 8.05 (d, J =9Hz, 2H, ArH). *CNMR (75MHz,
CDCl3) 6 161.18 (q, Jor = 41Hz, COCF;), 136.53, 135.29,
129.23, 120.45, 112.82 (q, Jcr = 286 Hz, COCF;). Found: C,
23.48; H, 0.77%. Calcd for C;yH4BrFglO4: C, 23.60; H, 0.79%.

1-[Bis(trifluoroacetoxy)iodo]-3,5-bis(trifluoromethyl)benzene:
0.205g (36%); mp 121-123°C (lit.,” mp 83°C). 'THNMR (300
MHz, CDCl3) 8 8.27 (s, 1H, ArH), 8.75 (s, 2H, ArH). *CNMR
(75MHz, CDCl3) § 162.76 (q, Jcr = 38 Hz, COCF3), 134.81 (q,
Jer = 4Hz, CCCFs), 134.49 (q, Jcp = 34 Hz, CCF3), 126.54 (q,
Jcp :4HZ, CCCF@) 123.57 (q, JCF =271 HZ, CCF;), 12329,
115.55 (q, Jcr = 287 Hz, COCFs).
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