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Aheterogenous polymeric form of N-bromosuccinimide as an efficient polymeric
N-halo reagent for oxidation of various types of organic compounds is 
introduced. Thus, cross-linked polymaleimides with different cross-linking 

densities were prepared from maleimide and divinylbenzene using benzoyl peroxide as
an initiator by free radical polymerization reactions. The resulting cross-linked 
polymaleimide resin containing 7% of the cross-linking agent was chosen for further 
reactions. Cross-linked poly(N-bromomaleimide) (PNBM) was synthesized by the
bromination of polymaleimide with bromine/potassium hydroxide, and then 
characterized. The capacity of PNBM was 6.4 mmol/g measured by gravimetric and
iodometric methods. PNBM as a bromine-containing polymer supported reagent was
found efficient in the oxidation of alcohols to their corresponding carbonyl 
compounds, synthesis of α-ketophosphonates from their α-hydroxyphosphonates, 
conversion of oximes to carbonyl compounds, coupling of thiols to their disulphides,
and oxidation of sulphides to their sulphoxides. The reactivity of PNBM was found to
be much higher than poly(N-bromoacrylamide) or other similar structured polymers.
The effect of various reaction conditions such as the temperature, organic solvent, and
molar concentration of the reagent on the efficiency of the reactions were examined in
order to find the optimum conditions for oxidation reactions. In addition, the efficiency
of PNBM was examined in water as a green solvent for oxidation of alcohols to their
corresponding carbonyl compounds. The spent polymeric reagent could be 
regenerated and reused for many times without appreciable loss in its efficiency. PNBM
reagent offers several advantages including, high efficiency in oxidation reactions, long
shelf life, elimination of hazards related to bromine containing compounds, and 
regeneration.

INTRODUCTION

The first use of polymers in 
organic synthesis was made by
Merrifield when he introduced his
"solid phase technique" for the 
synthesis of peptides [1]. Since
then, functionalized polymers have
found widespread applications in
organic synthesis and related
fields. They have been employed as

catalysts and reagents in different
types of organic reactions [2,3].
Distinct characteristics of 
polymeric reagents such as: ease of
separation, regioselectivity, and
recoverability make them unique
and useful in chemical practice
[4,5]. A wide variety of polymer
supported reagents have been used
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in organic reactions, e.g., halogenations, condensa-
tion, oxidation, reduction [6]. One of the most 
important and highly applicable categories of 
polymer supported reagents is polymeric oxidizing
agents which have been used in numerous organic
transformations [7-13].

The chemistry of N-halo reagents has been the
subject of several review articles [14-18]. Some 
specific features of N-halo reagents such as high
activity of the N-X bond and various modes of its
splitting, determine their wide range of applications
in organic synthesis. Depending on the conditions, a
number of highly reactive intermediates can be
formed, e.g., halogen radicals, halogen cations, 
halogen anions, N-radicals, N-cations, and N-anions
[19]. For example, N-bromosuccinimide (NBS) is a
common reagent used in organic chemical reactions
and promotes very important reactions, such as 
halogenations, solvolytic halogenation, imidation,
oxidation, as well as other processes resulting in 
formation of compounds with C-X, C-O, C=O, S-X,
P-X, C-N, P-N bonds, etc. [20]. The recent 
applications of NBS as catalyst, oxidant, selective
brominating reagent, and initiator in the polymeriza-
tion reactions have been reviewed recently [21].

Synthesis and applications of various polymeric
species of N-halo compounds have been reported, 
i.e., poly(p-N-chlorostyrenesulphonamide) [22], 
N-chloronylones [23], and poly(N-bromoacrylamide)
[24-26]. However, there are a limited number of
reports on polymers or copolymers containing
N-halosuccinimide [27,28]. Yaroslavsky et al. 
reported the preparation of N-chloro and
N-bromopolymaleimide and use as halogenating
agents [29,30]. Polymers and copolymers containing
bromosuccinimde moiety have been used for 
oxidation of acetals [31,32]. Literature survey 
indicates that poly(N-bromomaleimide) has not been
thoroughly examined as a polymeric oxidizing
reagent in the field of organic synthesis. 

In this study, we wish to report the synthesis of
poly(N-bromomaleimide)s with different cross-
linking densities and their applications in various 
oxidation reactions such as: oxidation of alcohols to
their corresponding carbonyl compounds, synthesis
of α-ketophosphonates from their α-hydroxyphos-
phonates, oxidative conversion of sulphide to

sulphoxide, oxidative coupling of thiols, and 
oxidative deprotection of oximes to carbonyl 
compounds. High stability of this polymeric reagent
compared to its low molecular weight counterparts,
easy work up procedures of the reactions, and its
regeneration and reuse make it advantageous over
similar N-halo reagents. 

EXPERIMENTAL

General Procedure 
All chemicals were purchased from Merck or Fluka.
All products were known compounds and were 
identified by their physical and spectral data 
compared with those of the authentic samples.
Reaction monitoring and purity determination of the
products were accomplished by TLC on silica-gel
polygram SILG/UV254 plates. IR Spectra were run
on a Shimadzu FTIR-8300 spectrophotometer
(Japan), νmax in cm-1 . The 1H NMR (250 MHz) and
13C NMR (62.5 MHz) were run on a Bruker Avanced 
DPX-250 (Germany). Melting points were recorded
on a Büchi B-545 (Swiss) apparatus in open capillary
tubes. Mass spectra were recorded on a Shimadzu
GC-MS-QP 1000PX (Japan).

Preparation of Cross-linked Polymaleimide
Cross-linked polymaleimide using various 
percentages of DVB (2%, 3%, 5%, 7%, and 10%)
were synthesized. The sample with 7% DVB was
good enough for handling and further reaction. Thus,
maleimide (5 g, 0.0515 mol), benzoyl peroxide 
(0.4 g, 0.00136 mol), and divinylbenzene (0.5 g,
0.0038 mol) were dissolved in dioxone (10 mL), 
heated for 2 h at 60-70ºC and then cooled. The 
mixture was dark and tarnished. Petroleum ether 
(bp 60-70ºC) was added (30 mL), and the white poly-
mer was filtered and washed with excess volume of 
petroleum ether to give the cross-linked polymer in
almost quantitative yield. The polymer did not melt
and decompose at about 300ºC. 

Preparation of Poly(N-bromomaleimide)
Polymaleimide (5 g) was suspended in carbon 
tetrachloride (75 mL) containing bromine (4.5 mL) in
a 250-mL round-bottom flask. Potassium hydroxide
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solution (25%, 30 mL) was slowly added to the 
suspension with stirring and cooling in ice. Stirring
was continued for a period of 10 h. The insoluble
product was filtered, washed with water (4 × 10 mL),
methanol (2 × 10 mL), and dried in an air oven at
60ºC to afford poly(N-bromoacrylamide) (7.6 g) as an
orange powder.

Determination of the Capacity of the Poly(N-
bromomaleimide) by Iodometric Titration
For determination of capacity of polymeric reagent
iodometric method was employed. PNBM (100 mg)
was suspended in water (20 mL) for 4 h. Potassium
iodide solution (l0%, 10 mL) and sulphuric acid
(10%, 10 mL) were added to the suspension, and the
liberated iodine was titrated against standard 
thiosulphate solution with starch as the indicator.
From the titrant volume, the amount of available
bromine per gram of the polymer sample was 
calculated. The capacity was obtained as 6.4 mmol of
bromine per gram of the reagent as an average of 
several determinations.  

Oxidation Reaction Using PNBM 
The organic substrate (1 mmol) was dissolved in
dichloromethane (10 mL) and an appropriate molar
amount of poly(N-bromomaleimide) (Tables 1 and 2)
was added. The reaction mixture was stirred for the
appropriate time (Tables 1 and 2). For alcohol 
oxidation, oxime deprotection, and preparation of
sulphoxides, 1 mL of sulphuric acid 10% was added.
The reactions were followed by thin-layer 
chromatography (3/1 EtOAc/n-Hexane). After 
complete conversion, the insoluble spent resin was 
filtered, washed with a little water to remove the
traces of acid for above mentioned substrates, and
then washed with organic solvent. The product was
extracted by EtOAc from the mixture. Oxidized

organic compound was obtained by evaporation of the
solvent. Whenever required, the products were puri-
fied by short column chromatography to afford the
pure product. 

Regeneration of PNBM
The spent polymer obtained from the different 
oxidation reactions was combined and washed 
thoroughly with chloroform to remove any residual
soluble organic impurity. The washed polymer was
dried and suspended in carbon tetrachloride. The 
suspension was treated with bromine and potassium
hydroxide solution as described in the preparation
procedure to obtain poly (N-bromomaleimide).

RESULTS AND DISCUSSION 

Cross-linked polymaleimide was prepared from
maleimide monomer and divinylbenzene (DVB) by
free radical polymerization (Scheme I). It was noticed
that the sample with (2%, 5%, 7%, and 10%)  DVB
gave a cross-linked polymer which was insoluble and
swelled well in different organic solvents. We found
that cross-linked polymers with less than 7% DVB
were sticky and not physically suitable for further
reactions. This might be due to the high resistance of
maleimide monomer towards homopolymerization. 

Therefore, cross-linked polymer with 7% DVB
was chosen for the bromination reaction. The IR spec-
trum of this cross-linked polymer showed 
characteristic peaks at, 1100-1400 cm-1 due to C-H
bending, 1710 cm-1 due to C=O stretching, and 3100-
3500 cm-1 due to N-H stretching vibrations. 

Polymaleimide was brominated in carbon 
tetrachloride in the presence of Br2 and KOH at 0ºC
to obtain an insoluble poly(N-bromomaleimide)
[PNBM] (Scheme I).
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Scheme I. Preparation of poly(N-bromomaleimide).
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Table 1. Oxidation of various alcohols by PNBM.a,b

Entry Alcohol Reagent
(mmol)

Time
(min)

Yieldc

(%)
Product

1

2

3

4

5

6

7

8

9

10

11

2

2

2

2

2

2

1

1

1

2

1

75

100
300e

65
350e

110
240e

30
400e

110
240e

30

35

35
100e

60
60e

120
150e

90

75d

85e

93
95e

75
95e

40d

80e

70d

75e

95

95

80
90e

95
5e

85
10e

OH

OHHO

OHHO

OH

OH

OH

Me

OH

Me

Cl
OH

OH
O2N

MeO
OH

OHO

O

OO

OHO

O

O

O

Me

O

Me

Cl
O

O
O2N

O
MeO

OO

Continued
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Entry Alcohol Reagent
(mmol)

Time
(min)

Yieldc

(%)
Product

12

13

14

15

16

17

18

19

20

21

1

2

2

2

2

2

2

1

1

1

110

120

120

250

200

110

100

30

30

150

90

70

80

85

90

90

75

95

95

95

OHHO

P(OEt)2

OH

O
MeO

P(OEt)2

OH

O
O2N

P(OEt)2

OH

O

HO

OH

OH

OH

OH

OH

OO

P(OEt)2

O

O
MeO

P(OEt)2

O

O
O2N

P(OEt)2

O

O

O

O

O

O

O

O

(a) All reactions were carried at room temperature in CH2Cl2; (b) All products were known compounds and were 
identified by comparison of their physical and spectral data with those of the authentic samples; (c) isolated yields; (d) undesired 
brominated byproducts were also obtained; (e) reaction times and yields obtained in water as a solvent.



Figure 1. IR spectrum of PNBM.

The IR spectrum of PNBM showed those 
characterization peaks of polymaleimide where, the
intensity of the broad band in the region 3100-
3500 cm-1 decreases considerably (Figure 1). The
capacity of PNBM was determined iodometrically
and gravimetrically to be 6.4 mmol of bromine per
gram of the polymer. This capacity corresponds to
80% conversion of maleimide units to N-halo-
maleimide. This polymeric reagent was obtained as a
pale yellow powder which was stable, did not lose
bromine under laboratory conditions, and could be
stored for a long time. 

To optimize the reaction condition, benzyl alcohol
was oxidized by PNBM in different solvents such as
H2O, MeOH, EtOH, CHCl3, CH2Cl2, CCl4, and 
n-hexane at different temperatures. The best choice
proved to be CH2Cl2 at room temperature. PNBM
oxidized various alcohols to their corresponding 
carbonyl compounds in moderate to high yields at
room temperature using 1-3 molar excess of the
reagent (Scheme II and Table 1). It was noticed 
as previously indicated in the literature [24,25] that
adding a small amount of dilute acid increased the
reaction rate appreciably. 

In general, aliphatic alcohols need longer reaction
time than benzylic alcohols (Table 1, entries 13-18).
Electron-withdrawing substituted benzyl alcohols are
more easily oxidized than those containing the 
electron releasing groups (Table 1, entries 2-6).
Bromination of the aromatic ring occurred in those 

Scheme II. Oxidation of alcohols to their corresponding 
carbonyl compounds using PNBM.

benzyl alcohols containing activating groups, with a
small amount of side product (Table 1, entries 2, 5,
and 6). PNBM showed a fair chemoselectivity in the
case of 1,2-diols such as 1,2-diphenylethanediol 
(benzoin) ( Table 1, entries 10 and 11 ). We observed
that corresponding carbonyl compounds could also be
obtained in water at high yields but with longer 
reaction times compared to when CH2Cl2 was used as
solvent. However, unlike the reactions performed in
CH2Cl2 (Table 1, entries 2, 5, and 6) no undesired
brominated byproducts were obtained in water which
is probably due to the very polar nature of water as
solvent. 

In addition, benzoin was not converted to 
dicarbonyl product (Benzil) in appreciable yield, and
in this respect the reaction was regioselective in water
compared to CH2Cl2 (Table 1, entries 9-11). It should
also be mentioned that addition of a small amount of
dilute acid did not promote the oxidation reaction as
in organic solvent CH2Cl2.

Phosphonates are documented as an important
class of organophosphorus compounds because of
their biological activity [33]. Among various 
phosphonate derivatives, α-ketophosphonates have a
number of properties that make them attractive as
reagents or intermediates in chemical synthesis. They
are useful in preparation of hydrazones [34], imines
[35], oximes [36], etc. Michael-Arbuzov reaction is a
general route for the preparation of α-ketophospho-
nates from acylchlorides and trialkylphosphites [37].
An alternative method for the preparation of 
α-ketophosphonates is the oxidation of α-hydroxy-
phosphonates. There are a number of reagents 
reported in the literature for this oxidation reaction
employing KMnO4/Al2O3 (NASPP) [38], ZnCr2O7
[39], CrO3/Al2O3 [39], CrO3 [40], and PCC [41]. 
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Entry Alcohol Reagent
(mmol)

Time
(min)

Yieldc

(%)
Product

1

2

3

4

5

6

7

8

9

10

11

2

2

2

2.5

3

2

2

2

2

1.5

1.5

250

200

360

200

600

240

45

50

60

90

120

80

85

70

88

98

74

94

92

90

89

88

NOH

S

SH

SH

Me

SH

CH3

NOH

NOH

Cl
NOH

MeO
NOH

O2N
NOH

S
CH3

O

S
O

S
S

S
S

Me

Me

S
S

CH3

O

O

Cl
O

O
MeO

O
O2N

S
CH3

O

Table 2. Application of PNBM in various functional group transformations.a,b

(a) All reactions were carried at room temperature in CH2Cl2; (b) all products were known compounds and were identified by comparison of
their physical and spectral data with those of the authentic samples; (c) isolated yields.



PNBM as an oxidizing heterogeneous polymer
supported reagent carried out this reaction effectively
and α-ketophosphonates were prepared from their
corresponding α-hydroxyphosphonates in excellent
yields. This method was advantageous as it did not
require long reaction time, and only simple filtration
provided the products (Scheme III, Table 1, entries
19-21).

There has been a great deal of interest in the
improvement of mild and efficient methods which can
be employed for regeneration of carbonyl compounds
from stable and easily prepared oximes, because
oximes are efficient protecting groups for aldehydes
and ketones in organic syntheses [42]. Furthermore,
oximes can be prepared from noncarbonyl 
compounds [43] and this regeneration provides an
alternative method for preparation of carbonyl 
compounds. We have applied this polymer supported
reagent in preparation of carbonyl compounds from
their corresponding oximes (Scheme IV). As it is seen
in Table 2 the efficiency of PNBM in this transforma-
tion was appreciable (Table  2, entries 1-6). As in the
case of alcohols, presence of a trace of acid enhanced
the reaction rate.

The conversion of thiols to their analogues, 
disulphides, has been categorized as a significant
reaction in biological and chemical processes [44,45].
In the course of study on PNBM we examined this
polymer supported species in dimerization of thiols. It
was observed that the reagent is highly capable for
this transformation. Disulphides were prepared in
excellent yields and short reaction times (Scheme V

Scheme IV. Coupling of thiols to their corresponding 
disulphides using PNBM.

Scheme V. Coupling of thiols to their corresponding 
disulphides using PNBM.

Scheme VI. Oxidation of sulfides to their corresponding 
sulphoxides using PNBM.

and Table 2, entries 7-9), though, a trace of acid did
not push the reaction rate.

Organic sulphoxides are versatile moieties for C-C
bond formation, molecular rearrangements, and 
functional group transformations. They are also 
utilized as precursors for biologically active and
chemically valuable compounds [46,47]. In view of
the importance of sulphoxides, PNBM was employed
for this key transformation. It is clear in Table 2 that
it can change the sulphides to their sulphoxides with
high yield and in a reasonable time (Scheme VI and
Table 2, entries 10 and 11).

Regeneration of PNBM is one of the obvious
advantages of this polymer supported reagent. The
spent polymeric reagent was washed, dried, 
re-brominated, and reused for above reactions without
an appreciable change in its efficiency. 

CONCLUSION

We have introduced an efficient polymer-supported
reagent for oxidation of various types of organic 
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compounds to their corresponding products. Products
were obtained in good to excellent yields within 
reasonable time. This reagent is easy to prepare, 
stable, and storable in air for a long time without any
changes, easily regenerated and reused without 
appreciable loss of activity. Mild reaction condition
and easy workup are other advantages of this 
polymeric reagent.
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REPRESENTATIVE SPECTRAL DATA

4-Chlorobenzaldehyde (Table 1, Entry 4): mp 47ºC
(Lit. 47-48ºC) [48] ; 1H NMR (250 MHz, CDCl3) δ
(ppm): 9.9 (s,1H), 7.5-7.9 (m,4H). IR (KBr, ν cm-1):
2850, 2700, 1700, 1575, 1600, 1230, 1090, 885. 

Benzophenone (Table 1, Entry 7): mp 48ºC (Lit. 47-
48ºC) [48]; 1H NMR (250 MHz, CDCl3) δ (ppm):
7.3-7.5 (m, 6H), 7.7 (m, 4H). FTIR: (KBr, ν cm-1):
3920, 3840, 1680, 1475, 1380, 1275, 1200, 820, 750.
Benzil (Table1. Entry 11): mp 96ºC (Lit. 94-95ºC)
[48]; 1H NMR (250 MHz, CDCl3) δ (ppm): 7.45-7.77
(m); FTIR(KBr, ν cm-1): 3316, 3074, 3064, 2966,
1676, 1615, 1593, 1468.

Diethyl benzoyl phosphonate (Table 1, Entry 19): bp
128-129ºC, 0.05 mmHg (Lit. 125-126ºC) [41]; 
1H NMR (250 MHz; CDCl3) δ (ppm): 1.37-1.68 
(t, 6H, JHH=7 Hz, 2-OCH2CH3), 4.08-4.28 (dq, 4H,
JPOCH=7.1 Hz, JHH= 7 Hz, 2-OCH2CH3), 7.28-7.6
(m, 3H), 8.03-8.25 (m, 2H), ppm; IR(KBr, ν cm-1):
1660 (C=O), 1250 (P=O) cm-1 ; MS: M+ (242)].

Diethyl 4-nitro-benzoyl phosphonate (Table 1,
Entry 20): mp 142-143ºC (Lit. 140-141ºC) [41]; 1H
NMR (250 MHz; CDCl3) δ (ppm): 1.23-1.321 (m,
6H, 2-OCH2CH3), 4.00-4.18 (m, 2H, 2-OCH2CH3),
7.66 (d, 2H, 2JHH 1/4 7.5Hz), 8.7 (d, 2H, 2JHH
8.7Hz) ppm; IR (KBr, ν cm-1 ): (neat) 1650 (C=O),

1260 (P=O) cm-1; MS: M+ (287), M-P(O)(OEt)2 (150).

Diethyl 4-methoxy-benzoyl phosphonate (Table 1,
Entry 21): bp 168-169ºC, 0.05 mmHg (Lit. 166-
167ºC) [41]; 1H NMR (250 MHz; CDCl3) δ (ppm):
1.11-1.29 (t, 6H, 2JHH=7 Hz, 2-OCH2CH3), 3.80 
(s, 3H, -CH3), 3.90-4.10 (dq, 4H, 2JPH=7.1 Hz,
2JHH=7 Hz, 2-OCH-2CH3), 6.84-6.90 (m, 2H), 7.42-
7.50 (m, 2H) ppm; IR (neat) (KBr, ν cm-1 ): 1650
(C=O), 1265 (P=O) cm-1 ; MS: M+ (272)].

Di(p-tolyl disulphide) (p-MeC6H4CH2S)2 (Table 2,
entry 8): mp 46ºC (Lit. 47-48ºC ) [48]; 1H NMR 
(250 MHz, CDCl3) δ (ppm): 2.33 (s, 6H), 7.05 (d, J =
7.50 Hz, 4H), 7.45 (d, J = 7.50 Hz, 4H); 13C NMR 
(63 MHz, CDCl3) δ (ppm): 21.0, 128.5, 129.8, 133.9,
137.4; IR (KBr, ν cm-1): 2914, 1487, 1397, 1303,
1209, 1182, 1116, 1076, 1041, 801, 480.

Diphenyl sulphoxide (Table 2, Entry 10): mp 73ºC
(Lit. 71-12ºC ) [48] ; 1H NMR (250 MHz, CDCl3) δ
(ppm): 68-7.43 (m, 10 H); 13C NMR (60 MHz,
CDCl3) δ (ppm): 145.8, 131.1, 129.3, 124.8.

Methyl phenyl sulphoxide (Table 2, Entry 11): mp
33-35ºC (Lit. 34-36ºC) [49]; 1H NMR (250 MHz,
CDCl3) δ (ppm): 7.69-7.64 (m, 2 H), 7.55-7.51 (m, 
3H), 2.73 (s, 3H); 13C NMR (60 MHz, CDCl3) δ
(ppm): 145.5, 130.9, 129.2, 123.3, 43.8.
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