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ABSTRACT

Poly(p-N-chlorostyrenesulphonamide) synthesized via direct and indirect

methods are efficient polymeric oxidizing reagents which can be used in

equimolar amounts for oxidation of primary and secondary alcohols to their

corresponding carbonyl compounds in the presence of dimethyl sulphide.

The oxidation reactions by polymers obtained through direct synthesis

starting from 4-vinylbenzenesulphonic acid sodium salt is more effective and

economical however than the indirect method involving reactions initiated on

polystyrene.
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INTRODUCTION

Reactions with polymeric-supported substrates
have been reviewed by several workers [1-10].
The two main attractions of polymer-supported
substrates are the ease of product isolation and/or
the benefits accruing from side isolation . In all sys-
tems it is necessary to have adequate mechanisms
for attaching as well as detaching substrates to
polymers.

Polymer-supported oxidizing agents have
been investigated in many reviews [11-20] . They
include acid chromate in benzene at 78 'C for 3 h
[11] ; chlorochromate in cyclohexane at 80 'C for
0.6 h [12] ; and dichromate in cyclohexane at 70 'C
for 4 h [13,16] . All of these are useful in oxidation
of alcohols . Primary alcohols generally only yield

the corresponding aldehydes . Another useful oxi-
dant is the polymer-supported periodate [17] which
can be used to cleave 1,2-diols in dichloromethane.
The same reagent oxidizes sulphides, including
penicillins, to sulphoxides [17] . Other group of
oxidizing agents are : polymer-supported hypobro-
mite which oxidizes secondary alcohols to ketones,
[18] and polymer-supported iodate which oxidizes
catechols and quinols to quinones [17].

N-Chloronylon 6,6 is used for oxidation of
alcohols [19] and sulphides [20] . Other N-halogeno
oxidants have also been reported [21-23].

These types of polymer-supported oxidizing
agents are relatively expensive and difficult to
prepare, therefore the authors decided to prepare
chlorinated poly(p-styrenesulphonamide), which is
relatively easy to make. The novel chlorinated
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polymer under dimethyl sulphide was proved to be
capable of affecting primary and secondary alcohol
compounds.

EXPERIMENTAL

Spectroscopic Analysis
IR and NMR spectra were recorded using a
Shimadzu 435-U-04 spectrophotometer (KBr
pellets) and a 90 MHz Jeol FT-NMR spectro-
meter, respectively. NMR Chemical shifts were
measured relative to TMS(int ; 1 H). Gel permea-
tion chromatography (GPC) was carried out on
Waters 150 C.

Starting Materials
Synthesis of Poly(p-styrenesulphonamide)
Poly(p-styrenesulphonamide) was prepared with
direct and indirect methods as described below.

Direct method : Commercial 4-vinylbenzenesulpho-
nic acid sodium salt (Fluka) was used as received.
Poly(p-styrenesulphonamide) was prepared on 30 g
scale from 4-vinylbenzenesulphonic acid sodium
salt, PCIS, ammonia and sodium t-butoxide accord-

ing to literature [23].
Spectroscopic Analysis
p-Styrenesulphonyle chloride: IR spectrum showed
S=0 absorptions at 1370 and 1170 cm- 1 for asym-
metric and symmetric stretching, respectively.
p-Styrene sulphonamide: The IR spectrum of
p-N-styrene sulphonamide showed N–H stretching
vibrations at 3250 and 3320 cm -1 . 1HNMR (CDC1 3 ,
TMS) spectrum showed a characteristic broad
singlet at 7.38 ppm assigned to the N–H group
(Figure 1).
Poly(p-styrenesulphonamide): IR spectrum showed
N–H stretching vibration at 3260 cm- 1 and S=0
absorptions at 1325 and 1160 cm- 1 for asymmetric
and symmetric stretching, respectively (Figure 2).
1 HNMR (CDC1 3, TMS) spectrum showed a singlet
peak at 5 .99 ppm assigned to the N–H group
(Figure 3).

Indirect method: Commercial styrene (Fluka) was
used as received . Polystyrene was prepared on 20 g
scale in a usual way, and poly(p-styrenesulphon-
amide) was prepared from C1SO 3 H and ammonia
according to literature [24].
Spectroscopic Analysis
Poly(p-styrenesulphonylchloride): IR spectrum

d (P p m)

Figure 1 . 1 H NMR Spectrum of p-styrenesulphonamide by direct method.
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Figure 2. IR Spectrum of polyp-styranesulphonamide) by
direct method,

showed, S= q absorptions at 1370 and 1120 cm-'
for asymmetric and symmetric stretching, respec-
tively,
Poly(p-styrenesulphonamide) : IR spectrum showed
N—H stretching vibrations at 3490 and 3520 cm-'
(Figure 4).
Reaction of Po(y(p-styrenesulphonamide) (Direct
Method) with Chlorine

A sample of white finely-divided powder poly(p-
styrenesulphonamide) (8.0 g) was dissolved in dry
THF (50 mL) in 250 mL three-necked round
bottom flask and C12ICCl4 was passed through the
system for 3U minutes under ice-cooling. The
colour of the solution was not changed . The
mixture was refluxed for 2 h . A brown viscous
colour was produced. The solvent was evaporated
using rotavapour, and the residue was freed from
last traces of solvent in vaccum to give the product
(18.5 g). The compound was identified by IR,
NMR, and molecular weight determination (func-
tional group titration), and found: M. = 2657.14
and 0' = 16. The number of moles of Ci bonds (3
mmoies of N—Cl per g) formed during the chlorin-
ation was determined by iodometric titration.
Spectroscopic Analysis
Infra-red spectrum showed elimination of N—H
stretching vibrations at 3250 and 3320 cm-' ; but
showed C=O absorption at 1741) cm-' (Figure 5)
and NMR proved the same (Figure 6).
Reaction of Poly (p -styrenesulphon a m ide) (Indirect
Method) with Chlorine
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Figure 3. 'H NMR Spectrum of poly(p-styrenesulphonamide) by direct method.
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Figure 4, iR Spectrum of poty(p-styrenesulphonamide) by indirect method.
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The same procedure used for chlorination of direct
method was employed in this reaction. A light
brown viscous colour was produced . The solvent
was evaporated and the residue was freed from the
last traces of solv ent in vaccum . The compound
was identified by NMR, IR (Figure 7) and
molecular weight determination (GPC) . The
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Figure 5 . IR Spectrum of polyp-N-chlorastyrenesulphan-

amide) by direct method .

number of moles of chlorine bond (2 .1 mmoles of
N—Cllg) formed during the chlorination was
determined by iodometric titration.

The molecular weight of polymer (indirect
method) was determined by GPC and found : Mn =
142,000 ; M w = 177, 100, whereas poly(p-N-chloro-
styrenesulphonamide) synthesized via direct
method was insoluble in the THF and DMF.
Spectra .scopic Analysis
IR and NMR spectrum were identical as the
product synthesized by direct method.
Reaction of Chlorinated Poly(p- .styrenesulpfion-
amide) (Direct Method) with 3-Pentanol
The cool dimethyl sulphide (2 mL) was added
dropwise to a magnetically stirred solution of the
chlorinated polymer (10 g, 30 mmoles) in dry
CH 2Cl 2 (30 mL) at about 0 `C under nitrogen in a
round lotion flask (250 mL) equipped with a
reflux condenser and a calcium chloride guard
tube . It was cooled to -15 'C . 3-Pentanol (3 .2 mL,
30 mmoles) in CH 2 C12 (10 mL) was added
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Figure 6 . 'H NMR Spectrum of poly(p-N-chi orostyrenesuiphonamide) by direct method.

dropwise to the mixture, and then allowed to reach
room temperature . The solution was poured into
distilled water (20 mL). The recovered polymer
was removed by filtration . The filtrate was added
to diethylethcr (30 mL) . Two layers were lormed
and the organic layer was extracted from the
aqueous layer . The organic layer was washed with
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Figure 7. IR Spectrum of pa ly(p-N-chlorostyrenesulphon-
amide) by indirect method .

hydrochloric acid (10 mL, 10%) and water (10
mL) . The solvent of organic layer was evaporated
using the rotavapour . The product (95%) was
identified by 'H NMR and IR spectroscopy which
showed the presence of 3-pentanonc.
Spectroscopic Analysis
IR spectrum showed C=O absorption at 1720 cm- 1 ,
and 'H NMR spectrum (CDC13 , TMS), 81 .01 (t,
3H, CH3 ), 2 .47 (y, 2H, CH2).
Rech lorinalion of Recovered Poly (p-styrenesulphon-
amide)
The recovered polymer (2 .0 g of the product from
chlorinated polymer with 3-pentanol) was rechlor-
inated for 1 h . and 2 .1 g of rcchlorinated brown
viscous polymer were obtained . lodometry showed
the presence of 2 .9 mmoles of N—Cl/g of polymer.
The IR spectrum (KBr : pellet) of recovered
polymer was the same as the starting polymer.
Reaction of Rechlorinated Polymer (Direct Method)
with 3-Pentanol
The recovered rcchlorinated polymer (2 .0 g) was

1 00.0
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treated with 3-pentanol (0 .52 mL, 5 .8 mmolcs) in
the usual way to give 3-pentanonc in 90% yield
(identified by NMR and IR spectroscopies as
described before).

RESULTS AND DISCUSSION

The new N–Ci compound proved to be a very
powerful oxidizing agent capable of effecting the
following oxidations : conversion of 3-pentanol to
3-pentannne, cyclohcxanoi to cyclohexanone, 4-di-
methylaminobenzyl alcohol to 4-dimethylamino-
benzaldchyde, henzylalcohol to benzaldehyde,
3-nitrohencyl alcohol to 3-nitrobenzaldchyde,
isoamylalcohttl to isovaleraldehyde, methylphenyl-
carhinol to acetophenone, and 2-propanol to
2-propanone (Table I).

Easy recovery of this polymer shows that it is
possible to regenerate and reuse the reagent in the
presence of dimethyl sulphide . The new polymeric
reagent converts primary and secondary alcohols to
their corresponding carbonyl compounds . This
process is illustrated in Scheme I.

As the reaction proceeded, the N–Cl groups
were converted into N–H, and hydrogen bonding
became possible and the reacted polymer was pre-
cipitated . It could easily be rechlorinated and was

O Cl

©—5 iN T +(CH 3 ) 2S
II
U

useful again in oxidization of primary and
secondary alcohols at ambient temperature.

The same procedure was repeated for reac-
tion of poly(p-N-chlorostyrenesulphonamide) syn-
thesized by indirect method with primary and
secondary alcohols (Table 1).

These reagents are stable for months . In this
reaction the temperature is Iow thus the
compounds with heat sensitive characteristic can
he easily oxidized.

When the reaction was completed the poly-
mer was separated easily by filtration . Dichlorome-
thane was the solvent of choice and all oxidation
reactions were carried out in this solvent. The
product isolation and purification from the
reaction mixture, and where necessary further
separation of the unreacted starting materials or
by-products were carried out by column chromato-
graphy . These reagents were used in equimolar
amounts with respect to the substrates . These
reagents were effective in the oxidation of various
types of hydroxy compounds such as primary and
secondary benzylic and aliphatic alcohols to their
corresponding carbonyl compounds . No product of
over-oxidation was detected in the reaction
mixtures at the end of oxidation reactions . It is
important also that all oxygen and water vapour be
eliminated from the system, or oxygen crosslinking

O
CH2 C1 2	 	

II e
	 } (CH)2 S—Cl +®-S—N

f1 ' C

	

II
n

-15 °C CHOH

O

T—8—NH1- + ~C—O—S' (CH 3) 2 Cl
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H

II

C=n + (CH3 )2S + Et 3 N'FI C1-

Scheme I
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Table 1 . Oxidation of Primary and Secondary Alcohols to their Corresponding Carbonyl Compounds with poly(p-N-chloro-
styrenesulphonamide) in the Presence of Dimethyl Sulphide.

Substrate Product
Oxidant/substrate

ratio
Time(min) Yield (%)

q .M .r In.M .-' D .M .

	

In .M.

Cyclohexanol Cyclohexanone 3 .3 150 195 60

	

42
Methyl phenyl carbinol Acetophenone 2 .7 160 192 82

	

55
3-Nitra benzyl alcohol 3-Nitro benzaldehyde 2 .1 180 210 75

	

51
4-Dimethyl amino benzyl alcohol 4-Dimethyl amino benzaldehyde 2 .2 115 173 65

	

61

3-Pentanol 3-Pentanone 3 .8 195 274 95

	

65
Benzyl alcohol Benzaldehyde 3 165 210 87

	

61
Iso-amyl alcohol Iso-valeraldehyde 3 .8 180 1 225 76

	

52
2-Propanol Propanone 5 .5 210 260 40

	

31

1 . ninet method . 2 . indirect method

will occur in a manner detriment to physical
properties 1261.

CONCLUSION

On the basis of these studies we conclude that,
poly(p-N-chlorostyrenesulphonamide) synthesized
via direct and indirect methods are efficient
polymeric oxidizing reagents which can be used in
equimolar amounts for oxidation of primary and
secondary alcohols to their corresponding carbonyl
compounds.

It seems that these polymeric reagents
oxidize compounds with sensitive groups towards
acids such as acetals and ethers . These polymers
can he easily regenerated and reused. An
interesting result obtained from these studies was
that in all oxidation reactions on different hydroxy
compounds, poly(p-N-chlorostyrenesulphonamide)
synthesized by direct method was more reactive
than the product synthesized by indirect method.

By considering these results one can suggest
that the higher efficiencies of polymeric reagent of
direct method compared to indirect method arc
probably due to the structural and synthetic
differences between the two polymers, and further
availahility of Cl group nn polymeric reagent
synthesized by direct method facilitates reactions
with the interacting substrates .
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