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Abstract—Ketones are directly converted to the corresponding a-iodoketones in good yields with molecular iodine under metal cat-
alyst-free conditions. A significant difference in the reactivities was observed for aliphatic and aromatic ketones; whereas aliphatic
ketones reacted smoothly at room temperature giving a mixture of 1-iodo, 3-iodo and 1,3-diiodoketones with predominant forma-
tion of the 3-iodo product, the a-iodination of aromatic ketones proceeded conveniently under heating to give good yields of a-iodo

products.
© 2006 Elsevier Ltd. All rights reserved.

a-Iodoketones are important building blocks in organic
synthesis.! Various electrophilic iodonium sources are
usually employed for a-iodination of carbonyl com-
pounds.?? The use of molecular iodine as an iodinating
agent has been demonstrated only in a few methods for
the synthesis of a-iodoketones. These methods, how-
ever, employ selenium dioxide,** mercury(II) chloride*®
or ceric(IV) ammonium nitrate,* etc., in stoichiometric
or sub-stoichiometric amounts and entail the use of ace-
tic acid in some cases as a reaction medium. Clearly,
harsh acidic conditions and the use of toxic metal salts
are serious drawbacks associated with these methods.*

In recent years, molecular iodine catalyzed or mediated
reactions have grown in importance in organic synthe-
sis.> The mild Lewis acidic nature of iodine has been
exploited in several of these reactions. We envisaged that
molecular iodine could play a dual role as a catalyst that
initially promotes enolization and as a reagent that sub-
sequently reacts with the enol to afford a-iodoketones.
One advantage of such a method would also be that
the equimolar amount of HI that is generated in situ
during the reaction may also participate in the enoliza-
tion of the ketone such that the overall reaction is fur-
ther expedited. Thus, such a protocol for a-iodination
was anticipated, in addition to experimentally being sim-
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ple, to obviate the use of external metal catalysts,
preformed enolates, harsh acidic/basic conditions, etc.
Herein, we report the first direct and metal catalyst-
free a-iodination of ketones with molecular iodine in a
neutral medium.

In our initial experiments, we examined the reactivity of
propiophenone (1 equiv) at room temperature as a rep-
resentative case with molecular iodine (2 equiv) in DME
as solvent. The GC analysis of the crude reaction

Table 1. Reaction of propiophenone with molecular iodine at 90 °C

o} (0]
CH
Ph)H Iy Ph)J\/ 3
[o}
CHs DME, 90 °C |
Entry Solvent I, (equiv) Time (h) GC conv. (%)
1.1 DME 2 3 59
1.2 THF 2 3 54
1.3 CH;CN 2 3 13
1.4 DCE 2 3 <1
1.5 Toluene 2 3 <1
1.6 NMP 2 3 5
1.7 DME 2 6 76
1.8 DME 2 12 76
1.9 DME 2 16 86
1.10 DME 3 3 88
1.11 DME 3 6 96
1.12 DME 4 3 96
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mixture after 12h did not reveal the formation of
a-iodopropiophenone.

Remarkably, heating the reaction mixture at 90 °C for
3h led to 59% conversion of the ketone. Encouraged
by this result, we screened the reaction of propiophe-
none under various conditions and the results are sum-
marized in Table 1. As can be seen, the reaction was
found to be considerably faster in solvents such as
DME and THF (entries 1.1 and 1.2) as compared to
those in CH3;CN, DCE, toluene and NMP (entries
1.3-1.6) under identical experimental conditions. How-
ever, some products that appeared to be derived from

Table 2. a-Iodination of aromatic ketones at 90 °C°

the solvent were observed when the reaction was con-
ducted in THF.

Hence, we focused on DME as an appropriate solvent,
and the o-iodination of propiophenone was further
investigated varying the molar equivalents of iodine
and reaction time (entries 1.7-1.12). Thus, it emerged
that high conversion of propiophenone to the corre-
sponding a-iodoketone occurred with 2 M equiv of I,
albeit in a long reaction time (16 h). However, excellent
conversion of the ketone occurred in 3h when 4 M
equiv of I, were employed. With the objective of achiev-
ing high conversions in short reaction times, we further

Entry Ketone Todoketone Yield*® (%)
O o]
2.1 CH, 2.1a 74
|
(e} o]
22 CHa 224 90
CHs |
O o]
2.3 CH3 CH3 2.3a 86
|
O O
24 2.4a 87
CHj | CHs
O O
|
H;C H;C
O (0}
2.6 ﬁcm /©)H 2.6a 77
|
Br Br
o} (o}
|
H3;CO H5;CO
o} o}
28 /©)J\CH3 /©)H 2.8 74
|
Ph Ph
O (0}
2.9 2.9a 64

(@]
I
@

HO

!

#Tsolated yields.
° All products were identified by IR, '"H NMR and '*C NMR analysis.
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explored the direct a-iodination of various ketones with
4 equiv of molecular I,.

The results of the a-iodination of various alkyl aryl
ketones are given in Table 2. The a-iodination of a
variety of ketones with different aryl and alkyl groups
proceeded efficiently to afford the corresponding
a-iodoketones in 62-90% isolated yields. The reactivity
profile of the substituted acetophenones is noteworthy.
For example, acetophenone with various substituents
on the phenyl ring yielded the corresponding a-iodoke-
tones with only a marginal variation in isolated yields,
which suggests that any change in electronic factor of
the phenyl ring has only a minor effect on the reaction
outcome (entries 2.5-2.9). Cyclic ketones, likewise
underwent smooth o-iodination (Table 3). For example,
1-tetralone (entry 3.1), 6-methoxy-1-tetralone (entry 3.2)
and l-indanone (entry 3.3) all gave the corresponding a-
iodo products in 94% (3.1a), 81% (3.2a) and 77% (3.3a)
yields, respectively. The simplicity of the present method

Table 3. Reaction of cyclic ketones at 90 °C°

is underscored by the fact that 2-iodotetralones and 2-
iodoindanone are prepared directly and readily, while
their literature-methods were not straightforward.?®¢

At this stage, it was of interest to investigate the reactiv-
ity of alkyl ketones with molecular iodine under metal
catalyst-free conditions. Remarkably, a-iodination of
alkyl ketones proceeded smoothly at room temperature
leading to a mixture of a-iodoketones, with the 3-iodo
isomer as the major product. For example, the reaction
of 2-nonanone with molecular iodine (4 equiv) at room
temperature for 12 h produced a 66% yield of 3-iodo-
2-nonanone and l-iodo-2-nonanone (89:11 by 'H
NMR)* as a mixture along with a very minor <1% of
the 1,3-diiodo product (entry 4.1). Further studies car-
ried out with other alkyl ketones under various condi-
tions are summarized in Table 4.

Evidently, an increase in time and molar equivalents of
iodine affected the overall yields of 3-iodo, 2-iodo and

Entry Ketone

Todoketone

Yield™® (%)

0
3'1 ©fi
0
3.2 m
HsCO

o
©i5/' 3.1a 94
0
|
/@é/ 3.2a 81
HsCO

o} O

#Tsolated yields.
® All products were identified by IR, 'H NMR and '*C NMR analysis.

Table 4. a-Iodination of alkyl ketones’

0} 0] (0] (0]
[ R R R
Hk CH, o %CHs \)k’ %
R DME | + [ | |
A B C
Entry Ketone L (equiv) Temp (°C) Time (h) Conv. (%) (GC) (A + B+ C) yield*® (%) A:B:C (GC) A:B:C (‘"H NMR)
4.1 2-Nonanone 4 rt 12 91 66 93:5:2 89:11:0
4.2 2-Nonanone 2 rt 24 74 59 90:7:3 84:12:4
4.3 2-Nonanone 3 rt 24 — 82 88:3:9 85:3:12
4.4 2-Octanone 2 rt 24 66 30 97:1:2 95:2:3
4.5 2-Octanone 3 rt 24 98 69 84:6:10 81:7:12
4.6 2-Octanone 4 rt 12 86 48 — 82:4:14
4.7 Benzyl acetone 2 rt 24 52 37 — 90:3:7
4.8 Benzyl acetone 3 rt 24 70 49 82:13:5 84:2:14
4.9 Benzyl acetone 4 90 12 100 81 (A+B=35C=46) 89:11 (A:B) 88:12 (A:B)

#Tsolated yields.
® All products were identified by IR, 'H NMR and '*C NMR analysis.
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1,3-diiodo product formation in all the cases studied.
The product ratio of 3-iodo, 1-iodo and 1,3-diiodo cal-
culated from 'H NMR was almost in agreement with
that observed in GC analysis. In the case of benzyl ace-
tone (entries 4.7-4.9), a-iodination was found to be
more efficient under heating conditions giving an 81%
combined yield (entry 4.9) and this also resulted in an
increase in the formation of 1,3-diiodo product.
However, the reactivity pattern observed for a-iodin-
ation of unsymmetrical ketones was found to be similar
to that reported for the corresponding o-bromination
reactions.” The selective iodination of alkyl ketones
observed here appears to be primarily guided by the
thermodynamic stability of the enol, which is evident
from the formation of 3-iodoketone as the major prod-
uct, while the 1-iodo isomer is the minor product. The
longer reaction times and excess iodine did help the for-
mation of the 1,3-diiodo product, but in low yields. The
poor yield of isolated products in some cases was due to
the sensitive nature of the products, despite the good
conversion (GC analysis) under the present conditions.

As mentioned at the outset, we believe that the direct o-
iodination is triggered by molecular iodine, which func-
tions as a Lewis acid in promoting the initial enolization
of the ketone. The formation of HI during the course of
the reaction leads presumably to autocatalysis.® Indeed,
the reaction of propiophenone in the presence of 1 equiv
of pyridine and I, (4 equiv) in DME at 90 °C did not
produce a-iodopropiophenone. This also proves the
autocatalytic role of in situ generated HI in accelerating
the reaction. Insofar as the solvent is concerned, the role
of DME in polarizing molecular iodine by way of chela-
tion cannot be ruled out.

In summary, we have developed a new metal catalyst-
free direct o-iodination procedure for ketones using
molecular iodine. The advantages of the present method
include

in situ generation of the enol from the ketone;
iodination by molecular iodine;

neutral reaction medium,;

avoidance of metal catalysts;

short reaction times.

We are currently exploring further transformations
mediated by iodine.
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. General procedure for the synthesis of o-iodoketones (2.1a—

2.9a and 3.1a-3.3a): Ketone (1 mmol) along with iodine
(4 mmol) in DME (5 mL) was heated in a Schlenk tube at
an oil bath temperature of 90 °C for 3 h. Then the contents
were cooled and extracted with ethyl acetate (2 x 25 mL).
The combined extract was washed with sodium thiosulfate
to remove unreacted iodine. Subsequently, the extract was
washed with brine (10 mL), dried over MgSO, and
concentrated. The crude product was purified by silica gel
chromatography and the corresponding a-iodo product
was isolated. The products were identified by IR, '"H NMR
and '>C NMR analysis. In the case of alkyl ketones (Table
3), the same general procedure was followed except that the
reaction was stirred at room temperature for the specified
time given in Table 3.
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