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Abstract—A re-investigation of the use of aqueous potassium dichloroiodate (KICl,) as an iodinating agent for aromatic
compounds has found the reagent to be more generally applicable than previously known. The reagent has been found to give
excellent yields of iodinated heterocyclic compounds, such as isatin, imidazole and pyrazole. © 2001 Published by Elsevier Science

Ltd.

Larsen and co-workers first reported the use of potas-
sium dichloroiodate (KICl,) as an iodinating agent, in
reactions with 3,5-diaminobenzoic acid derivatives, in
1956.! Since their study no further reports on the use of
this reagent for aromatic iodination have appeared.
However, the reagent has found use in the syntheses of
vic-iodochlorides and iodolactones.? More recently, the
use of related reagents, such as Py-ICl,* IPy,BF,* and
BTMAICIL,,> has been reported. One of the general
problems with introducing iodine as a substituent on an
aromatic ring is the lack of reactivity of molecular
iodine. This problem is overcome by the use of iodo-
nium equivalents (‘I*’) or reagent combinations that
generate electrophilic iodine(I) species.® Such protocols
have found application for the synthesis of iodinated
heterocyclic compounds with variable results.” In the
case of imidazoles, iodination has been conducted with
I,/KI in aqueous NaOH solution.® However, conflicting
literature data® reports the preparation of both 4,5-
diiodoimidazole®* <  (55-80% yield®) and 2.4,5-
triiodoimidazole®*# (49-75% yield®) by variations of
this procedure. Herein we report an efficient method for
the iodination of representative aromatic and hetero-
aromatic rings using an aqueous KICI, solution.

The initial experiments using aqueous KICI, investi-
gated the reaction with 8-hydroxyquinoline. The addi-
tion of this substrate to a solution of KICI, resulted in
the rapid dissolution of the substrate. This was fol-
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lowed almost immediately by the rapid precipitation of
5,7-diiodo-8-hydroxyquinoline’ in near quantitative
yield (Table 1, entry 1). This result prompted further
investigation with a variety of substrates. The details of
some of these experiments are summarized in Table 1.

During experiments involving the iodination of vanillin,
it was noted that different experimental procedures
could markedly affect the outcome of the reaction.
These procedures included the addition of the substrate
as a solution or solid to the aqueous KICI, solution or
vice versa. In the case where an aqueous solution of
vanillin (10 mmol, 0.2 M) was added to the KICI,
solution (2.2 equivalents, 0.73 M) the reaction mixture
became very darkly colored and a darkly colored pre-
cipitate was obtained. This was isolated by filtration,
treated with aqueous sodium thiosulfate and recrystal-
lized from aqueous ethanol to give 5-iodovanillin in
22% vyield as slightly brown crystals. When the same
experiment was repeated but by adding the KICl, solu-
tion to an aqueous solution of vanillin (10-50 mmol),
the reaction mixture did not become darkly colored and
a slightly gray product was precipitated. Isolation of
this product and purification in an identical manner to
that above gave an 80% yield of colorless 5-iodovanilin
(Table 1, entry 2). Adding vanillin as a solid to an
aqueous solution of KICl, did not result in the forma-
tion of a darkly colored precipitated product, but did
give an overall lower yield of purified product (50—
55%). Similar observations were made with the reaction
of imidazole derivatives (Table 1, entries 3-5), where
both the order of addition and a careful control of the
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Table 1. Substrates and their respective iodinated products as well as a comparison with literature data®

Table entry  Substrate Method®; reaction time  Product Yield (%); mp (°C); (recryst.) lit. (%); mp (°C)ReF

A; 1 hour 94-97; 190-200sub.; (see Ref. 9); lit. (84-93)¢; 198-200°
X
o0
OH
3
) oo
|
o

1

H

A4; 1 hour H 80-87; 180-181; (EtOH/H,0); lit. (63-90)¢ 181-182%°

[N

I T

\ir"’8 o
I

CHO H

C; 6 hours Ho 91; 189-191; (MeOH); lit. (55-80)¢ 191-1928%°

e

A; 6 hours H 89; 200 dec.; (MeOH); ----

4]

g
1
=

A; 6 hours 79; 200; (MeOH); lit. (64)¢ 194-1958%¢

7]
=\
szZ Iz

6 m@ A; 6 hours s 95; 108-110; (CHCL); lit. (80)° 108-110%; (51)e ™
7 o) B; 2 days | o) 90-97; 280-281(dec.); (EtOH); lit. (77)" 281-22!
(Lo Cro
N N
H H
8 Q B: 5 days o 90-95; 203-205; (EtOH) —
X S
L N o P N o
H A H
9 o) B; 3 months 0, I 83; 246-248; (see Ref. 22); lit. (91)8 246-2483%; (56-64)" 22
°
N\Cfézo NH,
H |
10 N D (slow addition); 4 H3CQ 73; 147-149; (EtOH/H,O); lit. (67)" 14714813

| hours
HaCO™ AcH
NHAc
|

# Representative spectroscopic and analytical data are included in reference 19.

® Methods (for experimental quantities see the text, all reactions were performed at room temperature on a 10-100 mmol scale): 4, a solution of
KICl, (generally 2 equiv. of a 1 or 2 molar solution) was added to a solution or suspension of the substrate in water (a quantity sufficient to
solubilize the substrate or to provide a means for the facile, magnetically induced, agitation of the reaction medium for the stated time). Products
were isolated by filtration of the precipitated solid and purified as indicated in the text/table.; B, addition of the KICIl, solution to a solution
or suspension of the substrate in methanol; C, method A4 inverted; D, method B inverted.

¢ Use of ICl in aqueous HCI.

d Use of aqueous NaOH/IL,.

¢ Use of pyridine-ICIl complex in concentrated aqueous NH,OH.

fUse of ICI in AcOH.

g Use of pyridine-ICl complex in H,SO, and with Ag,SO,.

h Use of BTMAICI, and ZnCl, in AcOH.
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pH were necessary to achieve good yields of the iodi-
nated products. Thus, an aqueous solution of imidazole
(15 mmol, 0.3 M) was slowly added to a solution of
KICl, (2.5 equiv., 2.0 M) at room temperature. A
colorless solid readily formed. The mixture was stirred
for an additional 6 h, after which time aqueous 2 M
NaOH solution was added until complete dissolution
occurred. The clear solution was then acidified to pH
10 by the slow dropwise addition of concentrated HCI,
which resulted in the precipitation of a colorless solid.!°
The resulting product was removed by filtration and
recrystallized from methanol to afford 4,5-diiodoimida-
zole in 91% yield. When this protocol was applied to
2-substituted imidazoles, poor yields of the correspond-
ing 4,5-diiodoimidazoles were obtained. A significant
improvement was observed by inverting the order of
addition of the reagents. Thus, to an aqueous solution
of 2-phenylimidazole (15 mmol, 0.3 M) at 50°C, was
added a room temperature solution of KICl, (2.5
equiv., 2.0 M).!! After stirring at room temperature for
6 h, 2 M NaOH was added to give a clear solution
which in turn was neutralized (pH 7) with concentrated
HCI, resulting in the precipitation of 4,5-diiodo-2-
phenylimidazole which was subsequently isolated in
89% vyield as a yellow solid. The same procedure was
employed for the preparation of 4,5-diiodo-2-methylim-
idazole and 4-iodopyrazole (Table 1, entry 6), in 79 and
95% yield, respectively.'?

In cases where the substrate had poor water solubility
the use of methanol as a co-solvent proved to be
beneficial. For example, the reactions of isatin (100
mmol) and 5-methylisatin (100 mmol) were performed
by the addition of aqueous KICl, (2 equiv., 2 M) to an
equal volume of a methanolic solution/suspension of
the respective isatin (Table 1, entries 7 and 8). These
reactions required a few days at room temperature to
complete, but the long reaction time is offset by the
excellent yield of mono-iodinated product. Neither 5-
iodoisatin nor the 5-bromo- or 5-chloro-isatin deriva-
tives were found to react with KICl, under the
aforementioned reaction conditions.!®> In contrast, 5-
nitroisatin reacted very slowly over a prolonged period
to yield 2,6-diiodo-4-nitroaniline (Table 1, entry 9).

Once again in reactions where iodination of an aro-
matic compound occurred relatively rapidly (hours) but
the substrate was water insoluble, the order of addition
of the reagents was found to be important. In the case
of o-methoxyacetanilide the best method for the iodina-
tion of this substrate was found to be the dropwise
addition of the methanolic substrate solution (50 mmol,
0.67 M) to the KIClI, solution (2 equiv., 0.4 M) over a
period of 4 hours. During the addition the product
precipitated. After complete addition the reaction mix-
ture was maintained at room temperature overnight
before diluting with water and removing the product by
filtration (92% yield). Analysis of the 'H NMR spec-
trum of the crude product revealed it to be an approx-
imately 1:3 mixture of the isomers 4-iodo-2-methoxy-
and 5-iodo-2-methoxy-N-acetanilide. The structure of

the principle isomer was confirmed by comparison with
data from the literature'* (table entry 10). In contrast
p-methoxyacetanilide was found to be unreactive.'?

In conclusion, an aqueous solution of KICI, has been
found to be a versatile agent for the iodination of
aromatic'® and heteroaromatic compounds. This
reagent has been found to be the reagent of choice for,
amongst others, the iodination of isatin!” and
imidazole'® derivatives resulting in considerably supe-
rior and reproducible yields. In addition, the use of
aqueous KICIl, for the iodination of aromatic com-
pounds offers a number of advantages in terms of
safety and ease of use in comparison to other methods
that often employ toxic and hazardous materials.
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