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Abstract: m-Iodosylbenzoic acid selectively oxidizes primary and
secondary alcohols to the respective carbonyl compounds in the
presence of RuCl3 (0.5 mol%) at room temperature in aqueous
acetonitrile. Separation of pure products is conveniently achieved
by scavenging any aryl iodide by ion exchange with IRA-900 (hy-
droxide form) or by simple extraction of the basic aqueous solution
with water. The reduced form of the reagent, m-iodobenzoic acid,
can be easily recovered from the ion-exchange resin or from the
basic aqueous solution by simple acidification with HCl.
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During the past decade hypervalent iodine compounds
have attracted a significant interest as mild and selective
oxidizing reagents in synthetic organic chemistry.1 Lately,
the combination of transition-metal catalysis with hyper-
valent iodine reagents have proven to be powerful
oxidizing system in various reactions.1–4 In particular,
iodosylbenzene is widely used as an oxidant in the
transition-metal-catalyzed epoxidation of alkenes and
hydroxylation of hydrocarbons.1 Likewise, (diacetoxy-
iodo)arenes are efficient oxidizers in the Pd(OAc)2-cata-
lyzed selective acetoxylations of arene and alkene C–H
bonds.2 Recently, Yusubov et al. reported a RuCl3-cata-
lyzed oxidation of alcohols using (diacetoxyiodo)benzene
(DIB) as oxidant.5 Evidence was collected that this reac-
tion proceeds via an initial instantaneous Ru-catalyzed
disproportionation of DIB to iodobenzene and iodyl-
benzene with the latter acting as the actual stoichiometric
oxidant.

In this report we describe a practical improvement of this
oxidation protocol as far as purification of the products
and recycling of the oxidizing reagent are concerned. In
addition, the concept disclosed should be of broad impor-
tance for any iodine(III)-mediated reaction.

The broad use of hypervalent iodine reagents is still
hampered by tedious purification and recycling protocols.
Common byproducts are the corresponding reduction
products, namely aryliodides which often are chromato-

graphically removed. This also applies to the iodine(III)
oxidant if it is not fully consumed or employed in excess.
Recently, tagging strategies for reagents and catalysts
have widely been investigated that allow easy purification
by means of specific phase separation or scavenging.6 We
found that m-iodosylbenzoic acid (2) is an excellent
iodosyl reagent which can be removed at the end of the
reaction by treatment with anion-exchange resin or by
addition of NaHCO3 and can be easily recycled by simple
acidification with HCl. Several other approaches to re-
cyclable hypervalent iodide reagents have previously
been reported.7–9 These approaches usually involve poly-
meric or molecular species,7 which require multistep
syntheses, or employ fluorous alkyl iodides and fluorous
solvents for separation of products.8 In contrast to the
previously reported protocols, m-iodosylbenzoic acid is
an inexpensive and readily available reagent that can be
easily recycled from the reaction mixture.

Scheme 1 Preparation and regeneration of m-iodosylbenzoic acid
(2) and its use as tagged reagent in alcohol oxidation.
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Surprisingly, m-iodosylbenzoic acid (2) has very rarely
been employed since its first description by Wilgerodt in
1894.10 A detailed spectroscopic investigation of m-iodo-
sylbenzoic acid and its sodium salt supported a polymeric
structure for these compounds.10b The known procedure
for the preparation of m-iodosylbenzoic acid includes
chlorination of m-iodobenzoic acid (1) followed by hy-
drolysis of the dichloride with a dilute sodium hydroxide
solution.9 As it was shown in a later work,10b this proce-
dure affords a product contaminated with m-iodylbenzoic
acid, the iodine(V) derivative which is formed due to dis-
proportionation of m-iodosylbenzoic acid under condi-
tions of basic hydrolysis. The explosive decomposition of
the product at 175–180 °C,10a is also indicative of the pres-
ence of m-iodylbenzoic acid in the samples of m-iodosyl-
benzoic acid prepared according to Wilgerodt’s
procedure. We have developed an improved, one-step
procedure affording analytically pure m-iodosylbenzoic
acid (2) by simple oxidation of m-iodobenzoic acid (1)
with peracetic acid followed by crystallization from ice-
water.11 This procedure affords uncontaminated m-iodo-
sylbenzoic acid (2) in 72–80% yields in the form of a light
yellow powder which melts without explosion at 168–169
°C. Pure m-iodosylbenzoic acid (2) is stable at room tem-
perature and can be stored for at least six months without
noticeable decomposition. However, in aqueous basic so-
lutions m-iodosylbenzoic acid (2) (in the form of its salt)
is unstable and disproportionates at room temperature.
From NMR spectroscopic experiments we found that a
solution of m-iodosylbenzoic acid (2; 1 equiv) and NaOH
(3 equiv) in D2O after one hour contains about equal
amounts of the salts of m-iodosylbenzoic acid, m-iodo-
benzoic acid (1) and m-iodylbenzoic acid and completely
disproportionates within 24 hours at room temperature.

We have found that m-iodosylbenzoic acid (2) can serve
as an efficient recyclable reagent in RuCl3-catalyzed oxi-
dation of primary alcohols to aldehydes in very good
yields.12,13 Two different experimental procedures have
been developed for this oxidation: method A for oxidation
under slightly acidic conditions, and method B under
slightly basic conditions (Scheme 1). Method A consists
in the addition of RuCl3 (0.5 mol%) to the mixture of a
primary alcohol and 1.0–1.5 equivalents of reagent 2 in
MeCN–H2O (5:1), while according to method B the alco-
hol is oxidized with an aqueous solution of sodium salt of
reagent 2 in the presence of NaHCO3 at room temperature.

Figure 1 a Isolated and characterized (melting point) as 2,4-dinitrophenyl hydrazone; b E/Z mixture (ca. 1:1); c compound 2 (3.0 equiv) was
employed; d (–)-myrtenol was used.
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Method B is particularly useful for the oxidation of acid-
sensitive substrates. Product yields and reaction times for
the oxidation of a series of primary alcohols are shown in
Figure 1.

In method A, the reaction is terminated by addition of IRA
900 (hydroxide form) which traps the reduction product
m-iodobenzoic acid (1) by ion exchange (as polymer 3).
Also any remaining oxidant 2 is removed in this way. m-
Iodobenzoic acid (1) can be easily regenerated (> 95%)
from polymer 3 in pure form by treatment with aqueous
HCl. When the oxidation is performed in the presence of
NaHCO3 (method B), the carbonyl compound is conve-
niently extracted from the reaction mixture with diethyl
ether, while the sodium salt of m-iodobenzoic acid re-
mains in the aqueous solution and can be easily recycled
and reused.

Also secondary alcohols can be oxidized furnishing the
corresponding ketones (Figure 2). Method B gave better
results in the oxidation of the acid-sensitive protected
sugar derivative (product 4r),14 while in the oxidation of
borneol, method A afforded a much higher yield of the re-
spective product 4p.

It can be assumed that m-HO2CPhIO2 and aryl iodide 1 are
initially formed as a result of the Ru-catalyzed dispropor-
tionation of reagent 2, and m-iodylbenzoic acid serves as
the actual oxidizer in the oxidation of alcohols.5 In practi-
cal use, however, the readily available and stable iodosyl
compound 2 is a more convenient oxidizer compared to
the explosive iodylarene.

In conclusion, we have disclosed that the rarely employed
m-iodosylbenzoic acid is an ideally tagged iodine(III)
reagent which in our view allows the easiest purification
protocol for aryliodine reagents known so far. This tag-
ging concept was utilized in the RuCl3-catalyzed oxida-
tion of alcohols but should also be applicable for most
iodine(III)-mediated reactions.
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Compounds:
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concentrated under vacuum to afford the NMR-pure 
carbonyl compound. Most products were additionally 
identified as 2,4-dinitrophenylhydrazones, prepared by the 
treatment of reaction mixtures with a standard solution of 
2,4-dinitrophenylhydrazine. m-Iodobenzoic acid (1) can be 
easily regenerated (>95%) from IRA 900 by treatment with 
aq HCl and reused without additional purification.
Method B: m-Iodosylbenzoic acid (2; 40 mg, 0.15 mmol) 
was added to an aqueous solution of NaHCO3 (63 mg in 1.0 
mL of H2O) and the mixture was stirred until the formation 
of a clear solution was observed. Then, the alcohol (0.1 
mmol) and an aqueous solution of RuCl3 (2.0 mL of 0.25 M 
solution; 0.5 mmol) were added under stirring at r.t. The 
reaction mixture was stirred for a period of time indicated in 
Figures 1 and 2 (the reactions were monitored by TLC via 
disappearance of the alcohol). After completion of the 
reaction, the solution was extracted with Et2O. The final 
NMR-pure products were obtained by evaporation of Et2O 
from the extract; most prepared carbonyl compounds were 
additionally identified as their 2,4-dinitrophenylhydrazones. 

The aqueous solution that was left after extraction was 
acidified with HCl, and the white precipitate of m-iodo-
benzoic acid was separated by filtration and used for 
regeneration of reagent 2.

(13) In one case we encountered further oxidation to galacturonic 
acid when 1,2:3,4-di-O-isopropylidene-a-D-galacto-
pyranose was employed (Scheme 2).

(14) This is particularly well demonstrated for the formation of 
ulose 4r which can undergo facile elimination of methanol 
to the corresponding enulose.
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