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Abstract: Modified polyacrylamide-supported chlorochromate was synthesized
and used as a versatile and efficient oxidizing agent for the oxidation of various
organic compounds, such as hydroxyl compounds, silylethers, oximes, thiols,
and others. Over oxidation of the products (aldehydes to carboxylic acids) was
not observed with this oxidizing agent. The oxidant was insoluble in the oxi-
dation media and the chromium(V1) ions remained firmly bound to the inso-
luble polymeric support after the oxidation reaction. The mild reaction con-
dition, easy work-up, short reaction times, regenerability of the reagent and its
easy preparation and handling are among the advantages of this new polymeric
chlorochromate reagent.

Keywords: chromium(V1) oxidant; modified polyacrylamide; polymeric oxi-
dizing agent; chlorochromate.

INTRODUCTION

During the past years, there have been several important advances in the
field of organic synthesis; the use of polymer-supported reagents is one of them.1
Polymeric reagents can be defined as functionalized polymers used in stoichio-
metric amounts in one-step processes to transform low-molecular-weight substra-
tes into products.2 They have been investigated widely and a very large range of
reactions can be realized using such reagents.3 The most important benefits of
these reagents over their soluble counterparts are smple filtration procedures, ease
of separation from the reaction mixture, selectivity and low toxicity.# These rea-
gents have been developed for use in simple reactions, such as oxidation, reduc-
tion, condensation, acylation, alkylation, halogenation, the Wittig reaction, etc.>

Chromium(V1)-based oxidizing reagents have been extensively used in orga-
nic synthesis.® Among these, pyridinium chlorochromate (PCC),” prolinium
chlorochromate,8 caffenilium chlorochromate,? tetrahexylammonium chlorochro-
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mate, 10 2,6-dicarboxypyridinium chlorochromate, 1112 and tributylammonium
chlorochromatel!3 are a number of oxidizing agents based on chlorochromate that
have been reported.

Numerous heterogeneous polymer-supported oxidizing agents with different
functionalities have been reported in the literature that offers some advantages
over their more traditiona soluble counterparts. Among these, polymer-bound
metallic oxidants and especially polymer-supported chromium(V1) reagents have
received considerable attention.14 Heterogeneous polymeric reagents such as po-
ly[vinyl(pyridinium chlorochromate)] and dichromate, 1516 poly(n-butyl-4-vinyl-
pyridinium)dichromate,1” poly(4-vinylpyridinium nitrate),18 poly(N-vinylpyrroli-
done)-hydrotribromide,1® poly(n-butyl-4-vinylpyridinium)periodate, iodate and
bromate,20 polystyrene supported t-butylchromates?l and poly[vinyl (pyrolido-
nium chlorochromates)]22 are among those reported in the literature.

In continuation of our interest on modified polyacrylamides,23-26 the syn-
thesis and use of a modified polyacrylamide-supported chlorochromate as new
polymeric oxidizing agent for the oxidation of various organic compounds, such
as hydroxyl compounds, oximes, silylethers, thiols and some other compounds,
are described herein.

EXPERIMENTAL

Chemicals were purchased either from Merck or Fluka, or were synthesized in the la-
boratory. Acrylamide and the cross-linking agent, N,N'-methylene bisacrylamide (NNMBA),
were commercia products obtained from Merck. Trimethylsilyl ethers were prepared by a
reported procedure.2” All products were characterized by comparison of their IR and/or 1H-
-NMR spectra and physical data with those of authentic samples. All yields refer to the
isolated products.

The purity determination of the substrates and products and monitoring of the reaction
were accomplished by thin layer chromatography (TLC) on silica gel polygram SIL/UV 254
plates. The FTIR spectra were run on a Shimadzu FTIR-8300 spectrophotometer. The 1H-
-NMR (250 MHz) and 13C-NMR (62.5 MHz) were recorded on a Bruker Advanced DPX
instrument. Melting points were recorded on a Blichi B-545 apparatus (Switzerland) in open
capillary tubes.

Preparation of different cross-linked polyacrylamides (1)

Cross-linked polyacrylamide (Scheme 1) was synthesized by the free-radical precipita-
tion polymerization technique using N,N’-methylene bisacrylamide (NNMBA) as a cross-link-
ing agent.2628 As an example for the preparation of 5 % cross-linked polyacrylamide, acryl-
amide (5.00 g, 69.0 mmol) and (NNMBA) (0.56 g, 3.6 mmol) were dissolved in ethanol (40
mL). Potassium persulfate (0.017 g, 0.070 mmol) was added as an initiator and the mixture
was heated at 75-80 °C under stirring for 7 h. The polymer was collected by filtration, washed
several times with ethanol and dried under vacuum at 50 °C. A white powder was obtained in
amost quantitative yield. The same procedure was repeated for the preparation of 2, 10, 15
and 20 % cross-linked polyacrylamides using 0.22, 1.18, 1.85 and 2.66 g of NNMBA, res-
pectively.
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Scheme 1. Cross-linked polyacrylamide synthesis route.

Incorporation of (3-diethylamino-1-propylamine) function onto cross-linked polyacrylamide

In around bottomed flask, excess 3-diethylamino-1-propylamine (35 mL) was added to 5 %
cross-linked polyacrylamide (1) (5.00 g). The reaction mixture was stirred at room tem-
perature to alow complete swelling of the polymer by the diamine. The reaction mixture was
then heated at 100 °C for 5 h. The aminated gel was filtered and washed with sodium chloride
solution (0.1 M) many times; it was then washed with water and ethanol. The product was
dried under vacuum at 60 °C to give the aminated resin (11) in 42 % yield (7.25 g).

Incorporation of chlorochromate function onto the aminated cross-linked polymer

In a round bottomed flask, chromium trioxide (4.50 g, 45.0 mmol,) was added to ami-
nated cross-linked polymer (I1) (5.00 g) suspended in HCl (50 mL, 1 M). The mixture was
stirred in an ice bath for 4 h and filtered. The brown beads were filtered off and washed
extensively with acetone until the filtrate was clear. The resin was then dried under vacuum
(60 °C, 5 h) in the presence of CaCl, to give a stable brown powder (I11). The capacity of this
resin was determined by the iodometric titration method to be 1.64 mmol CrO3 g1 polymeric
reagent, which was in agreement with the value of 1.58 obtained by the atomic absorption
technique.2®

Determination of capacity of 5 % cross-linked polymer (111) by atomic absor ption technique

A series of standards containing 0.00, 0.90, 1.50, 3.00, 4.50, 6.00, 7.50, 9.00 ppm of
CrOsz (with respect to Cr) were prepared in water and their atomic absorptions were de-
termined (Fig. 1). To a solution of potassium hydroxide (0.40 g) in water (10 mL) was added
polymeric reagent (111) (0.08 g), which was then stirred for 12 h. The mixture was filtered and

Available online at www.shd.org.rs/]SCS

2012 Copyright (CC) SCS
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washed with distilled water several times. Activated carbon black was added to the combined
filtrates and the mixture was stirred for 20 min at 40 °C. Then, the mixture was filtered and
washed with distilled water. The solution of the combined filtrates was diluted to 500 mL in a
volumetric flask; then 10 mL of this solution was diluted to 250 mL. Atomic absorption
spectroscopy of the final solution with respect to chromium gave an absorbance value of
1.014 using the calibration curve (Fig. 1). The capacity of the reagent was determined to be
1.58 mmol of CrO; per gram of the reagent.

0.35
0.30 }  Y=0.0336x-0.0012
0.25 } R2=0.9959
0.20 }
015}
010
0.05}
0.00 f
-0.05

Absorbance, a.u.

0 2 4 6 8 10 Fig. 1. Calibration curve for the ato-
c/ppm mic absorption spectroscopy method.

General procedure for the oxidation of organic compounds with the
5 % cross-linked polymer (111)

In around bottomed flask (25 mL), a mixture of the organic compound (1.00 mmol) and
polymeric reagent (111) (2.00-4.00 mmol, based on the molar ratio of oxidant to substrate) in
cyclohexane or n-hexane (10 mL) was stirred at room temperature for an appropriate time.
The progress of the reaction was followed by TLC. When the reaction was completed, the
resin was filtered off and washed twice with solvent. Evaporation of the combined filtrates
afforded pure products (in the few cases when the reaction did not go to completion, the crude
product was purified on asilica gel plate with an appropriate el uent).

Regeneration of the 5 % cross-linked polymer (111)

The spent polymeric reagents obtained from different oxidation reactions were combined
and washed thoroughly with CH,Cl, to remove any residua soluble organic substrate or
product; then it was washed with HCl (1 M) until the filtrate was colorless, neutralized with
NaOH (1 M), washed with water and acetone and finally vacuum dried. The polymer (10.00
g) was suspended in HCI (100 mL, 1 M) for 0.5-1.0 h, chromium trioxide (9.00 g) added and
the mixture stirred for 4.0 h at 0 °C. It was filtered and washed with acetone until the filtrate
was clear. The obtained polymer was dried under vacuum (50 °C) in the presence of CaCl,
overnight. The capacities of the regenerated resins were determined as described previously.

RESULTS AND DISCUSSION

Copolymers of acrylamide with NNMBA as a cross-linking agent (2, 5, 10,
15 and 20 %) were prepared by free-radical precipitation polymerization using
potassium persulfate as the initiator (Scheme 1). White polymers were obtained
as irregularly-shaped amorphous particles. The IR spectra of the polymers showed
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characteristic absorptions of amide (N—H), and carbonyl groups at 3421 and 1666
e, respectively (Fig. 2).
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Fig. 2. FTIR spectrum of 1.

Poly[N-3-(diethylamino)propy!] acrylamides (I1) with different degrees of
cross-linking were prepared by transamidation reaction of excess 3-diethylamino-

-1-propyl

amine with the polyacrylamides having different degrees of cross-link-

ing (Scheme 1). The amino polymer exhibited strong absorption bands at 3202
and 3329 cm1 (N-H stretching), 1655 cm1 (C=0 amide stretching) and 1528
cm1 (N-H amide bending) (Fig. 3). The average amine vaue (4.70 mmol amine
g2 of polymer) was calculated by the back acid—base titration method. It was
noticed that as the proportion of the cross linking agent increased, the capacity of
the polymer decreased because of the highly cross-linked network structure.
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Fig. 3. FTIR spectrum of 11.
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Polymeric oxidizing agents containing chlorochromate (111) were prepared
very easily by addition of chromium(V1) oxide to a suspension of the cross-linked
poly[N-3-(diethylamino)propyl] acrylamides in dilute HCI (Scheme 1). The pre-
sence of the chlorochromate anion in the oxidizing agents was confirmed by their
IR spectra, showing bands at 945 and 769 cm1, which are characteristic peaks
for the chromate anion (Fig. 4). Capacity of the polymeric oxidizing agent (5 %
cross-linked) was measured easily by titration with an appropriate reducing agent
(Sp0327) and by atomic absorption spectroscopy. The obtained values were 1.64
and 1.58 mmol Cr(V1) g1 polymeric reagent, respectively.

Transmitance, %

T ™ T

B e e s e S (o e e e s e e TV T v
4000.0 3000.0 2000.0 1500.0 1000.0 500.0

Wavenumber, cm'
Fig. 4. FTIR spectrum of I11.

As a model, the oxidation reaction of benzyl alcohol with the polymeric
reagents having different percentage crosslinking was performed in cyclohexane
at room temperature (Table 1). The best results were obtained using the gel-like 2 %
cross-linked polymer, which was difficult to handle however; thus the 5 % cross-
-linked sample was chosen for the general study, due to its better stability.

TABLE I. Oxidation of benzyl acohol with polymer I11 of different degrees of cross-linking
in cyclohexane (molar ratio of polymeric oxidant to substrate was 2:1; wet polymer was used;
conversion in all cases was 100 %)

Content of I11 in polymer Average capacity of polymer

Entry % mmol g1 Time, h
1 2 1.80 25
2 5 164 3.0
3 10 110 4.0
4 15 1.04 45
5 20 0.81 5.0

The choice of solvent in organic reactions using polymeric reagents is extre-
mely important. A solvent should be chosen in which the insoluble polymeric
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oxidizing agent swells well. The effect of solvent on the oxidation reaction
showed that less polar solvents gave the best results. For the oxidation reaction,
cyclohexane and n-hexane were the best solvents compared to toluene, ethyl
acetate, CH3CN, THF, CHCI3 and H»O. This is probably due to the higher com-
patibility of these two solvents with the polymeric reagent and the substrates. The
polymeric oxidant was insoluble in the reaction media and the chromium ions
remained firmly bound to the insoluble polymer support after the oxidation reac-
tion, which was confirmed by atomic absorption spectroscopy (chromium ions
were not observed in reaction solvent after filtration). This advantage is one of
the advantages of this polymeric reagent over monomeric chromium(V1)-based
oxidants.

The generality of this polymeric oxidant was tested for different alcohols
(Table Il) and other functionalities (Table I11). The oxidant was capable to con-
vert primary and secondary alcohols to their corresponding aldehydes and keto-
nes. Over-oxidation of the products to carboxylic acids was not observed. Elec-
tron donating groups increased the rate of conversion. Aliphatic alcohols had a
low yield so the oxidant could oxidize selectively benzylic alcohols in the pre-
sence of aliphatic alcohols.

TABLE I1. Oxidation of benzylic acohols with 5 % cross-linked polymer 111 (these reactions
were carried out in cyclohexane at r.t.; wet polymer was used; molar ratio of polymeric
oxidant to substrate was 2:1)

Entry Substrate Product Time h  Yield, %

1 3 90
CH,OH CHO

2 CI@CHZOH a@cm ° %
3 cl cl 6 70
@—CHZOH @—CHO
4 NO, NO, 10 45
5 MeQ MeO, 4 9
GCHZOH @—wo
6 OMe Me 4 85

o)
CH,OH @CHO
4 92
CH,OH MeO CHO

Q.

MeO

.
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692 TAMAMI, HEIRAN and MONTAZER

TABLE Il. Continued

Entry Substrate Product Time, h  Yield, %
Me Me
8 55 85
CH,OH CHO
OH OH

9 5 92
CH,OH CHO

10 @\CHZOH @\CHO 5 95

0
1 ph"oH pn” ~CHO 12 80

= O
OH CHO
13

Y

20 85

CH
14 OH 0
*7
15 OH 0
©)\CH3 ©)J\CH3 3 95
1Ga OH O
@—cm 3 03
T

®Molar ratio of polymeric oxidant to substrate was 3:1

Aldoximes, ketoximes, and silylethers were oxidized to their corresponding
aldehydes and ketones without over-oxidation in good to high yields. Deoxima
tion of oximes required a long reaction time compared to the oxidation of alco-
hols. The oxidation of thiols to their corresponding disulfides was performed
easily by this polymeric reagent. The oxidation of p-hydroquinone, benzylamine,
and benzoin were also investigated.

The oxidant was not able to oxidize a-hydroxyl carboxylic acids, toluene,
naphthalene, epoxides and sulfides. Hence, hydroxyl compounds, oximes, silyl-
ethers and thiols can be selectively oxidized in the presence of these functional
groups.

Regenerability and reuse of the spent polymeric reagent is one of the main
advantages in the use of this polymeric reagent. The reagent could be recycled at
least three times (Table IV). There was a small decrease in the capacity of the
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resins after each regeneration, which might have been caused by mechanical de-
gradation of the polymeric reagent.22 This polymeric reagent can be stored seve-
ral months without loss of its activity.

TABLE I1l. Oxidation of other organic compounds with 5 % cross-linked polymer (111); these
reactions were realized in cyclohexane at room temperature; wet polymer was used

Entry Substrate Product Time, h  Yield, %
0Si(Me); 45 93
12 @J CHO
0Si(Me); 4.0 90
2 Meo@J ) CHO
OMe OMe 45 82
3 :< OSi(Me)s @CHO
MeQ MeO 55 95
4 0Si(Me),
CHO
Cl Cl 7.0 90
5a :< 0Si(Me), @CHO
0Si(Me), 7.0 93
62 C|4©_/ Cl CHO
Me Me 5.0 90
7 0Si(Me);
CHO
OH OH 6.0 85
g :< 0Si(Me)s G
CHO
OSi(Me)3 o) 5.0 73
- o O
0Si(Me); o) 5.0 78
H 10.0 90
110 C=NOH CHO
H 8.0 75
120 MeO C=NOH MeO CHO
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694 TAMAMI, HEIRAN and MONTAZER

TABLE I1l. Continued

Entry Substrate Product Time, h  Yield, %
OMe OMe 9.0 78
b
RS SO
H
Me Me 11.0 75
b
) O o
15b Me—©—ﬁ=NOH Me—@—CHO 100 82
16b HOOE=NOH HO@CHO 8.0 9%
_ 10.0 40
NOH o) 10.0 90
189 )—tme )
Me
NOH o] 9.0 a0
199 — ve—_ )
Me
IthH o) 12.0 70
20° HOOC—Me HOOJ(
Me
5.0 85
21¢ (= (4 Y5
0 o) 2
SH 1.0 95
220 ©A [©/\ ST
2
5/6 92
23 MeOSH MeOs+2
24d Me/mE/SH Me/mg/s—}z 9.0 50
45/60 96
262 HO OH 0 o}
8.0 60
274
o] OH o] o
50 75
e O O

®Molar ratio of polymeric oxidant to substrate was 2:1; PMolar ratio of polymeric oxidant to substrate was 4:1
and reactions were redlized in n-hexane at r.t.; “Molar ratio of polymeric oxidant to substrate was 3:1; %

conversion and molar ratio of polymeric oxidant to substrate was 3:1
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TABLE IV. Capacity of the polymeric reagent after regeneration

Number of regenerations Capacity of polymer, mmol g1
1 1.30
2 115
3 0.92

A comparison of the efficiency of the presented polymeric reagent (111) with
a number of other reported polymeric oxidants based on chromium(V1) is given
in Table V. The polymeric reagent (I111) is more efficient in the oxidation of
1-phenylethanol than most of the other reagents.

TABLE V. Comparison of the efficiency of 111 with those of different chromium(V1)-based
polymeric oxidants in the oxidation of 1-phenylethanol

Entry Oxidizing agent Time, h Molar ratio Yield, %

12 Il 3 2/1(r.t) 95

22 ref. 15 35 4.5/1 (reflux) 69d

3 ref. 16 5 1.2/1 (reflux) 8od
24 1.1/1 (reflux) >99d

42 ref. 17 125 2/1 (reflux) 91

5b ref. 22 44 5/1 (reflux) 96

6° ref. 30 25/60 /1 (reflux) 95

®Reactions were realized in cyclohexane; Preaction was realized in chl oroform; “reaction was realized in tolue-
ne; ~% conversion

CONCLUSIONS

In conclusion, this modified polyacrylamide-supported chlorochromate is a
useful oxidant for the oxidation of different organic compounds, such as hyd-
roxyl compounds, silylethers, oximes, thiols, etc. Over oxidation of the products
was not observed with this oxidizing agent. It was able to oxidize the aforemen-
tioned functional groups in the presence of a—hydroxyacids, benzylic acids, epo-
xides, sulfides, aldehydes and double bonds. The handling and use of this hetero-
geneous reagent is environmentally safer than its monomeric soluble counter-
parts. The mild reaction conditions, stability, selectivity, good to excellent yields
of the products, simple recovery of the reaction products and regenerability of the
reagent make this heterogeneous polymeric oxidizing agent useful in organic
synthesis. The reagent can be stored for months without any lossin its activity.

Acknowledgments. We gratefully acknowledge the partial supported of this study by the
Shiraz University Research Council.
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U3BOA

MOJIMAKPUIIAMU A MOJNPUKOBAH JUETHUIITTIPOITMIIAMOHUNTYM-XJIOP-
XPOMATOM —HOBH INIOJIMMEPHU OKCUAALIMOHU ATEHC

BAHMAN TAMAMI, ROGHAYE HEIRAN u ELHAM RIAZI MONTAZER
Department of Chemistry, Shiraz University, Shiraz-71454, Iran

HOJII/IMepHI/I HOCa4d, Ha 6a3u YMPEKECHOI' IMOJIMaKpHUiIaMuaa, MOI[I/I(i)I/IKOBaH JAUCTUIIIPONNII-

aMOHH]jyM-XJIOPXPOMAaTOM, TT0Ka3a0 ce Kao BeoMa epHKacaH pearcHc 3a OKCHIALHW]y Pa3lIuduTHX
OPraHCKHX jelUiberba. aJKOX0Ja, CUIIMIETPa, OKCUMa, THOJA, UTA. Y peakiujama OKCHIALHje aj-
KOXOJIa, IPOM3BOJIM OKCHJALMje Cy OMIM alfeXUIM WIN KeTOHH, U HUje ce OJBHjala Jjajba OKCH-
Januja angexujga y kapOokcuiHe kuceianHe. OKCHIALMOHU areHC je HepacTBOPAaH Y PEaKIMOHO]
cpenund, a xpoMm(VI) joHu ocrajy Be3aHHM 3a HOJMMEPHY MATPHIly U HaKOH peakiyje OKCUAALHje.
IIpeJHOCTH OBOT HOBOT MOJMMEPHOI' OKCHIAIMOHOT peareHca, JUETHINPOIIHIaMOHI]yM-XJI0OpXPO-
MaTa, Ccy: OJlarW peakIHOHU YCIIOBH, jeJHOCTABAaH HAYMH M KPaTKO BpeMe H3BOhema peakiuje OK-
cujaluje, Kao M jeIHOCTaBHA U JIaka pereHepalyja peareucea.
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17.
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(ITpumsseno 31. janyapa, peBuaupano 21. nenem6pa 2011)
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