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Abstract: A5-7-Oxosteroids are efficiently prepared from AS-steroids with #-BuOOH and a copper catalyst,

either Cu(Il) and Cu (1) salts or Cu metal; selectivity in the presence of a secondary alcohol is observed.
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Allylic oxidation belongs to an important group of olefin oxidations and remains a reaction of considerable
value in organic synthesis!-Z. A5-Steroids can lead through oxidation to 5-en-7-ones, known to be inhibitors of
sterol biosynthesis and with some use in cancer chemotherapy, since they are more toxic towards tumorous than
non tumorous cells?.

These allylic oxidation reactions have been traditionally performed with chromium reagents, as CrO3-
pyridine complex*, chromium trioxide and 3,5-dimethylpyrazole3, pyridinium chlorochromate (PCC)6.7,
pyridinium dichromate (PDC)7, sodium chromate8, and sodium dichromate in acetic acid®. However the great
excess of reagent and the large volume of solvent used in these procedures, along with a difficult work-up of the
environmentally hazardous chromium residues, becomes very inconvenient for large scale reactions.

Of greater preparative interest is the use of hydroperoxides with different types of catalysts!0-16 to perform
these reactions.The use of CrOs3 as catalyst!0 gives the allylic oxidation products, AS-7-ketones, but the
epoxidation of the double bond is also observed, although remained a minor reaction pathway.In spite of the
good yields reported with hexacarbonyl chromium, Cr(CO)g!!:12. pyridinium dichromatel3 and RuCl314 to
prepare allylic oxidation products from A3-steroids, the toxicity of the chromium reagents and the high cost of
the ruthenium catalyst encouraged us to find new methods for this reaction.

In this communication we report the use of cuprous and cupric salts, besides copper metal as catalysts, for
this type of reactions.Using A5-3B-acetoxy steroids 1,3, 5 and 7 as substrates (Scheme 1), allylic oxidation
products 2,4 , 6 and 817 were obtained in very high yield, 75% to 84% (Table 1). The presence of catalyst is
essential, since no reaction is detected in the absence of copper species.Apart the reaction whith substrate 1 and
7, which required apolar solvents as benzene and cyclohexane and a temperature of 65-70°C, all the reactions
were performed in acetonitrile using a milder temperature, 50-55°C. The best result was obtained with copper
powder (Aldrich, 150 mesh) as catalyst, which is transformed in situ into a soluble copper compound. Similar
observation was reported recently for the copper catalysed oxidation of hydroxy compounds by t-buty]
hydroperoxide under phase transfer conditions!8.
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Scheme 1
Typical procedure: to a solution of 17-oxoandrost-5-en-3f-yl acetate, 3 (330.45mg/lmmole) in acetonitrile
(6ml) under nitrogen, copper iodide (2mg/0.010 mmoles) and t-butyl hydroperoxide (1.2ml / 6-7mmoles) were
added.After 20 hours, under magnetic stirring at 50°C, the solution was poured into sodium sulphite solution
(10% aq.) and extracted with diethyl ether. The extract was washed with aq.saturated solution of NaHCOj3 ,
brine and water, dried (Mg$O4) and evaporated to dryness to give the 7,17-dioxoandrost-5-en-3p-yl acetate 4.
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Scheme 2
The reactions performed on the AS-3B-acetoxy substrates 1,3,5 and 7 were very selective when compared
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Tablel. Allylic oxidation of AS-Steroids

Substrate -BuOOH?2 Catalyst Solvent Time Temp. Prod. Yield
Immole  (mi) {mmoles) (h) 0 (%)
1 1.2 Cul  (0.026) Benzene 24 70 2  80b
3 1.2 Cul (0.010) CH3CN 20 50 4 83
3 1.2 CuBr (0.02) " 24 55 4 80¢
3 1.2 CuCl (0.015) ! 18 55 4 81¢
3 1.2 CuCly (0.02) ! 24 55 4 81¢
3 1.0 Cu  (0.03) " 16 50 4 84
5 1.2 Cul  (0.007) " 20 55 6 80¢
7 2.0 Cul (0.042) Cyclohexane 72 65 8 75d
9 1.0 Cul (0.015) CH3CN 24 50 10 70°

2 5.0-6.0M solution in decane(Aldrich).

b146 of starting material was recovered by flash chromatography (10% ethyl acetate in petroleum ether 40-60° C).

€ Traces of starting material and a by-product are visible on t.1.c. plates but not detectable in IH-NMR spectrum (500MHz) of
the crude product.

dThe crude product contains 10% of starting material, calculated on the basis of the IH.NMR signal (6-H).

€ Calculated on the basis of the |H-NMR signal (6-H) of the crude product (10+4).

with the use of -BuOOH and Fe(acac)s as catalyst, by Kimura ef al. 15,16, where the 7-ketone comes along with
epimeric 7-alcohols and 7-alkylperoxides. Replacement of Fe(acac)3 by Mo(CO)g has been also described but
leading to epoxidation of cholesteryl acetate with alky] hydroperoxides in benzene!. The same outcome is seen
when Fe(acac)3 catalyses the oxidative reactions with HyO;. 5,6-Epimeric epoxides were the major products.

In previous papers Pearson et al. reported that allylic oxidation proceeds selectively in the presence of some
secondary alcohols using Cr(CO)g as catalyst. Attempts to study this selectivity, led us to use substrate 9 with
Cul as catalyst (Scheme 2). Compound 1017 was the major product (70%) corroborating the previous
findings.In contrast to these results, the A4-3B-acetoxyandrostane 11 showed a very low reactivity under the
same conditions, leading to 4-en-6-one 12 in very low yield.The metal catalyzed decomposition of peroxide
reagents is well documented!?, and our results probably agree with the formation of alkyl hydroperoxides as
intermediates, which fragment subsequently to furnish ketones or alcohols as reported by Barton et al.20. For the
A3-steroids under the conditions studied, the formation of enones has been largely favoured.

In summary, we report a new and efficient method for the preparation of AS-3B-acetoxy-7-oxo steroids
from a variety of easily available A5-3B-acetoxy substrates with +-BuOOH catalysed by copper (I), (II) or
copper metal. The use of these species can be indiscriminated but is absolutely necessary with the advantage of
being inexpensive and less toxic than Cr reagents. A study on the effect of oxygen and of other types of catalysts

on this reaction is under investigation.
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