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Abtrrt--The prepaWion of hi&V-bipyridyl)coppao permanganate (BBCP) is deaaibed. Tbc 
nagcnt converts alcohob to the corresponding carbonyl compounds, a-hydroxy ketonu to diketones, 
hydroquinone to p-bcnmquinonc, and aqmmda with bcmylic doubk bonds to belMdehydehlhigh 
yield. EelW.ophenolE oxime, acetopbenone oxime and various baUakloximea are coIMrted to tile 
corresponding arbonyl compounds, aromatic aminea to axe compounds, and bcnzylamine to bcn- 
zaldehyde. usually in high yields, under mild condition. 

Oxidation of organic compounds with aqueous po- 
tassium permanganate, a widely used oxidizing re- 
agent, suffers from disadvantages which have been 
described.’ To mmimi&gthese,severalreagents- 
potassium pemlanganate dicyclohexyl-l&rown-66,2 
benxyl (triethyRammonium permanganate>’ tet- 
rabutylammonium permanganate,~ potassium per- 
manganate with quaternary salt.@ and tri- 
phenyhnethyl-phoaphonium permanganate*-have 
beenpmparedandusedintheoxidationoforganic 
substrates in organic media. In spite of high yields, 
these reagents are very strong oxidants with no 
sekctivity. 

The oxidizing ability and the sekctivity of the 
petmanganate ion is quite dependent upon the nature 
of the counter ion.&’ With this in mind, we recentIy 
introduced bis(pyridine)silver permat~ganate~~‘~ as a 
mild oxidant for alcohols, amines, and oximes. Al- 
though this reagent is very e5cient it is relatively 
unstable and rather expensive. Therefore two other 
compounds, tetmki@yridine)copper-(II) perman- 
ganate, and tetrakis(pyridine)zinc permanganate,” 
were prepared and used in the oxidation of organic 
substrates. Unfortunately these two compounds are 
highly hygroscopic and the zinc permanganate is also 
highly flammable. These properties made these two 
compounds unsuitabk reagents for clean reaction in 
organic synthesis. 

Recently we have reported the use of 
bii2.2’-bipyridyl)ppet(II) permanganate’2*‘3 as a 
practical reagent for the dimerimtion of thiols to 
disulfides. Its ease of handling encouraged us to 
extend our studies on the oxidation of organic com- 
pounds by this reagent and to compare the results 
with those obtained from the widely used reagent 
manganese dioxide. 

With this reagent, bcnxylic alcohols, cinnamyl al- 
cohol, a-hydroxy keto compounds and citronellol 
were converted to the conesponding carbonyl com- 
pounds very efIkkntly in high yields (Table 1). In one 
case, selective oxidation of a benzylic secondary 
alcohol group without attack on a secondary hy- 
droxyl group was demonstrated fTabk 1, entries 27, 
28). Hydroquinone was also oxidized rapidly to 
p-benxoquinone in high yield, but 1,4dihy- 
droxyanthraquinone was quite resistant towards ox- 
idation with the reagent. 

The oxidation of compounds with benzylic and 
ole8nic double bonds was also investigated. It was 
found that the reagent was ine&ctive in oxidizing 
double bonds in solvents like methykne chloride and 
benzene. In solvents such as acetone, benxylic double 
bond cleavage occured with high yields (Table 1). 
Compounds with okiinic double bonds were quite 
umatctive towards oxidation with this reagent under 
the same conditions. 

Benxykmine, benxophenoneoxime, 
phenoneoxime and various substituted z 
doximea were oxidized to the corresponding carbonyl 
compounds in high yields with this reagent (Table 2). 

Aromatic amines such as p-chloroaniline, p- 
nitroanihne, p-tohtidine, and l-naphthylamine were 
converted into their corresponding azo compounds in 
from poor to good yields. In some of these cases 
manganese dioxide is reported to be quite unreactive 
(Table 3). 

Having the following Roints in mind, oxidation 
with this reagent is advantageous over those obtained 
using manganese dioxide:” 1) reactions are usually 
faster (Table 2. 3)‘; 2) higher yields are usually 
obtained (Table 2. 3)‘; 3) the molar ratio of oxidant 
to reactant does not exceed 2, (Table I, 2)14; 4) no 
special activation is required: 5) work up is simple 
and rapid. 

All yields refer to isolated products. Products were char- 
acter&d by comparison with authentic samples (IR spew- 
tnnn, thin layer or gas chromatography, melting point, and 
refractive index). All reactions proce&d in m&hylcne 
chloride, lmkal otherwise indicated. 

To 2,2’-bipyridyl (0.02mol) in acetone-water (SO/So), 
solution of coppe@) chloride (0.01 mol) in water (25 ml) 
was added with stirring. The dark blue solution was concen- 
trataIandcookdinaniabxthtopmduceaystalsin 
quantitative ykkl, m.p. 250” (decomp.), (An& Found: 01, 
14.20 Cak for C&H,&CuN,: Cu 14.31’%), d_ (H,O) 290 
(f 17000). 2% (21000), 306 (2OMJO).” 

fi(W-&YrW&PW) mae 
To biQ,2’-bipyridyl)coppuO chloride (0.02 mol) in wa- 

ter (25 ml). potassium mte (0.01 mol) in water was 
addal with stirring. The dark purpk solution was ailed 
andtheCXysMinccompoundwa8collactedanddriaJinti, 
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Tabk I. Oxidation of various organic compounds with BBCP 
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29 ,.Lp --- 3 0 1 

0 

30 PhA&h 8enraldehydab 0.25 85-90 1 

31 & ' P CH3 8enraldehydeb 0.25 80-90 1 

32 Pha" 8entaldehydeb 0.1 80-85 1 

pac&iRcac&io~ r-epc&rmd in water. . . 

Qmaaing the xunomit of the oxidant did not a&t the aaxmd hydroxyl group. 

yield 9YL. m.p. 105-110” (decomp.) (AnaL Found: Cu 10.2 
Ma 17.7. cak for cJI,w: cu 10.35; Mn 17.9q/J, 
L (HP) 290 (6 32tJw, 296wOw 306 (38ooo). 458 
(MlIO). 474 (1900). 491 (2390), 510 (3090). 529 (3700). 552 
(3470), 576 (2260). 

Gawaiprocedwe for the cawers&m ofhykwxy camjmud 
to their avbonyl LTowgmd 

To the alcdmi (0.01 moQ in dry CH,Q (5Oml) in a 
round-bottomcdBnaequippedwith8atwknnaanda 
magnetic stirru, 0xidiYing ru@nt (0.005-0.015mo1) was 
added and stirred for +3h at room temp. The reaotion 

mixturewasliltcdwithmlctionMdthcsolidmataialans 
WlUhdWithCH,Q,tlCVCdtima.Tbefll~~~- 
bixdandcvaporatai.‘lhe~ucwaa~ 
on silica gel, Ming with bamnc. Evaporation of the 
aolwlt tiorded the aubanyl compowl in 75-1WA ykld 
(Tabk 1). 

Gcmolprocuiure for the o- of bauylic hble bon& 
To a mob&o of dre unsatuatul wmpound (0.01 mol) in 

dry oatone (25 ml) in a round-bottomed &nk (5Oml) 
quippalwithaco~allda~dirrsr,thc 
oxidiillg reagent (0.01 mol) wn8 ad&d end 8tiHai for 

Tabk 2. Oxidation of aromatic aminea and oximw with BBCP 

No Substrate Product Reaction Yteld($) Oxidant 
TIma (hr) Reactant 

1 p-Chloroanlllne 4.4'-Oichloro- 
azobenrene 

3 55-60 1.25 

2 o-Nltroanillne 2,2'-Olnltro- 1.5 0 1 
azobenxeoe 

3 p-Nltroanillne 4.4'-Oinltro- 
azobenzene 

2 25 0.75 

4 p-Toluldine 4.4'-Olrthyl- 3 72-80 1 
azobeozene 

5 I-Naphthylamlne l.l'-Aronaphthalene 5-8 35-40 1.25 

6 Benzylamlne Bcnzaldehyde 0.7 90 0.5 

7 Bentophenone- Bcnzophetmc 0.5 90-95 1 
oxisle 

8 Acetophenone- Acetophenone 0.25 70-75 1 
oxlsle 

9 p-Chloroknzal- p-Chlorobenz- 0.15 80-90 1 
itoXillV2 aldehyde 

10 Sallcylaldoxima Sallcylaldehyde 0.5 100 1 

11 m-Nltrobeoral- m-Pltrobenr- 0.75 70-80 1 
dOXlRl@ aldehyde 

12 o-llitrobenzal- o-Nitrobenz- 0.5 90 1 
doXlW aldehyde 

13 p-Anlsaldoxlma Anisaldehyde 0.6 90 1 

14 Plpcmnaldoxlme Plperonal 0.15 70 1 
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Table 3. Comparison of oxidations of some organic compounds with BBCP and MnO, 

No Substrate Product BBCP fh?? 
Reaction Time(hr) Yield% Reaction 

1 Benzhydrol Benzophenone 0.5 100 2 15 

2 Benzyl Alcohol Benzaldehyde 0.25 95 3 26?6 

3 Hydroqulnone p-knzoquinone 0.25 100 0.5 38" 

4 Furoin Furl1 0.5 90-95 250 87'7 

5 Benzenethlol Phenyldisulfide 0.16 10011 --- 92'8 

6 a-Toluenethiol Benzyldlsulfide 0.16 9531 --- 8218 

7 Oiphenylmethaoe --- 4 --- 2 49'S 

8 p-Nitroaniline 4.4'-Oinitro- 2 25 24 0 
azobenzene 

9 1-Naphthylamine $l;;onaph- 5-8 35-40 24 0 

10 o-Nitroaniline 2.2'-Dlnitro- 2 0 24 0 
azobenteoe 

lOmill. work-up was a$ in tbc forcg0ing pmcedllrq and 
afforded the carbonyl compound in 8&95% yield (Table I). 

General prow&e fw cmwrsim of womatic amines to aso 
Compocoldc 

Amine (0.001 mol) wa# disIolvai in dry CH,cI, (1Oml) 
in a round-bottomed gask (2Sml), o&zing magent 
(0.000~.0125 mol) was added and relluxed for 0.7-8 hrs 
with stirring. The reaction mixture was t&red and the solid 
material was washed with CH*Cl, (10 ml). The solvent was 
evaporated and the product purikd by column chrw 
matography (benzene, silica gel) to atTord the desired 820 
compound in O-90% yield (Table 2). 

General procea?we for fhe ox&Uion of oximes 
To the oxime (0.001 mol) in dry CH&l, @ml) ia a 

round-bottomed llask @ml) tbe oxidizing reagent 
(0.001 mol) was added with stirring for 10-45min. The 
mixture was 6ltcred and tbe solid material was wasbed with 
CHp, chloride (1Oml). ‘Ibe solvent was evaporatal and 
the product was purilkd by column chromatography (silica 
gel, benzene), to afford the desired compound in 70-100% 
yield (Table 2). 
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