This article was downloaded by: [McGill University Library]

On: 31 July 2012, At: 02:59

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Synthetic Communications: An International
Journal for Rapid Communication of
[ —— Synthetic Organic Chemistry

Cnu'mumh:aﬂan' Publication details, including instructions for authors and subscription

— information:
http://www.tandfonline.com/loi/lsyc20

I P . ) P Wi [hasieti'y

Potassium Permanganate Oxidation of Organic
Compounds

Ahmad Shaabani ® , Farahnaz Tavasoli-Rad * & Donald G. Lee °
& Chemistry Department, Shahid Beheshti University, Tehran, Iran
b Department of Chemistry, University of Regina, Regina, Canada

Version of record first published: 12 Apr 2011

To cite this article: Ahmad Shaabani, Farahnaz Tavasoli-Rad & Donald G. Lee (2005): Potassium
Permanganate Oxidation of Organic Compounds, Synthetic Communications: An International Journal for
Rapid Communication of Synthetic Organic Chemistry, 35:4, 571-580

To link to this article: http://dx.doi.org/10.1081/SCC-200049792

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the
contents will be complete or accurate or up to date. The accuracy of any instructions, formulae,
and drug doses should be independently verified with primary sources. The publisher shall not
be liable for any loss, actions, claims, proceedings, demand, or costs or damages whatsoever or
howsoever caused arising directly or indirectly in connection with or arising out of the use of this
material.



http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1081/SCC-200049792
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [McGill University Library] at 02:59 31 July 2012

Synthetic Communications®, 35: 571-580, 2005 e Taylor & Francis
Copyright © Taylor & Francis, Inc.

ISSN 0039-7911 print/1532-2432 online

DOI: 10.1081/SCC-200049792

Taylor & Francis Group

Potassium Permanganate Oxidation of
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Chemistry Department, Shahid Beheshti University, Tehran, Iran

Donald G. Lee
Department of Chemistry, University of Regina, Regina, Canada

Abstract: It has been discovered that potassium permanganate is an effective hetero-
geneous oxidant, even without resorting to the use of a solid support, if acetonitrile is
employed as the solvent. Primary benzylic and secondary alcohols are converted to the
corresponding aldehydes and ketones, alkyl arenes are oxidized to the corresponding
a-ketones in good yields using this procedure, and both alkyl and aryl sulfides are
smoothly converted to the corresponding sulfones, also in excellent yields. When
methylene chloride is used as the solvent, instead of acetonitile, the yields of
aldehydes, ketones, a-ketones, and sulfones are reduced. However, the oxidation of
thiols to disulfides proceeds satisfactorily when methylene chloride is the solvent.
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INTRODUCTION

Potassium permanganate is a commercially available reagent, widely used for
the oxidation of organic compounds.!'! The process is recognized as friendly
to the environment because manganese dioxide, a coproduct formed by the
reduction of permanganate, can be recycled.!
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In spite of considerable knowledge with respect to the oxidation of
organic compounds by KMnO, under heterogeneous conditions, practical
problems have been observed under some conditions. For example, over-oxi-
dations and degradations, with the formation of a host of products, are known
to occur occasionally. Reaction conditions, particularly the solvents, catalysts,
and solid supports used are crucial to controlling the specificity of the products
obtained.

It has recently been shown that organic compounds are oxidized selec-
tively when treated under heterogeneous conditions with KMnQO, adsorbed
on solid supports such as CuS0, - 5H,0,P! ALL,05,273 zeolites,'® SiO,,!”
ion exchange resins,'gl and montmorillonite K10.!”! Product yields are rela-
tively good, but MnO, must be separated from the solid supports before it
can be recycled. Although copper sulfate can be easily separated from
MnO,,"?! separation of MnO, from most of the other solid supports such as
silica, montmorillonite K10, alumina, ion exchange resin, and zeolites is
very difficult. Therefore, the discovery of new conditions for the selectively
transformation of organic compounds with KMnQO,, in which there is no
need to separate MnO, from supports, is of prime importance in synthetic
organic chemistry.

In a continuation of our previous work on organic transformations using
potassium permanganate as an oxidant,”” ="' we wish to report results which
describe the selectively oxidation of alcohols, alkyl arenes, sulfides, and thiols
by KMnO, under heterogeneous conditions without the use of solid supports.
In these reactions, acetonitile was found to be a superior solvent for the
oxidation of alkyl arenas, sulfides, and primary benzylic and secondary
alcohols.

RESULTS AND DISCUSSION

Alkyl arenes are converted into the corresponding carbonyl compounds in
good yields when oxidized heterogeneously by potassium permanganate in
acetonitrile at room temperature. The products are identical to those
obtained under heterogeneous conditions when the KMnQ, is supported on
CuSO4-5H20[3' or alumina.®* However, as indicated by the data in
Table 1, the yields are reduced if methylene chloride is used as the
solvent. The reaction exhibited a strong selectivity for the oxidation of
a-methylene groups. No reaction was observed for the oxidation of toluene
derivatives where the «-carbon is primary. The observation that no
oxidation occurs when dihydrobenzofuran, a-phenylacetophenone, or o-
ethylpyridine are the reductants is reminiscent of other heterogeneous
oxidations.!*!

As indicated by the data in Table 2, alkyl and aryl sulfides are also
converted into the corresponding sulfones in excellent yields at room
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Table 1. Oxidation of alkyl arenes to the corresponding carbonyl compounds by
KMnO, in CH;CN and CH,Cl, at room temperature

CH;CN CH,Cl,
(Yield %) (Yield %)
Entry Reactant Product (Time, h) (Time, h)
1 ©/\ O 56(29) 20(51)
2 @ O 58(30) 9(54)
3 @ C‘l 58(32) 14(53.5)
4 @ 0 75(24) 8(27)
5 e 80(24) 23(60)
~ CEE
6 ? 78(27) 15(143)
77(22) 10(28)

72(15) 31(41)

No reaction 0(24) 0(24)

889

(continued)



Downloaded by [McGill University Library] at 02:59 31 July 2012

574 A. Shaabani, F. Tavasoli-Rad, and D. G. Lee

Table 1. Continued

CH;CN CH,Cl,
(Yield %) (Yield %)

Entry Reactant Product (Time, h) (Time, h)
10 No reaction 0(24) 0(24)
11 No reaction 0(24) 0(24)

12 ED:-> No reaction 0(24) 0(24)
(o]

Br
13 No reaction 0(24) 0(24)
0
14 N\ No reaction 0(24) 0(24)
O
—

temperature when acetonitrile is used as the solvent. This is a highly useful
reaction for the preparation of sulfones, which are important intermediates
in the synthesis of many organic compounds."?!

As can be seen from the results reported in Table 3, primary benzylic and
secondary alcohols are converted into the corresponding carbonyl compounds
in relatively high yields in CH3CN at room temperature; however, the yields of
these reactions are reduced if CH,Cl, is used and the reaction is completely
inhibited when the electron withdrawing group is in para-position of alcohol
(Entry 6).

Under homogenous conditions, thiols are converted into sulfonic
acids.l'>1# However, under heterogeneous conditions, both aromatic and
aliphatic thiols are oxidized to the corresponding disulfides in good yields
at room temperature, as indicated by the data in Table 4. For these
reactions, methylene chloride proved to be a satisfactory solvent.

The oxidation of alkene (trans-stilbene) and alkyne (diphenylacetylene)
gives cleavage product (benzaldehyde) in high yields (GC yield) in CH;CN
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Table 2. Ocxidation of sulfides to sulfones by KMnO,4 in CH3CN and CH,Cl, at room
temperature

CHiCN  CH,Cl,
(Yield %)  (Yield %)

Entry Reactant Product (Time, h)  (Time, h)
1 C,Hs-S-C,Hs C,H;5-S0,-C,H;5 85(5) 48(16)
2 C3H;-S-CsH, C;H;-S0O,-C3Hy 92(6) 40(18)
3 C,4Ho-S- C4Hy C4Ho-SO,-C4Hg 92(7) 42(23)
4 CgH,7-S- CgH; CgH;7-SO,-CsH 4 93(7) 35(8)

5 L_J 93(4) 8(6)

s S a
& S

95(4) 32(5)

6 S — Q 0
N
S

8 ©/5© 0\ /o 96(22) 14(22)
She

[7; J——

O —

(o]

85(24) 38(28)

1
1l

o=w

at room temperature. However, these reactions are completely inhihibited in
CH,Cl, after a few days.

The oxidation of oximes and aromatic amines was also investigated.
However, the oxidation of these compounds does not result in the formation
of significant amount of useful product.

In conclusion we have introduced an economically and environmentally
friendly procedure for the selectively oxidation of organic compounds by
KMnO, in CH;CN or CH,Cl, without using of any solid supports. We have
found in CH;CN sulfones are obtained from sulfides, a-ketones from
arenas, aldehydes, and ketones from primary benzylic and secondary
alcohols, benzaldehyde from alkene or alkyne and in CH,Cl, disulfides are
obtained from thiols.
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Table 3. Oxidation of alcohols to the corresponding carbonylcompounds by KMnO,
in CH;CN and CH,Cl, at room temperature

CH;CN CH,Cl,
(Yield %) (Yield %)
Entry Reactant Product (Time, h) (Time, h)
1 ;OH H ;O 98(1) 45(3.30)
2 OH H 0 77(0.40) 67(3.15)
éOMC % _OMe
3 EOH H 0 78(0.35) 68(3)
OMe OMe
4 EOH HEEO 75(0.45) 60(4.30)
OMe OMe
5 EOH H o 70(0.30) 58(5)
6 ;OH HEO 75(3.30) No reaction(5)
No2 Noz
7 OH 98(0.50) 72(3.30)

(continued)
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Table 3. Continued
CH;CN CH,Cl,
(Yield %) (Yield %)
Entry Reactant Product (Time, h) (Time, h)
8 (l)H o] 85(1) 78(2.15)
oh®
i
= L\/
9 |/OH 81(6) 17(192)
\‘ N
I L J P
10 OH 85(1.30) 65(4)
R
| =
11 OH o] 70(0.30) 47(5)
o O
12 OH O 65(6) 5(6)
13 OH (8] 40(16) No reaction(18)
14 OH ;O 60(6) 10(6)
EXPERIMENTAL

Oxidation of Fluorene in Acetonitrile. A Typical Procedure

Fluroene (0.16 g, 1.0 mmol) was dissolved in 25 mL of CH;CN and placed in
a round-bottomed flask. Finely ground KMnO, (1.0 g, 6.3 mmol) was added
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Table 4. Oxidation of thiols by KMnO, in CH,Cl, at room temperature

% Yield
Entry Reactant Product Time (min)

1 90(30)
O=  Oh
2
2 SH 81(35)
S8 O
2
3 N N T 83(60)
4 - il 93(40)
5 SH - NH; 82(45)
6 SH 95(53)
T ;

2
[CsH17]5S,

7 [CsH,7]1SH 94(60)
8 [CsH,,ISH [CsHi11oS> 92(55)
9 [C3H7]SH [C3H715S, 78(45)

in small portions over a period of 15 min. The mixture was stirred vigorously
at room temperature for 15h. The product was filtered through a celite pad
and the residue washed successively with CH;CN (2 x 10 mL). The filtrate
was treated with three to four drops of NH,-NH, - 2HCI in order to reduce
any residual oxidant. After filtering and evaporating the solvent, pure 9-fluor-
enone (0.13 g, 0.72mmol, 72%), mp = 83-84°C (Lit.'"*! 82.5-85°C) was
isolated.

Oxidation of Diphenylsulfide in Acetonitrile: A Typical Procedure

Diphenyl sulfide (0.16 g, 1.0 mmol) was dissolved in 25 mL of CH;3CN and
placed in a round-bottomed flask. Finely ground KMnO, (1.0 g, 6.3 mmol)
was added in small portions over a period of 15min. The mixture was
stirred vigorously at room temperature for 22h. The product was filtered
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through a celite pad and the residue washed successively with CH3CN
(2 x 10mL). The filtrate was treated with three to four drops of NH,-
NH, - 2HCl in order to reduce any residual oxidant. After filtering and evapor-
ating the solvent, pure diphenyl sulfone (0.21g, 0.98 mmol, 98%),
mp = 127-128°C (Lit.""® 126—128°C) was isolated.

Oxidation of 1-Indanol in Acetonitrile: A Typical Procedure

1-Indanol (0.134 g, 1 mmol) was dissolved in 25 mL of CH;CN and placed in a
round-bottomed flask and cooled to +5°C using an ice-water bath and stirred
magnetically. Finely ground KMnO, (1.0 g, 6.3 mmol) was added in small
portions over a period of 15min and after stirring for 5 min, the flask was
removed from the cooling bath and stirred for an additional 50 min. The
product was filtered through a celite pad and the residue washed successively
with CH3CN (2 x 10 mL). The filtrate was treated with three to four drops of
NH,-NH, - 2HCI in order to reduce any residual oxidant. After filtering and
evaporating the solvent, pure l-indanone (0.129g, 0.98 mmol, 98%),
mp = 41-42°C (Lit."7! 42°C) was isolated.

Oxidation of Benzyl Thiol in Methylene Chloride: A Typical
Procedure

Benzyl thiol (0.24 g, 2.0 mmol) was dissolved in 25 mL of CH,Cl, and placed
in a round-bottomed flask with a magnetic stirring bar. Finely ground KMnQ,,
(1.0 g, 6.3 mmol) was added in small portions over a period of 15 min. The
mixture was stirred vigorously at room temperature for 35 min. The product
was filtered through sintered glass and the residue washed successively with
CH,Cl, (3 x 20mL). The solvent was evaporated to give product (0.20 g,
0.81 mmol, 81%), which produced only one TLC spot and was identified as
dibenzyl disulfide, mp = 70-71°C (Lit.!"8 71-72°C).
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