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Abstract—A simple and efficient procedure for chlorination and bromination of aromatic amines, hydrocarbons and naphthols by
the action of aqueous hydrohalic acid and hydrogen peroxide is described. This environmentally clean and safe procedure involves
in situ generation of the active halogen and its uncatalyzed reaction with the substrates in this study. © 2003 Elsevier Science Ltd.

All rights reserved.

Halogenated aromatic compounds are an important
class of molecules in synthetic organic chemistry. They
are key intermediates in the preparation of
organometallic reagents' and play vital roles in transi-
tion metal mediated coupling reactions.’ ' Numerous
industrially valuable products such as pesticides, insec-
ticides, herbicides, pharmaceutically and medicinally
active molecules, fire retardants and other newer mate-
rials carry halogen functionality. Traditionally, aro-
matic chloro and bromo compounds are prepared by
reaction with elemental halogen in the presence of a
metal catalyst, and often involving harsh reaction con-
ditions.!! The handling of chlorine gas and liquid
bromine is cumbersome due to their hazardous nature
while special equipment and care are needed for the
transfer of these materials in large scale. Moreover,
halogenation of aromatic substrates with elemental
halogens involves a substitution reaction with the for-
mation of hydrohalic acid as a by-product, effectively
reducing the atom efficiency by 50%. The generated
hydrohalic acid waste must be neutralized before it can
be discharged as effluent.

In order to overcome some of these problems a new
and environmentally safe procedure was envisioned to
involve in situ preparation of a positive halogen species
by oxidation of a chloride or bromide anion using a
suitable oxidant. This reactive electrophilic halogen can
thus effect halogenation of organic substrates under
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suitable reaction conditions. This concept has been
inspired by the enzymes, vanadium dependent bro-
moperoxidases found in marine algae which have the
ability to catalyze oxidation of bromide ions by hydro-
gen peroxide in the biosyntheses of brominated com-
pounds.!>!* Some authors!>2° have designed synthetic
catalysts based on Nature’s model to assist oxidation of
a bromide anion with hydrogen peroxide in bromina-
tion reactions.

In our earlier studies we explored the oxidation of
hydrochloric acid or hydrobromic acid by hydrogen
peroxide or tert-butylhydroperoxide to generate posi-
tive halogen species in situ for effective halogenation of
aromatics, alkenes and alkynes.?""??> Of interest was the
fact that we were able to bring about this oxidation and
halogenation in the absence of any transition metal
catalyst as depicted in Eq. (1).

RH + HX + H,0, RX + 2H,0 (1)

Recently other groups have reported a similar approach
for the benzylic bromination,> and the oxidation of
alcohols, aldehydes,* or sulphides.?>¢ In this commu-
nication we wish to report our new results on the
halogenation of some inactivated aromatic hydrocar-
bons and naphthols.

In this account we present our modification of an
earlier process®® where we successfully examined the
chlorination and bromination of aromatic amines. In
this case, we used one extra equivalent of acid which is
used to form the amine salt, followed by halogenation
as shown in Eq. (1). A number of different aromatic
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Table 1. Halogenation of aromatic amines

Entry Amine Conditions Product Isolated
Yield
NH, NH,
1 HBr (4.0 eq.) Br Br
H,0, (3.1 eq.) 96 %
MeOH
0°Ctort,8h Br
) NH, NH,
HBr (3.0 eq.) Br Br
H,0, (2.0 eq.) 98 %
MeOH
Me o Me
0°Ctort,8h
3 NH, NH,
HBr (3.0 eq.) Br Br
H,0, (2.0 eq.) 95 %
NO, MeOH NO,
0°Ctort.,10h
4 NH, NH,
NO, HBr (2.0eq.) NO,
H,0, (1.0 eq.) 99 %
MeOH
0°Ctort, 12h Br
NH, NH
° HCI (4.0 eq.) c c
.Oeq. o
MeOH
NO; reflux, 15 h NO;
NH, INH2
6 HCI (4.0 eq.) cl cl
H,0, (2.1 eq.) 99 %
MeOH
Me reflux, 12 h Me
7 Br.
HBr (4.0 eq.)
HzN@0 H,0, (3.1 eq.) H2N 0
2 2
MeOH BY 90 %

0°Ctort.,12h

amines gave satisfactory results with this reaction and
the results are summarized in Table 1.

We also examined the chlorination of less activated
substrates such as naphthalene with hydrochloric acid
and hydrogen peroxide in methanol without any cata-
lyst. The reaction did not occur at ambient temperature
and it was necessary to maintain an elevated tempera-
ture (refluxing methanol) and careful analysis of the
reaction mixture by gas chromatography indicated a
moderate conversion of 44% (Eq. (2)). On the other
hand the bromination of naphthalene did proceed at
room temperature but with low conversion ca. 28%
which showed a marginal improvement to 35% under
reflux. We further studied this reaction in dichloro-

methane-water and observed a marked improvement.
As depicted in Eq. (3), a reasonably good conversion
was achieved, probably due to the better solubility of
naphthalene in dichloromethane compared to
methanol.

HCI (2.0 eq.), ol

Hy0, (1.2 eq.)

MeOH, reflux, 20 h OO ?)
44 %

1 2

HBr (1.2 eq.),
H20, (1.0 eq.) Br

CH,Cl,-water (9:1), (3)
rt.15h OO

60 %
1 3

The successful halogenation of the less reactive naph-
thalene in the absence of any catalyst is an indication of
the reasonably reactive nature of the electrophilic spe-
cies. Encouraged by this observation we further investi-
gated the halogenation of anthracene and pyrene.
Bromination of anthracene resulted in the formation of
9-bromoanthracene 5 in excellent yield as the sole
product (Eq. (4)). However, an attempt to extrapolate
this for the chlorination of anthracene furnished 9,10-
anthraquinone 6 in good yield (Eq. (5)) along with
small quantities of unidentified products, including
chlorinated anthracene.

HBr (1.2 eq.),

H,0, (1.0 eq.)

CH,Cly-H,0 (9:1), @)

OO0 S5 oy

84 %
4 5

HCI (4.0 eq.), o

H20; (2.5 eq.) O )

EtOH, reflux, 15 h
4 o 6

l I I 77 %

Similarly bromination of pyrene resulted in an excellent
conversion to l-bromopyrene when the reaction was
conducted in a mixture of methanol and diethyl ether
under ambient conditions (Eq. (6)).

HBr (1.1 eq.),
H,0, (1.0 eq.)
MeOH-Et,0 (1:1),

Co &

7

As part of our ongoing project on dehalogenation
reactions we required a series of halogenated naphthols
and hence we examined the present procedure for their
preparation. To this end, we examined the chlorination
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of 2-naphthol using an excess of hydrochloric acid and
hydrogen peroxide in boiling methanol. The desired
1-chloro-2-naphthol 10 was isolated in excellent yield
(Eq. (7)), while the bromine analogue 11 was success-
fully prepared under ambient conditions (Eq. (8)).
Dibromination of 2-naphthol with excess reagent
resulted in the clean formation of 1,6-dibromo-2-naph-
thol 12 in high yield (Eq. (9)). This dibrominated
product is an intermediate in the preparation of the
industrially important 6-bromo-2-naphthol by a selec-
tive debromination reaction.?’

HCI (2.0 eq.),
H20; (1.1 eq.)
MeOH, reflux, 20 h

Cl

OH OH (7)

&

‘g ‘ 90 %
9 10
HBr (1.05 eq.), Br
H,0,(1.05 eq.)
OH MeOH, r.t., 15 h OH (8)
93 %
9

1"

HBr (2.05 eq.),
H202 (2.0 eq.)

OH MeOH, r.t., 20 h
84 %

9

Br
OH
I o
Br
12

Another derivative, 1-chloro-6-bromo-2-naphthol 13
was prepared by bromination of 1-chloro-2-naphthol
(Eq. (10)) opening several possibilities to prepare het-
erohalogenated naphthols and phenols. Similarly, chlo-
rination of 1-bromo-2-naphthol yielded 1-bromo-6-
chloro-2-naphthol 14 in moderate yield (Eq. (11)).

HBr (1.05 eq.),

Cl H,0, (1.05 eq.) cl
OO 85 % Br
10 13
HCI (2.0 eq.), B
Br H,0, (1.1 eq.) '
“/OH MeOH, reflux, 24 h OH
(11)
OO 70 % Cl
11 14

Thus, in this communication we have presented our
results towards an environmentally safe chlorination
and bromination of aromatic amines, hydrocarbons
and naphthols by the in situ oxidation of hydrohalic
acid with hydrogen peroxide. We have prepared sev-
eral important halogenated and heterohalogenated
compounds in moderate to excellent yields without
using any catalyst.

Experimental:

The reaction products obtained in this study were
purified by column chromatography on silica gel using
a suitable mixture of ethyl acetate and hexane and
showed satisfactory spectral and analytical data. A
representative example is described below.

Preparation of 1,6-dibromo-2-naphthol: To a stirred
solution of 2-naphthol (1.44 g; 10 mmol) and hydro-
bromic acid (1.65 g; 3.39 mL of a 49% aq. solution;
20.5 mmol) in methyl alcohol (25 mL) was slowly
added hydrogen peroxide (0.68 g; 2.27 mL of a 30%
aq. solution; 20 mmol) over a period of 15 min at
10-15°C. The reaction was left at room temperature
for 20 h whilst monitoring its progress by TLC. After
the completion of dibromination, the solvent was
removed under reduced pressure and the crude
product was taken in ethyl acetate and washed with
water, brine and dried over anhydrous sodium sul-
phate. The pure product was isolated by careful
column chromatography on silica gel (100-200 mesh)
using a mixture of ethyl acetate in hexane (10%) to
give pure 1,6-dibromo-2-naphthol as a light brown
solid (1.77 g; 84%); mp 106-107°C (lit.?® 105-107°C);
IR (KBr): v 3485, 3444, 1617, 1586, 1381, 1210, 1183,
928, 871, 805, 645, 536, 512 cm™!; 'H NMR (200
MHz, CDCl,): 6 6.20 (br s, 1H), 7.40-7.78 (dd, J=66
and 9 Hz, 2H), 8.15-8.36 (dd, J=33 and 9 Hz, 2H),
8.76 (s, 1H). Anal. caled for C,H¢Br,O: C, 39.74; H,
1.99. Found: C, 40.06; H, 2.18%.
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