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Triiodoisocyanuric acid: a new and convenient reagent for
regioselective coiodination of alkenes and enolethers

with oxygenated nucleophiles
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Abstract—The reaction of triiodoisocyanuric acid (prepared from I2 and trichloroisocyanuric acid in 90% yield) with alkenes in the
presence of oxygenated nucleophilic solvents (alcohols, AcOH and H2O) led to the corresponding b-iodoethers, b-iodoacetates and
iodohydrins, in 66–98% isolated yield. Enolethers reacted with triiodoisocyanuric acid in MeOH to produce dialkylacetals (70–83%).
� 2007 Elsevier Ltd. All rights reserved.
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The regioselective functionalization of alkenes is an
important process in organic chemistry. Among the
several methodologies, the so-called ‘cohalogenation’
(halogenation of an alkene in the presence of a nucleo-
philic solvent) provides vicinal halo-functionalized
products regioselectively, which are useful intermedi-
ates for diverse synthetic applications.1 Besides the
large applicability in organic synthesis, the recent dis-
covery of the bioactivity of naturally occurring organo-
halogen compounds has attracted the interest in such
compounds.2

In contrast to other halogens, the simple iodination of
an alkene is very slow and hence, the coiodination of
alkenes is only effective using alternate sources of elec-
trophilic iodine.3 Traditional methodologies for the regio-
selective 1,2-alkoxy, -acetoxy and -hydroxy iodination
of alkenes include the reaction of I2 with an alkene in
the presence of alcohols, acetic acid and water, respec-
tively, mediated by diverse heavy metal salts4 or oxidiz-
ing reagents.5 Alternative methodologies are the
reactions of alkenes with excess iodine,6 I2/clays,7 diac-
etoxyiodine(I) complexes,8 in situ generated acyl hypoio-
dite,9 IPy2BF4,10 I2/ultrasound11 or iodide/H2O2

12 in the
presence of the nucleophilic solvent, to name a few.
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N-Haloimides13 and N-halosaccharins14 are mild elec-
trophilic halogenating agents, which can be used under
neutral conditions. The halogen in those of compounds
has a greater electrophilic character than in X2 and the
representative iodination reagents are N-iodosuccin-
imide (NIS)15 and N-iodosaccharin (NISac).15c,16

Recent papers have demonstrated that trihaloisocyanu-
ric acids (Fig. 1), such as trichloroisocyanuric17 (TCCA)
and tribromoisocyanuric acids18 (TBCA), are efficient
halogenating agents, due to their capability of halenium
(‘X+’) atoms transfer to unsaturated substrates. These
trihaloisocyanuric acids are also very interesting from
the green chemistry point of view,19 as they can intro-
duce halogen atoms in organic compounds without
using toxic and corrosive X2 and also present good atom
economy.

Triiodoisocyanuric acid (TICA), an analogue of TCCA
and TBCA, synthesized by Gottardi more than 35 years
ago,20 has not yet been reported as an iodination reagent
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Figure 1. The trihaloisocyanuric acids.
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Table 1. Coiodination of alkenes with TICA and oxygenated nucleophiles
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C C

I
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Entry Alkene Product Reaction condition Yielda (%) Ref. to Product

1

OMe
I MeOH, 15 min 90 24

2

OEt

I EtOH, 30 min 84 25

3

Oi-Pr

I i-PrOH, 60 min 90 25

4

OH

I Me2CO–H2O (2:1), 60 min 88 25

5

OAc

I AcOH–Ac2O (1:1), 40 min 73 4

6
I

OH
Me2CO–H2O (2:1), 20 min 98 26

7
OMe

I

MeOH, 5 min 89 27

8
Oi-Pr

I

i-PrOH, 20 min 74 28

9
Ot-Bu

I

t-BuOH, 150 min 66 28

10
OH

I

Me2CO–H2O (2:1), 5 min 77 24

11
OAc

I

AcOH–Ac2O (1:1), 30 min 79 4

12

I

OH

Me2CO–H2O (2:1), 10 min 93 6

N N

NO O

O

Cl

ClCl

1) I2 (3.3 mol equiv.), sealed tube, 180 oC, 24 h
2) distillation of ICl

3) 230 oC, 48 h
4) distillation of ICl
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O
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90 %

Scheme 1. Preparation of TICA.
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Table 1 (continued)

Entry Alkene Product Reaction condition Yielda (%) Ref. to Product

13 Hex

(75 : 25)b

Hex

OH

OHI
Hex

I
+

Me2CO–H2O (2:1), 10 min 88 26

14 Hex Hex

OMe

I
Hex OMe

I
+

(80 : 20)b

MeOH, 90 min 88 29

a Isolated yield, based on alkene.
b Determined by HRGC–MS.
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and this motivated us to use it in our studies of iodin-
ation reactions. Furthermore, TICA has also the advan-
tage of transferring 3 equiv of iodine atom to the
substrate, representing an atom economy of 75%. In
the present work, we studied the regioselective coiodi-
nation of alkenes and enolethers using TICA as the
source of I+ in the presence of oxygenated nucleophiles
(water, alcohols and acetic acid).

In a previous study, Gottardi demonstrated that the
reaction between dichloroisocyanuric acid and I2 for
three days at 180–230 �C produces a mixture of triio-
doisocyanuric acid and ICl, which can be separated
through evaporation of ICl under reduced pressure.20

Herein, we have prepared TICA substituting dichloro-
isocyanuric acid by the readily available and inexpensive
trichloroisocyanuric acid employing 3.3 mol equiv of I2.
The product, a brown solid, was obtained in 90% yield
after 24 h at 180 �C followed by 48 h at 230 �C in a
sealed tube and distillation of ICl under reduced pres-
sure (Scheme 1).21
Table 2. Coiodination of enolethers with TICA and oxygenated nucleophile

C C
R1O

+
N

N

N

O

O

I

I

Entry Enolether Product

1
O O OMe

I

2 OBu
OBu

OMe

I

3

OMe
I

MeO OMe

4

OMe

I

O

a Isolated yield, based on enolether.
In this study, alkenes (cyclohexene, 1-methylcyclo-
hexene, styrene, a-methylstyrene and 1-octene) and acti-
vated alkenes that possess an enolethers moiety (butyl
vinyl ether, dihydropyran and 1-methoxycyclohexene)
were used as substrates and acetic acid, alcohols and
acetone/water system as nucleophilic solvents. The
scope of the coiodination reactions using TICA is indi-
cated by the examples listed in Tables 1 (alkenes) and
2 (enolethers).

The reactions were carried out with 2 mmol of alkene
and 0.67 mmol of TICA at room temperature (Table
1).22 Iodohydrins were rapidly obtained in good yields
using a mixture of acetone/water (2:1). The iodination
of alkenes with TICA in the presence of alcohols
(MeOH, EtOH, i-PrOH, t-BuOH) and acetic acid/acetic
anhydride resulted in the respective b-iodoethers and b-
iodoacetates, in good yields. The reactions with styrene,
a-methylstyrene and 1-methylcyclohexene were highly
regioselective, following Markovnikoff fashion (Table
1, entries 1–6 and 12) and no regioisomers were detected
s

O

I R2OH

2 min / r.t.

R2OH Yielda (%) Ref. to Product

MeOH 83 5c

MeOH 83 —

MeOH 70 31

H2O 69 32
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on the crude reaction products by the analytical proce-
dures employed (HRGC–MS, 1H NMR and 13C
NMR spectroscopy). As previously observed,23 excep-
tions were observed in the reactions with 1-octene that
produced a mixture of regioisomers in which the pri-
mary iodide predominated (Table 1, entries 13 and
14). High trans-stereoselectivity was also observed for
additions to cyclohexene and 1-methycyclohexene
(Table 1, entries 7–12).

Enolethers (2 mmol) reacted quickly and smoothly with
TICA (0.67 mmol) at room temperature in MeOH to
produce the corresponding iodo-dialkylacetals (Table
2, entries 1–3).30 However, if the reaction was performed
with 1-methoxycyclohexene in water, the hemiacetal was
very unstable and 2-iodocyclohexanone was obtained in
69% yield (entry 4).

In conclusion, we have presented an efficient and eco-
friendly alternative reagent for the regioselective coio-
dination of alkenes, affording good to excellent yields
of iodohydrins, b-iodoethers and b-iodoacetates under
mild conditions.
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