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Electrophilic Catalysis in 
lodosylbenzene Oxidation of 
Aromatic Derivatives**

Paul Muller* and David Manuel Gilabert

Abstract: The oxidation of activated aromatic compounds (phenols and hydroquinones) 
is catalyzed by BF3 or RuCl2(PPh3)3. The catalytic effect of the ruthenium is ascribed to 
electrophilic catalysis, due to complexation between iodosylbenzene and the Ru species, 
in analogy to the effect of BF3.

PhlO/Ru and yields of anthraquinone are 
poor. The situation improves significantly 
if the reactions are carried out in presence 
of BF3-OEt2. Indeed, we find that for an­
thracene oxidation catalysis by BF, is su­
perior to Ru catalysis. The quinone is pro­
duced in ca. 65% yield (3 equivalents of 
PhlO, 1 equivalent of BF3-OEt2,2 h, 25 °C, 
in CH2C12) together with some 9,10-dichlo- 
roanthracene, which must originate from 
decomposition of the solvent. In presence 
of A1C13 9,10-dichloroanthracene is the 
main reaction product (79% yield).

A tentative mechanism for the reaction 
of BF3-activated iodosylbenzene is shown 
in the Scheme. We propose electrophilic 
attack of BF3-coordinated PhlO[5] on an­
thracene in the key step. Cyclization of the 
zwitterion 1 affords a bicyclic intermediate 
2 which suffers nucleophilic attack by 
PhlO. Alternatively, intermediate 3 is ob­
tained via 9,10-oxaanthracene. The subse­
quent steps involve ^-elimination of 3 to

Ph — J = O +

The Fe-porphyrin catalyzed oxygen 
transfer from iodosylbenzene (PhlO) to or­
ganic substrates serves as model for cyto­
chrome P450-mediated oxygenases[11. 
These reactions are of interest for the un­
derstanding of the mechanism of action of 
other metalloenzymes P1 and for the devel­
opment of catalytic methods for prepara­
tive oxidation131. Several such systems have 
been described over the recent years, based
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on Fe-phthalocyanines!4al, Fe-tetraphenyl- 
porphyrin[4bl, or on PhlO in conjunction 
with BF,!4c’dl. The mechanism of catalysis is 
not the same for all systems. Fe-porphyrin 
catalyzed reactions proceed via an Fev=O 
intermediate[1]; however, in other cases in­
volving metal ions, electrophilic catalysis[SI 
analogous to that with BF3 appears to be 
involved. Barton et al.161 were first to recog­
nize the significance of electrophilic cataly­
sis in the related oxidations with iodylben­
zene (PhIO2).

We have recently reported preparative 
applications of Ru-catalyzed PhlO oxida­
tions with alcohols, aldehydes, alkynes, 
and sulfides171. Subsequently, model stud­
ies, using anthracene as substrate, were 
carried out in order to extend the appli­
cability of the catalytic system. However, 
anthracene reacts only sluggishly with

the hydroxyketone 5, which is further oxi­
dized via the tautomeric hydroquinone by 
an analogous sequence.

PhIO/BF3 can be applied towards oxida­
tion of substituted phenols (Table 1) giving 
yields of quinones in the range of 60-70%. 
In some cases PhlO in acetic acid affords 
higher yields, but the presence of Ru salts 
leads mainly to decomposition products, 
except when m-PhIO(COOH)/Ru is used. 
This latter result could however be as­
cribed to acid catalysis due to the presence 
of the carboxyl group in the iodosylben­
zene, in analogy to the effect of PhlO/ 
AcOH.

While PhlO alone is inefficient for oxi­
dation of phenols, the 1,2- and 1,4-hydro- 
quinones are readily converted to quinones 
(Table 2)[8], and the presence of a Ru cata­
lyst is only of minor importance. Similarly,
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Ru-catalyzed hydroquinone oxidations 
proceed with comparable yields with N- 
methyl-A-morpholin oxide (MMNO)PI 
and tert-butylhydroperoxide1101. The steri- 
cally hindered 3-methyl-6-tert-butyl-l,2- 
hydroquinone leads to product mixtures 
with all the systems tried. For this com­
pound PhlO without catalyst is the least 
unsatisfactory oxidant.

The oxidation of phenols and hydroqui­
nones should proceed by an analogous 
scheme as that of anthracene as far as BF3 
catalysis is concerned. For the Ru-cataly- 
zed reactions the situation is more com­
plex. It is believed that in oxidations with 
MMNO191, uBuOOH1'01, H?O2[1”, and O2'121 
the role of the oxidant consists in regenera­
ting the active Ru species after the oxida­
tion step. This should however not apply 
to PhlO, because the reactivity of the latter 
depends upon the electron-donating abil­
ity of the substituent in the phenyl ring. 
Accordingly, the PhlO and Ru should be 
associated in the oxidation step. Therefore 
the catalytic effect of Ru should be similar 
to that of BF3, i.e. to enhance the electro­
philic nature of the iodine by complexation 
at the oxygen atom. Evidence for electro­
philic activation of PhlO with Feln, Fenl- 
bleomycin, and Zn^-bleomycin has re­
cently been reported by Moriarty et al.[sl.
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Table 1. Oxidation of phenols with iodosylbenzene (PhlO), isolated yield of p-quinone [%].

Phenol PhIO/BF3(OEt2)[cl PhIO/CH,COOHlal m-PhIO(COOH)/Ru[bl

2,3,6-Trimethylphenol 70[dI 75 74 [1]
21 [0]

2,3,5-Trimethylphenol 42(41 73
2,3,5,6-Tetramethylphenol 58 80 43 [1]
2-Methylnaphthol 61 50 ~30[l] 

18 [I]1'1

[a]2 eq. of PhlO, 2-5 min/R.T. mIn CH2C12, mol% of [RuCl2(PPh3)3] in brackets. [cll eq. of BF3(OEt2). [d]20 
min/R.T. [eI2 eq. of PhlO in CH2C12, 2 min/R.T.

Table 2. Ru-catalyzed and uncatalyzed oxidation of hydroquinones, isolated yield of quinone [%].

Hydroquinone PhlO ^ uncatalyzed PhlO/Ru1“1 MMNO/Rulel t-BuOOH/Ru

1,4-Diliydroxybenzene 70[b] 93[0.2]lbl 43 [l][bl
1,4-Dihy dr oxynaphthalene 92w(86)[dI 85[1.7]w
3-Methyl-5-/erP butyl-1,2-hydroquinone 70 98 [0.3] 95 [0.2] 56
3-Methyl-6-/er/- butyl-1,2-hydroquinone 48 42 [0.2] mixture mixture
3,5-Di-tert-butyl-l,2-hydroquinone 98 86 [0.5]

100 [0.5]1(1
95 [2] 92 (100)1,1

[alIn CH2C12, room temperature (R.T.), 1.1-2-fold excess of PhlO, ca. 1.5 h. lbl In Et2O. lclIn acetone. ldlRef.[161. 
^Conditions as in1“1; mol% of [RuCl2(PPh3)3] in brackets. lflWith m-PhlO(COOH). lglConditions as in1“1, 
reaction time 1.5-6 h; MMNO = N-methyl-lV-morpholine oxide. lhl3 eq. of t-BuOOH in CE12C12, 1 mol% of 
[RuCl2(PPh3)3],111 Ref.1101.
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