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Abstract: Barium Permanganate is an easily prepared, stable, and a versatile oxidation 

rc‘;lgent. With this rcagent different types of primdry and secondary hydroxy cwpounds 
are converted to their carbonyl derivatives. Aidehydes could be transformed to thtiir 
carboxylic acids. Benzylic chloride and bromides are converted to their aldehydes and 
carboxylic acids. Semicarbazide and 2,4-dinitrophenylhydrazina derivatives of benzylic 

carbonyl compounds undergo carbon-nitrogen bond clcavaye selectively and yield the 
expected carbonyl compounds. p-Hydroquinone is converted to p-benzoquinone and aromiltic 

amines to their azo compounds. Anthracene and phenanthrene produce their 9,10-quinoncs. 
Diphenyl acetylene and trans stilbene yive benzil, and styrene produces benzaldehyde. 
Selective oxidations of secondary benzy?ic carbon-hydlagen bonds occur and the corrcs- 
ponding carbonyl compounds are produced in yood yields. 

INTRODUCTION 

Introduction of the new reagents has always been rewarding to synthetic organic 

chemists and beneficial in organic synthesis. 

In recent years several modified permanganatc hascd-oxidants are reported ill the 

literature1 and their drawhack and advantages are also discussed’. Very recently we 
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have repo~Led that barium pennanganate could be considered as a new variant in this 

category of oxidants with some advantages over the reported ones. We have reported that 

oxidations of allylic and benzylic alcohols, benzylic oximes, and thiols performed well 

with this oxidant and produce carbonyl compounds and disulfides respectively 2,3 . Barium 

permanganate is a cheap and an easily prepared reagent. It is stable towards heat, light, 

shocks , and could be stored for months without loosing its oxidation ability. This 

reagent dots not need special treatment for its activation. These observations prompted 

us to extend our studies on the oxidation ability of this reagent towards varieties of 

substrates and compare the results with sOme of those reported in the literature 4-9 11 : 

RESULTS AND DISCUSSIONS 

Oxidations are performed well in acetonitrile, t-butanol, and tetrahydrofuran under 

reflux conditions. Saturated and unsaturated primary and secondary alcohols, sterols, 

and hydroxy derivatives of organosilicon compounds undergo oxidations and give the 

corresponding carbonyl compounds in 40-95% yields (Table 1). p-liydroquinone is converted 

to p-benzoquinone in 90% yield; benzylchloride, benzylbromide, and p-methoxybenzylbromide 

are converted to benzaldehyde and anisaldehyde respectively in good yields. Benzoic acid 

and anisic aciJ are also isolated from the reaction mixtures in lo-IS”, yields(Table 1). 

Phcnylethylcncglycol undergoes carbon-carbon bond cleavage and produces benzoic acid 

quantitatively (Table 1). Different types of aldehydcs are also oxidized with this 

reagent and their corresponding carboxylic acids are isolated in 15-100”. yields (Table 2). 

Diphenylacctylcne produces bcnzilin 80% yield. Terminal benzyl ic carbon-carbon double 

bond cleavage occurs in styrene and produc& bcnzaldchyde in good yield (Table 1) whereas, 

carbon-carbon double bond in trans stilbcnc undergoes another type of transfonm!tion and 

produces benzil (Table 1). Polycyclic arenes such as phcnanthrcne and anthracenc 

produce their respective 9,10-quinones in good yields. 

Barium pennanganate shows high selectivity for the oxidation of secondary benzylic 

carbon-hydrogen bonds; cthylbenzene and diphenylmcthane both produce acetophenonc and 

benzophcnone in good yields in the presence of toluene which remains intact in the 

reaction mixture. 

Barium pcnnanganate is also effective Car the oxidation of bcnzylic and arylamines. 

Benzylic amincs are converted to their cnrbonyl compounds in good yields (Table 4). 

Arylamines arc trans rormcJ to thci r corresponding azo compounds. In some cases llncler 

study, a good enhancement of the yieltls of azo compounds are also observed in comparison 

with some of those reported with tile other methods 4,7 . 

Sclcctive oxidntive clcavagc of benzylic: carbon-nitrogen double bond occurs with 

this rcagcnt. 2,4-Dinitrophcnyl hydrazene and scmicarhaziJc derivatives or arylcalbonyl 
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compounds are oxidized and their parent carbonyl compounds are recovered from the reaction 

mixtures in 35-85% yields (Table 4). The same derivatives of benzaldehyde and cyclo- 

hexanonc remain intact in the reaction mixture under the same reaction conditions. This 

reagent seems to be also suitable for the conversion of benzylic alcohols to their 

carboxylic acids. For this purpose benzyl alcohol was converted to benzoic acid quanti- 

tatively, l-methylhydroxynaphthalenc, p-nitrobenzyl alcohol, and piperonol to the 

corresponding carboxylic acids in 70-95% yields (Table 1). Primary alcohols such as 

3-phenylpropanol and 1-octanol seems to be rather resistant towards this type of oxidation 

(Table 1). 

CONCLUSION 

Barium permanganate is a mild oxidant which could be used under non-aqueous and 

aprot ic conditions. This reagent reacts selectively and its selectivity could be 

controlled by the ratio of the oxidant towards substrates. The ease of preparation, 

reasonably short reaction time, neutrality of the reaction media, ease of work-up, 

stability of the reagent, mildness of the reaction condition, comparatively small ratio 

of the oxidant towards substrates and also the reasonable yields of the products, make 

this compound a practical bench top oxidant in organic synthesis anJ could be considered 
10 as a new variant and a useful addition to the present methodologies . 

EXPERIMENTAL 

Products wcrc characterized by comparison with authentic sample (IR, lll-:WU~ spectra, 

thin layer or gas chromatography, melting point). All reactions proceeded in acetonitrile. 

All yields refer to isoiated products. Barium permanganatc was prepared according to the 

procedure described*. 

General procedure for the conversion of bydroxy compounds to their carbonyl 

compounds. Barium pcmmnganate (0.03-O. 08 mol) was added to a solution of hydroxy 

compound (0.01 mol) in acetonitrile (30 ml), The reaction mixture was refluxed for 2-6 

hrs with stirring (the progress of the reaction may he monitored by ILC) and filtered and 

the solid material was washed with C1i3Cti several times (30 ml). The combined filtrates 

were evaporated and the residue was chromatographcd on a silica gel column cluting with 

benzene or benzene/Cl 12C1 2. Evaporation of the solvont afforded the carbonyl compound in 

30-100’: yield (Table I). 

Gmeral procedure for the oxidation of benzylic halides to their carbonvl compounds. 

'l'o a solution of benzyl halide (0.01 mol) in acetonitrile (25 ml) the oxidizing agent 

(0.03 mol) was added and the mixture was rcfluxcd with stirring for 5-6 hrs. Work-up ws 

proceeded as described in the foregoing procedure. The carbonyl compound was isolated in 

55-759. yield. The corresponding carboxylic acid was also isolated in 10-159, yield. (Table 1). 
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General procedure for the oxidation of alcohols to their carbowylic acids. 

Alcohol (0.01 mol) was dissolsed in CH3CN (30 ml) and the oxidant (0.1 mol) was added 

to the mixture and refluxed with stirring for 4-10 hrs. The reaction mixture was filtered 

and the solid material was washed with warm cH3tiV (30 ml). The combined filtrates were 

evaporated and the residue was chromatographed on a silica gel column (eluted first with 

benzene and then with CH30f1/CC14 : 25/75) to afford carboxylic acid in 25-100% yield 

(Table 1). It is also possible to extract acids with a basic solution which on acidifica- 

tion affords the corresponding carboxylic acids. 

General procedure for the oxidation of polycyclic arenes, acetylenic, ethylenic, 

and sec. benzylic C-H bonds. To a solution of the hydrocarbon (0.01 mol) in CH3Ch’ 

(20 ml), barium permanganate (0.02-0.05 mol) was added. The reaction mixture was stirred 

under reflux for 1.5-4.5 hrs. The progress of the reaction was monitored by TLC. The 

mixture was filtered and the filtrate was evaporated. The resulting product was purified 

by column chromatography on silica gel using n-hexane, benzene, and the mixture of 

benzene/CH2C12 as eluent s. Evaporation of the benzene fraction or benzene/Q12C12 fraction 

afforded the desired oxidized product in 30-30% yield (Table 3). 

General procedure for the oxidation of benzylic amines to their carbonyl compounds. 

Barium permangnnate (0.02-0.03 mol) was added to a solution of amine (0.01 mol) in CH3CN 

(20 ml) and rcfluxed with stirring for 2-3 hrs. The progress of the reaction was monitored 

by TLC. The reaction mixture was filtered and the solid material was washed with CH3CN 

(20 ml). The filtrates were combined and evaporated. The resulting material was 

chromatographed on silica gel column and eluted with benzene. Evaporation of the solvent 

afforded carbonyl compound in 75-80% yield (Table 4). 

General proc-ddure for the conversion of aromatic amines to their corresponding azo 

compounds. A solution of aromatic amine (0.01 mol) in CH3C?J (20 ml) was prepared. To 

the resulting solution the oxidant (0.02-0.05 mol) was added and the reaction mixture was 

refluxed for 0.25-7 hrs. The reaction mixture was filtered and the solid material was 

washed with Cll3CN (20 ml). The filtrates were combined together and evaporated. The 

resulting material was chromatographed on either silica gel or neutral alumina column,nnd 

eluted with benzene. Evaporation of the solvent afforded the azo compound in O-8590 yield 

(Table 4) . 

General procedure for the cleavage of carbon-nitrogen double bond of the carbonvl 

derivatives of 2,4_dinitrophenylhydrazine and semicarbazide. Barium permangannte 

(0.03 mol) was added to the solution of hydrazonc or semicarbazone (0.01 mol) in QI3CN 

(25 ml) and the mixture was refluxed for 2-16 hrs. The reaction mixture was filtered and 

the solid material was washed with CH3CN (30 ml). The filtrates were combined together 

and evaporated. The resulting material was purified by column chromatography (silica gel, 
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eluted with benzene) to afford the expected carbonyl compouud in O-85% yield (Table 4). 
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Table 1. Oxidation of Hydroxy Organic Compounds and Benzyl Halides with Ba(Mn04).,. 

NO. Substrate Product Rxn Time 
(hr) 

Yield OxiJ/Rcac. 
(:I 

1 Z-Ethyl-1-hexanol ?-Ethyl-1-hcxanone 3 35-40 3 

2 2-Octano1 2-Cctanone 2.5 so-55 3 

3 Cyclohexanol Cyclohexanone 

4 Isopropanol Acetone 

5 1-Octano1 Octanal 

6 1,4-Cyclohcxane- 1,4-Cyclohexane- 
diol OH dione 

.25 55-60 4 

2 70-75 

2.5 30-40 

3 75 

3.25 85 3 

4 60 4.5 

3 

70 

90 

3 

3 
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5 60 3 

5 57 3 

6 47-50 3 

51 3 

16 100 3 

3 85 3 

18 pHydroquinor~e p-Benzoquinone 0.5 90 I 

19 1-Phcnylethylcne Benzoic Acid 0.5 100 3 
glycol 
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Table 1 Continued 

20 Benzyl Alcohol 

21 = -Hydroxymethyl 
naphthalene 

22 3-Phenvlpropyl 
Alc01101 

23 n-&tan01 

24 p-Nitrobenzyl Alcohol 

25 Piperonol 

26 Fknzyl Chloride 

27 Benzyl Bror.i& 

28 p;g;;zybenz yl 

Benzoic Acid 

a-Naphthyl- 
car-boxy1 ic Acid 

2- PhenylPropanoic 
Acid 

n-Octanoic Acid 

p-Nitrobenzoic Acid 

Piperon ie Acid 

Benzaldehyde 

I Benzoic Acid 

Benzaldehyde 

I 
Benzoic Acid 

4 100 8 

10 70 8 

8 

10 

24 

18 

6 

6 

5 

25 

10 

45 

95 

55 

12 

66 

15 

75 
10 

Table 2. Oxidation of Aldehydes to Carboxylic Acids with Ba(Mn04)2. 

8 

8 

10 

10 

3 

3 

No. Substrate Product RXIlTiJllC Yield 
M-1 (%) 

Ox idant 
Reactant 

1 Benzaldehyde Benzoic Acid 3.5 90 6 

2 Anisaldchyde Anisic Acid 4 75 3 

3 p-komobenz- 
a ldehyde 

pA;;cdmobenzoic 
2 90 3 

4 p-Chlorobenz- 
aldehydc 

pAE;orobenzoic 
3 90 3 

5 Naphthalene-q- Naphathalcne-q- 
c arboxaldehyde carboxylic Acid 2 75 3 

6 Phenylacetaldehyde Phenylacetic Acid 4 75 3 

7 Cinnamaltlchyde Cinnamic Acid 15 52 10 

8 m-Nitrobenzla- m-Nitrobcnzoic 
dehyde Acid 5 100 3 

9 p-Nitrohenzal- p-h’itrobenzoic 
dehyde Acid 15 92 10 

10 Piperonal Piperonic Acid 15 81 10 

Table 3. Oxidation of Polycyclic Arencs, Acetylenic, l:thylcnic, and set-Uenzylic C-II Eonds 
with Ba (Mn04) 2 

No. Substrate Product Rxn Time Yield OxiJmt 
(hr) (%) I’rocluct 

1 Naphthalene 1, 4 -NaPl;tho- 
quinone 3 0 4 

2 Phcnanthrene 9,10-Phcnanthro- 
quinonc 4.5 SO-60 4 
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Table 3. Continued. 

3 Anthracene 9,10-Anthraquinone 1.5 85-90 

4 Diphenylmethane Benzophenone 3.5 75 

5 l,Z-Diphenyl- Eenzil 
ethane Benzylphenyl 3.5 70 

Ketone 20 

6 Phenylethane Acetophenone 4 75 

7 Diphenylacetylene Benz il 3.25 75-80 

8 trans-Stilbene Benzil 2.5 30-40 

9 Styrene Benzaldehyde 2 65 

10 Toluene Fknzaldehyde 12 0 

Table 4. Oxidation of Nitrogen Containing Organic Compounds with Ba(Mr10~)~. 

2 

4 

4 

No. Substrate Product Rxn Time Yield Oxidant 
(hr) U) Reactant 

NH2 
Benzyl Amine 

p-Toluidine 

p-Chloroaniline 

5 p-Nitroaniline 

6 

7 

n -Wphthyl 
Amine 

m-‘l’oluidine 

8 

9 

10 

11 

o- Phenylene- 
diamine 

o-Nitroaniline 

Acetophcnone-2,4- 

DNPHa 

Benzophenone- 2,4 - 

DNPHa 

Benzaldehyde 

4,4 ’ -Azobenzene 

4,4’ -Dichloro- 
azobenzene 

4,4’-Dinitro- 
azobenzene 

Azonaphthalene 

3,3’-Dimcthyl- 
azobenzene 

l,l’-Diamino- 
azohenzene 

l,l’-Dinitroa-o- 
benzene 

Acetophenone 

Benzophenone 

12hw -7Q7 
2,4-DNPHa 

2 75-80 2 

3 75 

0.25 86 

3 60 

7 SO-60 

6 40-45 

0.5 

2 

15 

80 

70 

0 

6 52 3 

6 58 

2 47 

3 

3 
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Table 4. Continued 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Anisaldehyde- 

2,4-DNPHa 

Anthrone-2,4- 

DhlWa 

Benzaldehyde-2,4- 

DNPi la 

Phenanthrene-g- 
carboxyaldehyde- 
2,4-D+iPlla 

Cyclohexanone-2,4- 

DNIWa 

Anthronesemicarbazone 

Phenanthrene-g- 
carboxaldehydesemi- 

carbazone 

Anisaldehydesemi- 
rarbazone 

Benzophenonesemi- 
carbazone 

Acetonhenonesemi- 
carbazone 

Beli:aldehydesemi- 
carbazone 

Anisaldehyde 4 60 3 

Anthrone 

Benzaldehyde 

2 

12 

85 

0 

Phenanthrene-g- 
carboxaldehyde 

Cyclohexanone 

2 75 

16 

Anthrone 

Phenanthro- 9- 
carboxaldehyde 

Anisaldehyde 

Benzophenone 

0 

51 

75 

3 70 

6 65 

Acetophenone 

Benzaldehyde 

6 

12 

45 

0 

a: 2,4-DNPII stands for 2,4-dinitrophenylhydrazine 

Table 5. Comparison of Oxidations of Some Organic Compounds with Ba(Mn04)2 with Some of 

those Reported with the Other Oxidants. 

No. Substrate Product 
2 

BaM04) 2 &04 7*gJ\%iDy)2Cu@tn04)i’11 MI024 $6 

Yield (%I m) Yield(%) Pield(go) 

Benzyl Alcohol 

Benzhydrol 

Cyclohexanol 

Diphenyl- 
mcthanc 

5 P-Nitro- 
aniline 

6 Naphthyl 
Amine 

7 Benzyl .Mne 

8 Benzophenone 
Oxime 

Benzaldehyde 

Eknzophenone 

Cyclohexanone 

Benzophenone 

90 

99 

55-60 

75 

90 95 26.7 

95 100 87 

SO-60 

0 0 49 

4,4’-Dinitroazo- 
benzene 

Azonaph- 
thalene 

SO-60 30 25 0 

40-45 

Benzaldehyde 75 

Benzophenone 80 

25 35-40 0 

95 90 34 

90-95 
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Table 5 Continued 

9 Sal icylaldoxime 

10 p-Hydroquinone 

11 Styrene 

12 Furoin 

13 Benzoin 

14 Benzaldehyde 

15 p-Methoxybenzaldehyde 

16 Cinnamaldehyde 

17 m-Nitrobenzaldehyde 

18 p-Nitrobenzaldehyde 

19 Piperonal 

20 Phenanthrene 

21 Anthracene 

22 

23 

24 

25 

26 

Diphenylmethane 

Phenyl ethane 

Diphenylacetylene 

1,2-Diphenyl 
ethane 

Styrene 

H. FIROIJZABADI er 01. 

Sal icylaldehyde 

p-Benzoquinone 

Benzaldehyde 

Furil 

Benzil 

Benzoic Acid 

p-Methoxy- 
benzoic Acid 
Cinnamic Acid 

60 - 

75 75 

65 0 

80 - 

96 - 

90 92 

75 77 

52 30 

m-Nitrobenzoic 
Acid 

100 92 

p-Niiybenzoic 92 88 

Piperonic Acid 81 61 

9,10-Phenanthro- 
quinone 

SO-60 trace 

9,10-Anthra- 
quinone 

85-90 trace 

Benzophenone 75 0 

Acetophenone 75 0 

Benzil 75-80 0 

Benzil 70 0 

Benzaldehyde 65 0 

100 

100 

4-8 

90-95 

90 

70 

80 

0 

0 

95 

0 

4-8 
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