
J. Org. Chem. 1993,58, 2929-2930 2929 

Ruthenium-Catalyzed Oxidative Transformation of Alkenes to a-Ketols with Peracetic Acid. 
Simple Synthelris of Cortisone Acetate 

Shun-Ichi Murahashi,’*t Takao Saito,t Hidenori Hanaoka,’ Yoshihide Murakami,+ Takeshi Naota,t 
Hidenori Kumobayashi> and Susumu Akutagawat 
Department of Chemistry, Faculty of Engineering Science, Osaka University, Machikaneyama, Toyonaka, Osaka 560, Japan, 
and Takasago International Corporation, Kamata, Tokyo 144, Japan 

Received February 22, 1993 

Summary: The reactions of alkenes with peracetic acid 
in the presence of RuCl3 catalyst gave the corresponding 
a-ketols, which are important building unite for synthesis 
of biological active compounds, such as cortisone acetate. 

a-Ketols are important synthetic intermediates and 
partial structures of various biologically active compounds 
such as cortisone acetate (1)l and adriamycin acetate (2L2 

1 

The methods for the synthesis of a-ketol from enol ethers3 
and enolates’ have been studied extensively; however, 
those from olefins are limited to the oxidations with 
KMn04-CuS0445H206 and with isobutylaldehyde/Oa in 
the presence of 0804 and bis(3-methyl-2,4-pentanediona- 
to)nickel(II) catalysts.6 

Recently, we found ruthenium-catalyzed oxidation of 
amines and amides with peroxides proceeds highly effi- 
ciently to give the corresponding a-oxygenated produ~ta.~~* 
In these reactibns, nonporphyrin oxoruthenium species 
generated from low-dent ruthenium and peroxide un- 
dergoes cytochrome P-460-type reactions. One of the 
typical functions of cytochrome P-450 is epoxidation of 
alkenes, where cationic intermediate 3 has been postu- 
lated as a key intermediate (eq lhg If one could trap the 

intermediate 3 with nucleophiles such as water, a new type 
of catalytic oxidation of alkenes can be performed. Indeed, 
we found that novel oxidative transformation of olefins to 
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a-ketols proceeds highly efficiently. Thus, the low-valent 
ruthenium-catalyzed oxidation of alkenes with peracetic 
acid in an aqueous solution under mild conditions gives 
the corresponding a-ketols (eq 2).1° 

Ruthenium trichloride has been found to be the best 
catalyst among those examined. The two-phase aqueous 
system is required for the present reaction. Without water, 
the cleavage of carbon-carbon bonds of alkenes occurs to 
give carboxylic acids predominantly. The oxidation is 
quite different from that promoted by ruthenium tet- 
raoxide.ll Indeed, the oxidation of l-methylcyclohexene 
under the present reaction conditions gave 2-hydroxy-2- 
methylcyclohexanone (67 % 1, while the oxidation of the 
same substrate under the conditions where ruthenium 
tetraoxide can be generated gave 6-oxoheptanoic acid 
(91 % ). Furthermore, the oxidation of diphenylacetylene 
gave b e n d  in 73 95 yield, while the similar oxidation with 
ruthenium tetraoxide gave benzoic acid. 

The present oxidation can be applied to the oxidation 
of di- and trisubstituted alkenes generally. The repre- 
sentative resulta of the oxidation of alkenes are shown in 
Table I.12 Acyclic and cyclic alkenes can be converted 
into the corresponding a-ketols in good yields. Small 
amount of byproducta, such as epoxides and l,%-diols, can 
be removed readily by short chromatographic separation. 
Importantly, allylic acetates can be oxidized to give the 
corresponding acetoxy a-ketols in good to excellent yields. 
Particularly, the oxidation of 3-acetoxy- l-cyclohexene (4) 
gave (2R*,3~*)-3-acetoxy-2-hydroxycyclohexanone (5) 
chemo- and stereoselectively. Similarly, the oxidation of 
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Table I. Ruthenium-Catalyzed Oxidative Transformation 
of Alkenes to, a-Ketols wi th  Peracetic Acid 

entry substrate producta yield: % 

L O A ,  

AcO 
I 

Me02C 6 

0 1 0  

"+OAc 18 

0 

a The product gives satisfactory IR, NMR, and mass spectral data 
and analysis. Isolated yield based on the starting olefin. c Single 
diastereomer. 

cisd-(methoxycarbonyl)-2-cyclohexenyl acetate (6) gave 
( W* ,3S* ,5R*)-3-acetoxy-2-hydroxy-~ (methoxycarbony1)- 
l-cyclohexanone (7) selectively. The oxidation of allyl 
azide 8 also proceeds chemo- and stereoselectively to give 
(2R*,3S*)-3-azido-2-hydroxycyclohexanone (9). These 
reactions are highly useful for synthesis of sugars and 
aminosugars. The oxidation of 1,3-cyclohexadiene (10) 
proceeds to give the a-keto1 11 regioselectively. The 
oxidation of a,fl-unsaturated carbonyl compounds such 
as methyl crotonate (12) gave the corresponding a-ketols, 
indicating that direct oxidation with peracetic acid is not 
involved in these reactions.13 

The efficiency of the present reaction has been dem- 
onstrated by the synthesis of cortisone acetate ( 1),14 which 
is a valuable antiinflammatory agent. Our strategy for 
the synthesis of 1 is shown in Scheme I. Epiandrosterone 
(13), which is commercially available, was converted into 
3fl,17Ediacetoxy-5a-pregn-20-ene (14) (mp 152-153.5 "C) 
upon treatment with vinylmagnesium bromide followed 
by (N,N-dimethy1amino)pyridine and AczO in dry pyri- 
dine. Catalytic rearrangement of 14 with PdClz(CH&N)2 
catalysP in THF at room temperature gave 3@,21- 
diacetoxy-Sa-pregn-17-ene (15) (mp 153-154.5 "C) in 92 % 
yield. The present ruthenium-catalyzed oxidation of 15 
proceeds stereoselectively to give 20-oxo-5a-pregnane-3fl,- 
17a,21-triol 3,al-acetate (16) (mp 202-203.6 OC, 
+28.0° (c 1.03, CHCl3)) in 57% yield. Hydrolysis of 16 
followed by oxidation with N-bromoacetamide gave 17. 

(13) The oxidation of 12 with peracetic acid in the absence of the catalyst 
does not occur under the similar reaction conditions. 
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Scheme I a 
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"Key: (a) C H d H M g B r ;  (b) Ac2.0, DMAP/pyridine; (c) 
PdC12(CH&N)2 (cat.); (d) RuC13 (cat.),CH,COsH; (e) K O H  (0 NBA; 
(g) AczO; (h) Br2; (i) 2,4-(NO&CsH3NHNHz; 0') CH3COC02H. 

Acetylation followed by dehydrogenation gave 18 (mp 235- 
236 "C, [ f f ] D  +114" (c 0.245, acetone)),'e which can be 
converted into 1 by microbial oxidation with Rhizopus 
nigricans.l7 

The reaction can be rationalized by assuming three 
pathways which involve direct formation of a-ketols from 
alkenes (path A), formation of epoxides followed by ring 
opening (path B), and formation of 1,2-diols and subse- 
quent oxidation (path C). The following control exper- 
iments for the oxidation of S-decene exclude path B and 
path C: (i) The oxidation of 5,6-decanediol under the 
reaction conditions gave 5,&decanedione and pentanoic 
acid rather than the corresponding a-ketol. (ii) cis- and 
truns-5,6-epoxydecanes were recovered completely under 
the reaction conditions. Although it is premature to 
discuss the mechanism at the present stqge, the reaction 
can be rationalized by aasuming the following reaction 
pathways: The reaction of the Ru(II1) complex with 
peracetic acid would give Ru(V)=O species,8 which 
undergoes reaction with olef i i  to give cationic epecies 3. 
Nucleophilic attack of water before ring closure to give 
epoxide's and subsequent &elimination of ruthenium 
hydride species would give a-ketols. Actually, the oxi- 
dation of 2,3-dimethyl-2-butene which has no @-hydrogen 
atom gave 2,3-dihydroxy-2,3-dimethylbutane exclusively. 

Work is in progress to provide definitive mechanistic 
information and to apply our method to other systems. 
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