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a b s t r a c t

�-Hydroxy ketones (�-ketols) are present in many compounds with biological activity. Sev-

eral methods are available for the preparation of �-ketols but only a few of them describe

the synthesis of steroid �-ketols from olefins. In this work, a new system consisting of

KMnO4/Fe(ClO4)3·nH2O was used in order to achieve the direct conversion of �5-steroids to

their corresponding �-ketols, in high yields. Consideration of the probable reaction mech-

anism is provided. 2D homo- and heteronuclear correlation NMR spectroscopic techniques

were used to assign 1H and 13C resonances of some synthesized compounds. This method

has potential for the preparation of �-hydroxy ketones of biological interest.

© 2005 Elsevier Inc. All rights reserved.

1. Introduction

�-Hydroxy ketones (�-ketols) occur in many biologically active
compounds [1]. The dihydroxyketone side chain is not only
common to a wide variety of corticosteroid antiinflamma-
tory drugs, but is also a structural component of adriamycin,
a potent antitumor agent [2,3]. Moreover, such functional-
ization of steroid substrates is important because polyoxy-
genated steroids have been isolated from marine organisms
and are considered a growing group of metabolites with
potential biological and pharmacological activities [4,5], and
are intermediates in the synthesis of secosterols [6,7]. Two
polyoxygenated steroids isolated from the sponge Dysidea
incrustans showed cytotoxicity against human non-small-
cell lung, renal and melanoma carcinoma cell lines [8]. A
racemic mixture of �-ketols isolated from Plexaurella grisea
collected at Punta Cana, exhibited strong and selective cyto-
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toxicity against the HT-29 cell line with an ED50 = 0.1 �g/ml
[9]. Furthermore, 5�-hydroxy-6-ketosteroids have been used
to synthesize various structural analogs of natural ecdys-
teroids, which are the basis for the development of a new
class of ecologically safe insecticides [10]. In particular, cer-
tain simple synthetic sterol derivatives are active insecticides
against the Colorado beetle. These compounds are prepared
via chemical transformation of cholesterol or �-sitosterol
by replacing the sterol 3�-hydroxy by chlorine with subse-
quent introduction of oxygen-containing functional groups
in rings A and B of the corresponding 3�-chloro deriva-
tives. 3�-Chloro-5�-hydroxycholestan-6-one is one of the
most toxic compounds against the Colorado beetle larvae
[11].

Available methods for the preparation of �-ketols include
the oxidation of diols [12–15], oxidation of ketones via enol
ethers [16,17] or enolate anions [18], benzoin condensation
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[19], the oxidation of epoxides [20–26], reaction of acyl lithium
compounds with ketones and aldehydes [27], reductive cou-
pling reactions of acid halides with ketones and aldehydes
[28,29], partial reduction of 1,2-diketones [30] and those from
olefins [31–34].

There are only a few methods reported for the synthesis
of �-ketols from steroid olefins. These include RuO4 oxidation
of monoene [35], conjugated diene [6,36], and �2, �2,4, �4,6

steroids [6], RuCl3 catalyzed oxidation of olefins with perox-
yacetic acid [37] and OsO4 catalyzed oxidation of the �17,20

steroid position with Mila’s reagent (H2O2 in anhydrous t-
BuOH) [38].

Oxidations with KMnO4/CuSO4·5H2O were not effec-
tive in the conversion of steroidal olefins to the cor-
responding �-ketols [31] instead the 5�,6�-epoxides were
obtained [39]. The authors then hypothesized that traces
of water and t-butyl alcohol in the reaction medium
could be responsible for the formation of an omega
phase over the oxidant where the reaction actually took
place and therefore, the greater lipophilicity of the steroid
substrates would account for these unexpected results
[39].

Further work on the synthesis of steroid 5�,6�-epoxides
from olefins using KMnO4/metal sulphate and nitrate sys-
tems has been published [40] and two mechanistic approaches
have been proposed for this reaction. Parish and Li sug-
gested that there was coordination of the copper ion on
the less hindered �-face of the double bond, forming a
�-complex that weakened it and provided for the subse-
quent permanganate attack on the �-face [41,42]. Another
study, however, suggested that the mechanism involved
the kinetically controlled attack of the MnO4

− ion in the
omega phase on the alkene, in a Markovnikoff manner and
in an axial sense. The role of the metal salts would be
to co-ordinate with the MnO4

− ion to allow the decom-
position of the complex to the corresponding epoxide
[43,44].

With this work, we report a novel, one-step procedure for
the conversion of �5-steroids to their corresponding �-ketols
in high yields, using Fe(ClO4)3·nH2O as the metal salt in the
KMnO4/metal salt system and further shed some light onto the
mechanism by which the reaction occurs. Homo- [45] and het-
eronuclear [46] 2D NMR techniques were used in the assign-
ment of 1H and 13C resonances not directly attributable from
the 1D 1H NMR and 13C NMR spectra.

2. Experimental

2.1. General methods

Steroid starting materials of high purity were available from
Sigma–Aldrich Co. Solvents were distilled before use accord-
ing to standard procedures. Kieselgel 60HF254/Kieselgel 60G
was used for TLC plates. Melting points were determined on
a BUCHI Melting Point B-540 and are uncorrected. IR spec-
tra were performed in a Jasco FT/IR 420 spectrophotometer.
1H NMR and 13C NMR spectra were recorded either on a
Bruker AMX 300 or on a Varian UNITY-500 spectrometer in
CDCl3 solution with Me4Si as internal standard. 2D homonu-
clear correlation (COSY) and 2D heteronuclear multiple quan-
tum correlation (HMQC) spectra were recorded on the Var-
ian UNITY-500 spectrometer. Mass spectral analyses were
made on a KRATOS model MS 25RF or a Fisons VG Autospec
instrument.

2.2. General procedure for the preparation of steroidal
˛-ketols

Steroid substrates (Table 1, entries 1–9) were dissolved in
dichloromethane at room temperature, in a reaction flask. A
mixture of KMnO4 and Fe(ClO4)3·nH2O was ground to a fine
powder (Caution: appropriate precautions should be under-
taken in the manipulation of iron(III) perchlorate hydrate).
Water was added and the final mixture was transferred to
the reaction flask, followed by the addition of t-butyl alcohol.
All reactions were monitored by TLC control. The final prod-
ucts were separated from the inorganic residues by addition
of diethyl ether to the reaction flask which was allowed to stay
under magnetic stirring for a few minutes. The mixture was
then filtrated through a celite pad and the solid residue thor-
oughly washed with hot ether (total volume of 150 ml). The
filtrates were washed with water (30 ml) and dried over anhy-
drous sodium sulphate. The organic phases were filtered and
the solvent was evaporated under vacuum to give the final
products.

2.2.1. 5˛-Hydroxy-6,17-dioxoandrostane-3ˇ-yl acetate
(10)
Mp (diethyl ether) 196–198 ◦C; lit. 197–198 ◦C [47]. IR (cm−1)
3470.28, 1737.73, 1705.85, 1264.11; 1H NMR (CDCl3, 300 MHz)

Table 1 – General procedure for the preparation of steroidal �-ketols

Entry Substrate (mmol) CH2Cl2
(ml)

KMnO4
(g)

Fe(ClO4)3·nH2O
(g)

H2O (�l) t-BuOH
(ml)

Time (h) Isolated
yield (%)

Product

1 1 0.5 4.5 1.5 0.75 75 0.25 20 70 10
2 2 0.5 4.5 1.5 0.75 75 0.25 18 75 11
3 3 1 9 3 1.5 150 0.5 24 78 12
4 4 0.5 4.5 1.5 0.75 75 0.25 24 71 13
5 5 0.5 4.5 1.5 0.75 75 0.25 24 76 14
6 6 0.5 4.5 1.5 0.75 75 0.25 15 80 15
7 7 1 9 3 1.5 150 0.5 20 76 16
8 8 0.5 4.5 1.5 0.75 75 0.25 8 81 10
9 9 0.5 4.5 1.5 0.75 75 0.25 20 78 17
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