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Pregnan-20-ones (1) and (4), and 3P-hydroxy-5a-cholestan-6-one (7)  react with KOz and 18-crown-6 in benzene 
solution and under an oxygen atmosphere at 6-7 "C to give the corresponding a-hydroperoxides (2), (5), and (8)  
which after treatment with Ph3P gives a-ketols (3), (6), and (9) in good yields. 

The development of direct methods for the synthesis of 
a-hydroxyketones, which are important intermediates in 
organic synthesis, has aroused much interest recently.' To 
achieve the transformation of ketones into a a-ketols different 
reagents have been used: lead tetra-acetate ,2 halogenating 
agents ,3 benzeneseleninic anhydride,4 selenium dioxide , l a  
Vede j s' reagent ,1b (diace toxyiodo) benzene ,1c and 2-sul- 
phonyloxaziridine. Id The introduction of a 17-a-hydroxy 
group into 20-ketosteroids through direct oxygenation is an 
important reaction developed by Bartons and subsequently 
modified by Gardner et a1.6 

We report some extensions in our studies7 on the reactivity 
of the superoxide anion 0;- with steroid ketones; we herein 
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describe an efficient two step procedure to transform the 
pregnan-20-ones (1) and (4), and 3P-hydroxy-Sa-cholestan-6- 
one (7) into the corresponding a-ketols (3), (6), and (9). The 
intermediate hydroperoxides (2), (5), and (8), obtained by 
reaction with KO2 and oxygen under pressure, were later 
reduced with Ph3P to give the corresponding a-ketols (3), (6), 
and (9). 

As displayed in Table 1, for the preparation of a-ketols the 
presence of the oxygen atmosphere under pressure was 
important in order to achieve better and faster reactions 
(compare entries 2,3  and 5 , 6 ) ,  although it was not critical (see 
entry 2). A better yield and greater selectivity were observed 
when the reaction was carried out at 6 7 ° C  than at room 
temperature (entries 1, 2 and 6 ,  7). We also detected a better 
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( 7 )  R = H 
( 8 )  R = OOH 
( 9 )  R = OH Scheme 1 

Table 1. Reaction of ketones with potassium superoxide. 

Entry Substrate Reagentalmmol Pressurelatm Timelh 

24 
8 
2.75 
2.75 
4 
2.5 
3.5 

Temp/"C 

18 
6-7 
6-7 
6-7 

18 
18 
6 - 7  

"/o Yield 

a K02/18-crown-6 per mmol of substrate. After treatment with Ph,P 
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yield in the absence of the C-5 double bond in steroids (see 
entries 3 and 4). 

In a typical procedure, 3P-hydroxy-pregn-5-en-20-one (1) , 
18-crown-6, and potassium superoxide (KO,), in a 1 : 1.7 : 4 
molar ratio, were dissolved in dry benzene-tetrahydrofuran, 
8 : 1 (55 mllmmol of steroid) and stirred under oxygen pressure 
(8 atm) in borosilicate Griffin-Worden pressure vessel 
(Kontes K-767100) at 6 7 ° C  until all the steroid had been 
essentially consumed (ca. 3 h). The reaction mixture was then 
acidified with 10% HCl and extracted with EtOAc. The 
organic phase was dried, concentrated, and crystallised 
(EtOAch-hexane) to yield (2). Reaction of hydroperoxide (2) 
with Ph3P in CH2C12 for 3 h ,  concentration, and chromato- 
graphic purification, afforded the a-ketol (3). 

The mechanism proposed in Scheme 1 is in agreement with 
the role of the oxygen; the required activation energy for the 
thermal decomposition of the intermediate cyclic peroxide is 
only attained when the reaction is realised at room tempera- 
ture (entry 1). The hydroperoxide anion can be reduced in situ 
by an excess of 0:- to an alkoxy anion as observed in Table 1 
(entries 5 and 6) where the alcohol (9) is obtained. The 
versatile chemical behaviour of the superoxide anion is well 
known;s in the mechanism proposed in Scheme 1 it reacts as 
base, oxidant, and, eventually, as reducing agent (entries 5 
and 6). It should be pointed out that the isolation of 
hydroperoxides (2), (59, and (S), that we had postulated 
earlier as intermediates for the reaction of several steroid 
ketones with superoxide ion, supports the previously pro- 
posed mechanism.7 
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