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PREFACE 
 
 
The primary focus of this book is to introduce and make people aware of 
the eco-friendly brominating reagents available for graduate students, 
postgraduate students, and academic researchers and for the industrial 
community. We hope that it will help early researchers who would like to 
pursue their career in the field of chemistry, particularly in synthetic 
chemistry, as organobromo products are the key starting substrates in the 
diverse fields of chemistry such as natural products, pharmaceuticals, 
agriculture, fine chemicals and modern material chemistry. We have 
covered almost all brominating reagents available for the bromination of 
variety of organic substrates under various conditions.  

The organization of the book is traditional. We have been able to cover 
topics around bromination by aromatic reactions (phenols, anilines, 
aromatic hydrocarbons, and heteroaromatics) and aliphatic substitution 
reactions (benzylic & active methylene compounds). Addition reactions 
across the double and triple bonds including styrenes and cyclic olefins are 
also covered. The oxidation of alcohols to carbonyl compounds, 
oxybrominations and oxidative esterifications using eco-friendly 
brominating reagents are included. In addition, the preparation of versatile 
bromo intermediates such as bromobenzene, N-bromosuccinimide, 
tetrabromobisphenol-A, bromoxynil, 4-nitrobenzyl bromide and 2,6-
dibromo nitro aniline are described using eco-friendly brominating 
reagents.  

Dr. S. Adimurthy would like to thank his former colleagues (Dr. P. K. 
Ghosh, Dr. G. Ramachandraiah, Professor B. C. Ranu, Professor A. V. 
Bedekar) and students (Dr. Giridhar Joshi, Dr. Milan Dinda, Dr. Supravat 
Samanta, Dr. P. Venkatanarayna, Dr. Naresh Kumar Reddy, Dr. Rashmi 
Semwal), who contributed towards the bromination of various organic 
substrates using eco-friendly brominating reagents prepared from the 
intermediate of the bromine recovery process. We are thankful to CSIR-
CSMCRI, Bhavnagar India for providing the facilities and financial 
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support for undertaking the works on the preparation of eco-friendly 
brominating reagents and their utility in the bromination of diverse organic 
substrates.  

We are grateful to the Royal Society of Chemistry, the American 
Chemical Society, Taylor & Francis and Elsevier for granting the 
copyright permissions to reproduce part of our own published works in 
this book. CSIR-CSMCRI-Communication No. 56/2023. 

Dr. Subbarayappa Adimurthy,  
Dr. Chitrakar Ravi, 

Dr. Rajendra D. Patil. 
 



CHAPTER 1 

INTRODUCTION 

C. RAVI, R.D. PATIL, S. ADIMURTHY 
 
 

1.1 Brief description of the bromination process  
and bromoproducts 

Bromine is one of the fundamental elements of the periodic table, and the 
bromination of organic substances is an important type of reaction that is 
central to modern synthetic chemistry through the generation of active, 
stable and transformative intermediates in the production of agrochemicals 
and pharmaceuticals. 1  A wide range of bromo-organic compounds are 
starting substrates for a broad range of functional group interconversions 
and complex molecules syntheses used in pharmaceutical industries. 
Organobromides are also found naturally through photochemical 

 
1  (a) Ioffe, D.; Kampf, A. Bromine, Organic Compounds. Kirk-Othmer 
Encyclopedia of Chemical Technology, 5th ed.; John Wiley & Sons, Inc.: New 
York, 2004, Vol. 4, pp 340−345. 
(b) Turner, D. L. Determination of Brominated Vegetable Oil Concentrations in 
Soft Drinks using a Specific Ion Electrode. J. Food Sci. 1972, 37, 791−792. 
(c) Laskowski, D. A. Physical and Chemical Properties of Pyrethroids. Rev. 
Environ. Contam. Toxicol. 2002, 174, 49−170. 
(d) Green, J. Mechanisms for Flame Retardancy and Smoke Suppression - A 
Review. J. Fire Sci. 1996, 14, 426−442. 
(e) Gribble, G. W. The Diversity of Naturally Occurring Organobromine 
Compounds. Chem. Soc. Rev. 1999, 28, 335−346. 
(f) Decanio, S. J.; Norman, C. S. Economics of the “Critical Use” of Methyl 
Bromide under the Montreal Protocol. Contemp. Econ. Policy 2005, 23, 376−393. 
(g) Kaspersma, J.; Doumen, C.; Munro, S.; Prins, A.-M. Fire Retardant 
Mechanism of Aliphatic Bromine Compounds in Polystyrene and Polypropylene. 
Polym. Degrad. Stab. 2002, 77, 325−331. 
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reactions, geothermal events, and metabolic pathways.2 Bromination of 
organic substrates is of special interest due to its stability and active nature 
towards the conversion of complex molecules synthesis. Most small-
molecule active pharmaceutical ingredients (APIs) include bromination as 
a crucial step in their synthetic pathway, indicating the easily-unnoticed 
significance of bromination reactions.3 

The crucial bromination pathways are substitution reactions (aromatics 
bromination), addition reactions, where the bromine is added to 
unsaturated double and triple bonds (unsaturated organic brominations), 
and the free radical process for saturated hydrocarbon brominations. 
Whether the brominating process is named radical or ionic depends on the 
types of substrates used.4 

Molecular bromine is an adaptable brominating agent. Generally, most of 
the organic compounds are brominated using elemental bromine through 
electrophilic addition, and are generally used for determination of 
unsaturation with a bromonium ion or bromocarbocation as the key 
intermediate; for aromatic and heterocyclic compounds and for the 
aliphatic C−H bonds the bromination reaction proceeds through 
electrophilic substitution.  Numerous efforts have been pursued with 
elemental bromine in academia, industrial fields, and agriculture. 
However, its use should now be discouraged due to its hazardousness. 
Bromine is toxic, requires care in handling and is a strong irritant. The 

 
2 (a) Herrmann, H.; Majdik, Z.; Ervens, B.; Weise, D. Halogen Production from 
Aqueous Tropospheric Particles. Chemosphere 2003, 52, 485−502. 
(b) Rasmussen, R. A.; Khalil, M. A. K.; Dalluge, R. W.; Penkett, S. A.; Jones, B. 
A Somewhat Forgotten Physicist. Science 1982, 215, 655− 656. 
(c) Butler, A.; Sandy, M. Mechanistic Considerations of Halogenating Enzymes. 
Nature 2009, 460, 848. 
3 (a) McGrath, N.A.; Brichacek, M.; Njardarson, J.T. J. Chem. Educ. 2010, 87, 
1348–1349. 
(b) Ponomaryov, Y.; Krasikova, V.; Lebedev, A.; Chernyak, D.; Varacheva, L.; 
Chernobroviy, A. Chem. Heterocycl. Compd. 2015, 51, 133–138. 
(c) Yuan, J.; Liu, K.; Li, L.; Yuan, Y.; Liu, X.; Li, Y., Molecules 2014, 19, 14999–
15004. 
(d) Radl, S.; Stach, J.; Piša, O.; Cinibulk, J.; Havliček, J.; Zajicova, M.; Pekarek, 
T.; Heterocycl. J. Chem. 2016, 53, 1738–1749. 
4 Saikia, I.; Borah, A.J.; Phukan, P. Chem. Rev. 2016, 116, 6837–7042. 
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bromine vapor can directly affect breathing and damage the respiratory 
system. Elemental bromine is not selective in some cases and needs a 
catalyst to promote the brominations.5 Therefore, various effective and 
selective brominating reagents have been developed as alternatives to 
liquid bromine. N-Bromosuccinimide (NBS), discovered by Ziegler, is a 
good alternative brominating agent. NBS is used for the bromination of a 
wide variety of unsaturated and aromatic compounds and allylic and 
benzylic positions under mild reaction conditions. 6  In addition, many 
brominating reagents have been discovered for the bromination of diverse 
organic substrates. 

1.2 Different brominating reagents available  
for bromination reactions 

In recent decades, several brominating agents have been introduced for the 
preparation of various bromo intermediates, and these intermediates have 
been employed for the synthesis of bioactive molecules. Herein, we 
describe the various reported brominating reagents employed for specific 
organic brominations.  

 
5 (a) Kaszas, G. Rubber Chem. Technol. 2000, 73, 356–365. (b) Grigoruk, Z.G.; 
Orlov, Y.N.; Levanova, S.V.; Abramova, N.V. Russ. Chem. 2010, 83, 1880–1882. 
(c) Choudary, B.M.; Someshwar, T.; Reddy, C.V.; Kantam, M.L.; Ratnam, K.J.; 
Sivaji, L.V. Appl. Catal. 2003, 251, 397–409. (d) Datta, R.L.; Chatterjee, N.R. J. 
Am. Chem. Soc. 1916, 38, 2545–2552. 
6 (a) Wohl, A. Bromination of Unsaturated Compounds with N-Bromoacetamide: 
A Contribution to the Study of the Course of Chemical Processes. Ber. Dtsch. 
Chem. Ges. B 1919, 52B, 51−63. 
(b) Koval’, I. V. N-Halo Reagents. N-Halosuccinimides in Organic Synthesis and 
in Chemistry of Natural Compounds. Russ. J. Org. Chem. 2002, 38, 301−337. 



Ch
ap

te
r 1

 
 

4 1 
N

-B
ro

m
ob

en
za

m
id

e7  
ph

en
ol

 to
 tr

ib
ro

m
op

he
no

l 
2 

Br
om

on
itr

om
et

ha
ne

8  
be

nz
en

e 
to

 b
ro

m
ob

en
ze

ne
 

3 
1,

3-
D

ib
ro

m
o-

5,
5-

di
m

et
hy

lh
yd

an
to

in
 

(D
BH

 o
r D

BD
M

H
)9,

10
 

A
 v

ar
ie

ty
 o

f a
ro

m
at

ic
, h

et
er

oa
ro

m
at

ic
 su

bs
tra

te
s a

nd
 fl

av
on

es
  

4 
Tr

ib
ro

m
o-

m
-c

re
so

l b
ro

m
id

e11
 

2,
4,

6-
tri

br
om

o-
m

-c
re

so
l f

ro
m

 m
-c

re
so

l 
5 

So
di

um
 M

on
ob

ro
m

oi
so

cy
an

ur
at

e12
 

2-
br

om
o-

ph
en

ol
 fr

om
 p

he
no

l 
6 

D
ib

ro
m

oi
so

cy
an

ur
ic

 A
ci

d13
,1

4  
br

om
in

at
io

n 
of

 a
ro

m
at

ic
, a

ct
iv

e 
an

d 
al

ip
ha

tic
 a

m
in

es
  

7 
Tr

ib
ro

m
oi

so
cy

an
ur

ic
 A

ci
d 

(T
BC

A
)15

,1
6,

17
 

ar
en

es
 to

 m
on

ob
ro

m
oa

re
ne

s, 
an

d 
th

e 
vi

ci
na

l d
ih

al
og

en
at

io
n 

of
 a

lk
en

es
 a

nd
 m

on
o 

an
d 

di
-b

ro
m

in
at

io
n 

of
 d

ic
ar

bo
ny

l c
om

po
un

ds
 

 
7  M

oo
re

, F
. J

.; 
Ce

de
rh

ol
m

, A
. M

. B
en

zo
yl

-p
-B

ro
m

ph
en

yl
ur

ea
: A

 B
y-

Pr
od

uc
t i

n 
th

e 
Pr

ep
ar

at
io

n 
of

 B
en

zb
ro

m
am

id
e.

 J
. A

m
. C

he
m

. 
So

c.
 1

90
6,

 2
8,

 1
19

0−
11

98
. 

8  S
he

rri
ll,

 M
. L

. T
he

 R
ea

ct
io

n 
of

 B
ro

m
on

itr
om

et
ha

ne
 w

ith
 A

ro
m

at
ic

 C
om

po
un

ds
 in

 th
e 

Pr
es

en
ce

 o
f 

A
lu

m
in

um
 C

hl
or

id
e.

 J
. A

m
. 

Ch
em

. S
oc

. 1
92

4,
 4

6,
 2

75
3−

27
58

. 
9

 (a
) 

Sa
le

lla
s, 

J. 
F.

; 
O

ra
zi

, 
O

. 
O

. 
N

uc
le

ar
 H

al
og

en
at

io
n 

w
ith

 1
,3

-D
ib

ro
m

o-
5,

5-
D

im
et

hy
lh

yd
an

to
in

. 
III

. 
Po

ly
cy

cl
ic

 A
ro

m
at

ic
 

H
yd

ro
ca

rb
on

s. 
A

n.
 A

so
c.

 Q
ui

m
. A

rg
en

t. 
19

51
, 3

9,
 1

75
−1

83
. 

(b
) A

ue
rb

ac
h,

 J.
; W

ei
ss

m
an

, S
. A

.; 
Bl

ac
kl

oc
k,

 T
. J

.; 
A

ng
el

es
, M

. R
.; 

H
oo

gs
te

en
, K

. N
-B

ro
m

os
uc

ci
ni

m
id

e/
D

ib
ro

m
od

im
et

hy
lh

yd
an

to
in

 in
 

A
qu

eo
us

 B
as

e:
 A

 P
ra

ct
ic

al
 M

et
ho

d 
fo

r T
he

 B
ro

m
in

at
io

n 
of

 A
ct

iv
at

ed
 B

en
zo

ic
 A

ci
ds

. T
et

ra
he

dr
on

 L
et

t. 
19

93
, 3

4,
 9

31
−9

34
. 

10
 Z

ha
o,

 P
.-L

.; 
W

u,
 Q

.-Y
.; 

Zh
ou

, Z
.-Z

.; 
Y

an
g,

 G
.-F

. M
ic

ro
w

av
e-

 A
ss

ist
ed

 S
yn

th
es

is 
of

 3
-B

ro
m

of
la

vo
ne

 u
sin

g 
1,

3-
D

ib
ro

m
o-

5,
5-

di
m

et
hy

l- 
im

id
az

ol
id

in
e-

2,
4-

di
on

e 
as

 B
ro

m
in

at
in

g 
A

ge
nt

. C
hi

n.
 J.

 O
rg

. C
he

m
. 2

00
6,

 2
6,

 6
94
−6

97
. 

11
 G

ol
dh

ah
n,

 H
. T

rib
ro

m
o-

m
-C

re
so

l B
ro

m
id

e.
 O

es
te

rr.
 C

he
m

.-Z
tg

. 1
94

1,
 4

4,
 2

44
−2

47
. 

12
 O

ka
da

, 
Y

.; 
Y

ok
oz

aw
a,

 M
.; 

A
ki

ba
, 

M
.; 

O
ish

i, 
K

.; 
O

-k
aw

a,
 K

.; 
A

ke
bo

sh
i, 

T.
; 

K
aw

am
ur

a,
 Y

.; 
In

ok
um

a,
 S

.; 
N

ak
am

ur
a,

 Y
.; 

N
ish

im
ur

a,
 J.

 B
ro

m
in

at
io

n 
by

 M
ea

ns
 o

f S
od

iu
m

 M
on

ob
ro

m
oi

so
cy

an
ur

at
e 

(S
M

BI
). 

O
rg

. B
io

m
ol

. C
he

m
. 2

00
3,

 1
, 2

50
6−

25
11

. 
13

 R
oe

ge
r, 

C.
; W

ue
rth

ne
r, 

F.
 C

or
e-

Te
tra

su
bs

tit
ut

ed
 N

ap
ht

ha
le

ne
 D

iim
id

es
: S

yn
th

es
is,

 O
pt

ic
al

 P
ro

pe
rti

es
, a

nd
 R

ed
ox

 C
ha

ra
ct

er
ist

ic
s. 

J. 
O

rg
. C

he
m

. 2
00

7,
 7

2,
 8

07
0−

80
75

. 
14

 C
he

ng
, 

K
.-M

.; 
W

u,
 J

. 
B.

; 
Li

n,
 H

.-C
.; 

H
ua

ng
, 

J.-
J.;

 H
ua

ng
, 

Y
.- 

Y
.; 

Li
n,

 S
.-K

.; 
Li

n,
 T

.-P
.; 

W
on

g,
 F

. 
F.

 D
ib

ro
m

in
at

io
n 

of
 5

-
Py

ra
zo

lo
ne

s a
nd

 5
-H

yd
ro

xy
py

ra
zo

le
s v

ia
 D

ib
ro

m
oi

so
cy

an
ur

ic
 A

ci
d.

 J.
 H

et
er

oc
yc

l. 
Ch

em
. 2

01
0,

 4
7,

 1
15

3−
11

56
. 



In
tro

du
ct

io
n 

 
5 

8 
Br

om
od

ic
hl

or
oi

so
cy

an
ur

ic
 A

ci
d18

 
br

om
in

at
io

n 
of

 a
ct

iv
at

ed
 a

re
ne

s 
9 

Te
tra

m
et

hy
la

m
m

on
iu

m
Tr

ib
ro

m
id

e 
(T

M
A

TB
)19

,2
0,

21
 

nu
cl

ea
r b

ro
m

in
at

io
n 

of
 a

ro
m

at
ic

 h
yd

ro
ca

rb
on

s, 
di

-b
ro

m
in

at
io

n 
of

 a
lly

lic
 a

lc
oh

ol
s 

an
d 

be
nz

yl
ic

 b
ro

m
in

at
io

n 
10

 
Te

tra
et

hy
la

m
m

on
iu

m
Tr

ib
ro

m
id

e 
(T

EA
TB

)22
,2

3  
br

om
in

at
io

n 
of

 a
ct

iv
at

ed
 a

ro
m

at
ic

 c
om

po
un

ds
 a

nd
 a

 v
ar

ie
ty

 o
f f

la
vo

ne
s 

11
 

Ce
ty

ltr
im

et
hy

la
m

m
on

iu
m

Tr
ib

ro
m

id
e,

 
C1

6H
33

- (
CH

3)
3N

+B
r3

 
(C

TM
A

TB
)24

,2
5  

br
om

in
at

io
n 

of
 a

 w
id

e 
ra

ng
e 

of
 a

ro
m

at
ic

 c
om

po
un

ds
, s

uc
h 

as
 a

ni
lin

es
, p

he
no

ls,
 

an
th

ra
ce

ne
, i

m
id

az
ol

es
, c

re
so

ls,
 p

hl
ur

og
lu

ci
no

l, 
m

et
hy

l 3
-p

he
ny

l-2
-p

ro
pe

no
at

e,
 e

tc
., 

an
d 

br
om

in
at

io
n 

of
 c

on
ju

ga
te

d 
do

ub
le

 b
on

ds
 

 
15

 d
e 

A
lm

ei
da

, L
. S

.; 
Es

te
ve

s, 
P.

 M
.; 

de
 M

at
to

s, 
M

. C
. S

. A
 N

ew
 R

eg
io

se
le

ct
iv

e 
Br

om
in

at
io

n 
of

 A
ct

iv
at

ed
 A

ro
m

at
ic

 R
in

gs
. S

yn
th

es
is

 
20

06
, 2

, 2
21
−2

23
. 

16
 T

oz
et

ti,
 S

. D
. F

.; 
de

 A
lm

ei
da

, L
. S

.; 
Es

te
ve

s, 
P.

 M
.; 

de
 M

at
to

s, 
M

. C
. S

. T
rih

al
oi

so
cy

an
ur

ic
 A

ci
ds

/N
ax

. A
n 

En
vi

ro
nm

en
ta

lly
 

Fr
ie

nd
ly

 S
ys

te
m

 fo
r V

ic
in

al
 D

ih
al

og
en

at
io

n 
of

 A
lk

en
es

 w
ith

ou
t u

sin
g 

M
ol

ec
ul

ar
 H

al
og

en
. J

. B
ra

z.
 C

he
m

. S
oc

. 2
00

7,
 1

8,
 6

75
−6

77
. 

17
 M

en
do

nc
a,

 G
. F

.; 
Si

nd
ra

, H
. C

.; 
de

 A
lm

ei
da

, L
. S

.; 
Es

te
ve

s, 
P.

 M
.; 

de
 M

at
to

s, 
M

. C
. S

. T
rih

al
oi

so
cy

an
ur

ic
 A

ci
ds

 a
s 

Co
nv

en
ie

nt
 

Re
ag

en
ts 

fo
r R

eg
io

se
le

ct
iv

e 
H

al
og

en
at

io
n 

of
 β

-D
ic

ar
bo

ny
l C

om
po

un
ds

. T
et

ra
he

dr
on

 L
et

t. 
20

09
, 5

0,
 4

73
−4

75
. 

18
 d

e 
A

lm
ei

da
, L

. S
.; 

Es
te

ve
s, 

P.
 M

.; 
de

 M
at

to
s, 

M
. C

. S
. E

ffi
ci

en
t 

El
ec

tro
ph

ili
c 

Co
br

om
in

at
io

n 
of

 A
lk

en
es

 a
nd

 B
ro

m
in

at
io

n 
of

 
A

ct
iv

at
ed

 A
re

ne
s w

ith
 B

ro
m

od
ic

hl
or

oi
so

cy
an

ur
ic

 A
ci

d 
un

de
r M

ild
 C

on
di

tio
ns

. S
yn

le
tt 

20
07

, 1
1,

 1
68

7−
16

90
. 

19
 A

vr
am

of
f, 

M
.; 

W
ei

ss
, J

.; 
Sc

ha
ec

ht
er

, O
. T

he
 B

ro
m

in
at

in
g 

Pr
op

er
tie

s 
of

 T
et

ra
m

et
hy

la
m

m
on

iu
m

Tr
ib

ro
m

id
e.

 J
. O

rg
. C

he
m

. 1
96

3,
 

28
, 3

25
6−

32
58

. 
20

 F
ar

ka
s, 

L.
; S

ch
äc

ht
er

, O
. B

ro
m

in
at

io
ns

 w
ith

 T
et

ra
m

et
hy

la
m

m
on

iu
m

 B
ro

m
id

e-
Br

om
in

e 
M

ix
tu

re
s. 

J. 
A

m
. C

he
m

. S
oc

. 1
94

9,
 7

1,
 

22
52
−2

25
3.

 
21

 A
vr

am
of

f, 
M

.; 
W

ei
ss

, J
.; 

Sc
ha

ec
ht

er
, O

. T
he

 B
ro

m
in

at
in

g 
Pr

op
er

tie
s 

of
 T

et
ra

m
et

hy
la

m
m

on
iu

m
Tr

ib
ro

m
id

e.
 J

. O
rg

. C
he

m
. 1

96
3,

 
28

, 3
25

6−
32

58
. 

22
 R

ho
, 

H
. 

S.
; 

K
o,

 B
. 

S.
; 

K
im

, 
H

. 
K

.; 
Ju

, 
Y

.-S
. 

Sy
nt

he
sis

 o
f 

3-
 B

ro
m

o 
D

er
iv

at
iv

es
 o

f 
Fl

av
on

es
. 

Sy
nt

h.
 C

om
m

un
. 

20
02

, 
32

, 
13

03
−1

31
0.

 
23

 B
or

ah
, R

.; 
Th

ak
ur

, A
. J

. G
re

en
 S

yn
th

es
is 

of
 T

et
ra

al
ky

la
m

m
on

iu
m

Tr
ib

ro
m

id
e 

us
in

g 
Ce

riu
m

(Iv
) 

A
m

m
on

iu
m

 N
itr

at
e 

(C
A

N
) 

A
s 

O
xi

da
nt

. S
yn

th
. C

om
m

un
. 2

00
7,

 3
7,

 9
33
−9

39
. 



Ch
ap

te
r 1

 
 

6 12
 

Be
nz

yl
tri

et
hy

la
m

m
on

iu
m

Tr
ib

ro
m

id
e

26
 

br
om

in
at

io
n 

of
 a

ro
m

at
ic

 c
om

po
un

ds
 

13
 

Te
tra

bu
ty

la
m

m
on

iu
m

 B
ro

m
id

e 
(T

BA
B)

27
 

re
gi

os
el

ec
tiv

e 
br

om
in

at
io

n 
of

 a
ct

iv
at

ed
 a

ro
m

at
ic

s a
nd

 b
ro

m
in

at
io

n 
of

 a
 v

ar
ie

ty
 o

f 
su

bs
tit

ut
ed

 a
ce

to
ph

en
on

es
 

14
 

D
io

xa
ne

 D
ib

ro
m

id
e28

,2
9  

br
om

in
at

io
n 

of
 a

 v
ar

ie
ty

 o
f a

ro
m

at
ic

 c
om

po
un

ds
 a

nd
 b

ro
m

in
at

io
n 

of
 a

 v
ar

ie
ty

 o
f 

su
bs

tit
ut

e d
 a

ce
to

ph
en

on
es

 
15

 
M

eN
Br

2 a
nd

 M
e 2

N
Br

30
 

di
-b

ro
m

in
at

io
n 

of
 v

ar
io

us
 p

he
no

ls 
16

 
N

-b
ro

m
os

ac
ch

ar
in

 (N
BS

ac
)31

 
br

om
in

at
io

n 
of

 e
le

ct
ro

n-
ric

h 
ar

om
at

ic
 c

om
po

un
ds

 
17

 
Bi

s(
di

m
et

hy
la

ce
ta

m
id

e)
 H

yd
ro

ge
n 

D
ib

ro
m

ob
ro

m
at

e32
 

br
om

in
at

io
n 

of
 a

ni
lin

es
 a

nd
 p

he
no

ls 

 
24

 B
or

a,
 U

.; 
Ch

au
dh

ur
i, 

M
. K

.; 
D

ey
, D

.; 
D

ha
r, 

S.
 S

. P
er

ox
om

et
al

- M
ed

ia
te

d 
En

vi
ro

nm
en

ta
lly

 F
av

or
ab

le
 R

ou
te

 to
 B

ro
m

in
at

in
g 

A
ge

nt
s 

an
d 

Pr
ot

oc
ol

s f
or

 B
ro

m
in

at
io

n 
of

 O
rg

an
ic

s. 
Pu

re
 A

pp
l. 

Ch
em

. 2
00

1,
 7

3,
 9

3−
10

2.
 

25
 B

or
a,

 U
.; 

Ch
au

dh
ur

i, 
M

. K
.; 

D
ey

, D
.; 

D
ha

r, 
S.

 S
. P

er
ox

om
et

al
- M

ed
ia

te
d 

En
vi

ro
nm

en
ta

lly
 F

av
or

ab
le

 R
ou

te
 to

 B
ro

m
in

at
in

g 
A

ge
nt

s 
an

d 
Pr

ot
oc

ol
s f

or
 B

ro
m

in
at

io
n 

of
 O

rg
an

ic
s. 

Pu
re

 A
pp

l. 
Ch

em
. 2

00
1,

 7
3,

 9
3−

10
2.

 
26

 P
ou

rm
ou

sa
vi

, S
. A

.; 
Sa

le
hi

, P
. S

yn
th

es
is 

of
 B

en
zy

l T
rie

th
yl

 A
m

m
on

iu
m

 T
rib

ro
m

id
e 

an
d 

its
 A

pp
lic

at
io

n 
as

 a
 H

ig
hl

y 
Ef

fic
ie

nt
 a

nd
 

Re
gi

os
el

ec
tiv

e 
Re

ag
en

t f
or

 th
e 

Br
om

in
at

io
n 

of
 A

ct
iv

at
ed

 A
ro

m
at

ic
 C

om
po

un
ds

. A
ct

aC
hi

m
. S

lo
v.

 2
00

9,
 5

6,
 7

34
−7

39
. 

27
 B

or
a,

 U
.; 

Bo
se

, G
.; 

Ch
au

dh
ur

i, 
M

. K
.; 

D
ha

r, 
S.

 S
.; 

G
op

in
at

h,
 R

.; 
K

ha
n,

 A
. T

.; 
Pa

te
l, 

B.
 K

. R
eg

io
se

le
ct

iv
e 

Br
om

in
at

io
n 

of
 O

rg
an

ic
 

Su
bs

tra
te

s 
by

 T
et

ra
bu

ty
la

m
m

on
iu

m
 B

ro
m

id
e 

Pr
om

ot
ed

 b
y 

V
2O

5-
 H

2O
2:

 A
n 

En
vi

ro
nm

en
ta

lly
 F

av
or

ab
le

 S
yn

th
et

ic
 P

ro
to

co
l. 

O
rg

. 
Le

tt.
 2

00
0,

 2
, 2

47
−2

49
. 

28
 Y

an
ov

sk
ay

a,
 L

. A
.; 

Te
re

nt
ye

v,
 A

. P
.; 

Be
le

nk
y,

 L
. I

. B
ro

m
in

at
io

n 
w

ith
 D

io
xa

ne
 D

ib
ro

m
id

e.
 I

. B
ro

m
in

at
io

n 
of

 P
he

no
ls.

 J
. G

en
. 

Ch
em

. U
SS

R 
(E

ng
l. 

Tr
an

sl.
) 1

95
2,

 2
2,

 1
59

4−
15

98
. 

29
 P

as
ar

ib
u,

 S
. J

.; 
W

ill
ia

m
s, 

L.
 R

. S
el

ec
tiv

e 
Br

om
in

at
io

n 
of

 S
ub

sti
tu

te
d 

A
ce

to
ph

en
on

es
 w

ith
 D

io
xa

n 
D

ib
ro

m
id

e.
 A

us
t. 

J. 
Ch

em
. 1

97
3,

 
26

, 1
32

7−
13

31
. 

30
 S

ch
m

itz
, E

.; 
Pa

ge
nk

op
f, 

I. 
O

rth
o 

Sp
ec

ifi
c 

Br
om

in
at

io
n 

of
 P

he
no

ls.
 J.

 P
ra

kt
. C

he
m

. 1
98

5,
 3

27
, 9

98
−1

00
6.

 
31

 d
e 

So
uz

a,
 S

. P
. L

.; 
da

 S
ilv

a,
 J.

 F
. M

.; 
de

 M
at

to
s, 

M
. C

. S
. N

Ch
lo

ro
- a

nd
 N

-B
ro

m
os

ac
ch

ar
in

s: 
V

al
ua

bl
e 

Re
ag

en
ts 

fo
r H

al
og

en
at

io
 o

f 
El

ec
tro

n 
Ri

ch
 A

ro
m

at
ic

s a
nd

 H
al

oh
yd

ro
xy

la
tio

n 
of

 A
lk

en
es

. J
. B

ra
z.

 C
he

m
. S

oc
. 2

00
3,

 1
4,

 8
32
−8

35
. 



In
tro

du
ct

io
n 

 
7 

18
 

1,
8-

D
ia

zo
bi

cy
cl

o[
5.

4.
0]

un
de

c-
7-

en
e 

H
yd

ro
br

om
id

eP
er

br
om

id
e 

(D
BU

H
)B

r 333
 

Po
ly

cy
cl

ic
 a

ro
m

at
ic

 c
om

po
un

ds
 su

ch
 a

s n
ap

ht
ha

le
ne

, a
nt

hr
ac

en
e,

 a
nd

 p
he

na
nt

hr
en

e 

19
 

Te
tra

al
ky

la
m

m
on

iu
m

D
ic

hl
or

ob
ro

m
at

e,
 B

u 4
N

Br
Cl

234
 

br
om

in
at

io
n 

of
 p

he
no

ls 
an

d 
na

ph
th

ol
s 

20
 

1-
Be

nz
yl

-4
-a

za
-1

-
az

on
ia

bi
cy

cl
o[

2.
2.

2]
oc

ta
ne

 
Tr

ib
ro

m
id

e35
 

br
om

in
at

io
n 

of
 b

ot
h 

ac
tiv

at
ed

 a
nd

 d
ea

ct
iv

at
ed

 a
ro

m
at

ic
 a

m
in

es
 a

s w
el

l a
s p

he
no

lic
 

co
m

po
un

ds
 

21
 

N
, N

-D
ib

ro
m

o-
p-

to
lu

en
es

ul
fo

na
m

id
e 

(D
ib

ro
m

oa
m

in
e-

T)
36

 
ra

pi
d 

br
om

in
at

io
n 

of
 a

ct
iv

at
ed

 a
ro

m
at

ic
 c

om
po

un
ds

 su
ch

 a
s p

he
no

ls,
 a

ni
so

le
, a

nd
 

an
ili

ne
s 

22
 

N
,N

-D
ib

ro
m

o-
N

,N
-1

,2
-e

th
yl

en
eb

is(
4-

m
et

hy
lb

en
ze

ne
su

lfo
na

m
id

e)
37

 
br

om
in

at
io

n 
of

 v
ar

io
us

 a
ro

m
at

ic
 c

om
po

un
ds

 

 
32

 R
od

yg
in

, M
. Y

.; 
M

ik
ha

ilo
v,

 V
. A

.; 
Sa

ve
lo

va
, V

. A
.; 

Ch
er

no
vo

l, 
P.

 A
. B

is(
D

im
et

hy
la

ce
ta

m
id

e)
H

yd
ro

ge
n 

D
ib

ro
m

ob
ro

m
at

e:
 N

ew
 

Br
om

in
at

in
g 

A
ge

nt
. Z

h.
 O

rg
. K

hi
m

. 1
99

2,
 2

8,
 1

92
6−

19
27

. 
33

M
ua

th
en

, 
H

. 
A

. 
1,

8-
D

ia
za

bi
cy

cl
o[

5.
4.

0]
U

nd
ec

-7
-E

ne
 H

yd
ro

br
om

id
eP

er
br

om
id

e:
 A

 N
ew

 M
ild

 S
ta

bl
e 

Br
om

in
at

in
g 

A
ge

nt
 F

or
 

A
ro

m
at

ic
 C

om
po

un
ds

. J
. O

rg
. C

he
m

. 1
99

2,
 5

7,
 2

74
0−

27
41

. 
34

 (a
) 

N
eg

or
o,

 T
.; 

W
ad

a,
 M

.; 
So

m
ey

a,
 M

. B
ro

m
in

at
io

n 
of

 P
he

no
ls 

w
ith

 T
et

ra
al

ky
la

m
m

on
iu

m
D

ic
hl

or
ob

ro
m

at
e(

1-
). 

II.
 B

ul
l. 

Fa
c.

 
Ed

uc
., 

W
ak

ay
am

a 
U

ni
v.

 N
at

. S
ci

. 1
99

9,
 4

9,
 4

7−
55

. 
(b

) 
N

eg
or

o,
 T

.; 
W

ad
a,

 M
.; 

So
m

ey
a,

 M
. 

Br
om

in
at

io
n 

of
 P

he
no

ls 
w

ith
 T

et
ra

al
ky

la
m

m
on

iu
m

D
ic

hl
or

ob
ro

m
at

e(
1-

). 
I. 

W
ak

ay
am

a 
D

ai
ga

ku
K

yo
ik

ug
ak

ub
u 

K
iy

o,
 S

hi
ze

n 
K

ag
ak

u 
19

98
, 4

8,
 1
−7

. 
35

 (a
) 

H
aj

ip
ou

r, 
A

. R
.; 

Im
an

ie
h,

 H
.; 

Po
ur

m
ou

sa
vi

, S
. A

. 1
-B

en
zy

l-4
- 

A
za

-1
-A

zo
ni

ab
ic

yc
lo

[2
.2

.2
]O

ct
an

e 
Tr

ib
ro

m
id

e 
as

 A
 H

ig
hl

y 
Re

ac
tiv

e 
Br

om
in

at
in

g 
A

ge
nt

 fo
r A

ni
lin

e 
D

er
iv

at
iv

es
. S

yn
th

. C
om

m
un

. 2
00

4,
 3

4,
 4

59
7−

46
04

. 
(b

) H
aj

ip
ou

r, 
A

. R
.; 

Po
ur

m
ou

sa
vi

, S
. A

.; 
Ru

oh
o,

 A
. E

. 1
- B

en
zy

l-4
- A

za
-1

-A
zo

ni
ab

ic
yc

lo
[2

.2
.2

]O
ct

an
e 

Tr
ib

ro
m

id
e 

as
 A

 R
eg

en
er

ab
le

 
an

d 
us

ef
ul

 R
ea

ge
nt

 fo
r B

ro
m

in
at

io
n 

of
 P

he
no

ls 
un

de
r M

ild
 C

on
di

tio
ns

. I
nd

ia
n 

J. 
Ch

em
. 2

00
6,

 4
5B

, 7
96
−8

00
. 

36
 S

ai
ki

a,
 I.

; C
ha

kr
ab

or
ty

, P
.; 

Sa
rm

a,
 M

. J
.; 

G
os

w
am

i, 
M

.; 
Ph

uk
an

, P
. R

ap
id

 a
nd

 T
ot

al
 B

ro
m

in
at

io
n 

of
 A

ro
m

at
ic

 C
om

po
un

ds
 u

sin
g 

Ts
N

Br
2 

W
ith

ou
t a

ny
 C

at
al

ys
t. 

Sy
nt

h.
 C

om
m

un
. 2

01
5,

 4
5,

 2
11
−2

17
. 



Ch
ap

te
r 1

 
 

8 23
 

[[K
·1

8-
cr

ow
n-

6]
Br

3]
n38

 
br

om
in

at
io

n 
of

 a
ro

m
at

ic
 su

bs
tra

te
s 

24
 

N
-O

ct
yl

qu
in

ol
in

iu
m

Tr
ib

ro
m

id
e39

 
br

om
in

at
io

n 
of

 a
ll 

ph
en

ol
s, 

ar
om

at
ic

 a
m

in
es

, a
lk

en
es

, a
nd

 a
lk

yn
es

 
25

 
Si

lic
a-

Su
pp

or
te

d 
Q

ui
no

lin
iu

m
Tr

ib
ro

m
id

e40
 

m
on

ob
ro

m
in

at
io

n 
of

 a
ro

m
at

ic
 a

m
in

es
 

26
 

D
A

BC
O
−B

ro
m

in
e 

(B
isb

ro
m

in
e−

1,
4-

 
di

az
ab

ic
yc

lo
[2

.2
.2

]o
ct

an
e 

Co
m

pl
ex

)41
 

br
om

in
at

io
n 

of
 a

ct
iv

at
ed

 a
ro

m
at

ic
 su

bs
tra

te
s 

27
 

Te
tra

br
om

o 
H

yd
ro

ge
na

te
d 

Ca
rd

an
ol

 
or

 2
,4

,4
,6

- T
et

ra
br

om
o-

3-
(n

-
pe

nt
ad

ec
yl

)-2
,5

-c
yc

lo
he

xa
di

en
on

e42
 

br
om

in
at

io
n 

of
 v

ar
io

us
 a

ro
m

at
ic

 a
m

in
es

 a
nd

 p
he

no
ls,

 a
nd

 α
- n

ap
ht

ho
l 

28
 

1-
Bu

ty
l-3

-m
et

hy
lim

id
az

ol
iu

m
 

Tr
ib

ro
m

id
e 

([B
m

im
]B

r 3)
43

,4
4  

m
on

ob
ro

m
in

at
io

n 
of

 v
ar

io
us

 a
m

in
es

 a
nd

 p
he

no
ls 

an
d 

re
gi

os
el

ec
tiv

e 
m

on
ob

ro
m

in
at

in
g 

ag
en

t o
f v

ar
io

us
 a

lk
an

on
es

 

 
37

 K
ha

za
ei

, 
A

.; 
M

an
es

h,
 A

. 
A

.; 
Sa

fi,
 V

. 
R.

; 
V

ag
he

i, 
R.

 G
. 

Re
gi

os
el

ec
tiv

e 
Br

om
in

at
io

n 
of

 A
ro

m
at

ic
 C

om
po

un
ds

 u
sin

g 
N

,N
′- 

D
ib

ro
m

o-
N

,N
′-1

,2
-E

th
yl

en
e 

Bi
s(

4-
M

et
hy

l B
en

ze
ne

 S
ul

fo
na

m
id

e)
. A

sia
n 

J. 
Ch

em
. 2

00
5,

 1
7,

 2
50

9−
25

12
. 

38
 Z

ol
fig

ol
, M

. A
.; 

Ch
eh

ar
do

li,
 G

.; 
Sa

le
hz

ad
eh

, S
.; 

A
da

m
s, 

H
.; 

W
ar

d,
 M

. D
. {

[K
.1

8-
Cr

ow
n-

6]
Br

3}
N

: A
 U

ni
qu

e 
Tr

ib
ro

m
id

e-
Ty

pe
 

an
d 

Co
lu

m
na

r 
N

an
ot

ub
e-

Li
ke

 S
tru

ct
ur

e 
fo

r 
th

e 
O

xi
da

tiv
e 

Co
up

lin
g 

of
 T

hi
ol

s 
an

d 
Br

om
in

at
io

n 
of

 S
om

e 
A

ro
m

at
ic

 C
om

po
un

ds
. 

Te
tra

he
dr

on
 L

et
t. 

20
07

, 4
8,

 7
96

9−
79

73
. 

39
 K

au
sh

ik
, 

M
. 

P.
;P

ol
sh

et
tiw

ar
, 

V
. 

N
-O

ct
yl

qu
in

ol
in

iu
m

Tr
ib

ro
m

id
e:

 A
 T

as
k 

Sp
ec

ifi
c 

Q
ui

no
lin

e 
Ba

se
d 

Io
ni

c 
Li

qu
id

 a
s 

a 
N

ew
 

Br
om

in
at

in
g 

Re
ag

en
t. 

In
di

an
 J.

 C
he

m
. 2

00
6,

 4
5B

, 2
54

2−
25

45
. 

40
 L

i, 
Z.

; S
un

, X
.; 

W
an

g,
 L

.; 
Li

, Y
.; 

M
a,

 Y
. S

ili
ca

-S
up

po
rte

d 
Q

ui
no

lin
iu

m
Tr

ib
ro

m
id

e:
 A

 R
ec

ov
er

ab
le

 S
ol

id
 B

ro
m

in
at

in
g 

Re
ag

en
t f

or
 

Re
gi

os
el

ec
tiv

e 
M

on
ob

ro
m

in
at

io
n 

of
 A

ro
m

at
ic

 A
m

in
es

. J
. B

ra
z.

 C
he

m
. S

oc
. 2

01
0,

 2
1,

 4
96
−5

01
 

41
 H

er
av

i, 
M

. 
M

.; 
D

er
ik

va
nd

, 
F.

; 
G

ha
ss

em
za

de
h,

 M
. 

Te
tra

m
er

ic
 D

A
BC

O
-B

ro
m

in
e:

 A
n 

Ef
fic

ie
nt

 a
nd

 V
er

sa
til

e 
Re

ag
en

t 
fo

r 
Br

om
in

at
io

n 
of

 V
ar

io
us

 O
rg

an
ic

 C
om

po
un

ds
. S

. A
fr.

 J.
 C

he
m

. 2
00

6,
 5

9,
 1

25
−1

28
. 

42
A

tta
na

si,
 O

. A
.; 

Be
rre

tta
, S

.; 
Fa

vi
, G

.; 
Fi

lip
po

ne
, P

.; 
M

el
e,

 G
.; 

M
os

ca
te

lli
, G

.; 
Sa

la
di

no
, R

. T
et

ra
br

om
o 

H
yd

ro
ge

na
te

d 
Ca

rd
an

ol
: 

Ef
fic

ie
nt

 a
nd

 R
en

ew
ab

le
 B

ro
m

in
at

in
g 

A
ge

nt
. O

rg
. L

et
t. 

20
06

, 8
, 4

29
1−

42
93

. 
43

 L
e,

 Z
.-G

.; 
Ch

en
, Z

. C
.; 

H
u,

 Y
.; 

Zh
en

g,
 Q

. G
. [

bm
im

]B
r3

 a
s 

A
 N

ew
 R

ea
ge

nt
 fo

r R
eg

io
se

le
ct

iv
e 

M
on

o-
Br

om
in

at
io

n 
of

 A
ct

iv
at

ed
 

A
ro

m
at

ic
s u

nd
er

 S
ol

ve
nt

-F
re

e 
Co

nd
iti

on
s. 

Ch
in

. C
he

m
. L

et
t. 

20
05

, 1
6,

 1
00

7−
10

09
. 



In
tro

du
ct

io
n 

 
9 

29
 

Be
nz

al
ko

ni
um

Tr
ib

ro
m

id
e 

(B
en

za
l−

Br
3)

45
 

br
om

in
at

io
n 

of
 p

he
no

ls 

30
 

1,
2-

D
ip

yr
id

in
iu

m
 

D
itr

ib
ro

m
id

e−
Et

ha
ne

46
 

p-
br

om
in

at
in

g 
ag

en
t f

or
 a

ce
ta

ni
lid

es
, p

he
no

ls 
an

d 
an

ili
ne

s 

31
 

1-
Bu

ty
l-3

-m
et

hy
lp

yr
id

in
iu

m
 

Tr
ib

ro
m

id
e47

 
m

on
ob

ro
m

in
at

io
n 

of
 a

ni
lin

es
 a

nd
 p

he
no

ls 

32
 

(te
rt-

Bu
ty

la
m

in
o)

tri
ph

en
yl

ph
os

ph
on

iu
m

Tr
i

br
om

id
e48

 

br
om

in
at

io
n 

of
 v

ar
io

us
 p

he
no

l d
er

iv
at

iv
es

 

33
 

Et
hy

le
ne

bi
s(

N
-m

et
hy

lim
id

az
ol

iu
m

) 
D

itr
ib

ro
m

id
e49

,5
0  

br
om

in
at

io
n 

of
 p

he
no

l a
nd

 a
ni

lin
e 

an
d 

m
on

ob
ro

m
in

at
io

n 
of

 1
,3

- d
ik

et
on

es
 a

nd
 β

-
ke

to
 e

ste
rs

 
34

 
4,

4-
D

ib
ro

m
o-

3-
m

et
hy

lp
yr

az
ol

-5
-

se
le

ct
iv

e 
pa

ra
-b

ro
m

in
at

io
n 

of
 p

he
no

ls 
an

d 
an

ili
ne

s 
 

44
 (a

) 
Zh

an
g,

 S
. J

.; 
Le

, Z
.-G

. A
 S

im
pl

e 
an

d 
Se

le
ct

iv
e 

Pr
oc

ed
ur

e 
fo

r 
α-

Br
om

in
at

io
n 

of
 A

lk
an

on
es

 w
ith

 [
bm

im
]B

r3
 a

s 
A

 P
ro

m
ot

er
 

U
nd

er
 S

ol
ve

nt
-F

re
e 

Co
nd

iti
on

s. 
Ch

in
. C

he
m

. L
et

t. 
20

05
, 1

6,
 1

59
0−

15
92

. 
(b

) Z
ha

ng
, S

.-J
.; 

Le
, Z

.-G
. S

el
ec

tiv
e 
α-

M
on

ob
ro

m
in

at
io

n 
of

 K
et

on
es

 w
ith

 [b
m

im
]B

r3
. C

hi
n.

 J.
 O

rg
. C

he
m

. 2
00

6,
 2

6,
 2

36
−2

38
. 

45
 K

av
al

a,
 V

.; 
N

ai
k,

 S
.; 

Pa
te

l, 
B.

 K
. 

A
 N

ew
 R

ec
yc

la
bl

e 
D

itr
ib

ro
m

id
e 

Re
ag

en
t 

fo
r 

Ef
fic

ie
nt

 B
ro

m
in

at
io

n 
un

de
r 

So
lv

en
t 

Fr
ee

 
Co

nd
iti

on
. J

. O
rg

. C
he

m
. 2

00
5,

 7
0,

 4
26

7−
42

71
. 

46
 K

av
al

a,
 V

.; 
N

ai
k,

 S
.; 

Pa
te

l, 
B.

 K
. 

A
 N

ew
 R

ec
yc

la
bl

e 
D

itr
ib

ro
m

id
e 

Re
ag

en
t 

fo
r 

Ef
fic

ie
nt

 B
ro

m
in

at
io

n 
un

de
r 

So
lv

en
t 

Fr
ee

 
Co

nd
iti

on
. J

. O
rg

. C
he

m
. 2

00
5,

 7
0,

 4
26

7−
42

71
. 

47
 B

or
ik

ar
, S

. P
.; 

D
an

ie
l, 

T.
; P

au
l, 

V
. A

n 
Ef

fic
ie

nt
, R

ap
id

, a
nd

 R
eg

io
se

le
ct

iv
e 

Br
om

in
at

io
n 

of
 A

ni
lin

es
 a

nd
 P

he
no

ls 
W

ith
 1

-B
ut

yl
-3

- 
M

et
hy

lp
yr

id
in

iu
m

Tr
ib

ro
m

id
e 

as
 a

 N
ew

 R
ea

ge
nt

/S
ol

ve
nt

 U
nd

er
 M

ild
 C

on
di

tio
ns

. T
et

ra
he

dr
on

 L
et

t. 
20

09
, 5

0,
 1

00
7−

10
09

. 
48

 A
m

er
, A

.; 
M

ay
er

, A
.; 

Co
nr

oy
, G

. M
.; 

Zi
m

m
er

, H
. N

-S
ub

sti
tu

te
dA

m
in

ot
rip

he
ny

lp
ho

sp
ho

ni
um

Tr
ib

ro
m

id
es

 a
s 

N
ov

el
 B

ro
m

in
at

in
g 

A
ge

nt
s. 

Ph
os

ph
or

us
, S

ul
fu

r S
ili

co
n 

Re
la

t. 
El

em
. 1

99
6,

 1
08

, 2
45
−2

48
. 

49
 H

os
se

in
za

de
h,

 R
.; 

Ta
jb

ak
hs

h,
 M

.; 
M

oh
ad

je
ra

ni
, M

.; 
La

se
m

i, 
Z.

 E
ffi

ci
en

t a
nd

 R
eg

io
se

le
ct

iv
e 

Br
om

in
at

io
n 

of
 A

ro
m

at
ic

 C
om

po
un

ds
 

w
ith

 E
th

yl
en

eb
is(

N
-M

et
hy

lim
id

az
ol

iu
m

) D
itr

ib
ro

m
id

e 
(E

BM
ID

TB
). 

Sy
nt

h.
 C

om
m

un
. 2

01
0,

 4
0,

 8
68
−8

76
. 

50
 H

os
se

in
za

de
h,

 R
.; 

Ta
jb

ak
hs

h,
 M

.; 
M

oh
ad

je
ra

ni
, M

.; 
La

se
m

i Z
. E

th
yl

en
eb

is(
N

-M
et

hy
lim

id
az

ol
iu

m
) D

itr
ib

ro
m

id
e 

(E
BM

ID
TB

): 
A

n 
Ef

fic
ie

nt
 R

ea
ge

nt
 fo

r t
he

 M
on

ob
ro

m
in

at
io

n 
of

 1
,3

-D
ik

et
on

es
 a

nd
 β

- K
et

oe
ste

rs
. M

on
at

sh
. C

he
m

. 2
00

9,
 1

40
, 5

7−
60

. 



Ch
ap

te
r 1

 
 

10
 

on
e51

 
35

 
Ce

ty
lp

yr
id

in
iu

m
Tr

ib
ro

m
id

e52
 

se
le

ct
iv

e 
re

ag
en

t f
or

 th
e 

br
om

in
at

io
n 

of
 p

he
no

ls,
 a

ni
lin

es
, a

nt
hr

ac
en

e,
 c

ha
lc

on
e,

 e
tc

. 
36

 
N

-B
ro

m
op

ht
ha

lim
id

e53
 

se
le

ct
iv

e 
pa

ra
-b

ro
m

in
at

io
n 

of
 su

bs
tit

ut
ed

 b
en

ze
ne

s 
37

 
Py

rid
in

iu
m

Br
om

oc
hr

om
at

e54
 

br
om

in
at

io
n 

of
 N

-p
he

ny
lb

en
za

m
id

es
 

38
 

Q
ui

no
lin

iu
m

Br
om

oc
hr

om
at

e55
 

br
om

in
at

io
n 

of
 a

ni
so

le
 a

nd
 a

ce
ta

ni
lid

e 
39

 
Py

rid
in

iu
m

D
ic

hl
or

ob
ro

m
at

e56
 

br
om

in
at

io
n 

of
 a

 v
ar

ie
ty

 o
f a

ro
m

at
ic

 c
om

po
un

ds
 

40
 

Q
ui

no
xa

lin
iu

m
Br

om
oc

hr
om

at
e57

 
br

om
in

at
io

n 
ar

om
at

ic
 c

om
po

un
ds

 
41

 
H

O
Br

58
 

br
om

in
at

io
n 

of
 b

en
zo

ic
 a

ci
d 

42
 

Ph
os

ph
or

us
 O

xy
br

om
id

e59
 

br
om

in
at

io
n 

of
 h

yd
ro

xy
py

rim
id

in
es

 

 
51

 M
as

hr
aq

ui
, 

S.
 H

.; 
M

ud
al

ia
r, 

C.
 D

.; 
H

ar
ih

ar
as

ub
ra

hm
an

ia
n,

 H
. 

4,
4-

D
ib

ro
m

o-
3-

M
et

hy
lp

yr
az

ol
-5

-O
ne

: 
N

ew
 A

pp
lic

at
io

ns
 f

or
 

Se
le

ct
iv

e 
M

on
ob

ro
m

in
at

io
n 

of
 P

he
no

ls 
an

d 
O

xi
da

tio
n 

of
 S

ul
fid

es
 to

 S
ul

fo
xi

de
s. 

Te
tra

he
dr

on
 L

et
t. 

19
97

, 3
8,

 4
86

5−
48

68
. 

52
 K

um
ar

, A
.; 

Ja
m

ir,
 A

.; 
Ja

m
ir,

 L
.; 

Si
nh

a,
 D

.; 
Si

nh
a,

 U
. B

. C
et

yl
py

rid
in

iu
m

Tr
ib

ro
m

id
e,

 A
n 

En
vi

ro
nm

en
ta

lly
 B

en
ig

n 
Re

ag
en

t f
or

 
O

rg
an

ic
 B

ro
m

in
at

io
ns

 a
nd

 A
ce

ty
la

tio
ns

. O
rg

. C
om

m
un

. 2
01

1,
 4

, 1
−8

. 
53

 K
ha

za
ei

, A
.; 

M
an

es
h,

 A
. A

.; 
Sa

fi,
 V

. R
. R

eg
io

se
le

ct
iv

e 
Sy

nt
he

sis
 o

f p
ar

a-
Br

om
o 

A
ro

m
at

ic
 C

om
po

un
ds

. J
. C

hi
n.

 C
he

m
. S

oc
. 2

00
5,

 
52

, 5
59
−5

62
. 

54
 N

ar
ay

an
an

, N
.; 

Ba
la

su
br

am
an

ia
n,

 T
. R

. P
yr

id
in

iu
m

Br
om

oc
hr

om
at

e 
- 

A
 N

ew
 R

ea
ge

nt
 f

or
 B

ro
m

in
at

io
n 

an
d 

O
xi

da
tio

n.
 I

nd
ia

n 
J. 

Ch
em

. 1
98

6,
 2

5B
, 2

28
−2

29
. 

55
 Ö

zg
ün

, 
B.

; 
D

eg
irm

en
ba
şi,

 N
. 

Q
ui

no
lin

iu
m

Br
om

oc
hr

om
at

e-
A

 N
ew

 R
ea

ge
nt

 f
or

 B
ro

m
in

at
io

n 
an

d 
O

xi
da

tio
n.

 S
yn

th
. 

Co
m

m
un

. 
19

96
, 2

6,
 3

60
1−

36
06

. 
56

 M
ua

th
en

, 
H

. 
A

. 
Py

rid
in

iu
m

D
ic

hl
or

ob
ro

m
at

e:
 A

 N
ew

 S
ta

bl
e 

Br
om

in
at

in
g 

A
ge

nt
 f

or
 A

ro
m

at
ic

 C
om

po
un

ds
. 

Sy
nt

he
sis

 2
00

2,
 

16
9−

17
1.

 
57

 D
eğ

irm
en

ba
ş, 

N
.; 

Ö
zg

ün
, 

B.
 Q

ui
no

xa
lin

iu
m

Br
om

oc
hr

om
at

e-
 A

 N
ew

 a
nd

 E
ffi

ci
en

t 
Re

ag
en

t 
fo

r 
O

xi
da

tio
n 

of
 A

lc
oh

ol
s 

an
d 

Br
om

in
at

io
n 

of
 A

ro
m

at
ic

 C
om

po
un

ds
. G

. U
. J

. S
ci

. 2
00

6,
 1

9,
 9
−1

3.
 

58
 D

er
by

sh
ire

, D
. H

.; 
W

at
er

s, 
W

. A
. T

he
 B

ro
m

in
e 

Ca
tio

n,
 B

r+
 a

nd
 it

s R
ea

ct
io

ns
. N

at
ur

e 
19

49
, 1

64
, 4

46
−4

47
. 

59
 G

ol
di

ng
, D

. R
. V

.; 
Se

ne
ar

, A
. E

. P
ho

sp
ho

ru
s 

O
xy

br
om

id
e 

as
 a

 B
ro

m
in

at
in

g 
A

ge
nt

. B
ro

m
op

yr
im

id
in

es
. J

. O
rg

. C
he

m
. 1

94
7,

 1
2,

 
29

3−
 2

94
. 



In
tro

du
ct

io
n 

 
11

 

43
 

Tr
ip

ha
sic

 S
ys

te
m

 o
f B

u 4
N

+ H
SO

4−
, 

N
aB

r, 
an

d 
N

aO
Cl

60
 

br
om

in
at

io
n 

of
 c

yc
lo

he
xe

ne
 

44
 

A
m

m
on

iu
m

 B
ro

m
id

e61
 

m
on

ob
ro

m
in

at
io

n 
of

 a
ni

lin
es

 a
nd

 a
ni

so
le

s 
45

 
Io

di
ne

 M
on

ob
ro

m
id

e62
 

br
om

in
at

io
n 

of
 α

-n
ap

ht
ho

l 
46

 
Br

om
in

e 
Ch

lo
rid

e63
 

br
om

in
at

io
n 

of
 v

ar
io

us
 a

ro
m

at
ic

 c
om

po
un

ds
 

47
 

Br
om

in
e 

Fl
uo

rid
e64

 
br

om
in

at
io

n 
of

 m
-d

in
itr

ob
en

ze
ne

 
48

 
Br

om
in

e 
Tr

ifl
ou

rid
e65

 
br

om
in

at
io

n 
of

 d
ea

ct
iv

at
ed

 a
ro

m
at

ic
 c

om
po

un
ds

 
49

 
Py

rid
in

iu
m

H
yd

ro
br

om
id

eP
er

br
om

id
e.

  
(P

yH
Br

3)
66

 
se

le
ct

iv
e 

br
om

in
at

io
n 

of
  d

ou
bl

e 
bo

nd
s 

50
 

Py
rid

in
iu

m
Pe

rb
ro

m
id

e67
 

br
om

in
at

io
n 

of
  c

yc
lo

he
xe

ne
, s

ty
re

ne
, a

nd
 v

ita
m

in
 C

 
51

 
Py

rid
in

e 
Su

lfa
te

 D
ib

ro
m

id
e68

 
ol

ef
in

ic
 m

on
om

er
s b

ro
m

in
at

io
n 

 
60

 C
or

re
ia

, J
. A

 T
rip

ha
sic

 B
ro

m
in

at
in

g/
O

xi
di

zi
ng

 S
ys

te
m

. J
. O

rg
. C

he
m

. 1
99

2,
 5

7,
 4

55
5−

45
57

. 
61

 K
ris

hn
a 

M
oh

an
, K

. V
. V

; N
ar

en
de

r, 
N

.; 
Sr

in
iv

as
u,

 P
.; 

K
ul

ka
rn

i, 
S.

 J
.; 

Ra
gh

av
an

, K
. V

. N
ov

el
 B

ro
m

in
at

io
n 

M
et

ho
d 

fo
r A

ni
lin

es
 

an
d 

A
ni

so
le

s u
sin

g 
N

H
4B

r/H
2O

2 
in

 C
H

3C
O

O
H

. S
yn

th
. C

om
m

un
. 2

00
4,

 3
4,

 2
14

3−
21

52
. 

62
 M

ili
tz

er
, W

. B
ro

m
in

at
io

ns
 w

ith
 Io

di
ne

 M
on

ob
ro

m
id

e.
 J.

 A
m

. C
he

m
. S

oc
. 1

93
8,

 6
0,

 2
56
−2

57
. 

63
 S

ch
ul

ek
, E

.; 
Bu

rg
er

, K
. S

ub
sti

tu
tiv

e 
H

al
og

en
at

io
n 

of
 A

ro
m

at
ic

 C
om

po
un

ds
 in

 A
qu

eo
us

 S
ol

ut
io

ns
 b

y 
In

te
rh

al
oi

ds
-I:

 H
al

og
en

at
in

g 
Ef

fe
ct

 o
f I

od
in

e 
M

on
oc

hl
or

id
e,

 Io
di

ne
 M

on
ob

ro
m

id
e 

an
d 

Br
om

in
e 

M
on

oc
hl

or
id

e.
 T

al
an

ta
 1

95
8,

 1
, 1

47
−1

52
. 

64
 R

oz
en

, S
.; 

Br
an

d,
 M

. N
ov

el
 A

ro
m

at
ic

 B
ro

m
in

at
io

n 
us

in
g 

Br
F 

Pr
ep

ar
ed

 D
ire

ct
ly

 fr
om

 th
e 

Co
rre

sp
on

di
ng

 E
le

m
en

ts.
 J.

 C
he

m
. S

oc
., 

Ch
em

. C
om

m
un

. 1
98

7,
 1

0,
 7

52
−7

53
. 

65
 L

er
m

an
, O

.; 
Ro

ze
n,

 S
. B

ro
m

in
e 

Tr
ifl

uo
rid

e 
as

 a
 B

ro
m

in
at

io
n 

A
ge

nt
 f

or
 D

ea
ct

iv
at

ed
 A

ro
m

at
ic

 C
om

po
un

ds
. J

. F
lu

or
in

e 
Ch

em
. 

19
89

, 4
5,

 1
04

. 
66

 S
ta

ro
ste

nk
o,

 N
. E

.; 
A

vd
ee

va
, N

. O
.; 

Ze
ib

er
lik

h,
 F

. N
.; 

K
ur

ko
vs

ka
ya

, L
. N

.; 
Su

vo
ro

v,
 N

. N
. I

nd
ol

e 
D

er
iv

at
iv

es
. 1

29
. R

ea
ct

io
n 

of
 5

-
V

in
yl

in
do

le
 w

ith
 B

ro
m

in
at

in
g 

A
ge

nt
s. 

Ch
em

. H
et

er
oc

yc
l. 

Co
m

pd
. 1

98
7,

 2
3,

 2
71
−2

74
. 

67
 H

oe
ur

ho
ld

, H
. H

.; 
D

re
fa

hl
, G

.; 
H

in
de

rs
in

, P
. B

ro
m

in
at

io
n 

of
 c

is-
 a

nd
 tr

an
s-

3-
H

ex
en

e 
w

ith
 P

yr
id

in
iu

m
Pe

rb
ro

m
id

e 
as

 a
 M

od
el

 fo
r 

th
e 

H
al

og
en

at
io

n 
of

 P
ol

y(
ci

s-
an

d 
tra

ns
-1

,4
-b

ut
ad

ie
ne

). 
Z.

 C
he

m
. 1

96
7,

 7
, 4

59
−4

60
. 



Ch
ap

te
r 1

 
 

12
 

52
 

Te
tra

br
om

o-
o-

be
nz

oq
ui

no
ne

 69
 

br
om

in
at

io
n 

of
 c

ha
lc

on
es

 
53

 
Py

rro
lid

in
on

eH
yd

ro
tri

br
om

id
e70

 
br

om
in

at
io

n 
of

 c
yc

lo
he

xe
ne

 
54

 
Te

tra
bu

ty
la

m
m

on
iu

m
tri

br
om

id
e 

(T
BA

TB
)71

 
br

om
in

at
io

n 
of

 su
bs

tit
ut

ed
 a

lk
en

es
 

55
 

Be
nz

yl
tri

m
et

hy
la

m
m

on
iu

m
Tr

ib
ro

m
id

e72
 

br
om

in
at

in
g 

ag
en

t f
or

 th
e 

an
ti-

ste
re

os
pe

ci
fic

 a
dd

iti
on

 o
f a

lk
en

es
 

56
 

N
-B

ro
m

oa
ce

ta
m

id
e73

 
di

br
om

in
at

io
n 

of
 n

um
er

ou
s u

ns
at

ur
at

ed
 c

om
po

un
ds

 
57

 
3-

(2
,2

,2
-

Tr
im

et
hy

lh
yd

ra
zi

ni
um

)p
ro

pi
on

at
e 

Pe
rb

ro
m

id
e74

 

di
br

om
in

at
io

n 
of

 m
et

hy
l a

cr
yl

at
e 

 
68

 D
ey

, N
. C

.; 
Bo

ra
h,

 L
.; 

G
ho

sh
, A

. C
. D

et
er

m
in

at
io

n 
of

 th
e 

Pu
rit

y 
of

 M
on

om
er

s 
by

 a
 C

at
al

yt
ic

 B
ro

m
in

at
io

n 
M

et
ho

d.
 A

na
ly

st 
19

96
, 

12
1,

 9
87
−9

90
. 

69
 L

at
if,

 N
.; 

El
Ba

yo
uk

i, 
K

. T
et

ra
br

om
o-

O
-B

en
zo

qu
in

on
e.

 N
ew

 B
ro

m
in

at
in

g 
A

ge
nt

 o
f C

ha
lc

on
es

. C
he

m
. I

nd
. 1

97
5,

 7
, 3

16
. 

70
 A

w
an

g,
 D

. V
. C

.; 
W

ol
fe

, S
. T

he
 C

ry
sta

l S
tru

ct
ur

e 
of

 T
et

ra
ph

en
yl

cy
cl

ob
ut

ad
ie

ne
 M

ol
yb

de
nu

m
 D

ic
ar

bo
ny

l B
ro

m
id

e.
 C

an
. J

. C
he

m
. 

19
69

, 4
7,

 7
06
−7

09
. 

71
 (a

) 
Be

rth
el

ot
, 

J.;
 F

ou
rn

ie
r, 

M
. 

A
 S

im
pl

e,
 S

af
e,

 a
nd

 E
as

y 
Br

om
in

at
io

n 
of

 A
lk

en
e 

us
in

g 
TB

A
Br

3:
 A

n 
O

rg
an

ic
 L

ab
or

at
or

y 
Ex

pe
rim

en
t. 

J. 
Ch

em
. E

du
c.

 1
98

6,
 6

3,
 1

01
1.

 
(b

) B
el

lu
cc

i, 
G

.; 
Ch

ia
pp

e,
 F

.; 
M

ar
io

ni
, C

. E
vi

de
nc

e 
fo

r a
 R

ev
er

sib
le

 E
le

ct
ro

ph
ili

c 
St

ep
 in

 O
le

fin
 B

ro
m

in
at

io
n.

 T
he

 C
as

e 
of

 S
til

be
ne

s. 
J. 

A
m

. C
he

m
. S

oc
. 1

98
7,

 1
09

, 5
15
−5

22
. 

72
 K

aj
ig

ae
sh

i, 
S.

; K
ak

in
am

i, 
T.

; M
or

iw
ak

i, 
M

.; 
Fu

jis
ak

i, 
S.

; T
as

hi
ro

, M
. B

ro
m

in
at

io
n 

of
 A

lk
en

es
 a

nd
 R

el
at

ed
 C

om
po

un
ds

 b
y 

U
se

 o
f 

Be
nz

yl
tri

m
et

hy
la

m
m

on
iu

m
Tr

ib
ro

m
id

e 
in

 A
pr

ot
ic

 a
nd

 P
ro

tic
 S

ol
ve

nt
s. 

Re
p.

 In
st.

 A
dv

. M
at

er
. S

tu
dy

 1
98

8,
 2

, 8
7−

94
. 

73
 (a

) W
oh

l, 
A

.; 
Ja

sc
hi

no
w

sk
i, 

K
. F

ur
th

er
 E

xp
er

im
en

ts 
on

 th
e 

Br
om

in
at

io
n 

of
 U

ns
at

ur
at

ed
 C

om
po

un
ds

 w
ith

 N
-B

ro
m

oa
ce

ta
m

id
e.

 B
er

. 
D

tsc
h.

 C
he

m
. G

es
. B

 1
92

1,
 5

4B
, 4

76
−4

84
. 

(b
) B

uc
kl

es
, R

. E
. T

he
 A

dd
iti

on
 o

f B
ro

m
in

e 
to

 O
le

fin
ic

 D
ou

bl
e 

Bo
nd

s. 
N

-B
ro

m
oa

ce
ta

m
id

e 
as

 a
 S

ou
rc

e 
of

 B
ro

m
in

e.
 J

. A
m

. C
he

m
. 

So
c.

 1
94

9,
 7

1,
 1

15
7−

11
59

. 
74

Br
em

an
is,

 G
.; 

K
al

vi
ns

, 
I.;

 L
uk

ev
ic

s, 
E.

; 
Li

ep
in

s, 
E.

 H
yd

ra
zi

ne
ca

rb
ox

yl
ic

 A
ci

d 
D

er
iv

at
iv

es
. 

II.
 3

-(2
,2

,2
-T

rim
et

hy
lh

yd
ra

zi
ni

um
) 

Pr
op

io
ni

c 
A

ci
d,

 it
s M

et
hy

l E
ste

r, 
an

d 
3-

(2
,2

,2
-T

rim
et

hy
lh

yd
ra

zi
ni

um
) 



In
tro

du
ct

io
n 

 
13

 

58
 

Cr
ow

n 
Et

he
r C

om
pl

ex
es

 o
f M

ol
ec

ul
ar

 
Br

om
in

e75
 

br
om

in
at

io
n 

of
 tr

an
s-
β-

m
et

hy
lst

yr
en

e 

59
 

3-
Br

om
o-

3-
(e

th
ox

yc
ar

bo
ny

l)-
2,

4-
di

ox
o-

1,
2,

3,
4-

 te
tra

hy
dr

oq
ui

no
ne

s76
 

tra
ns

br
om

in
at

io
n 

of
 c

yc
lo

he
xe

ne
 

60
 

1,
8-

D
ia

za
bi

cy
cl

o[
5.

4.
0]

un
de

ce
ne

-7
-

br
om

ot
ric

hl
or

om
et

ha
ne

(D
BU

−B
rC

Cl
3)77

,7
8  

br
om

in
at

io
n 

of
 a

ct
iv

e 
m

et
hy

le
ne

 c
om

po
un

ds
 a

nd
 b

ro
m

in
at

io
n 

of
 a

ct
iv

e 
m

et
hy

le
ne

 
co

m
po

un
ds

 

61
 

D
ie

th
yl

 N
,N

 
D

ib
ro

m
op

ho
sp

ho
ro

am
id

at
e79

 
br

om
in

at
io

n 
of

 a
lk

en
es

 a
nd

 c
yc

lo
al

ke
ne

s 

62
 

3-
Br

om
o-

5,
5-

di
m

et
hy

lh
yd

an
to

in
80

 
br

om
in

at
io

n 
of

 a
lly

lic
 a

nd
 b

en
zy

lic
 

 
 

 
Pr

op
io

na
te

 P
er

br
om

id
es

 a
s N

ov
el

 B
ro

m
in

at
in

g 
A

ge
nt

s. 
La

tv
. P

SR
 Z

in
at

. A
ka

d.
 V

es
tis

, K
im

. S
er

. 1
98

6,
 5

, 5
91
−5

95
. 

75
 P

an
ne

ll,
 K

. H
.; 

M
ay

r, 
A

. C
ro

w
n 

Et
he

r C
om

pl
ex

es
 o

f M
ol

ec
ul

ar
 B

ro
m

in
e 

as
 S

te
re

os
el

ec
tiv

e 
Br

om
in

at
in

g 
A

ge
nt

s. 
J. 

Ch
em

. S
oc

., 
Ch

em
. C

om
m

un
. 1

97
9,

 1
32
−1

33
. 

76
 U

kr
ai

ne
ts,

 I
. V

.; 
Si

do
re

nk
o,

 L
. V

.; 
G

ol
ov

ch
en

ko
, O

. S
. 4

- 
H

yd
ro

xy
-2

-Q
ui

no
lo

ne
s. 

Pa
rt 

12
5.

 E
th

yl
 3

-B
ro

m
o-

2,
4-

D
io

xo
-1

,2
,3

,4
- 

Te
tra

hy
dr

oq
ui

no
lin

e-
3-

Ca
rb

ox
yl

at
es

 a
s P

ot
en

tia
l B

ro
m

in
at

in
g 

A
ge

nt
s. 

Ch
em

. H
et

er
oc

yc
l. 

Co
m

pd
. 2

00
7,

 4
3,

 1
00

8−
10

13
. 

77
 H

or
i, 

Y
.; 

N
ag

an
o,

 
Y

.; 
U

ch
iy

am
a,

 
H

.; 
Y

am
ad

a,
 

Y
.; 

Ta
ni

gu
ch

i, 
H

. 
Br

om
in

at
io

n 
of

 
A

ct
iv

e 
H

yd
ro

ge
n 

Co
m

po
un

ds
 

by
 

Br
om

ot
ric

hl
or

om
et

ha
ne

 a
nd

 1
,8

-D
ia

za
bi

cy
cl

o[
5.

4.
0]

U
nd

ec
en

e-
7.

 A
 C

on
ve

ni
en

t 
Sy

nt
he

sis
 f

or
 B

ro
m

id
es

 a
nd

 O
le

fin
s. 

Ch
em

. L
et

t. 
19

78
, 7

3−
76

. 
78

 H
or

i, 
Y

.; 
N

ag
an

o,
 

Y
.; 

U
ch

iy
am

a,
 

H
.; 

Y
am

ad
a,

 
Y

.; 
Ta

ni
gu

ch
i, 

H
. 

Br
om

in
at

io
n 

of
 

A
ct

iv
e 

H
yd

ro
ge

n 
Co

m
po

un
ds

 
by

 
Br

om
ot

ric
hl

or
om

et
ha

ne
 a

nd
 1

,8
-D

ia
za

bi
cy

cl
o[

5.
4.

0]
U

nd
ec

en
e-

7.
 A

 C
on

ve
ni

en
t 

Sy
nt

he
sis

 f
or

 B
ro

m
id

es
 a

nd
 O

le
fin

s. 
Ch

em
. L

et
t. 

19
78

, 7
3−

76
. 

79
 O

so
w

sk
a-

Pa
ce

w
oc

ka
, 

K
.; 

Zw
ie

rz
ak

, 
A

. 
N

,N
-D

ih
al

op
ho

sp
ho

ra
m

id
es

- 
X

V
I1

: 
Io

ni
c 

A
dd

iti
on

 
of

 
D

ie
th

yl
 

N
,N

-
D

ib
ro

m
op

ho
sp

ho
ro

am
id

at
e 

(D
BP

A
) t

o 
A

lk
en

es
 a

nd
 C

yc
lo

al
ke

ne
s. 

Te
tra

he
dr

on
 1

98
5,

 4
1,

 4
71

7−
47

25
. 

80
 (a

) O
ra

zi
, O

. O
.; 

M
es

er
i, 

J. 
H

al
og

en
at

io
n 

w
ith

 3
-B

ro
m

o-
5,

5-
 D

im
et

hy
lh

yd
an

to
in

. A
n.

 A
so

c.
 Q

ui
m

. A
rg

en
t. 

19
49

, 3
7,

 1
92
−1

96
. 

(b
) D

om
ni

n,
 N

. A
.; 

La
rio

no
va

, M
. A

. U
ns

at
ur

at
ed

 C
yc

lic
 H

yd
ro

ca
rb

on
s a

nd
 th

ei
r D

er
iv

at
iv

es
. X

IX
. S

yn
th

es
is 

of
 1

,2
,3

- 
Tr

ib
ro

m
oc

yc
lo

he
xa

ne
 a

nd
 it

s R
ea

ct
io

n 
w

ith
 Q

ui
no

lin
e.

 R
us

s. 
J. 

G
en

. C
he

m
. 1

95
6,

 2
6,

 1
39

8−
14

00
. 



Ch
ap

te
r 1

 
 

14
 

63
 

2,
2-

D
ib

ro
m

o-
2-

cy
an

o-
N

,N
-

di
m

et
h y

la
ce

ta
m

id
e81

 
α-

m
on

ob
ro

m
in

at
io

n 
of

 k
et

on
es

 

64
 

2-
Br

om
o-

2-
cy

an
o-

N
,N

-
di

m
et

hy
la

ce
ta

m
id

e82
 

br
om

in
at

io
n 

of
 α

-c
ar

bo
n 

ke
to

ne
s 

65
 

5,
5-

D
ib

ro
m

o-
2,

2-
di

m
et

hy
l-4

,6
-d

io
xo

-
1,

3-
di

ox
an

e83
 

br
om

in
at

io
n 

of
 sa

tu
ra

te
d 

an
d 
α,
β-

un
sa

tu
ra

te
d 

ca
rb

on
yl

 c
om

po
un

ds
 

66
 

3-
Br

om
o-

4,
4-

di
m

et
hy

l-2
-

ox
az

ol
id

in
on

e 
(N

BD
M

O
)84

 
al

ly
lic

 b
ro

m
in

at
io

n 

67
 

o-
Po

ly
br

om
oq

ui
no

ne
85

 
br

om
in

at
io

n 
of

 b
ot

h 
ar

om
at

ic
86

 a
s w

el
l a

s s
el

ec
tiv

e 
α-

br
om

in
at

io
n 

of
 α

,β
-u

ns
at

ur
at

ed
 

ke
to

ne
s 

68
 

Ph
en

yl
tri

m
et

hy
la

m
m

on
iu

m
Tr

ib
ro

m
id

e87
 

br
om

in
at

io
n 

of
 c

ar
bo

ny
l c

om
po

un
ds

 

 
81

 V
ya

s, 
S.

 G
.; 

K
ul

ka
rn

i, 
A

. B
. 2

,2
-D

ib
ro

m
o-

2-
Cy

an
o-

N
,N

D
im

et
hy

la
ce

ta
m

id
e 

as
 a

 N
ew

 B
ro

m
in

at
in

g 
A

ge
nt

. I
nd

ia
n 

J. 
Ch

em
. 1

97
9,

 
17

B,
 3

05
−3

06
. 

82
 S

ek
iy

a,
 M

.; 
Ito

, K
.; 

Su
zu

ki
, K

. 2
-B

ro
m

o-
2-

Cy
an

o-
N

,N
-D

im
et

hy
la

ce
ta

m
id

e 
as

 a
 N

ew
 B

ro
m

in
at

in
g 

A
ge

nt
. T

et
ra

he
dr

on
 1

97
5,

 3
1,

 
23

1−
23

3.
 

83
 B

lo
ch

, 
R.

 5
,5

-D
ib

ro
m

o-
2,

2-
D

im
et

hy
l-4

,6
-D

io
xo

-1
,3

-D
io

xa
ne

; 
A

 N
ew

 B
ro

m
in

at
in

g 
A

ge
nt

 f
or

 S
at

ur
at

ed
 a

nd
 α

,β
-U

ns
at

ur
at

ed
 

Ca
rb

on
yl

 C
om

po
un

ds
. S

yn
th

es
is 

19
78

, 1
40
−1

42
. 

84
 G

ot
ta

rd
i, 

W
. D

ib
ro

m
am

in
: A

cy
ld

er
iv

at
e.

 M
on

at
sh

. C
he

m
. 1

97
3,

 1
04

, 4
21
−4

32
. 

85
 C

al
o'

, V
.; 

Lo
pe

z,
 L

.; 
Pe

sc
e,

 G
.; 

To
de

sc
o,

 P
. E

. C
on

tri
bu

tio
n 

to
 th

e 
Br

om
in

at
io

n 
of

 C
on

ju
ga

te
 U

ns
at

ur
at

ed
 K

et
on

es
: S

yn
th

es
is 

of
 

α,
β-

 U
ns

at
ur

at
ed

 B
ro

m
o 

K
et

on
es

. T
et

ra
he

dr
on

 1
97

3,
 2

9,
 1

62
5−

16
28

. 
86

 (a
) 

Ca
lo

, 
V

.; 
Ci

m
in

al
e,

 F
.; 

Lo
pe

z,
 L

.; 
To

de
sc

o,
 P

. 
E.

 A
 S

el
ec

tiv
e 

Br
om

in
at

io
n 

of
 A

ro
m

at
ic

 A
m

in
es

. 
J. 

Ch
em

. 
So

c.
 C

 1
97

1,
 

36
52
−3

65
3.

 (b
) F

ox
, G

. J
.; 

H
ep

w
or

th
, J

. D
.; 

H
al

la
s, 

G
. B

ro
m

in
at

io
n 

of
 3

- A
m

in
o-

 A
nd

 3
-D

im
et

hy
la

m
in

o-
Py

rid
in

e.
 J

. C
he

m
. S

oc
., 

Pe
rk

in
 T

ra
ns

. 1
 1

97
3,

 6
8−

69
. 

87
 S

aw
a,

 M
.; 

M
iz

un
o,

 K
.; 

H
ar

ad
a,

 H
.; 

Ta
te

ish
i, 

H
.; 

A
ra

i, 
Y

.; 
Su

zu
ki

, S
.; 

O
ue

, M
.; 

Ts
uj

iu
ch

i, 
H

.; 
Fu

ru
ta

ni
, Y

.; 
K

at
o,

 S
. T

ry
pt

am
in

e-
 

Ba
se

d 
H

um
an

 β
3-

A
dr

en
er

gi
c 

Re
ce

pt
or

 A
go

ni
sts

. P
ar

t 3
: I

m
pr

ov
ed

 O
ra

l B
io

av
ai

la
bi

lit
y 

vi
a 

M
od

ifi
ca

tio
n 

of
 th

e 
Su

lfo
na

m
id

e 
M

oi
et

y.
 

Bi
oo

rg
. M

ed
. C

he
m

. L
et

t. 
20

05
, 1

5,
 1

06
1−

10
64

. 



In
tro

du
ct

io
n 

 
15

 

69
 

N
-B

ro
m

o-
te

rt-
bu

ty
la

m
in

e88
 

br
om

in
at

io
n 

of
 a

lly
lic

 p
os

iti
on

 o
f c

yc
lo

he
xe

ne
 

70
 

4-
(D

im
et

hy
la

m
in

o)
py

rid
in

iu
m

 
Br

om
id

e 
Pe

rb
ro

m
id

e89
 

br
om

in
at

io
n 

of
 a

ce
to

ph
en

on
es

 

71
 

Tr
ib

ro
m

oa
ce

tic
 A

ci
d90

 
α-

m
on

o 
or

 α
-d

ib
ro

m
in

at
io

n 
of

 k
et

on
es

 
72

 
2,

4-
D

ia
m

in
o-

1,
3-

th
ia

zo
le

 
H

yd
ro

tri
br

om
id

e91
 

br
om

in
at

io
n 

of
 a

ry
l a

nd
 st

yr
yl

 m
et

hy
le

ne
 k

et
on

es
 

73
 

1,
2-

D
ib

ro
m

oe
th

an
e92

 
br

om
in

at
io

n 
of

 te
rti

ar
y 

ca
rb

on
 

74
 

N
,N

-D
ib

ro
m

ob
en

ze
ne

su
lfo

na
m

id
e 

(D
ib

ro
m

oa
m

in
e-

 B
)93

 
br

om
in

at
io

n 
of

 β
-d

ik
et

on
es

 a
nd

 β
-k

et
o 

es
te

rs
 

75
 

N
,N
′-D

ib
ro

m
o-

N
,N
′-1

,2
-

et
ha

ne
di

yl
bi

s[
{(

2,
5-

di
m

et
hy

lp
he

ny
l) 

su
lfo

ny
l}

am
in

e]
94

 

br
om

in
at

io
n 

of
 a

lly
lic

 p
os

iti
on

s 

76
 

N
-M

et
hy

lp
yr

ro
lid

in
-2

-o
ne

 
H

yd
ro

tri
br

om
id

e 
(M

PH
T)

95
 

α,
α-

di
br

om
in

at
io

n 
of

 te
tra

lo
ne

s 

 
88

 B
oo

ze
r, 

C.
 E

.; 
M

on
cr

ie
f, 

J. 
W

. A
lly

lic
 B

ro
m

in
at

io
n 

by
 N

Br
om

o-
 T

-B
ut

yl
am

in
e.

 J.
 O

rg
. C

he
m

. 1
96

2,
 2

7,
 6

23
−6

24
. 

89
 A

rri
et

a,
 A

.; 
G

an
bo

a,
 I.

; P
al

om
o,

 C
. R

ea
ge

nt
s a

nd
 S

yn
th

et
ic

 M
et

ho
ds

. 3
8.

 4
-(D

im
et

hy
la

m
in

o)
Py

rid
in

iu
m

 B
ro

m
id

e 
Pe

rb
ro

m
id

e 
as

 A
 

N
ew

 B
ro

m
in

at
in

g 
A

ge
nt

 fo
r O

rg
an

ic
 C

om
po

un
ds

. S
yn

th
. C

om
m

un
. 1

98
4,

 1
4,

 9
39
−9

45
 

90
 S

ta
no

vn
ik

, B
.; 

Ti
šle

r, 
M

.; 
Ju

rg
ec

, M
.; 

Ru
čm

an
, R

. B
ro

m
in

at
io

n 
of

 α
-E

rg
oc

ry
pt

in
e 

an
d 

O
th

er
 E

rg
ot

 A
lk

al
oi

ds
 w

ith
 3

-B
ro

m
o-

6-
ch

lo
ro

- 2
-m

et
hy

lim
id

az
o[

1,
2-

b]
py

rim
id

az
in

e-
Br

om
in

e 
Co

m
pl

ex
 a

s a
 N

ew
 B

ro
m

in
at

in
g 

A
ge

nt
. H

et
er

oc
yc

le
s 1

98
1,

 1
6,

 7
41
−7

45
. 

91
 F

or
la

ni
, L

. 2
,4

-D
ia

m
in

o-
 1

,3
-th

ia
zo

le
 H

yd
ro

tri
br

om
id

e;
 A

 N
ew

 B
ro

m
in

at
in

g 
A

ge
nt

. S
yn

th
es

is 
19

80
, 6

, 4
87
−4

89
. 

92
 Ib

ar
zo

, J
.; 

O
rtu

no
, R

. M
. 1

,2
-D

ib
ro

m
oe

th
an

e 
in

 th
e 

Sy
nt

he
sis

 o
f 2

-B
ro

m
oe

ste
rs

: B
ro

m
in

at
io

n 
vs

 A
lk

yl
at

io
n.

 T
et

ra
he

dr
on

 1
99

4,
 5

0,
 

98
25
−9

83
0.

 
93

 T
aj

ba
kh

sh
, M

.; 
K

ha
za

ei
, A

.; 
M

ah
al

li,
 M

. S
.; 

V
ag

hi
, R

. G
. N

,N
D

ib
ro

m
ob

en
ze

ne
su

lfo
na

m
id

e:
 A

 U
se

fu
l R

eg
en

ra
bl

e 
Re

ag
en

t f
or

 
Br

om
in

at
io

n 
of

 V
ar

io
us

 C
ar

ba
ni

on
ic

 S
ub

str
at

es
. P

ho
sp

ho
ru

s, 
Su

lfu
r S

ili
co

n 
Re

la
t. 

El
em

. 2
00

4,
 1

79
, 1

15
9−

11
63

. 
94

 K
ha

za
ei

, A
.; 

V
ag

he
i, 

R.
 G

.; 
K

ar
kh

an
ei

, E
. B

ro
m

in
at

io
n 

of
 O

rg
an

ic
 A

lly
lic

 C
om

po
un

ds
 b

y 
U

sin
g 

N
,N
′-D

ib
ro

m
o-

N
,N
′-1

,2
-E

th
an

e 
D

iy
lB

is(
2,

5-
D

im
et

hy
l B

en
ze

ne
 S

ul
ph

on
yl

)A
m

in
e.

 S
yn

th
. C

om
m

un
. 2

00
2,

 3
2,

 2
10

7−
21

13
. 



Ch
ap

te
r 1

 
 

16
 

77
 

N
,N

,N
′,N

′-T
et

ra
br

om
ob

en
ze

ne
-1

,3
-

di
su

lfo
na

m
id

e96
 

m
on

ob
ro

m
in

at
io

n 
of

 b
en

zy
lic

 p
os

iti
on

s 

78
 

Be
nz

im
id

az
ol

iu
m

Br
om

oc
hr

om
at

e97
 

br
om

in
at

io
n 

of
 fl

uo
re

ne
 

79
 

Bo
ro

n 
Tr

ib
ro

m
id

e98
 

se
le

ct
iv

e 
be

nz
yl

ic
 b

ro
m

in
at

io
n 

80
 

Th
io

ny
l B

ro
m

id
e99

 
br

om
in

at
io

n 
of

 a
ct

iv
e 

m
et

hy
le

ne
s 

81
 

Br
om

oi
od

in
an

es
10

0  
br

om
in

at
io

n 
of

 to
lu

en
e 

or
 c

yc
lo

he
xe

ne
 

 

 
95

 B
ek

ae
rt,

 A
.; 

Pr
ov

ot
, O

.; 
Ra

so
lo

ja
on

a,
 O

.; 
A

la
m

i, 
M

.; 
Br

io
n,

 J
.-D

. N
-M

et
hy

lp
yr

ro
lid

in
-2

-O
ne

 H
yd

ro
tri

br
om

id
e 

(M
PH

T)
 A

 M
ild

 
Re

ag
en

t F
or

 S
el

ec
tiv

e 
Br

om
in

at
io

n 
of

 C
ar

bo
ny

l C
om

po
un

ds
: S

yn
th

es
is 

of
 S

ub
sti

tu
te

d 
2-

Br
om

o-
1-

N
ap

ht
ol

s. 
Te

tra
he

dr
on

 L
et

t. 
20

05
, 

46
, 4

18
7−

41
91

. 
96

 G
ho

rb
an

i-V
ag

he
i, 

R.
; 

Ch
eg

in
i, 

M
.; 

V
ei

si,
 H

.; 
K

ar
im

i-T
ab

ar
, 

M
. 

Po
ly

(N
,N
′-D

ib
ro

m
o-

N
-E

th
yl

-B
en

ze
ne

-1
,3

-D
isu

lfo
na

m
id

e)
, 

N
,N

,N
′,N

′-T
et

ra
br

om
ob

en
ze

ne
-1

,3
-D

isu
lfo

na
m

id
e 

an
d 

N
ov

el
 P

ol
y(

N
,N

-D
ib

ro
m

o-
N

-P
he

ny
lb

en
ze

ne
-1

,3
-D

isu
lfo

na
m

id
e)

 a
s 

Po
w

er
fu

l 
Re

ag
en

ts 
fo

r B
en

zy
lic

 B
ro

m
in

at
io

n.
 T

et
ra

he
dr

on
 L

et
t. 

20
09

, 5
0,

 1
86

1−
18

65
. 

97
 Ö

zg
ün

, B
.; 

D
eg

irm
en

ba
şi,

 N
. B

en
zi

m
id

az
ol

iu
m

Br
om

oc
hr

om
at

e-
 A

 N
ew

 R
ea

ge
nt

 fo
r B

ro
m

in
at

io
n 

an
d 

O
xi

da
tio

n.
 S

yn
th

. C
om

m
un

. 
19

99
, 2

9,
 7

63
−7

66
. 

98
 C

he
n,

 H
.; 

Sh
en

, L
.; 

Li
n,

 Y
. B

en
zy

lic
 B

ro
m

in
at

io
n 

of
 T

ol
ue

ne
 D

er
iv

at
iv

es
 w

ith
 B

or
on

 T
rib

ro
m

id
e.

 S
yn

th
. C

om
m

un
. 2

01
0,

 4
0,

 
99

8−
10

03
. 

99
 A

l-M
ou

sa
w

i, 
S.

 M
.; 

Bh
at

ti,
 I.

; S
ar

af
, S

. D
. R

ea
ct

io
n 

of
 T

hi
on

yl
 B

ro
m

id
e 

w
ith

 K
et

on
es

. O
rg

. P
re

p.
 P

ro
ce

d.
 In

t. 
19

92
, 2

4,
 6

0−
63

. 
10

0  A
m

ey
, R

. L
.; 

M
ar

tin
, J

. C
. S

yn
th

es
is 

an
d 

Re
ac

tio
n 

of
 S

ub
sti

tu
te

d 
A

ry
la

lk
ox

yi
od

in
an

es
: F

or
m

at
io

n 
of

 S
ta

bl
e 

Br
om

oa
ry

la
lk

ox
y 

an
d 

A
ry

ld
ia

lk
ox

y 
H

et
er

oc
yc

lic
 D

er
iv

at
iv

es
 o

f T
ric

oo
rd

in
at

eO
rg

an
oi

od
in

e(
III

). 
J. 

O
rg

. C
he

m
. 1

97
9,

 4
4,

 1
77

9−
17

84
. 



Introduction 
 

17 

1.3 Miscellaneous brominating reagents 

1 Cyanogen Bromide101 bromination of amino 
enones 

2 Dibromoisocyanuric Acid (DBI)102 bromination of 
melamine 

3 Imidazo[1,2-b]pyridazine−Bromine103 bromination of 
alkenes, ketones, N-
heterocyclic 
compounds, etc. 

4 Trimethylsilyl Bromide (TMSBr)104 bromination of 
anomeric esters 

5 Bromodimethylsulfonium bromide105 bromination of 
epoxides 

6 Hexabromoacetone106 bromination of 
carboxylic acids 

7 Ethyl Tribromoacetate107 bromination of 
carboxylic acids 

  

 
101 Alberola, A.; Andres, C.; Ortega, A. G.; Pedrosa, R.; Vicente, M. Cyanogen 
Bromide as a Useful Brominating Agent, Synthesis of α- Bromo-β-Aminoenones. 
Synth. Commun. 1986, 16, 1161−1165. 
102 Gottardi, W. Hexabrommelamin. Monatsh. Chem. 1972, 103, 878−882. 
103 Stanovnik, B.; Tišler, M.; Drnovšek, I. 3-Bromoimidazo[1,2-b]pyridazine-
Bromine and 3-Bromo-6-chloroimidazo [1,2-b]pyridazine- Bromine Complexes; 
New Brominating Agents for Organic Compounds. Synthesis 1981, 12, 987−989. 
104 Gillard, J. W.; Israel, M. Trimethylsilyl Bromide as A Mild, Stereoselective 
Anomeric Brominating Agent. Tetrahedron Lett. 1981, 22, 513−516. 
105  Olah, G. A.; Vankar, Y. D.; Arvanaghi, M. A New Synthesis of 
Cyclobutanones using Methyl Methylthiomethyl Sulfoxide. Tetrahedron Lett. 
1979, 20, 3653−3656. 
106  Chavasiri, W.; Tongkate, P. Hexabromoacetone: A New and Efficient 
Brominating Agent for Synthesis of Alkyl and Acyl Bromides. Abstracts of 
Papers, 238th ACS National Meeting, Washington, DC, Aug 16−20, 2009; 
American Chemical Society: Washington, DC, 2009; ORGN-463. 
107 Kang, D. H.; Joo, T. Y.; Lee, E. H.; Chaysripongkul, S.; Chavasiri, W.; Jang, 
D. O. A Mild and Efficient Reaction for Conversion of Carboxylic Acids into Acid 
Bromides with Ethyl Tribromoacetate/Triphenylphosphine under Acid-Free 
Conditions. Tetrahedron Lett. 2006, 47, 5693−5696. 



Chapter 1 
 

18

8 PentylpyridiniumTribromide108 bromination of a range 
of ketones, aromatics, 
alkenes and alkynes 

9 HBr109 bromination of a range 
of alkenes, alkynes 
and aromatic 
compounds 

1.4 Description of eco-friendly brominating reagent 

Although, various brominating agents have been explored for the 
brominations, the production of bromo-intermediates themselves still 
holds importance. Further, while a lot of efforts have been made in both 
the academic and industrial fields to adopt the greenness process, the use 
of various hazardous reagents remains and generates large amounts of 
waste. Hence, it is necessary to develop sustainable reagents, particularly 
for bromination reactions. Recently, an eco-friendly brominating reagent 
was developed from an intermediate of the bromine manufacturing 
process that contains a 5:1 molar ratio of NaBr–NaBrO3 (designated as 
BR-A). Upon acidification, BR-A releases bromine (Br2) in-situ and is 
accountable for the addition across the variety of unsaturated substrates 
such as alkenes and alkynes to produce corresponding dibromo- 
derivatives with high atom efficiency and functional group tolerance 
(CO2Et, OAc, OMe, carbonyl, methylenedioxy, Cl and NO2).110  Further, 
BR-A, when treated with NaOCl, affords another composition comprising 
of a 2:1 mole ratio of NaBr–NaBrO3, which upon acidification generates 
BrOH, which is responsible for the bromination of a wide range of organic 

 
108  Salazar, J.; Dorta, R. PentylpyridiniumTribromide: A Vapor Pressure-Free 
Room Temperature Ionic Liquid Analogue of Bromine. Synlett 2004, 1318−1320. 
109 (a) Barhate, N. B.; Gajare, A. S.; Wakharkar, R. D.; Bedekar, A. V. Simple and 
Practical Halogenation of Arenes, Alkenes and Alkynes with Hydrohalic 
Acid/H2O2 (or TBHP). Tetrahedron 1999, 55, 
11127−11142.  (b) Espenson, J. H.; Zhu, Z.; Zauche, T. H. Bromide Ions and 
Methyltrioxorhenium as Cocatalysts for Hydrogen Peroxide Oxidations and 
Brominations. J. Org. Chem. 1999, 64, 1191−1196. 
110 Adimurthy, S.; Ramachandraiah, G.; Bedekar, A.V.; Ghosh, S.; Ranu, B.C.; 
Ghosh, P.K. Eco-friendly and versatile brominating reagent prepared from liquid 
bromine precursor.  Green Chem. 2006, 8, 916–922. 
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substrates, including aromatic substitutions and active methylene 
compounds such as benzylic and α-ketone brominations.111 The details 
will be discussed in the proceeding chapters on eco-friendly brominating 
reagents and their applications.   

 

 

 

 
111 Adimurthy, S.; Ghosh, S.; Patoliya, P.U.; Ramachandraiah, G.; Manoj Agrawal, 
M.R.; Gandhi, S.; Upadhyay, C.; Ghosh P.K.; Ranu, B.C. An Alternative Method 
for the Regio- and Stereoselective Bromination of Alkenes, Alkynes, Toluene 
Derivatives and Ketones Using a Bromide/Bromate Couple. Green Chem. 2008, 
10, 232-237. 
 



CHAPTER 2 

AROMATIC BROMINATIONS THROUGH 
SUBSTITUTION REACTIONS 

C. RAVI, R.D. PATIL, S. ADIMURTHY 
 
 

2.1 Bromination of phenols and napththols 

2.1.1 Bromination of phenols using the Br2/CS2 system 

In 1921, Adams and Marvel studied the bromination of phenol using 
elemental bromine for the preparation of p-bromophenol. They found that 
through the portionwise addition of bromine at a low temperature (5 °C) to 
the solution of phenol in carbon disulfide, p-bromophenol was obtained 
selectively with an excellent yield (Scheme 1).1 

 

Scheme 1. Bromination of phenols using the Br2/CS2 system 

Nishigaki et al. explored the same p-bromophenol preparation regioselectively 
through the bromination of phenols in a mixture of acetic acid and water in 
the presence of tetramethylammonium bromide at 25 °C for 2 h.2 Heller et 
al. investigated the action of bromine on acetamidohydroxybenzoic acids 

 
1 Adams, R.; Marvel, C. S. p-Bromophenol. Org. Synth. 1921, 1, 39. 
2 Nishigaki, J. Preparation of 4-Bromophenols by Regioselective Bromination of 
Phenols. Jpn. Kokai Tokkyo Koho JP 08127543 A 19960521, 1996. 
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and acetamidophenols. In particular, acetamido-2-hydroxybenzoic acid 
produced selectively the monobrominated product with molecular bromine 
with or without heating on a water bath.3  Further, Takechi and Fukai 
regioselectively prepared p-bromophenols in 1,2-dimethoxyethane through 
the bromination of phenols at room temperature for 5 h in excellent 
yields. 4  Becker et al. developed a high positional synthesis of p-
bromophenol through the bromination of phenols at −20 to +50 °C. The 
solvent selection plays a vital role in the selectivity.5 Tishchenko et al. 
developed a simple procedure for the preparation of p-bromophenol from 
phenol using elemental bromine in an aqueous solution.6 

Rajaram et al. used iodine and anhydrous aluminum chloride as catalysts 
for the preparation of p-bromophenol. 7  Chalabiev et al. reported 
dibromophenol synthesis via the bromination of phenol using bromine, 
with 16−25% aqueous sodium hypochlorite or 25−30% aqueous hydrogen 
peroxide as the oxidizing agents.8 Becker et al. have developed a selective 
synthesis of p-bromophenol from phenol in different esters as solvents 
with bromine at −20 to +50 °C; they observed the crucial role of the 
solvent in the reaction system.9 Avdeenko et al. reported the synthesis of 
N-acyl-2-bromo-4-aminophenols, N-acyl-2,6-dibromo-4-aminophenols, N-
acyl-2,3,6-tribromo-4-aminophenols, and N-acyl-2,3,5,6-tetrabromo-1,4-
benzoquinone benzoquinone imines from N-acyl derivatives of p-

 
3  Heller, G. Action of Bromine on Acetamidohydroxybenzoic Acids and 
Acetamidophenols. J. Prakt. Chem. (Leipzig) 1931, 129, 257−267. 
4  Takechi, N.; Fukai, Y. Preparation of p-Bromophenols by Regioselective 
Bromination of Phenols. Jpn. Kokai Tokkyo Koho JP 2000309555 A 20001107, 
2000. 
5 Becker, A.; Kornberg, N.; Croitoru, B. Process for Preparing p-Bromophenol and 
Related Compounds. Ger. Offen. Patent Appl. DE 3742515 A1 19880714, 1988. 
6 Tishchenko, D. V. The Halogenation of Aromatics in Aqueous Solutions. J. Russ. 
Phys.-Chem. Soc. 1928, 60, 153−162. 
7 Rajaram, J.; Kuriacose, J. C. Bromination of p-bromophenol. II. Catalysis by 
Iodine and anhydrous Aluminium Chloride. Aust. J. Chem. 1969, 22, 1193−1198. 
8 Becker, A.; Kornberg, N.; Croitoru, B. Process for Preparing p- Bromophenol 
and Related Compounds. Ger. Offen. Patent Appl. DE 3742515 A1 19880714, 
1988. 
9 Chalabiev, C. A.; Sadygov, O. A.; Gurbanov, M. S.; Shtejnberg, B. Y. Method of 
Dibromophenol Synthesis. U.S.S.R. Patent Appl. SU 1768574 A1 19921015, 
1992. 
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aminophenols, 4-amino-1-naphthols, and p-phenylenediamines based on 
the solvent, temperature, and molar ratio of the starting material to the 
molecular bromine.10 

2.1.2 Bromination of phenols using Br2/acid system 

Bromination of organic compounds is generally achieved with the 
equimolar addition of bromine with the substrates. The produced HBr is 
used in the preparation of value added brominated products either by the 
addition of oxidants and reagents or is disposed of as waste, causing 
serious environmental problems. Oxidizing reagents have been used to 
recycle HBr through the oxidation and subsequent bromination of the 
organic compounds. The Br2/AcOH system is a good source for the 
bromination of aromatic and hetero aromatic compounds. The bromination 
of 1,4- and 2,6-diiodophenol was reported by Brenans et al. with bromine 
in acetic acid (Br2/AcOH) to get 6-bromo-2,4-diiodophenol and 4-bromo-
2,6-diiodophenol, respectively (Scheme 2).11 

 

Scheme 2. Bromination using the Br2/Acid system 

Chumachenko et al. developed a procedure for the preparation of 3,5-
dibromo-4- hydroxybenzoic acid from p-hydroxybenzoic acid using 2.5 

 
10 Avdeenko, A. P.; Marchenko, I. L.; Kostygova, N. V. Bromination of N-acyl 
Derivatives of p-Aminophenols, 4-Amino-1- naphthols, and p-Phenylenediamines. 
Ukr. Khim. Zh. 2001, 67, 43−49. 
11 Brenans, P.; Yeu, K. Bromodiiodophenols, Symmetrical Trihalogeno Compounds. 
Compt. Rend. 1930, 190, 1560−1561. 


