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Iodohydroxylation of alkenes promoted by molecular and
hypervalent(III) iodine
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Dipartimento di Scienza degli Alimenti, Università di Napoli ‘Federico II’, I-80055 Portici (NA), Italy

Received 26 July 2001; revised 19 August 2001; accepted 20 August 2001

Abstract—Several iodohydrins are isolated in good yields starting from the corresponding alkenes and a mixture of molecular
iodine and phenyliodine(III)bis(trifluoroacetate) (BTI), in CH3CN–H2O as solvent, at −15°C. Hypoiodous acid is added to the
terminal carbon�carbon double bond in a Markovnikov fashion. Moreover, the stereochemical features of the products show the
anti-stereospecificity of the addition. © 2001 Elsevier Science Ltd. All rights reserved.

The reaction of hypoiodous acid with alkenes is usually
difficult to achieve due to the ready reversibility of IOH
addition to carbon�carbon double bonds. For this rea-
son, in contrast with bromo- and chlorohydrins, iodo-
hydrins are not obtained by the direct treatment of
alkenes with iodine in water.1 Several contributions to
solve this problem appeared in the last few years in the
literature. One of these is based on the in situ genera-
tion of IOH from the direct reduction of periodic acid
(HIO4·2H2O) with sodium bisulphate (NaHSO3).2

Alternatively, a stable neutral solution of hypoiodous
acid, obtained from the dimethyldioxirane oxidation of
iodomethane, is trapped by a series of alkenes that are
readily transformed into the corresponding iodohy-
drins.3 More recently, N-iodosuccinimide, employed in
a mixture of H2O–DME, was reported to act as a
useful electrophilic iodinating agent, being able to
transform in very mild conditions both electron-rich
and electron-poor olefins into iodohydrins.4

The ability of iodine(III) species to oxidise a chalco-
genate-type derivative as diphenyl diselenide was exten-
sively studied and applied to the preparation of several
oxy-selenenylated products.5 More recently, we have
observed in our laboratory that the commercially avail-
able phenyliodine(III)bis(trifluoroacetate) (BTI) is able
to promote, at −15°C, the complete decolouration of a
yellow–orange solution containing both the alkene and
diphenyldiselenide in anhydrous CH3CN. Using this
treatment, several phenylethene derivatives were trans-

formed into the hydroxyphenyl selenenylated com-
pounds in a Markovnikov fashion.6 In the light of these
observations and with the aim to generate an efficient
electrophilic iodinated agent in situ, we have tried to
apply the same experimental conditions described
above to an iodine-containing solution of CH3CN. The
first substrate allowed to react was styrene, treated with
0.6 molar equiv. of I2 followed by 0.7–1.0 molar equiv.
of BTI in 15 ml of anhydrous CH3CN at −15°C. In a
few minutes the complete disappearance of the dark
red–brown colour was observed. The reaction mixture
was allowed to warm up to room temperature and,
after a simple work-up, the corresponding 2-phenyl-2-
hydroxy-1-iodoethane, isolated and fully characterised
as the acetate derivative, was recovered in 89% overall
yield.

This result prompted us to apply our methodology to
different alkenes but unfortunately only unstable iodi-
nated products were isolated from any reaction mix-
tures, which spontaneously liberate I2 after the
evaporation of the extraction solvent.

In the case of styrene, the ligand transfer to the benzylic
position is probably the fastest reaction process. In all
the other cases, the halogen competes with the poor
nucleophilic character of the trifluoroacetate anion.

The participation of water in electrophilic halogenation
reaction of alkenes is one of the most thoroughly
studied classes of cohalogenation.1 So we found that
also in our case the addition of water to CH3CN forces
the halonium ion intermediate to incorporate OH
instead of the iodine anion.7
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Indeed, a 4:1 mixture of CH3CN–H2O is an optimum
choice to transform different classes of olefins into the
corresponding iodohydrins in very good yields.8 The
results of these reactions are summarised in Table 1.

It is noteworthy that the amount of iodine used in all
the reactions studied is very low (0.6 equiv.). Neverthe-
less, this quantity is sufficient to transform 1 equiv. of
alkene to the parent iodohydrin derivative in good

Table 1. Conversion of alkenes and enolethers into iodohydrins promoted by I2 and PhI(OCOCF3)2 inCH3CN/H2O at
−15°C
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yield. The yields of the reactions are also unaffected
by increasing the amount of BTI initially added.

The mechanism aspects of this reaction are not clear
but the ratio of I2/BTI/alkene chosen indicates that
all the molecular halogen initially added is trans-
formed by the hypervalent iodine species into the cor-
responding electrophilic-reactive iodine. For this
reason it is not necessary to add iodine anion-trap-
ping agent to avoid competition of this nucleophilic
halogen anion.9

Furthermore, any reaction mixture quenched with
H2O shows an acidic pH (around 3), and all the
attempts to perform the reaction under neutral condi-
tions failed.

As depicted in Table 1 (entries 1, 3, 8 and 9), the
addition of hypoiodous acid to terminal olefins pro-
duced vicinal iodoalcohols in a Markovnikov fashion.
Moreover, in the case of stereodefined double bonds,
an anti addition of IOH was observed (entries 5–7
and 10). In the case of (Z)-2-pentenol (entry 7), in
order to avoid the competition of the free alcohol as
nucleophile, the starting material has to be protected
before use.

Also, an electron-poor olefin like (E)-4-hexen-3-one
reacts smoothly but, in our case, the reaction was not
stereoselective and a 1:3 erythro/threo mixture was
recovered.

The last type of alkene allowed to react was a cyclic
enol ether largely used as a protecting group for pri-
mary alcohols, dihydropyran (entry 11). This com-
pound contains an electron-rich double bond very
sensitive to acidic medium; under our reaction condi-
tions, this did not decompose, but furnished the
desired iodohydrin as a single regio- and trans-isomer
in excellent yield. In the light of this result, we have
tried to apply our mild reaction conditions to glycals
that represent important precursors of 2-deoxysugars.8

As reported in Table 1 (entries 12–14), the
hypoiodous acid formed adds to protected glycals
providing the 2-deoxy-2-iodo sugar derivatives in
acceptable yields. Moreover, in the cases of glycals
obtained from D-glucose, 2-deoxy-2-iodo-�-D-
mannopyranose derivatives 1m and 1n were separated
as the sole products.9,10

Finally, our results demonstrate that the use of both
elemental and hypervalent iodine species in CH3CN–
H2O solution represents a good alternative to the
more expensive NIS (N-iodosuccinimide) in the
preparation of iodohydrins.4

An extension of our method to the electrophilic iodi-
nation of aromatic and etheroaromatic molecules is
currently under way.
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