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ABSTRACT

Cross-linked poly(n-butyl-4-vinylpyridinium)dichromate is easily synthesized
and used as a versatile and effective oxidizing agent for the oxidation of
different organic compounds . This reagent oxidizes primary and secondary
alcohols (benzylic and aliphatic) to their corresponding aldehydes and
ketones in an appropriate solvent, respectively . With this oxidant the
oxidation of thiols to disulphides, hydroquinones to quinones, acyloins and
allylic alcohols to the corresponding carbonyl compounds, have also been
investigated under reflux condition . Functional groups such as phosphines,
oximes, sulphides and aromatic hydrocarbons are unaffected . The reagent
can be easily regenerated.
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INTRODUCTION

The main advantage of polymer supported solid-
phase organic reagents over their monomeric
counterparts is the ease of separation of the excess
reagent and by-product from the desired reaction
product [1] . The attachment of reagent to the
insoluble macromolecular matrix can also solve the
problems of lability, toxicity, or odor often con-
cerned with nonpolymeric low molecular weight
reagents [2] . In addition, in most cases the used
polymeric reagents can be regenerated . These
advantages of insoluble polymeric reagents have
been reported in recent years for organic synthetic
purposes [1].

The dichromate anion oxidizes various
functional groups but the solubility properties of

dichromate salts such as sodium and potassium
dichromates are such that these salts can generally
be used only in aqueous media.

There has been a continued interest in the
development of new chromium (VI) reagents for
the effective oxidation of organic substrates,
especially under mild aprotic conditions . For this
purpose a large number of monomeric chromium
(VI) reagents such as Jones reagent [3], Scarett
'reagent [4], pyridinium dichromate [5], pyridinium
chlorochromate [6], nicotinium dichromate [7],
quinolinium dichromate [8], zinc dichromate tri-
hydrate [9], tetrakis (pyridine) silver dichromate
[10], pyrazinium dichromate [11] and several others
[12] have been reported in the literature . In addi-
tion, several polymer supported chromium (VI)
reagents such as Amberlyst A-26 resin supported
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chromic acid [13], polyvinylpyridinium chlorochro-
mate [14] and dichromate [15], polyvinylpyridine
N-oxide supported dichromate [16], polyvinyl-
pyridine supported silver dichromate [17], and
ferric dichromate [18] have also been utilized in
various oxidation reactions.

It is known that changing the ligand base or
the cationic part of the dichromate reagents can
alter the efficiency and selectivity of such reagents
[12] . Considering this fact a new polymer support-
ed dichromate based on quaternized polyvinyl-
pyridine was synthesized and its uses as a new
polymeric oxidizing agent are described in this
paper.

EXPERIMENTAL

General
Substrates were either prepared in our laboratory
or were purchased from Fluka AG and Merck
Companies. Poly(4-vinylpyridine) cross-linked with
2% divinylbenzene was purchased from Fluka AG.
All oxidation products were known compounds and
were identified by comparison of their spectra and
physical data with those of the authentic samples.
Melting points were determined in open capillaries
on Buchi 510 apparatus . Progress of the reactions
were followed by T .L .C . on silica-gel Polygram
SILNV 254 plates or by G .L .C. on Shimadzu
model GC-8A instrument with hydrogen flame
ionization detectors . Separation of the products
was conducted on silica gel columns . Infrared (1R)
spectra were obtained using a Perkin Elmer IR
1310 and Perkin Elmer 781 spectrophotometers.

1 H NMR Spectra were run on a Hitachi, R-2413,
60 MHz NMR spectrometer.

Preparation of Cross-linked Poly(n-butyl-4-vinyl-
pyridinium)lodide
Poly(n-butyl-4-vinylpyridinium)iodide, poly(NBVP-
I), was obtained as the following:

Cross-linked poly(4-vinylpyridine) (8 .0 g) was
suspended in sulpholane (30 mL) to swell for
about 24 h at room temperature. To this suspen-
sion, freshly distilled n-butyl iodide (15 mL) was

slowly added and the reaction mixture was heated
at 80—85 °C for 48 h . A further portion of n-butyl
iodide (5 mL) was added and the heating was
continued for about 24 h . The reaction mixture was
then filtered, washed with distilled water (80 mL)
and ether (30 mL) . The yellow solid was dried in
the presence of P 205 under vacuum at 40 `C over-
night to give 18 .0 g of the product . The amount of
iodide, determined by gravimetric and potentio-
metric titration methods was 2 .87 mmoles per gram
of the polymer.

Preparation of Poly(n-butyl-4-vinylpyridinium)-
dichromate
Poly(n-butyl-4-vinylpyridinium)dichromate,

	

poly-
(NBVP-DC), was prepared as follows:

Poly(NBVP-I), (8.0 g), was suspended in
water (50 mL) . To this, a solution of potassium
dichromate (7 .0 g) in water (30 mL) was added
slowly while stirred at room temperature . After 24
h the reaction mixture was filtered and washed
repeatedly with distilled water until the filtrate be-
came colourless. The wet precipitate could he used
directly for oxidation reactions or could he vacuum
dried at 40 °C in the presence of P 2 05 overnight to
give 7 .45 g yellow-brown stable powder. The capa-
city determined by two principle methods, atomic
absorption and iodometric titration, was about 1 .75
mmoles of Cr261- per gram of the reagent.

General Procedure for Oxidation of Organic
Compounds with Poly(NBVP-DC)
In a round-bottomed flask (25 mL), equipped with
a magnetic stirrer, a solution of substrate (LO
mmol) in cyclohexane (5—10 mL) was prepared.
Poly(NBVP-DC), (1 .14 g), was soaked with water
for 5 min, filtered and then added to the reaction
mixture while being stirred magnetically under
reflux condition. Progress of the reaction was
followed by T.L.C. (eluent : CCI4 /Et2 0) or G .L.C.
After completion of the reaction, the mixture was
cooled to room temperature, filtered and washed
with cyclohexane (2X5 mL) and dichloromethane
(2X5 mL) . The combined filtrates were evaporated
on a rotary evaporator to obtain pure products in
69—95% yield (Table 1) . In a few cases when the
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Table 1 . Oxidation of different organic compounds with poly(NBVP-DC)a, b

Entry Substrate Product Time Yield (isolated)

(h) (%)

1 C6H 5 CH2OH C6H5CHO 11 .5 95
2 p-McC6 H4CH 2OH p-McC6 H4CHO 10 92
3 p-McOC6H 4 CH2OH p-McOCH4CHO 10.5 94
4 p-CIC6H4 CH2OH p-GIC6H 4 CHO 14 89

CH 2OH CHO

5 OS 20 78

6 \ CH2 OH 0

	

CHO
O

20 83

7 C6 H5CHOHCH3 06HSO00H3 12 .5 91

8 C6H5 CHOHC6H 5 C6H5 COC6H5 10 .5 87
9 p-McC6H4CHOHCH3 p-McC6H 4000H3 11 .5 88

1 0 .HOI!

• O•
10 .5 86

11 C6H5 CHOHCH 2C6H5 C6 H5COCH2C6 H5 13 90

OH O
12 9 93

M e O -O
OH

a MeO O,
13 Oto O/0 16 86

14 C6H 5CH 2CH2OH C6H5CI-12CHO 18 86
15 CH 3CH2CH 2CH 2CH2OH C6 H5CH 2 CH2CH2CHO 18.5 74

16 CH3CH 2CH 2CHOHCH3 CH 3 CH 2CH2COCH3 18 73

17 Cyclohexanol

OH

Cyclohexanone 22 72

O

18 O

OH

I

	

,

O

4 91
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Entry Substrate Product Time
(h)

Yield (Isolated)

(%)

19 OOOH

OSI

ii

OH O

21 C6H SCHOH0006 H5 C6H5 CO000 6 H 5 14 73

22 <>-cc-<) Q_c_c_() 16 80

OHO . O O

23 p-McOC6H 4 CHOH p-McOC6H4C=O

p-MaOC6 H4C=O p-McOC6 H4C=O
12 81

1 ~

24 17 73

HO' O

25 C6 H5CH=CHCH2OH C6HSCH=CHCHO 18 75

C6H5CHO 16

26 C6 H5CH=CHCHOHCH3 C6HS CH=CHCOCH3 23 72

SH

C6H5 CHO 20

27 O O S 6 94

Me Me

	

2

28 8 3 93Q1\ SH [Qi. S42
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Entry Substrate Product Time

( h)
Yield (isolated)

(%)

29 ()_SH [()_s.}

2

4 9°

a: Reaction performed in cyclohexane under reflux condition; b : Molar ratio of oxidant to substrate is 2 :1.

reaction was not complete the crude product was
purified on a silica gel with an appropriate eluent.

Regeneration of Poly(NBVP-DC)
The dark spent polymeric reagent (2.0 g), collected
from different experiments was washed successively
with hydrochloric acid (2N, 4 X 30 mL), NaHCO3
(4N, 4X50 mL), distilled water (2X 100 mL), and
ether (2x 30 mL). The polymer was then stirred
with potassium dichromate (1 .5 g) in water (15
mL) at room temperature for 24 h . It was filtered
and washed repeatedly with distilled water until the
filtrate was colourless. This regenerated reagent
showed the same physical form, IR spectrum, and
almost the same capacity as its original.

RESULTS AND DISCUSSION

Cross-linked poly(NBVP-I) can be prepared by
treatment of cross-linked poly(4-vinylpyridine) with
a slight excess of n-butyl iodide in a proper solvent.
The nature of solvent has considerable . effect on
progress of the reaction . The most suitable solvents
are those with high dielectric constants, to
decrease repulsion of similar charges and also
those in which poly(4-vinylpyridine) can swell best.
Based on these and the experimental facts
sulpholane was chosen as the most suitable solvent.
The extent of quaternization reaction can be
determined by gravimetric method and also by
potentiometric titration of iodide counter ion in
quaternized sites . The calculated capacity was 2 .87
mmols of I- per gram of the polymer which shows
that about 82 .5% of the pyridine sites have been
quaternized .

Cross-linked poly(NBVP-DC) was prepared
easily by an exchange reaction between
poly(NBVP-I) and a slight excess of potassium
dichromate in water at room temperature. The
presence of dichromate anion in this oxidizing
agent was confirmed by its IR spectra, which
showed bands at 930 cm —1 and 765 cm_ l character-
istic peaks for the dichromate anion [19] . The
capacity of this polymer-bound anionic oxidizing
agent was determined by atomic absorption
technique and also by iodometric titration method
[20] . The iodometrically determined capacity was
1 .79 mmol Cr2Oi- per gram of polymeric reagent,
being very close to 1 .71 calculated by atomic
absorption technique. The capacity used for
calculating the amount of polymeric reagent in all
oxidation reactions was 1.75 mmol Cr2 O3- per
gram of polymeric reagent. This polymeric reagent
was insoluble in almost all organic solvents and it
was stable and nonhygroscopic . It could be kept for
months without any change in its property.

The choice of solvent in organic reaction
using polymer supported reagents is extremely
important. A solvent should be chosen in which the
insoluble polymeric reagent swells well and the
particular substrate dissolves completely. The
systematic investigation of the effect of the solvent
on the oxidation of alcohols using poly(NBVP-DC)
revealed that nonpolar hydrocarbons were satis-
factory. Cyclohexane was chosen as the solvent of
choice under the refluxed condition.

During the optimization of oxidation reac-
tion conditions it was noticed that the polymeric
reagent is much more efficient when it is used in
the wet form, a fact which has also been reported
in the use of other polymer supported dichromates
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Table 2. Wet versus dry reagent in oxidation of different alcohols with poly(NBVP-DC)' , b

Entry Substrate Product Time (h) Yield' (%) Yields (%)

1 p-M6C6H4CH2OH p-MGC6 H4CHO 10 92 28

2 C6 H5CHOHCH 3 C 6 HS O00H3 12 .5 91 22

3 C6H5CHOH06 H5 C 6 HS O006H5 10 .5 87 21

4 Cyclopentanol Cyclopentanone 28 70 12

a : Reaction performed in cyclohexane under rePon condition; b: Molar ratio of oxidant to substrate was 2:1 ; c : Oxidant used M wet

lorm ; d: Oxidant used in dry form.

[13] . Table 2 shows the difference between the wet
and dry form of poly(NBVP-DC), in oxidation of
alcohols . Therefore, in all oxidation reactions
studied, the necessary amount of dry polymeric
reagent was soaked in water, filtered, and used in
its wet form.

As expected the rate of the reaction increas-
ed when the molar ratio of Cr(VI) to substrate was
increased. Fast reaction rates could be obtained by
using a twofold excess of the reagent although the
reagent was- still quite effective in almost equimolar
amount. The initial rates of reactions with
poly(NBVP-DC) were usually quite high but they
slowed down as the reactive sites were consumed.
It should be noted that, although the reaction
times are sometimes quite long, no products of
over-oxidation were detected. In all oxidation
reactions the product isolation and purification
steps were easy due to the fact that no products of
over-oxidation, soluble chromium salts or other
impurities were found in the reaction mixture once
the oxidation was completed. Thus, the reaction
products could be obtained by a simple filtration
followed by washing of the resin, and finally,
evaporation of the solvent.

As seen in Table 1, this polymeric reagent
oxidizes saturated primary, secondary and benzylic
alcohols to their corresponding carbonyl com-
pounds (entry 1-17). According to results
obtained, poly(NBVP-DC) is more efficient in
oxidation of benzylic alcohols than saturated
alcohols. This reagent oxidizes hydroquinones to
their corresponding quinones in good yields (entry

18-20). Acyloins are also converted to their
corresponding a -diketones with this oxidizing
agent in moderate yields (entry 21-23) . Carbon-
carbon bond cleavage is not observed with this
reagent. Allylic alcohols can be converted into
their corresponding carbonyl compounds in moder-
ate yields with carbon-carbon bond cleavage in a
few cases (entry 24-26).

Finally poly(NBVP-DC) as a mild reagent
oxidizes thiols to their corresponding disulphides in
excellent yields (entry 27-29) . The reagent is not
effective towards oximes, sulphides, phosphines
and aromatic hydrocarbons.

The spent polymeric reagent, which turned
black during the oxidation reaction, could be
regenerated easily by complete removal of the
chromium moieties with consecutive washings with
hydrochloric acid and sodium bicarbonate solution
followed by treatment with a solution of potassium
dichromate. The regenerated reagent showed the
same physical form and almost the same capacity as
its original form.

CONCLUSION

Ease of handling and work-up, mildness, stability,
selectivity and regenerability of this reagent makes
it a useful addition to other reported chromium
(VI) based oxidants used in the organic synthesis.
Contamination of environment with soluble chrom-
ium species can be completely controlled when this
reagent is used [21].
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