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Abstract: Oxidation of benzylic and allylic substrates with a
bis(trifluoroacetoxyiodo)benzene/tert-butyl hydroperoxide system
to the corresponding a,b-unsaturated enones was investigated. The
scope and reaction mechanism are discussed.
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Although a variety of new reagents of iodine(III) and io-
dine(V) has been developed and received considerable at-
tention in recent years, little is known about
peroxyiodanes.1 This is due the fact that such compounds
have a high tendency to decompose and thus they are not
isolable. For example, treatment of phenyliodane oxide
with tert-butyl hydroperoxide (TBHP) was reported to
give in situ generated labile bis(tert-butylperoxy)(phe-
nyl)-l3-iodane (1), which decomposes homolytically at
–80 °C to give iodobenzene (2) and tert-butyloxidanyl
(Equation 1).2 Plesnicar and Russell reported the first syn-
thesis of bis(benzoylperoxy)(phenyl)-l3-iodane as a labile
amorphous solid from the reaction of phenyliodane oxide
with perbenzoic acid.3

Equation 1

Ochiai and coworkers found that the Lewis acid catalyzed
ligand exchange of 1-hydroxy-1,2-benziodoxol-3(1H)-
one with TBHP in chloroform affords the crystalline
(alkylperoxy)iodane, 1-(tert-butylperoxy)-1l3,2-benzio-
doxol-3(1H)-one (3), which is stable in the solid state but
gradually decomposes in solution at ambient temperature
to give tert-butyloxidanyl and [9-I-2] iodanyl radical 4
through homolytic cleavage of the hypervalent io-
dine(III)–peroxy bond (Equation 2).4

The tert-butylperoxy and iodanyl radicals, shown to be ef-
ficient radical oxidants, are responsible for the oxidation
of sulfides, secondary and tertiary amines and amides,
benzyl and allyl ethers, and phenols to the corresponding
oxyfunctionalized product.5

Equation 2

Recently, we described the conversion of aromatic sub-
strates that have no phenolic hydroxy or amino substitu-
ents to their corresponding quinones by the system
comprising bis(trifluoroacetoxyiodo)benzene (PIFA, 5,
Figure 1) and TBHP.6 Based on the successful oxidation
results obtained using PIFA/TBHP, we reasoned that this
system ought to oxidize benzylic and allylic substrates to
the corresponding a,b-unsaturated enones since it gener-
ates tert-butyloxidanyl and shares many of the chemical
features of 3, and thus may exhibit high oxidant efficiency
comparable with results using 3 as oxidant. Herein, we re-
port the conversion of a series of benzylic and allylic sub-
strates with PIFA/TBHP into the corresponding a,b-
unsaturated enones under mild conditions. The oxidation
system is found to be generally versatile with benzylic and
allylic substrates under optimized reaction conditions.

Figure 1

The benzylic substrate 6a was used as the model substrate
to test the reactivity (% conversion of the benzylic sub-
strate 6a) of the PIFA/TBHP system. In the absence of ei-
ther PIFA or TBHP, the benzylic substrate 6a remained
unchanged even after two hours exposure to the oxidation
conditions, implying that both components are essential
for the oxidation. The results for the benzylic and allylic
substrates are shown in Table 1 for the best set of oxida-
tion conditions determined in Scheme 1. Our initial exper-
iments focused on the oxidation of tetraline (6a) to a-
tetralone7 (7a) by PIFA and anhydrous TBHP in dichlo-
romethane at –30 °C (Scheme 1). The release of oxygen
gas in the course of the reaction was very slow at this tem-
perature. The mixture was stirred for two hours at this
temperature, and then the temperature was allowed to in-
crease slowly to room temperature. Analysis of the crude
reaction mixture based on the 1H NMR spectrum recorded
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after complete consumption of PIFA indicated the forma-
tion of 7a, iodobenzene (2), and unreacted starting mate-
rial 6a along with unidentified compounds. However,
when the reaction was conducted at room temperature lit-
tle conversion of tetraline (6a) into a-tetralone (7a) oc-
curred as determined by 1H NMR analysis of the crude
mixture, indicating that the reactive intermediate is
quenched before the reaction.

Scheme 1 Oxidation of tetraline

The optimized reaction conditions8 (Scheme 1) were then
applied to the set of benzylic and allylic substrates 6b–l
(Table 1), to assess structural effects on the reactivity of
the present system. Depending on the structure of benzyl-
ic and allylic substrates 6b–l, the conversions varies from
15% to 99%. Fluorene (6b) containing a doubly activated
benzylic position was easily oxidized to fluorenone9 (7b)
in 80% yield (entry 1). Diphenylmethane (6c) was oxi-
dized to benzophenone10 (7c) under the same conditions
in 63% chemical yield (entry 2). The oxidations of ethyl
benzene (6d) and n-butylbenzene (6e) gave acetophenone
(7d) and butyrophenone10 (7e), respectively. Methyl 2-
phenylacetate (6f) with an electron-withdrawing group
was oxidized to a-keto ester11 7f at low conversion. To de-
termine the oxidation potential of the present system the
oxidation of other compounds with allylic C–H bonds, di-
cyclopentadiene 6g, limonene (6h), a-pinene (6i), and D-
3-carene (6l) was studied. Dicyclopentadiene 6g was oxi-
dized to the corresponding enone12 7g with high conver-
sion and in moderate yield (entry 6). The oxidation of
limonene (6h) gave a mixture of carvone13a (7h) and
isopiperitenone13b (7i, entry 7). This oxidative system led
exclusively to verbenone14 (7k) when applied to a-pinene
(6i, entry 8). It is interesting to note that oxidation of D-3-
carene (6l) gave only enedione15 7l as an isolable product
instead of the expected mono C–H bond-oxidation prod-
uct.

The prominent trend displayed in Table 1 is that the con-
version of the allylic substrates is higher than that of ben-
zylic substrates, except for the substrate 6b. The data
reveal that the reactivity of the PIFA/TBHP system de-
creases with the structure of the substrates. Clearly, the
benzylic substrates 6c,e,f, the most sterically hindered
substrates, show a lower reactivity, while the more acces-
sible benzylic and allylic CH2 group is more readily oxi-
dized. Presumably, steric repulsion of the substituent
attached to the benzylic and allylic CH2 group hinders the
proton abstraction by tert-butyloxidanyl.

6a

O

7a

PIFA (250 mol%) 
TBHP (2000 mol%)
NaHCO3 (1000 mol%)

CH2Cl2, –30 °C, 2 h to r.t., 4 h
conv: 90%
yield: 75%

Table 1 Oxidations of Substrates 6b–l with the PIFA/TBHP Systema

Entry Substrate Product Conv. 
(%)b

Yield 
(%)c

1

6b
7b

>99 80

2

6c
7c

40 65

3

6d 7d

75 60

4

6e
7e

15 85

5

6f 7f

20 80

6

6g
7g

75 45

7

6h 7h/7i (3:2)

>99 51

8

6i
7k

70 50

9

6l

7l

90 35

a Reaction conditions: substrate (2 mmol), PIFA (5 mmol), TBHP 
(40 mmol), NaHCO3 (20 mmol), CH2Cl2 (20 mL), –30 °C to r.t., 6 h.
b Conversion based on substrate consumption; after complete PIFA 
consumption, a sample of the crude reaction mixture was taken and 
the conversions determined by 1H NMR analysis with diphenyl-
methane (except for entry 2) as internal standard; error ca. ±5% of the 
stated values.
c Isolated yield based on the converted starting material.
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A plausible mechanism for the generation of tert-butylox-
idanyl and oxidation of ethylbenzene (6d) to acetophe-
none (7d) is depicted in Scheme 2. Initially, nucleophilic
attack of TBHP on PIFA leads to the formation of the re-
active intermediate peroxyiodane 1 by exchanging two
trifluoromethyl acetate groups for two tert-butylperoxy
groups.16 Homolytic cleavage of the hypervalent io-
dine(III)–peroxy bond in 1 gives tert-butyloxidanyl and
iodobenzene. Then hydrogen abstraction from the benzyl-
ic position of ethylbenzene by the tert-butyloxidanyl
forms the carbon-centered benzylic radical 8 and tert-
butyl alcohol. Coupling of this radical with tert-
butyloxidanyl17 may generate 9, which undergoes decom-
position via a radical pathway, resulting in the formation
of acetophenone (7d).

In summary, the present study provides the first example
of direct oxyfunctionalization of benzylic and allylic sub-
strates to the corresponding a,b-unsaturated carbonyl
compounds using a PIFA/TBHP system. The combination
of PIFA and TBHP is a source for the production of the
tert-butyloxidanyl, which is an electrophilic oxidant for
the conversion of allylic and benzylic substrates into the
corresponding enones.
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