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Abstract: The heterogeneous use of potassium permanganate, sup-
ported on copper(l1) sulfate pentahydrate, provides asimple and ef-
fective means for oxidizing amines. Primary aliphatic amines, such
as sec-butylamine, are oxidized to the corresponding carbonyl com-
pounds in good to excellent yields. Primary aromatic amines, such
as4-chloroaniline, are converted quantitatively into the correspond-

ing azo compounds. Carbon—carbon bond cleavage, which usu
occurs when alkylbenzene side chains are oxidized by perm

copper(ll) sulfate pentahydrate is used as the oxidizing re-
agent.

The products obtained from the heterogeneous oxidation
of primary aliphatic and aromatic amines by permangan-
ate are similar to those that have been reported for homo-

r example, have reported that cyclohexylamine is con-

f neous permanganate oxidations. Rawalay and Shechter,

ganate under homogeneous conditions, does not occur. Under ¥@tted into cyclohexanone in 75% yield when treated with
propriate reaction conditions carbon—hydrogen bond cleavage at permanganate in an aqueous solutionegfbutyl alco-

benzylic position, known to occur under heterogeneous permanggol|.13 Similarly, Johnson and Hornstein undertook an in-
nate conditions, is also eliminated. For example, a quantitative yigjgstigation into the homogeneous ferrate oxidation of

of bis(2,4,6-trimethylphenyl)diazene is obtained from the oxidatioa
of 2,4,6-trimethylaniline using small amounts of permanganate al?g

copper(ll) sulfate pentahydrate.
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The last three decades have witnessed the development
and utilization of heterogeneous reactions in synthetic or-
ganic chemistry. For example, it has been documented
that permanganate can be used effectively as a selective
heterogeneous oxidant in organic solvents, such asdichlo-
romethane, if it is adsorbed onto a hydrated metal cation.?
To obtain high yields while employing a simple, straight-
forward experimental procedure, one may consider the
use of heterogeneous reactions. In fact, the literature con-
tains descriptions of the products that are obtained from
heterogeneous permanganate oxidations of numerous
classes of compounds such as alcohols,*° sulfides and se-
lenides,® thiols,” enamines® and arenes.®1°

Previous reports have indicated that the heterogeneous
use of permanganate dramatically modifiesits selectivity.
This is apparent, for example, from the comparative ox-
idations of arenes; in homogeneous sol utions degradation
of the side chain occursresulting in the formation of benz-
oic acid derivatives.!! However, under heterogeneous
conditions permanganate is a milder reagent that oxidizes

niline and its para-substituted analogtiesithough the
cal point was exclusively of a kinetic nature, the report
revealed an important discovery; conversion of aryl-

%ines either nitro- or azo compounds could be achieved

dependent upon the pH of the reaction medium. There-
fore, it is apparent that the use of heterogeneous condi-
tions does not result in the formation of new or
unexpected products when primary aliphatic and aromatic
amines are oxidized. In this respect, it is not similar to the
oxidation of other substrates, such as thiols, where differ-
ent products are obtained under heterogerieand ho-
mogeneous conditiort8.The value of the heterogeneous
procedure is nevertheless very obvious; better yields,
milder conditions and the products are more easily isolat-
ed. In a typical procedure for the work that is represented
here, a solution of the amine in dichloromethane is added
to potassium permanganate, adsorbed onto hydrated cop-
per(ll) sulfate, and the reaction takes place with stirring at
room temperature or under reflux. After a designated pe-
riod, typically 24 h, the isolation of products in quantita-
tive yields is easily achieved by filtration and flash
evaporation of solvent.

Similarly, it has been reported that dihaloazobenzenes
were obtained from the heterogeneous permanganate oxi-
dation of haloanilines; however, no yields were reported
and the oxidation of other aniline derivatives was not at-
tempted® Furthermore, in a somewhat similar reaction,

side chains at the t?enzylic positions without carbongoanilines are oxidatively coupled by bis(2,2-bipy-
carbon bond cleavage; ketones and alcohols are obtaipg)copper(ll) permanganate to give the corresponding
in good yields when the side chains are secondary or tge, compounds in moderate yieldsAlthough both ex-

tiary, respectively?

perimental methods are similar, the use of supported per-

In this paper, we would like to describe a method for theanganate offers several practical advantages; better
oxidation of primary aliphatic and aromatic amines whilgields, simpler experimental procedure, and the utiliza-
emphasizing the remarkable advantage of using heterotien of commercially available oxidant that is safe to han-
neous over homogeneous oxidation reactions in partiadle. On the other hand, the bipyridyl reagent has to be

lar,
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when potassium permanganate adsorbed omepared and is extremely sensitive to sintered glass and
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metallic objects as they cause the oxidant to burst into
flames. Moreover, Hedayatullah and Dechatre have re-
ported that some primary aromatic amines could be oxi-
dized into the corresponding azo compounds using silver
carbonate in boiling benzene.*® In addition to the carcino-
genic risk of benzene, the oxidation of few amines
was attempted and the yield ranged between 30%
for 1,2-bis(2,4,-dimethylphenyl)diazene to 75% for
1,2-bis (2,4,6,-trimethylphenyl)diazene. Therefore, it is
expected that the heterogeneous permanganate procedure

benzenes could be produced from the heterogeneous per-
manganate oxidations of primary aliphatic and aromatic
amines respectively.

As could be seen from Equation 2 and Table 1, severd
arylamines were converted into the corresponding azo
compoundsin excellent yields; resultsthat clearly demon-
strate the high selectivity of permanganate when used un-
der appropriate heterogeneous conditions. The synthetic
value of these resultsis apparent when it is noted that un-

der homogeneous conditions carbon—carbon bond cleav-
age occurs readily at the benzylic posifibMoreover, in
previous investigations it was reported that under given
heterogeneous reaction conditions, permanganate could
be used for the oxidation of arenes into carbonyl com-
pounds®? In our attempt to pinpoint a practical, econom-
ical and simple method for the quantitative synthesis of

may supplant al other heterogeneous and al homoge-
neous methods for the oxidation of primary aliphatic and
aromatic amines.

Asillustrated by the reactions depicted in Equations 1 and
2, using copper(ll) sulfate pentahydrate as the solid sup-
port, amost quantitative yields of ketones and azo-

24h, stirring
NH, »
ambient temperature

O:o (1

(90%)
CH; CH; H;C
24h, stirring
CH; NH, ——— > CH; N=N CH; [2]
reflux temperature
CH; CH; H;C
(98%)
Tablel Heterogeneous Permanganate Oxidation of Amines
Substrate? Oxidant Conditions® Products Yield
@ (%)
Cyclobutylamine 20 R, 24h Cyclobutanone 8re
Cyclohexylamine 20 R, 24h Cyclohexanone 68°
sec-Butylamine 15 R, 24h 2-butanone 100°
1-Methylhexylamine 15 R, 24h 2-heptanone 68°
Cycloheptylamine 20 R, 48h Cycloheptanone 95°
Cyclooctylamine 25 R, 24h Cyclooctanone oo
Aniline® 20 R, 48h Azobenzene 100¢
78¢
2-Butylaniline® 15 S, 48h 1,2-Bis(2-butylphenyl)diazene 93¢
2-1sopropylaniline® 15 S, 48h 1,2-Bis(2-isopropylphenyl)diazene 88°
4-sec-Butylaniline® 15 S, 48h 1,2-Bis(4-sec-butylphenyl)diazene 95°
77
2-sec-Butylaniline® 15 S, 48h 1,2-Bis(2-sec-butylphenyl)diazene 90°
4-Butylaniline® 15 S, 48h 1,2-Bis(4-butylphenyl)diazene 83¢
4-|sopropylaniline® 15 S, 48h 1,2-Bis(4-isopropylphenyl)diazene 94¢
4-lodoaniline® 15 S, 48h 1,2-Bis(4-iodophenyl)diazene 100°
87d
4-Chloroaniline® 15 S 48h 1,2-Bis(4-chlorophenyl)diazene 100°

a2.0 mmol were used.

b R: stirring under reflux; S: stirring at ambient temperature.
¢gc.

9 solated.

€ Freshly distilled prior to use.
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substituted azobenzenes, the experimental conditions
were carefully selected resulting in an excellent selectivi-
ty. Under mild conditions that are described in thisarticle
(ambient temperature, shorter duration, and or utilizing
smaller amounts of oxidant), oxidation of side chains
could be eliminated.

Several solid supports have been used for heterogeneous
reactions, however, adsorption of permanganate onto cop-
per(ll) sulfate pentahydrate appears to be the most effi-
cient in promoting the heterogeneous oxidation reactions.
The results obtained from the oxidation of some alcohols
using different solid supports are compared in Tables 251°
and 3.2 Although the same products are obtained with all
solid support systems investigated, it is apparent that bet-
ter yields are obtained in shorter reaction timesor utilizing
smaller amounts of oxidant when copper(l1) sulfate pen-
tahydrate is used.

'H NMR spectrawere recorded at 25 °C on a Bruker QNP spec-
trometer (200 MHZ).IR spectra were recorded on a Perkin-Elmer
FT-IR 1600 spectrophotometer. Separation of the productswas per-
formed using gas chromatograph (HP 5890) equipped with a 50-
meter, cross-linked methyl silicone capillary column, and identified
by use of an HP 5970A mass sel ective detector. CH,Cl,was purified
by refluxing over potassium permanganate, using asmall amount of
phase transfer agent (tetrabutylammonium chloride) for 24h, fol-
lowed by distillation. The purity of the solvent was confirmed, by
the use of gas chromatography to be 99.9% or better. The amines,

Table2 Heterogeneous Permanganate Oxidation of 2-Decanol
Using a Variety of Solid Supports®

Solid Support KMnO, Decan-2-one
(9 (@ (Yield)
CusO, - 5H,0 0.7 100%
(0.5)

K,S0, 1.0 13%
(2.0)

BaCl, - 2H,0 1.0 87%
(2.0)

Caso, - 2H,0 0.6 11%
(2.0)

Caso, - 2H,0 1.0 93%
(2.0)

MgSO, - 7H,0O 1.0 90%
(2.0)

MgSO, - 7TH,O 0.6 66%
(2.0)

Al, (SO,);+ 18H,0 2.0 80%
(2.0)

NiSO, - 6H,0 1.0 92%
(2.0)

CoSO, - 7H,0 1.0 84%
(2.0)

MnCl, - 4H,0 2.0 79%
(2.0)

MnO,P 1.0 77%
(1.0)

a Decan-2-ol (0.50 g, 3.2 mmol) was refluxed with the oxidant in
(H,Cl,/20 ML) for 24 h.

b200 uL of H,0 added.
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obtained from the Aldrich Chemical Co., were purified by distilla-
tion, flash chromatography or recrystallization prior to use. Purity
of the amines was confirmed by melting points, refractive indices,
NMR and/or glc analysis. Identity of the products was vaidated by
comparison of spectroscopic datawith those published for the same
compound. The oxidant was prepared by grinding equal amounts,
by weight, of KMnO, and CuSO,¢5H,0 in a mortar until homoge-
neous.

Oxidation of Amines; General Procedure

The amine (2.0 mmol) in CH,Cl, (20 mL) was placed in a 50 mL
round bottomed flask. The oxidant (2.0g) was added and the hetero-
geneous mixture stirred at ambient temperature or under reflux for
48 h. The progress of the reaction was followed by tlc or glc until
no starting material could be detected. After cooling to ambient
temperature, the product was then filtered through Celite and the
residue washed thoroughly with CH,CI, (3 x 10 mL) and Et,O (3 x
10 mL). The product was isolated by flash evaporation and identi-
fied from spectroscopic anaysis.

Following the general procedure the following compounds could be
prepared:

Cycloheptanone

Oxidation of cycloheptylamine (0.226 g, 2.0 mmol) gave cyclohep-
tanone (0.202 g, 1.80 mmol, 90%). The reaction was compl ete after
stirring for 24 h at ambient temperature.

H NMR (CDCly): § = 2.3-2.5, m, 8H; 1.5-1.7 m, 4H.
IR (neat): 2925, 2855, 1702, 1455, 1342, 1318'cm

MS: miz (rel.int.) = 112(M*,51), 97 (7.2), 84(33), 68(80), 55(100),
43(17), 42(50), 41(72).

More examples of the oxidation of aliphatic amines have been sum-
marized in Table 1.

1,2-Bis(2,4,6-trimethylphenyl)diazene

Oxidation of 2,4,6-trimethylaniline (0.270g, 2.0 mmol) gave 0.261
g (0.98 mmol, 98%) of 1,2-bis(2,4,6-trimethylphenyl)diazene. The
reaction was complete after stirring under reflux for 24h. The prod-
uct was identified from its melting point, 75-7C (lit. 74 °C)8
and spectroscopic analysis.

IH NMR (CDCL): 5 = 6.88 (s, 4H); 2.30 (s, 12H); 2.25 (s, 6H).

IR(KBr): v = 3016, 2953, 2915, 2843, 1601, 1569, 1458, 1432,
1407, 1376 cnt.

MS: miz (%rel.int) = 266 (M*,17), 223 (10), 119 (100), 91 (21),
77(11).

1,2-Bis(2,4,-dimethylphenyl)diazene

After 48h stirring at reflux temperature, oxidation of 2,4-dimethyl-
aniline (0.242g, 2.0 mmol), gave 1,2-bis(2,4-dimethylpheny!)diaz-
ene (0.224 g, 0.94 mmol, 94%); melting point 126-1Q8(lit.
128).18

IH NMR (CDCL): 6 = 7.55 (d, 2H); 7.13 (s, 2H); 7.05 (d, 2H); 2.7
(s, 6H); 2.4 (s, 6H).

IR (KBr): v =2922, 1678, 1600, 1445, 1384, 1230%tm

MS: miz (% rel. int) = 238(M*, 41), 223(8), 165(4), 105(100),
77(24).

1,2-Bis(4-butylphenyl)diazene

Oxidation of 4-butylaniline (0.298 g, 2.0 mmol) using 1.5g oxidant,
gave after 48h stirring at ambient temperature, 1,2-bis(4-butyl-
phenyl)diazene (0.215 g, 0.73 mmol, 73%) melting point 33-35
(lit. 36°).20

IH NMR (CDCL): § = 8.87 (d, 4H); 7.3 (d, 4H); 2.7 (t, 4H); 1.65
(m, 4H); 1.35 (m, 4H); 0.97 (t, 6H).
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Table3 Comparison of the Yields Obtained from the Oxidation of Unsaturated Alcohols using two Different Solid Supports®

Alcohol KMnO, Solid Support TimeP Product

(9 (9 (9 (h) (%)

Oct-1-en-3-ol 55 Bentonite 24 Oct-1-en-3-one

(0.4) (4.0) (44)

Oct-1-en-3-ol 3.0 CuSO,.5H,0 24 Oct-1-en-3-one

(0.4) .7) (61)

Oct-1-en-3-ol 55 Bentonite 46 Oct-1-en-3-one

(0.4) (4.5) (62)

Non-1-en-3-ol 3.0 CuS0O,.5H,0 48 Non-1-en-3-one

(0.45) (2.0 (90)

Non-1-en-3-ol 55 Bentonite 48 Non-1-en-3-one

(0.45) (4.5) (60)
1-Phenylbut-1-en-3-ol 2.7 CuSO,.5H,0 20 1-Phenylbut-1-en-3-one
(0.42) (1.6) (90)
1-Phenylbut-1-en-3-ol 4.9 Bentonite 20 1-Phenylbut-1-en-3-one
(0.42) (3.6) (91

a2CH,CI, (20 mL) was used as the solvent in each experiment.
b Reflux time.

IR (KBr): v = 2958, 1665, 1458, 1381 cm™.

MS: mz(% rdl. int): 294(M*24), 251(4), 161(17), 133(100),
105(4), 91(45).

1,2-Bis(4-bromophenyl)diazene
Oxidation of 4-bromoaniline (0.334g, 2.0 mmol) using 1.50 g oxi-

dant, gave 1,2-bis(4-bromophenyl)diazene, mp 203-204 °C(lit 20

°C)? (0.279g, 0.82 mmol, 82%) after 48h stirring under reflux.
IH NMR (CDCL): § = 7.9 (d, 4H), 7.62 (d, 4H).
IR(KBr): v = 1904, 1570, 1472, 1397, 1065, 1006°tm

MS: miz(% rel. int.)] = 340(M*,44), 183(59), 155(100), 157(98),
75(39).

More examples of the oxidation of aromatic amines have been sum-
marized in Table 1.
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