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Aburaci-The preparation of 2,2’-bipyridylchromium peroxide, pyridinechromium pcroxidc, and chromium 
peroxide etherate is described. 2,2’-Bipyridykhromium peroxide mnvetts diibrent clasw of almhols to 
the carbonyl mmpounda In l&diols C-C bond cleavage accum extensively. a-Hydroxy acids are 
decarboxylatcd quantitatively. 0xime1 are converted to their carbonyl mmpounds and thiols to their 
distidq dihydroxy phenolic compounds to quinoncs, benzyl amine to,benzaldehyde, aromatic aminca to 
their azo mmpounds, anthmcene and phcnanthrene to theirquinones. pyridiaechromurn peroxide mnverts 
dikrent classes of alcohols efficiently to the carbonyl mmpounds, thiols to their disulfides, anthracene to 
anthraquinone. Mandelicand benzilic acids are decarboxylated very efEciently. Chromium peroxide etherate 
is an c&icnt reagent for the oxidation of different clasws of alcohols to their carbonyl mmpounds. 

Oxidation of organic substrates in aprotic solvents, 
u&r mild, and neutral conditions is important in 
modem organic synthesis. Therefore, a search for new 
oxidixing reagents is of interest to synthetic organic 
chemists. For this purpose reagents have been 
developed in recent years with some ~uccess.~ Among 
several Cr(VI) based oxidants which are reported in the 
literature none show the utility of chromium peroxide 
complexes as general oxidants in organic synthesis. *--l ’ 

In this paper we have investigated the possibility of 
using chromium peroxide etherate, pyridmechromium 
peroxide, and 2,2’-bipyridylchromium peroxide’*-** 
in the oxidation of organic compounds. 

Chromium peroxide was pmpared easily and safely 
by the addition of concentrated hydrogen peroxide 
solution to a quite acidic solution of potassium 
dichromate at - 10” in the presence of ether. The deep- 
blue ethereal solution ofchromium peroxide which was 
produced could be stored in a refrigerator for a few 
hours. The amount of available peroxide in the ethereal 
solution was determined by the quantitative precipi- 
tation with 2,2’-bipyridyl which produced blue crystals 
of ~-bip~dylchro~~ peroxide. This complex is 
sparingly soluble in methylene chloride, chloroform, 
and benxene and can be stored at room temperature for 
months without observable change. This compound is 
decomposed at 153’ without detonation and is quite 
stable towards hammer blows. 

Pyridinechromium peroxide was prepared by the 
addition of pyridine to the ethereal solution of 
chromium peroxide. This complex is stable and could 
be stored, preferentially in a refrigerator, for weeks 
without observable change. Pyridinechromium 
peroxide is quite soluble in methylene chloride, 
chloroform, and benzene and decomposes at 102” 
without detonation and is also quite stable towards 
hammer blows. 

Oxidation of different classes of organic compounds 
with 2,2’-bipyridylchromium peroxide was performed 
in refluxing benzene. Benxylic alcohols were converted 
to the corresponding carbonyl compounds in excellent 
yields (Table 1). Oxidation of cinnamyl alcohol and the 
other two ally1 alcohols (entries I5 and 16, Table 1) to 

their carbonyl compounds proceeded well in high 
yiehis. 

Primary and secondary alcohols were also oxi- 
dimi with this reagent and they afforded carbonyl 
compounds in excellent yields (Table 1). Ben&c and 
mandelic acids were decarboxylated to benxaldehyde 
and benzophenone, respectively, in almost quantitative 
yields (Table 1). Oxidation of l&diphenylethylene 
glycol and 1-ph~ylethyl~e glycol was wornparried 
both with the extensive C-C bond cleavage and the 
oxidation of OH groups. l&Diphenylethykne glycol 
produced benxaldehyde as a major product, and 
benxoin, and benxil as by-products. l-Phenylethylene 
glycol produced only benxaldehyde in excellent yield 
(Tabk 1). 1,3-Diphenyl-1,3propane dial was effected 
with this reagent without C-C bond cleavage and the 
diketone was isolated in high yield (Table 1). Benxoin 
and- fiuoin were converted to benxil and fur& 
respectively, in high yields (Table 1). 

Oxidation of two sterols (entries 12 and 13, Table 1) 
with this reagent proceeded well and several carbonyl 
compounds*s were isolated in reasonable yields (Table 
1). Deoximation of different oximes with this reagent 
afforded the corresponding carbonyl compounds and 
several thiols were also converted to their correspond- 
ing disulfldes in high yields (Table 1). 

Hydroquinone, catechol, and l&dihydroxy naph- 
thalene were oxidixed very easily to their quinones in 
almost quantitative yields (Table 1). 

Benxylamine was converted to benxaldehyde 
quantitatively. p-Toluidine, aniline, and a-naph- 
thylamine produced their ax0 compounds in poor 
yields plus unidentified red-orange materials (Table 1). 

Anthraozne and phenanthrene were. converted to 
their correaponding quinones in good yields(Table 1). 

Oxidation of different classes of organic substrates 
with p~~~hro~~ peroxide proceeded very 
well in methylene chloride at room temperature or 
in benzene under reflux conditions. primary and 
secondary alcohols were quite reactive and prbduced 
their carbonyl compounds in high yields (Table 2). 
1-Phenyl-1.3butane diol produced I-phenyl-1,3- 
butanedione in poor yield. 1,2-Diphenylethylene glycol 
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Table 1. Oxidation of di&rent organic compounds with 2,2’-bipyridylchromium peroxide (BPCP) 

WCP) 

oxidant 
Reactiontime - 

sub&ate Product @) Reactant Yidd %) 

1 Benxyl alcohol Benxaldehyde 1 2 95 
2 Benxhydrol Benzophenone 1 2 95 
3 Ethylphenyl carbinol Ethyiphenyl ketone 0.8 2 95 
4 Piperonol Piperonal 1.25 2 100 
5 pNitrobenxy1 alcohol pNiMdehyde 4 2 0 
6 pAinsy1 alcohol pAGialdehyde 0.8 2 100 

8 CitroneM citroxlcllai 4 
9 Cydohexanol Cydohexanone 3 

10 2-octanol 2actanone 4 
11 l-Hcptanol I-Heptanal 4 

0.8 8 

0 

12 
HO LYZP \ 

13 H 

14 Cinnamyl alcohol Cinnamrddehyde 1.25 

16 \ a? 
OH 

17 Benz&acid 
18 Mllnddicacid 
19 1.2~Diphenyl glycol 

Cyclohexylthiol 
30 n-Butylthiol 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

la%enykthylene glycol 
lJ-Diphenyl-lJ-prop 
Benxoin 
FlUoill 
Acetophenone oxime 
Benxaldoxime 
Be&methylketoxime 
pChlORhlUddOXilIlC 

Salycilaldoxime 

OH 

cd? 0 
/ 

0 c@ \ 
03 0 

0 ’ 

LYY / 
0 co 
0 & \ 

Bazaklehyde 
Bewphenone 
Bcnxaldehyde 

seh y de 
1,3-Diphenyl-lJ-propawdione 
Benz!il 
Furil 
Acetophenonc 
BSWldehyde 
Bauyhnethyl ketone 
pChlorobenzddchyde 
Salycilaldehyde 
Cydohexyldisulfide 
n-Butyldisulfide 

3 

3 

4 

2 

1.25 
1 
3 
2 
0.25 
0.5 
1 
1 
1. 
0.7 
1 

2 

2 

2.5 

2.5 

t 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

90 

10 

: 
90 
90 

10 

8 

33 

22 

3 

100 

60 

80 

100 
100 
90 

: 
75 
90 
90 

100 
80 

100 
85 
70 

100 
80 
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No. SUkltdC Product 

0XidMt 
Radiontimc - 

(h) R-t Yield (“/A 

31 u-Tolucnethiol 
32 Hydraquinone 
33 Catccbol 

34 

2 
37 
38 
39 

1,4_Dihydroxynaphthakne 

sy 

1-N8pltthylalnine 
AIlthracmc 
Phcnanthnmc 

0.25 
0.2 
0.5 

l&Naphthoquinonc 0.5 2 10 
Bwaldehydc 0.4 2 100 
Axobulxcne 1.25 2 30 
1.1’~Amnaphthalenc 1 2 
AOb3@lOllC 7 8 2 
I%3ll~throqUillOllC 7 6 60 

Table 2 Oxidation of different organic compounda with py=ridbiechromium peroxide (PCP) 

oxidant 
Reactiontime m 

No. substrate Product @) Reactant Yield (%) 

1 

f 
4 

: 
7 
8 
9 

10 

l-Hcptanol 
Citroncllol 
I-Phcnyl-1,3-butancdiol 
Benzhydrol 
Piperonol 
pNitrobcnzyl alcohol 
Bcnxyl alcohol 
pAnisy1 alcohol 

cyclohcxaaone 1.5 
2-Octanone 1.25 
l-Heptaaal 1.25 
CitronellaI 1.25 
1-Phenyl-1,3_butancdione 4 
Benwphenone 0.5 
Piperomd 0.3 
pNitro&nzaldchyde 0.2 
Bealdehyde 0.5 
gAnisal&hyde 0.3 

2 
2 
2 
2 
4 
2 
2 
2 
2 
2 

95 

E 
99 

:: 
100 
lcw 
100 
100 

CHO 

Q$OH 50 

11 3 2 
CHZOH 

traa 
CHZOH 

12 Cinnamyl alcohol Cinnamaldchyde 2 2 90 

\ 02 
0 

1 2 80 

0.6 2 90 

OH 
OQ I ’ 

0 

15 n-Butylthiol n-Butyldistidc 0.1 2 
16 a-Tolucnethiol BmzyldisulfidC 0.02 2 
17 Thiophcnol PhcnyldinuEdc 0.1 2 
18 Aatophcnonc oxime Acctophcnone 1.25 2 

80 

:z 
70 

a!? 0 / 

c& / 
0 ’ 

17 

HO 

35-M 
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Table 2-conrinued 

WP) 

No. substrate Product 

oxidant 
Reaction time ~ 

(h) Rcadanl Yield (‘/J 

20 Belwin 
21 Furoin 
22 Mandelic acid 
23 Bemdlictid 
24 pToluidine 
25 Anthraccne 
26 Benxylamine 

27 1,2-Diphenylethylene glycol 

Eemil 2 1W 
FllIii !)I; 2 w 
Fknwphenone 0.25 2 100 
Renxaldehyde 0.3 2 100 
4,#-Dimethylaxobe 0.5 2 20 

Antbraquinone 5 4 Bcnxaldehyde 2.5 2 E 
Benzaldehyde 50 
Benwin 1.5 2 15-20 

‘Reactions were conducted in refIuxing benxene. 

produced benxaldehyde and a trace amount of benxil 
(Table 2). Oxidation of benxylic alcohols proceeded 
very well and their carbonyl compounds were 
produced in high yields. pNitrobenxaldehyde which 
was quite resistant towards oxidation with 2$- 
bipyridylchromium peroxide, with this reagent 
produced pnitrobexualdehyde quantitatively. Allylic 
alcohols produced their carbonyl compounds in high 
yields (Table 2). Oximea under investigation afforded 
their carbonyl compounds in 0-7oD/, yields (Table 2). 
Cholesterol produced several products in reasonable 
yields(entry 19,Table2). Oxidationofbenxoin tohenxil 
performed well in refluxing benzene but furoin was 
resistant and furil was produced in poor yield (Table 2). 

Decarboxylation of mandelic and benxilic acids 
afforded benxophenone and benxaldehyde in quanti- 
tative yields, respect+ (Table 2). p-Toluidine 
produced the axe compound in poor yield, plus an 
unidentified orange+red&mpound. Anthracene alfor- 
ded anthraquinone in fair yield (Table 2). Thiols 
dissolved in methylene chloride were oxidized with this 
reagent to afford their disulfides in excellent yields. 

Violent explosion accompanied with iking was 
observed when pure liquids of a-toluenethiol and 
thiophenol were mixed with solid pyridinechromium 
peroxide. 

At room temperature chromium peroxideetherate is 
liquid and unstable and should be prepared freshly for a 

Table 3. Oxidation of some claxsea of organic compounds with chromium peroxide etherate (CPE) 

WE) 

No. substrate Product 

oxidant 
Reactiontime - 

@) Reactant Yield e/ 

1 Benzhydrol 
2 Benxylalcohol 
3 Benxylphenyl carbinol 
4 Cyclohexanol 
5 l-Heptanol 

6 Cinnamyl alcohol 

7 2-Mcrcaptobenzotllial 

8 u-Toluenethiol 
9 Aatophenone oxime 

10 Benxilic acid 

11 \ 

w 
OH 

Benxophenone 
Benzaidehyde 
Benxylphenyl ketone 
Cyclohexanone 
l-Heptanal 
Cinnamaldehyde 

Wdehyde 
2-Mercaptobenzothyl- 

disuwe 
Benxyldisulfide 
Aatophenone 
Benxaldehyde 

\ 
QQ 

0 

\ 07 
0 

0.7 
1 
1.25 
1 
1 

1.5 

1 

1 
1 
0.5 

1 

1 

2 

2 

90 
85 

75-80 
85 

!z 
+ unreacted 

material 

: 

20 
20 
90 

843-85 

4s50 
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Tabk 4. compprison of 2,2’-bipycr0, (BPCP) and pyCr0, (PCP) with Py,CrO, (DPCO) in the osida&n of organic 
amlpoull& 

w-) mm P-1 

Reaction Yield Reaction Yii Reaction Yidd 
No. subatfate Product time (h) WJ W(a) e/.) th=ch) 0 

1 2-octand 
2 Cydohcxanol 
3 1-Hcptanol 
4 BelWhydrol 
5 Benzyialwhol 
6 CNitrohenzyl 

alcohol 
7 Cinoamyl 

alcohol 

8 ~Anieyl 
alcohol 

9 Pipcronol 
10 Citrondld 

2-octanolke 
CyclolExanone 
LHeptaIlone 

z 
4-NitroW 

*Yh 
Cinnamaldehyde 

pAnisaldehy& 

PipCTOlld 
CitrOndlal 

4 90 
3 85 
4 90 
1 95 
1 95 
4 0 

1.25 100 

0.8 100 

1.25 100 
4 80 

1.25 90 
1.5 95 

z5 
0:s 

99 65 
100 

0.2 100 

2 90 

0.3 100 

0.3 100 
1.25 99 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

15-2.2 

15-22 

15-22 
15-22 

913 
98’ 
935 
96’ 
95’ 
97’ 

81” 

16= 

85” 
25” 

successful oxidation. This reagent was useful for the oxidant and commercially available reagent also 
oxidation of primary, swmdary, allylic, and benzylic presents a number of diflkulties :I 
alcohols to G&r carbony cornpOw& The my- 
lation of benzylic and mandalic acids also pnxxsdad 

_ (l) 

well in high yiekIa (Table 3). 
The cheap and commercially available dipyridine- 

chromium(W) oxide3 has several disadvantages :’ 
;I 

(1) it must be used in large excess (molar ratio five or 
six), 

(2) it is unstable, (4) 
(3) it is highly hygroscopic, 

its acidity is not suitable for the acid sensitive 
compounds and consequently b&ring of the 
reaction mixture is essential 
it is hygroacopic, 
in the oxidation of some classes of organic 
compounds either a long reaction time’* is 
required or it will not be eifective at alJz4 
photochemically it is not so stable.5 

(4) it is prepared by a dangerous procedure and can According to our findings, 2,2’-bipyridylchromium 
ignite spontaneously, 

(5) it shows poor selectivity in the oxidation of 
peroxidq and pyridinechromium peroxide are vekatile 
oxidanti in orga& synthesis due to the following: 

primary alcohols to aldehydcs.5 
(11 reaction time is reasonable. 

Pyridinium chlorochromak6 another widely used (2j usually high yields are obt&ad 

Table 5. Comparison of 2,2’-bipyCk0, (BPCP) and pyCr0, (PCP) with pyCrO,-HCI (PCC) in the oxidation of organic 
compounds 

WW 0 WC) 

Reaction Yidd R&on Yidd Reaction Yield 
No. SUbStrata ProdUct lime @I (%) time 0 0 ti=@) (%I 

1 1-Hcptanol 
2 Bcnzhydfol 
3 Citfcuu&ol 
4 Piper0001 

5Benzyl 
alcohol 

6 pNitrobcnzy1 
alcohol 

I Cilmamyl 
alcohol 

8 Acctophcnone 

9 Bzzzkme 
10 a-Toluamthiol 
11 o-Butylthiol 

12 

OH 

1-W 
BClUOph6llOllC! 
CitrondIal 

Pipcroapl 
Bcnzaldthydc 

CiMSillSldQhyd6 

Acetophcnonc 

Bcxakkhydc 
Benzyklisul& 
n-Butyldisulfide 

CD \ 
0 

4 90 
1 95 
0.5 80 
1.25 100 
1 95 

4 0 

1.25 100 

0.25 loo 

0.5 80 
0.25 xl0 
1 75-80 

2 80 

1.25 90-100 
0.5 85 
1.25 98 
0.3 100 
0.5 100 

0.2 100 

2 90 

1.2 70 

- 
0.02 100 
0.1 80 

1 80 

1-2 
1-2 
l-2 
1.23 
0.5 

1 

15 

15 
0.025 
2 

3 

so(pcc)lb 

1WCW 

61(PCC)‘* 

560” 
75o=t 

WJCW 

t Reagent did not survi~a mole than the time indicatai. 



7% H. FIROVZAMDI et al. 

(3) over-oxidation of the products is not obselW& 
(4) they are not hygroseopic, 
(5) reaction medium is neutral which is suitable for 

the oxidation of acid labile bdmpounds, 
(4) usually the molar ratio of oxidant to reactant 

does not exceed 2 per functional group, 
(7) work up is easy and rapid, 
(8) the preparation of the reagents is neither di&ult 

nor dangerous. 

For comparison, some of the results obtained from 
the oxidation of organic compounds with 2,2’- 
bipyridylchromium peroxide and pyridinechromium 
peroxide, and some of those obtained from dipyridine+ 
chromium(W) oxide, and pyridinium chlorochromate 
are tabulated in Tables 4 and 5. 

E?tFERIMENTAL 

Pmducts were isolated by different chromatography 
tec!miqucs (column, PLC and GLC). Products were 
characterized by comparison with authentic ssmplcs a UV 
qcctra, thin layer, &as chromatography sad m.p.). Reactions 
were conducted in die&y1 et&r, C&Cl, and benzene. 

Chromium peroxti eth (CPE).1c20 Cone H2S0, (0.6 
m!h and disthyl ether (100 ml) wQt addad to a eo!n of 
potassium diduomatc (2.94 a) in distillad water (SO m!X at 
- IO”. To the resulting mixtum, a.mc HIOt (6 ml) was added 
with vigorous stirring to produce a d&pbluc so!n of 
chromium peroxide+ which was extracted into the cthc34 
phase, lEc e&real pha8c wa8 dried on Na,SO‘ and Alterad. 
The rcautting !?!tratc w88 ~oncentratcd and 8tored in a 
refrigrraor.~amountofe~~~peroxidcintbocthmal 
soln (4%X’% yield) was &tumined by quantitative 
prcci!&ation with 2,2%ipyridyl. 

_ _ 

Bipyridylchromiwl pe?oxide (BPcP).l***o.** To.the same 
tip-blue ct!~crcal so!n obtained from the pmious 
exp+Ilent. u-bipyridyl(3.12 8) in diet!lyl e@r (20 m!) was 
added. which reau!tcd in immediate orecioitation. The blue 
ppts R&Z filtered and washed scvoral &I& with diethy c&r 
and were dried at room temp. 34.2 0 4g-57% yield, mp. 153’ 
(de4 

Pyrkf&uxkromiwn peroxide (PCP).rs*zo*21 To the Bame 
ethereal so!n of the deep-blue chromium peroxide which was 
used in the pnvious cxpcrimen~ a soin of pyridine (2.0 gI in 
diethyl e&r (3 ml) was added, cc mixture was cooled to 0” 
and~5hrthedsepblutcrystalswm~t~undcrN2and 
stored in a cold plaa. 1.4-1.8 g, 3343% yie!d, m.p. 102” (dcc). 

General procedurefor the canaersion qfhydraxy compounds 
to their carbanyf compatmds with (BPCP). To the so!n of the 
hydroxy compound (0.001 mol) in dry benzene (20 ml), the 
oxidant (0.008 mol) was added and t!xn the mixture W~JJ 
rc!Iuxcd wiaith stirring for 0.2-4 hr. The colour change was 
obscrvc$ from deep’ blue to dark green, while reaction 
pxnxcdcd. The mixture was fi!tcrcd and the iiltcr cake was 
washed several times with benzene. The rcsu!ting mixture was 
evaporated and duomatographcd on a silica gel column and 
cluted with bcnzne. The oxidized compound wa8 obtaina! in 
0-1ooDAyiddand wasidcntificd bycomparisonwithauthentic 
samples. GLC analysis of the !iquid product thu8 obtained 
indicatsd a purity of grca&z than 99”/, @able 1). 

G~~~~edwe~r the oxidation ofsterols witk (BPCP). A 
sotn of the sterol(O.001 mol) and the oxidant (0.002 mot) in dry 
benzene (30 m!) was stirred under I-&IX conditions for 3 hr. 
-!%c mix03rc was worked up acoording to the previous 
experiment. Seuaration and tia~tion of tht product 
obtainsdwasachicvedby8~~~l~L~~ddelo~~~e 
mixture of n-hcxane and !&OH. Products were identified by 
the comparison of their UV and IR spectra with au&n& 
samples (Table 1). 

General procedtue for the conwrsian of aximes to their 
afdeky&srmdketonawith(BfCP). Inaround-bottomali!ask 
(2Om!), theoxime(0.001 mol) wasdissolvcdindrybcnzcne(l0 

ml) and an oxidizing agent (fMXF-2 mol) was added whik the 
mixture wzs8 being stirred for 0.3-l hr under r&x condition8. 
The mixtum w~ul worked up as previous expo&emtx and 
chromatographed on a 8ilica gel column using benxene a8 
e&at. Evaporation of the solvent affo&od the oxidizzd 
product in XI-!ooO/, yield. The product8 were idcnti6ed by 
mmparison with authentic 8ampka. GLC an&y& of the 
liquid product8 showed greater than 95% purity. 

General pracedwe fat the calloprsbn qf thiab to their 
disurfides with (BPCP). To a soln of tie! (Ml01 mo!) in dry 
benzene (10 ml), the oxidant (0.002 mol) was eddad and the 
mixture was rdluxed with stirring fix 0.25-l hr. The mixture 
was fi!tcmd and the filtrate evaporated Pur&&on of the 
rcsultiug mixture proceeded by c&mn cwphy on 
si!ica gc! and elution with benacne to afford pum disuUI& 
(SO-locr/, yield, Tab!c lb 

Oxidation of anthcae and phenadrene to their qdnanu 
witlr (BPCP). A mixture of the hydrocarbon (O&M mol) &xi 
the oxidant (O.aI6-O.OOg mo!) in dry berzcnc (20 ml) wa8 
rctluxcd for 7 hr. T!IC mixture was f&red and the iXtratc 
evaporated. The resulting mixtnre was &romiU~ on 
&xl gc! and dutad with !mnSme-MOGN to a&Id t!w 
oxidized product in 60”/. yield (Table 1). 

General procedure for the oxidation of hydroxy campaw& 
~4th (PC@. To a &I of hydroxy oorn-p&d (d.oo;l &4) in 
CHX!, 120 m!l the oxidant 10.002 mo!) m a&led attd the 
mixiurr‘ ivas St&Ted for ati hr. T!le dolour &imgc of t!m 
mjxtun: was observed from dcepb!ue to, brown, whi!c the 
reaction proceeda% To the rcstdting mixtprc, d&&y1 other 
(10 m!) wa8 added and filtered T!IC rrsu!w mixtum was 
evaporated and the residue was chromatograw pn a aika 
gc! column and elutcd with non-polar solvints to aS%d the 
o~~rn~~d~ l~!~~~~a~Z~G~~~ 
of the liquid product8 thllS obtained showed them to begreater 
t!iall99% pure. - _ 

OxkWon of choksterof with (PCP). To the solo. c;l oxidant 
(0.002 mol) in CHX!, (20 m!l cholc8terol fO.001 mo!) was 
added ana the m&u& tax s&red for’5 h; at r&m hp. 
Filtration of the mixture and evaporation of tha solvent 
aBotded a brown r&due. P&i&ion of t!iix residue 
proceeded by PLC (silica gd) and developed by benzene and 
&OH mixture alTordcd &bony1 comp&n&in reasonable 
vidds (Table 2). Products were identified by comuarison of 
iheir e and iR 8pcctra with authentic kple& _ 

Oxtiion o~anthrucene w&l, (PCP). To a soln of an&raccne 
(0.001 mol) iu Cii,Cl, (20 ml) the oxidant (0.004 molf ~8s 
added and the mixture was stirred at room temp for 5 hr. 
Filtrationof~mixtunfoUowadbyrxtl~chronuto~phy 
on a silica gel column and elution with a bcm.cn~MeOH 
mix&m a!Torded anthraquinone in 50% yield (Table 2). 

Gd procedcaefor the axidatjon of hydraxy copnporsrds 
with (CPE). To the ethercat 8oln of chromium paruxide (0.002 
mol), the hydroxy compound (0.001 mol) wa8 added and then 
tbe~turrwasstirrbdunderrcfiur~nditioasfor0.7-1.25hr. 
T!IC mixture was evaporated and the resultin@ mixture WBB 
purified by column chromatography on a &a gel column 
and duted with bcnxene to a5ord the oxidiaxi tmmpound in 
7540% yield (Table 3). GLC analysis of the !iqbid productr, 
t!ms obtained showed them to be greater &an 99% pun. 
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