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We report here a methodology of chemo- and regio-selective aryl bromination and iodination using
respective N-halosuccinimides at room temperature in the absence of any solvents, catalyst/additives
under ball-milling condition. However, for chlorination ceric ammonium nitrate was used as additive.
The coupled product succinimide, produced from the reactions, was recycled via regeneration of NBS.
This methodology works with the electron-donor substituted or unsubstituted arenes.

� 2014 Elsevier Ltd. All rights reserved.
It is essential to minimize the usage of chemicals, solvents and
catalysts in routine organic synthesis to do chemical reactions in
greener way.1,2 Aryl halides are well known synthetic intermedi-
ates towards the synthesis of natural or pharmaceutical products.3

The aryl halogenation methodologies are well known over a cen-
tury but still need modifications because of high demand for better
methodologies. For example, bromination reactions using elemen-
tal bromine may lead to unwanted side reactions at harsh condi-
tions4 and chlorination reagents are generally non-eco-friendly.
We did focus on a few literature known halogenation procedures
relevant to our studies (a) brominations using NBS5 (N-bromosuc-
cinimide): NBS–acetonitrile,6 NBS–H2SO4–TFA,7 NBS–BF3–H2O,8

NBS–Al2O3 (solvent free condition9 and Vilsmeier–Haack
bromination10 (b) for chlorinations: NCS (N-chlorosuccinimide)–
acetonitrile,11 NCS–CuCl12 and NCS–BF3–H2O8 (c) iodinations: NIS
(N-iodosuccinimide)–TFA,13 NIS–In(OTf)3

14 NIS–BF3–H2O8 and
NO2–I2

15 etc.
We report a synthetic methodology for electrophilic aryl halo-

genations under ball-milling16–18 conditions and solvent-free con-
ditions at room temperature. To the best of our knowledge, only
one example of aryl-bromination under ball-milling condition
using oxone–NaBr is known in literature.19,20

Herein, we have demonstrated the bromination and iodination
reactions using NBS and NIS, respectively. This methodology works
in the absence of any catalyst or additives. However, chlorination
was done using NCS–CAN (ceric ammonium nitrate) combination.
Interestingly, the coupled product succinimide, obtained from the
reaction, was reprocessed for preparation of NBS. It has been found
that this newly generated NBS works efficiently without losing its
activity. This is an unprecedented example in the literature where
NBS and NIS work efficiently in the absence of any additive/
catalyst.

The results of aryl brominations are presented in Figure 1. Bro-
minated products were obtained in very good to excellent yield for
the derivatives of anilines, anisoles, benzaldehydes, nitrobenzene,
alkyl benzenes etc. Taking a few examples into consideration, we
are now examining the efficiency of our methodology. As shown
in Figure 1, 2h was prepared in 2 h using only NBS under ball-mill-
ing condition compared to a literature reported procedure in which
the bromination was done for 18 h using NBS–TFA–H2SO4.21 We
have successfully done the bromination of alkyl benzenes (2c–2f,
Fig. 1) in the absence of hazardous molecular bromine.4 The ring
brominations of anisole derivatives are generally performed in
toxic acetonitrile solvent and NBS.6 However, the synthesis of 2m
was done at 45 min at ambient temperature under ball-milling
rather than 24 h at reflux condition (Table 1).6 In a similar manner
we have made a few comparisons with literature reported data and
our method (ball milling). These data are shown in Table 1.

The reactions were done under ball-milling condition (fre-
quency 21 Hz), in solid state and at room temperature. The pro-
gress of the reactions was monitored by either TLC (thin layer
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Figure 1. Catalyst and solvent-free bromination using N-bromosuccinimide (NBS).
Compound’s identification numbers, reaction times and isolated yields are also
shown.
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chromatography) or 1H NMR.22 Thus the reaction time and yields
were optimized. A significant loss of the materials was observed
if the reactions were continued over prolonged period of time.
After the reaction, the products were isolated by dissolving the
reaction mixture in ethyl acetate and subsequent paper filtration.
The brominated products were obtained after evaporation of the
solvent and purified by either chromatographically or recrystalli-
zation methods. As a precipitate the coupled product succinimide
Table 1
Comparison data of literature report (traditional) and our method (ball milling)

Entry Compd Traditional

Reagenta Condit

1 2h NBS–TFA21 18 h, rt
2 2m NBS–CCl4

6 24 h, re
3 2t KBr–HNO3

25 3 h, rt
4 8b BuLi, Br2

26 24 h, �
5 8c NBS–CCl4, hm27 0.5 h, r
6 2c NaBrO3–CH3CN28 4 h, rt
7 2p NBS–CCl4

6 4 h, rt
8 2r NBS–CH3CN29 48 h, rt

a References are shown as superscript.
b Exclusive ring bromination was observed as a proof for high chemoselectivity in con
was isolated and recycled after regeneration of NBS using standard
procedure.

Remarkably, this methodology is found to be chemoselective23

and no benzylic bromination was observed for the alkyl ben-
zenes.24 We have also observed the para-selectivity (with one
equivalent of NBS) for electron rich aromatics for example, ani-
soles, anilines (2l) and meta-selectivity for benzaldehyde (2g and
2j), nitrobenzenes (2i, Fig. 1) etc. This regioselectivity clearly estab-
lishes that the reactions proceed via aromatic electrophilic
substitution.8

Using NBS-ball milling methods, we have successfully bromi-
nated the benzaldehyde derivatives and no over-oxidation to ben-
zoic acids was found.30 Compounds 2h, 2j were isolated in very
good yields (Fig. 1).

The bromination methodology is found to be efficient and con-
venient. This fact encouraged us to further explore the chlorination
and iodination of aromatic compounds using NXS (X = Cl, I),
respectively. The direct iodination of aromatic compounds via elec-
trophilic aromatic halogenation is cumbersome due to the low
electrophilicity of molecular iodine.15 Therefore, aromatic iodin-
ation requires either Lewis acid activator or oxidative and/or acidic
reaction conditions.31,32 Again, use of such reaction condition may
cause serious problem during the synthesis of the compounds hav-
ing labile functionalities.

The results of aryl iodination with NIS under ball-milling are
shown in Figure 2. We have successfully done the iodination of
electron rich compounds. Like NBS-milling method, iodination
reactions were done in the absence of additive/catalyst and the
reactions were also found to be chemo- and regioselective. The reg-
ioselectivity for the synthesis of 4b, 4c and 4e is observed due to
steric (like methyl vs methoxy group in 4b) and electronic (e.g.,
+R effect of OMe and �R effect of –CHO etc.) effect. Mono-iodin-
ation of 3,5-dimethyl anisole led to the formation of a single regio
isomer that is, p-iodo derivative (yield >99%). No benzylic iodina-
tions were detected because the reaction proceeded via aromatic
electrophilic substitution.

The direct uncatalysed aromatic chlorinations are not known in
the literature due to in situ generation of unreactive chlorine
(Cl2).33 As expected, we were unsuccessful to do chlorination with
NCS alone under ball-milling condition. However, chlorination of
activated (electron rich) aromatic compounds was done in the
presence of CAN (ceric ammonium nitrate) and NCS under ball
milling. It is anticipated that CAN may get involved in the oxidative
electron transfer process34 to generate chloronium cation because
CeIV is a stronger oxidizing agent (E� �1.61 V vs NHE) than Cl2 (E�
�1.36 V). The results of chlorinations are depicted in Figure 3. The
yields are found to be very good to excellent. In literature CAN–
Br2–silica gel combination was used for the bromination of certain
aromatic aldehydes.35
Ball-Mill

ion Yield (%) Time (h) Yield (%)

88 2 86
flux 94 0.75 92

52 2 90
78 �C 76 2 75
eflux 75 1.5 95b

51 1.5 75b

92 0.75 98
91 1.5 90

trast to the literature report; compd = compound; rt = room temperature.
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Figure 2. Iodination of electron rich aromatics using N-iodosuccinimide (NIS)
alone.
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Herein, we have demonstrated an efficient methodology of aryl
halogenations, but this method has certain limitations. These are:
(a) while working with volatile compounds like xylenes and mesit-
ylene the mass balance could not be accounted (b) aniline deriva-
tives led to a significant amount of unidentified products and poor
yields were observed (c) all the halogenation methods were unsuc-
cessful for nitrobenzenes, benzaldehydes and benzonitriles.

We have also done bromination of aniline and anisoles with
1.0 equiv of NBS to establish the regio-selectivity on bromina-
tion.36,37 4-Bromo anisole and 4-bromo aniline were isolated in
good to excellent yield (Fig. 4) and no other isomers were detected.

In conclusion, we have demonstrated that a wide range of sub-
strates were compatible with N-halosuccinimides for chemo- and
regio-selective electrophilic aryl halogenation under solvent-free
and ball-milling conditions at room temperature. The reactions
were found to be environment friendly, did not require aqueous
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Figure 4. Regio-selectivity on brominations.
work-up, adopted milder reaction condition and are economical.
Succinimide which is the coupled product produced from the bro-
mination reaction was also recyclable.
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