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Grindstone chemistry: (diacetoxyiodo)benzene-mediated oxidative
nuclear halogenation of arenes using NaCl, NaBr or |,
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A technique of “Grindstone chemistry” is applied to the solvent-free halogenation of arenes with NaCl, NaBr or
I, using (diacetoxyiodo)benzene as the oxidant. Improved yields and higher purities of the products are observed

compared with those from established methods.
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Halogenated aromatic compounds have been extensively
used as intermediates for the synthesis of many industrially
valuable products such as drugs, pharmaceuticals,
agrochemicals, pigments and photographic materials.!
Recent progress in organo-transition metal chemistry has
also renewed the importance of haloarenes because they
can be easily functionalised through metal-catalysed cross-
coupling reactions.2 Therefore, there are several known
methods available in the literature that have been developed
for the chlorination, bromination and iodination of aromatic
compounds. However, classical direct chlorination and
bromination involve the use of potentially hazardous, difficult
to store and handle elemental halogens, Cl, or Br, which
generate toxic and corrosive hydrohalic acids as side-products,
thereby causing serious environmental pollution.? Also, the
direct iodination of arenes with elemental iodine is extremely
difficult due to the low reactivity of iodine compared with the
other halogens in aromatic substitution. Therefore, molecular
iodine has to be used in combination with mineral acids, high
reaction temperatures and metallic reagents, which in turn
generate toxic waste.* To overcome these drawbacks with
elemental halogens, several other methods for chlorination,
bromination and iodination of arenes have been developed
using different reagents.> Among these, N-halosuccinimides
have been extensively utilised for achieving nuclear
halogenation of arenes under different reaction conditions.®
Alternatively, the generation of electrophilic halogen from
halide salts or hydrohalic acid, under oxidative conditions,
has also resulted in nuclear halogenation of arenes.” Despite
the availability of a variety of methods for the reaction,
there is growing need for green methodologies that obviate
the use of copious amounts of heavy metal oxidants, toxic
Cl,/Br, and environmentally unfriendly organic solvents.®
From this point of view, the reactions of hypervalent iodine
reagents under solvent-free conditions are highly attractive.’
(Diacetoxyiodo)benzene (DIB) is the most extensively
utilised hypervalent iodine (III) reagent. It is easy to
handle, non-toxic, commercially available and is similar in
reactivity to heavy metal oxidants.! Previously, DIB was
used in the bromination of flavones, dihydropyrans and 1,4-
dimethoxynaphthalenes using TMSBr or Buy,NBr.!! Similarly
molecular iodine combined with DIB was employed for the
iodination of selected substrates such as alkyl benzene or
thiophene derivatives.!? The other hypervalent iodine reagent
i.e. (dichloroiodo)benzene, PhICI, has been documented for
chlorination of arenes.!? All these halogenation reactions have
been carried out in an organic solvent such as dichloromethane,
DMSO, acetic acid, acetonitrile or THF. We find similar or even
better yields of the halogenated arenes using the “Grindstone
chemistry” technique, which has recently received a good deal
of attention.!* In 1987, Toda et.al. showed that many reactions
(but not all) can be conducted in high yields under solvent-
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free conditions by just grinding the reactants together.!
Usually these reactions were carried out on a very small scale
in an agate pestle and mortar. It has been of interest to us to
extend this approach to the halogenation of arenes. Following
our continued interest in hypervalent iodine reagents,'® here
we report an application of ‘Grindstone Chemistry’ to the
nuclear chlorination, bromination and iodination of arenes
with NaCl, NaBr or I, respectively, using DIB as oxidant
(see Scheme 1).

In a typical experimental procedure, a homogeneous mixture
of arene (2 mmol), (diacetoxyiodo)benzene (2.2 mmol)
and NaCl or NaBr (2 mmol) was gently ground for
30 minutes using a pestle and mortar. The wetting of the
reaction mixture along with a red or yellow colouration
was observed. After completion of reaction (monitored by
TLC by taking a small amount of the mixture and dissolving
it in ethyl acetate), the solid residue was washed with diethyl
ether (5 ml), concentrated in vacuo and chromatographed to
give chlorinated and brominated arenes in good to excellent
yields. However, the yields of iodination reaction of arenes
under similar experimental conditions were relatively
poor using Nal and DIB in equimolar quantities. However,
a combination of DIB and molecular iodine in 1: 0.6 molar
ratio gave excellent yields of iodinated arenes. Therefore,
we have selected NaCl and NaBr for chlorination and
bromination, while molecular iodine for iodination of a range
of arenes using DIB as oxidant. The results are summarised in
the Table 1.

It follows from Table 1 that highly activated methoxy-
benzenes (Entries a—e) and moderately activated alkyl
benzenes (Entries f~h) underwent halogenation in good to
excellent yields. It is very interesting and remarkable that
monohalogenation products were observed in all the cases.
One of the most important features of this methodology is its
regioselectivity. Thus, halogenation of anisole, N,N-dimethyl
aniline and acetanilide (Entries a, i and j) occurred exclusively
at the para-position. The yields of chlorination products
were found relatively poor compared to the yields of the
bromination and iodination reactions.

Mechanistically, the ligand exchange reaction between
PhI(OAc), and bromide or chloride anion will form a
putative intermediate PhI(OAc)X (where X is Cl or Br).
The overwhelming tendency of iodobenzene for reductive
elimination from PhI(OAc)X will generate electrophilic
chlorine or bromine responsible for the chlorination and
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Table 1 Halogenation of arenes with NaCl, NaBr or |, using (diacetoxyiodo)benzene as oxidant under solvent-free conditions?
Entry Arene Productb Yield (%) of the M.P./°C Lit. M.P/C
productb for
X =Cl,Brorl
a OMe OMe Cl 84 QOil Qilsd
©/ /©/ Br 94 oil oileb
X | 96 51 50-536b
b OMe OMe Cl 80 Qil Qilse
@ /@ Br 91 oil oiléb
OMe X OMe | 90 76 76-7860
OMe X OMe
c Cl 81 36 34-36"8
Br 93 Qil Qil'8
4178
OMe OMe | 91 40 37-41
d OMe OMe cl 78 oil oil”?
Br 88 il Qil"?
MeO MeO X | 89 Oil oil7
e OMe T om cl 77 69 68-69¢0
¢ Br 87 oil 0ileb
| 84 Qil 86-876b
f Cl 69 QOil Qilsb
@[ /@ Br 78 oil oil
X | 81 Oil Qileb
g Cl 71 Qil Qil'8
Br 77 QOil Qil8
X | 83 QOil Qilsb
h Cl 68 Oil Qileb
Br 74 QOil Qils
X | 76 Oil QOil4d
i NMe; NMe, Cl 74 QOil Qil18a
©/ /©/ Br 82 54 54-557¢
X | 77 66 66-6719
j NHCOCH; NHCOCH; cl 71 178 177-17918b
©/ /©/ Br 84 167 167-1698b
X | 76 154 153-156"8

aAll the reactions were carried for 30 minutes.
blsolated yield.

bromination of arenes.!® On the other hand, the reaction of
DIB with molecular iodine will generate acetylhypoiodite,
which is an active source of electrophilic iodine responsible
for the iodination of arenes.!?

In summary, we have applied the “Grindstone Chemistry”
approach to a mild and regioselective monohalogenation of
aromatic compounds using inexpensive, non-toxic and readily
available reagents. These reaction conditions are contributing
to the development of sustainable techniques in organic
synthesis and to the simplicity of reactions with hypervalent
iodine reagents.

Experimental

(a) For chlorination of arenes
A homogeneous mixture of arene (2 mmol), NaCl or NaBr
(2 mmol) and DIB (2.2 mmol) was gently ground for 30 minutes
using a pestle and mortar. The progress of the reaction was
monitored by TLC by taking a small amount of the mixture
and dissolving it in ethyl acetate. After completion of reaction,
the solid residue was washed with diethyl ether (5 ml),

concentrated in vacuo and chromatographed (silica gel) to give
chlorinated and brominated arenes.

(b) For iodination of arenes

A homogeneous mixture of arenes (2 mmol), I, (1.2 mmol)
and DIB (2.2 mmol) was gently ground for 30 minutes using a
pestle and mortar. The progress of the reaction was monitored
by TLC. After completion of reaction, the mixture was
washed with Na,S,0; and extracted with CH,Cl, (2 x 10 ml).
The organic extract was dried over anhydrous Na,SO,. Removal
of the solvent and subsequent silica gel chromatography
(petroleum ether and EtOAc) afforded the corresponding
iodinated arene in the pure form.
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