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Abstract—A regioselective and highly efficient method for bromination of aromatic compounds in the presence of a stoichiometric
amount of hexamethylenetetramine—bromine (HMTAB) as an efficient reagent in dichloromethane is reported. The selectivity
depends on the temperature and nature of the substituent on the substrate. The reactivity of this reagent was increased by support-
ing it to silica gel for bromination of less activated compounds.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

There are frequently advantages to be gained by bro-
mine substitution in a biologically active molecule, it
may be an enhanced activity or it may be a desirable
shift in the antibacterial spectrum.!> Halogenated
aromatic compounds belong to an important class of
organic intermediates that are used as precursors of
organometallic compounds applied for the manufacture
of a number of natural and bio-active substances as well
as pharmaceuticals.® The classical direct bromination
involves the use of potentially hazardous, difficult to
handle and store elemental halogen,* expensive transi-
tion-metal-based catalysts,> alkali metal halides associ-
ated with NalO,° or the combination of aqueous
TBHP or H,0, together with a hydrohalic acid,” which
can be decomposed during the reaction and work up to
produce corrosive side products that create separation
and disposal problems in the end. Thus, a range of
new methods has been published recently whilst the
development of new halogenation methods focused on
environmentally acceptable techniques and materials
with improved atom, have continued to receive wide
attention.®

Very recently N-bromosuccinimide,’® Br,/SO,Cl,’® and
N,N,N,N-tetrabromobenzene-1,3-disulfonylamide® have
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been used for regioselective bromination of aromatic
compounds. In this letter, we wish to reveal a simple and
efficient method for selective electrophilic bromination
of aromatic rings using a hexamethylenetetramine—
bromine complex. In this complex, hexamethylenetetra-
mine forms a simple 1:2 charge-transfer complex with
bromine (hexamethylenetetramine-2Br,).!°

We have recently reported the oxidation of alcohols,'!
deoximation'? and oxidative deprotection of silyl
ethers'® and THP ethers'# using the hexamethylenetetr-
amine-bromine complex. The kinetics and mechanism
of the oxidative ability of the hexamethylenetetramine—
bromine complex has been well documented'> and the
crystal structure of the 1:2 bromine complex has been
determined.!® A selective procedure for a-bromination
of alkanones using this reagent on basic alumina has
also been reported.!”

In fact, while we were trying to implement the oxidative
cleavage of the phenylhydrazone of 4-methoxybenzalde-
hyde, using hexamethylenetetramine-bromine, we
observed that instead of being cleaved, this compound
was exclusively brominated and gave 3-bromo-4-meth-
oxybenzaldehydephenylhydrazone in high yield. This
finding prompted us to study the bromination of more
reactive aromatic rings than benzaldehyde using
hexamethylenetetramine-bromine. 4-Bromoaniline in
CH,Cl, was brominated immediately by this reagent at
room temperature to afford 2,4-dibromoaniline. Aniline
was brominated selectively at the 4-position at —15 °C
showing that the selectivity depends on the temperature
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Table 1. Bromination of aromatic compounds using hexamethylenetetramine-bromine

R
. -
+  HMTA-Bromine or CH,Cl, + [HMTAH] Br
silica supported HMTA-Bromine
Br
Entry Substrate T (°C) Time (min) Product Yield®* (%) Mp (°C) Mp (°C)tit
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Table 1 (continued)

Entry Substrate T (°C) Time (min) Product Yield® (%) Mp (°C) Mp (°C)!t
OH
\ 18a
45 63-65 61-64'
OH =
11 -15 90 Br
OH
Br . . 18a
@/ 34 Liq Liq
Br
OH
12 OO rt Immediately OH 98 77-79 78_8118a
CHO CHO
OH OH 16
13 rt 90 98 148-150 146-149
ON N Br
(o]
]
14 /@k - 150 Q)K 88 108-110 11218¢
HO
Br
(0]
(o)
\ 18d
15 O O -5 145 97 181-183 183.25
P
HO
Br
CHO CHO
16 -5 240 97 130-132 130-135'82

OH

Br

#Yields are based on GC analysis.
® Boiling point.

and the nature of substituents on the aromatic ring. To
establish the general applicability of this reagent, vari-
ously substituted aromatic rings were brominated selec-
tively and efficiently.

However, benzaldehyde could not be brominated by this
reagent. This result justifies the high yielding oxidative
ability of this reagent.!'"'* After formation of a formyl
group, the reagent cannot brominate the ring to
decrease the yield of oxidation products. The results
are summarized in Table 1.

When acetanilide was brominated using this reagent, the
reaction did not proceed to completion even after a pro-
longed reaction time. In view of the current focus on
using supported reagents on various solid inorganic sur-
faces'® and due to the electrophilic substitution nature
of the reaction we thought it is most suitable to support
hexamethylenetetramine—bromine on a solid-support to
make the bromine more electrophilic. Among solid sup-
ports such as basic alumina, zeolite and silica gel, the
latter gave the best results in terms of reaction time
and yield. Less activated aromatic rings were bromi-
nated efficiently and selectively by the silica gel-sup-

ported hexamethylenetetramine—bromine complex. The

results and reaction conditions are summarized in Table
2.

Although the mechanism of this reaction is not com-
pletely clear, we suggest formation of the complex due
to interaction of the m-electrons of aromatic compound
with HMTAB. The formation of a similar complex has
been postulated in the oxidation of alcohols,? alde-
hydes?! and sulfides?> with HMTAB involving non-
bonded pairs of electrons on oxygen or sulfide atoms.

In fact, donation of electron density into the antibond-
ing orbital of bromine weakens the Br—Br bond resulting
in the generation of an electrophilic bromine. This phe-
nomenon has also been observed in a complex of iodine
with nitrogen compounds.??

In conclusion, we have developed an efficient, selective
and general method for the bromination of aromatic
rings using the readily available hexamethylenetetr-
amine-bromine complex. This yellow-orange, nonhy-
groscopic, homogenous solid is very stable at room
temperature and is not affected by exposure to light,
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Table 2. Bromination of aromatic compounds using silica-supported hexamethylenetetramine—bromine

Entry Substrate T (°C) Time (min) Product Yield® (%) Mp? (°C) Mp (°C)tit
o
(o]
)k HN)k
HN 18a
1 rt 30 <> 98 167-169 165-169'8
Br
OCHjg
OCH3
2 @ It 30 <> 98 Liq Liq'®
Br
(o]
56 108-110 112
fo) O
Br
3 rt 5 o
HO
44 180-183 183-184'8¢
Br
(]
O O 60 181-183 183.25
o O
Br
4 O O rt 5 o
HO 40 148-150 15358
Br
CHO
<>\ 70 130-132 130-135
CHO
Br
"
5 rt 5 cHO
OH 180183 181-185'%2

30
Br
OH

#Yields are based on GC analysis.

air or water and has no offensive odor of typical bro-
mine or amines. The ease of work up, high yields and
high level of selectivity are other salient features of this
reagent.

2. Experimental

2.1. Preparation of the hexamethylenetetramine—bromine
complex

A solution of bromine (20.0 g, 125 mmol) in CHCI;
(100 mL) was added dropwise with stirring to a solution
of hexamethylenetetramine (8.5 g, 60 mmol) in chloro-
form (100 mL). A yellow solid separated out as the bro-
mine was taken up. The mixture was stirred for an
additional 30 min, then the yellow solid was collected
by vacuum filtration. Yield: 25.5 g (92%), mp = 170—

175 °C (dec.); vmax/cm ' (KBr) 1460, 1360, 1325, 1045,
840 and 782 (found: C, 15.9; H, 2.7; N, 12.8. C4dH,BrsN4
requires C, 15.87; H, 2.63; N, 12.68). The active bromine
content of this complex is 1.5 mol Br, per mol of the
complex, as determined by thiosulfate titrations.

2.2. Preparation of silica supported HMTAB

HMTAB was added to a suspension of silica gel (in a 1:1
weight ratio) in dichloromethane and stirred until a
homogeneous mixture was obtained.

2.3. General procedure for the bromination of aromatic
compounds using HMTAB

To a mixture of aromatic compound (1 mmol) in dichlo-
romethane in a 25 cm® round-bottomed flask was added,
with stirring, HMTAB (0.5 mmol) or silica-supported
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HMTAB (0.5 mmol). The reaction mixture was stirred
until the yellow colour of the complex disappeared.
The reaction was monitored by TLC. After completion
of the reaction the mixture was filtered and the solid resi-
due was washed with dichloromethane. The dichloro-
methane solution was washed successively with dilute
(3%) aqueous sodium carbonate solution and water.
The dried (MgSO,) organic fraction was concentrated
to afford the brominated compound in excellent yields.
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