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ABSTRACT

Evidence is presented that Cu(MnO4)2 effectively epoxidizes trisubstituted steroid olefins by a nonconcerted pathway.

It was reported several years ago that the reaction of various
steroidal olefins with a mixture of tert-butyl alcohol-CH2Cl2,
powdered KMnO4, and CuSO4 (wet) (Parish reagent) affords
good yields of epoxides invariably with the �-orientation of
the oxygen, even with substrates that yield predominately
R-epoxides with peroxy acids.1 We became curious about
this process for several reasons, including the possible use
in projected studies of steroids related to withaferin A (1).2

Compound 1 is of special interest because of its AyurVedic
history, antitumor activity, and potent inhibition of angio-
genesis (IC50 ) 12 nM) against human umbilical vein
endothelial cell sprouting.3,4 Specifically, 1 binds covalently
to the intermediate filament protein vimentin causing ag-
gregation in vivo so as to block angiogenesis.4 The action
could be synergistic with inhibition of the kinase vascular
endothelial growth factor (VEGF).

We found that the oxidation of the ∆5-olefin cholesteryl
benzoate with wet CuSO4/KMnO4 and 10 equiv of t-BuOH
in CH2Cl2 at reflux produced mainly the 5,6-�-epoxide 2
(ratio �/R ) 9:1), as reported.1 In comparison, we found

that epoxidation with m-chloroperbenzoic acid gave a modest
predominance of 5,6-R-epoxycholesteryl benzoate (ratio �/R
) 4:6). During the epoxidations with the Parish oxidizing
mixture there is considerable evolution of oxygen, and so
an excess of permanganate (ca. 8-9 equiv) must be
employed for complete conversion. Without copper(II), little
oxygen is evolved and little or no epoxide is formed. There
are at least two obvious explanations for the role of
copper(II): (1) t-BuOO• radical, which has been reported to
be formed by metal-ion oxidation of t-BuOOH and to effect
epoxidation of olefins, is somehow generated, or (2) the
effective epoxidation reagent is Cu(MnO4)2. This matter is
addressed below.

It has been reported that the reaction of ∆7-unstaturated
steroids with the Parish reagent leads selectively to the 7,8-
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Figure 1. Structures of withaferin A (1) and 2.
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�-epoxide.1 We have reevaluated this claim using 3�-
acetoxy-∆7-cholestene and the Parish reagent under the
recommended conditions1 since it seemed difficult to ratio-
nalize the �-selectivity with this substrate. We found, as we
had suspected, that the product was the 7,8-R-epoxide (3,
7:1 selectivity) and was identical to that obtained by
epoxidation of the ∆7-linkage by m-chloroperbenzoic acid.
The 7,8-R and 7,8-�-epoxides are readily identified by 1H
NMR analysis.6

To follow up on these results, we prepared Cu(MnO4)2

by a new and convenient procedure from aqueous Cu(BF4)2

and KMnO4 in concentrated solution. Filtration of the
precipitate of KBF4 and removal of water under reduced
pressure gave a hydrate of Cu(MnO4)2 as a dark solid, soluble
not only in H2O, but also in mixtures of CH2Cl2, t-BuOH,
and HOAc. Although stable in aqueous or acetic acid
solution, the reagent decomposes fairly rapidly in CH3CN
or t-BuOH-CH2Cl2 solution. We found that a solution in
CH2Cl2-HOAc (98:2) decomposes at 23 °C in about 20 min
to yield approximately 1.2 equiv of O2 and a copious
precipitate of MnO2. Some Cu(MnO4)2 is entrained by the
precipitating MnO2 and thus removed from solution. The
instability of copper permanganate and its tendency to
coprecipitate with MnO2 explains the need to use a substan-
tial excess of permanganate in the oxidations described by
Parish et al.1 It is also possible that the manganese dioxide
just formed catalyzes the decomposition of Cu(MnO4)2.

The reaction of cholesteryl benzoate with 1.5 equiv of
Cu(MnO4)2 in 3:1 t-BuOH-CH2Cl2 solution at 23 °C for
1 h gave clean epoxidation of the double bond (>99% yield)
and mainly the �-epoxide (�/R ) 6:1). The reaction
proceeded much faster upon addition of HOAc, but the �/R
ratio was markedly diminished. In 2:1 HOAc-CH2Cl2 at
-20 °C, the reaction went to completion in 15 min and gave
a 1.5:1 mixture of �/R epoxides in >98% yield. It is possible
that the acceleration of the epoxidation by HOAc is due to
its H-bonding interaction with MnO4

-.

The formation of the 5,6-�-epoxide from cholesteryl
benzoate (or acetate) using copper permanganate clearly
supports the possibility that this is the actual oxidant in the
Parish reagent. Further evidence is provided by additional
examples. First, we found that the epoxidation of ∆3,5

cholestadiene using the Parish reagent produced the corre-
sponding 5,6-�-epoxide (4) with a �/R selectivity of 9:1,
consistent with the �-preference for epoxidation of the ∆5-
linkage of cholesteryl benzoate. The structure of the epoxide
4 was confirmed by hydrogenation to the 6-�-alcohol which
was identified by acetylation and comparison with the
previously reported acetate 5.7 Using either Cu(MnO4)2 or
the Parish mixture, the epoxidation of stigmasteryl acetate
was also position selective for the ∆5-olefinic linkage and
afforded mainly the corresponding 5,6-�-epoxide (6) (6:1
5,6-�/5,6-R, 99% yield) (Scheme 1). The oxidation of 3-�-

acetoxy-∆7-cholestene with 1.5 equiv of Cu(MnO4)2 in 3:1
t-BuOH/CH2Cl2 at 23 °C for 1 h gave predominantly (4.4:
1) the 7,8-R-epoxide 3, as was the case when the Parish
reagent was employed.

It is probably not a coincidence in the several examples
outlined above that the Parish reagent and Cu(MnO4)2 led
to the same predominating diastereomeric epoxide. In
addition, there did not seem to be significant amounts of 1,2-
diol, despite the fact that vicinal dioxygenation is the
customary pathway for olefin oxygenation by sodium or
potassium permanganate in water-containing reaction mix-
tures.

The epoxidation reactions of Cu(MnO4)2 appear to differ
mechanistically from the much-studied epoxidation of olefins
with peroxycarboxylic acids, which clearly are concerted 1,2-
cycloaddition processes. One argument in support of this
surmise is the opposite stereochemical course observed with
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Figure 2. 7,8-R-Epoxide 3. Scheme 1
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the ∆5-steroid substrates: strong 5,6-� preference for
Cu(MnO4)2 vs 5,6-R preference for peroxy acids. An
important difference was shown with the substrate cis-
stilbene. Although this olefin affords the cis-epoxide with
peroxyacids, a 1:1 mixture of cis- and trans-epoxides was
observed with Cu(MnO4)2. This result argues that Cu(MnO4)2

behaves more like an oxy radical reagent than a peroxy acid
and that it adds to olefins to form a carbon radical that
cyclizes to epoxide in a distinct, later step. Such a pathway
is depicted in Scheme 2 for the reaction of cis-stilbene with

Cu(MnO4)2. Another possibility is that Cu(MnO4)2 attacks
the olefin electrophilically so that a cationic intermediate such
as B (Scheme 2) is formed directly.

As depicted, it is also possible that Cu(II) plays a role in
the epoxidation by converting the intermediate benzylic
radical A to a cation B, which might facilitate ring closure
to form the epoxide. Obviously, since rapid rotation is
possible around the central single bond, the observed mixture
of cis- and trans-epoxides would be expected for the
oxidation mechanism shown in Scheme 2. Another reason
why the intermediate A might be favored with Cu(MnO4)2

is the possibility that the negative charges spread out over
the three oxygens of the OMnO3

- moiety of A might be
stabilized by interaction with associated Cu(II).

The two-step pathway also provides a simple explanation
for the stereochemical preference in Cu(MnO4)2 epoxidation.
For ∆5-steroid epoxidation, a radical-like Cu(MnO4)2 would
be expected to attach to C(6) by an axial bond to form the
intermediate 7 (radical or cationic form) which can be

stabilized by hyperconjugation of MnO4
- (stereoelectroni-

cally preferred axial attack).8 The same argument can account
for 7,8-R-epoxidation of ∆7-sterol derivatives. The epoxi-
dation by Cu(MnO4)2 that is described herein is either very
slow or negligible with 1,2-disubstituted or monosubstituted
olefins, a result that is consistent with the mechanistic
pathway outlined in Scheme 2 and that also indicates a
modest level of reactivity for this form of permanganate. In
contrast, quaternary ammonium permanganate reagents rap-
idly react with most olefins by a vicinal dioxygenation
pathway which can involve concomitant C-C cleavage.9

In conclusion, the data in this paper support the view that:
(1) epoxidations with the Parish reagent probably involve
Cu(MnO)4 as the reactive species; (2) the epoxidation of ∆7-
unsaturated sterol systems leads predominately to 7-R-
epoxidation rather than 7-�-epoxidation as claimed in the
literature;1 (3) the pathway of epoxidation by Cu(MnO4)2

occurs in two or possibly three steps and is nonconcerted;
(4) the stereochemical preferences for the oxidation of
unsaturated steroids can be explained by the operation of
stereoelectronic effects (axial attack by O) and a noncon-
certed pathway.
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Scheme 2. Oxidation of cis-Stilbene by Cu(MnO4)2

Figure 3. Intermediate 7 stabilized by hyperconjugation.
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