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Abstract

Various chromium"!-catalyzed conditions have been tested to improve the oxidation of A3-steroids with +-BuOOH to their corresponding 5-en-
7-ones. The use of PDC or the association of CrO; with an amine as the catalyst and CH,Cl, or PhCF; as the solvent led usually to the best yields.

A minor reaction pathway was the epoxidation of the double bond.
© 2006 Elsevier B.V. All rights reserved.
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Allylic oxidation is a significant reaction in organic syn-
thesis [1]. Among the variety of substrates, the oxidation of
Ad-steroids to their corresponding 5-en-7-ones has attracted
a particular interest since 7-keto-AJ-steroids are known as
inhibitors of mammalian steroidal hormones biosynthesis [2]
and their antiproliferative and/or cytotoxic properties render
them as molecules of potent value for the cancer treatment [3]
while these properties may provide sanative effects for other
types of diseases [4].

The classical methods for these allylic oxidations involve the
use of very large excesses (up to 40 equivalents) of chromium V!
reagents [5] which led to considerable amounts of toxic effluents.
According to Chidambaram and Chandrasekaran [6] pyridinium
dichromate (PDC) [7] independently does not effect allylic
oxidation [8] while a combination of PDC and ~-BuOOH (4
eq. of each) mediates the transformation of cholesteryl acetate
(1a) into 3B-acetoxy-5-cholesten-7-one (2a) (84% conversion,
68% yield). For environmental and economical points of view,
the use of only catalytic amounts of a transition metal has a
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greater interest. In fact, oxidations of A3-steroids to correspond-
ing 7-keto-AJ-steroids with ~-BuOOH have been carried out in
the presence of catalytic quantities of V [9] Cr [10-13] Mn
[9,14] Fe [15] Co [9,16] Cu [9,17,18] Mo [15,19] Ru [20]
and Bi [21]-based reagents. Nevertheless, the stoichiometric
Cr procedures remain used nowadays [22] probably because
they require solely cheap commercial reagents and led to good
yields.

Having observed that the efficiency and the selectivity of the
Cr-catalyzed oxidations of 1a with #~-BuOOH depends on the
structure of the catalyst and the nature of the solvent [12] we
have now tried to improve such reactions using readily available
commercial additives and Cr-reagents, i.e. without sophisticated
catalysts.

A variety of experimental conditions were firstly used with
1a as the substrate; some of them are collected in Table 1. The
oxidation of 1a, carried out firstly at room temperature for 25 hin
methylene chloride with CrO3 as the catalyst and a large excess
of ~BuOOH (7 eq.), led to 48% of 2a and 4% of a mixture of
a-and B-epoxides 3a (run 1). Since the use of benzotrifluoride
as solvent can increase the efficiency of Cr-catalyzed oxida-
tions [23,24] and also the stability of fert-butylperoxychromium
complexes [25] the experiment was repeated in this solvent,
however, without improvement (run 2). Decreasing the amount
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Table 1
Oxidation of cholesteryl acetate®
CgH7 CgH 7 CgHys
Cr catalyst
additive 1
70% aq. --BuOOH
AcO solvent  AcO 0 AcO
la 2a 0 3a
Run Cr catalyst (eq.) Additive (eq.) +-BuOOH (eq.) Solvent T(°C) Time (h) Conv. (%) Yield (%)°
2a 3a

1 CrOs3 (0.05) No 7 CH)Cl, rt 25 83 48 4

2 CrOs (0.05) No 7 PhCF3 It 25 81 50 4

3 CrOs3 (0.05) No 4 PhCF3 rt 70 82 56 18

4 CrOs3 (0.05) No 4 PhCH;3 rt 70 40 18 17

5 CrO3 (0.05) Py*© (0.1) 7 CH,Cl, rt 31 93 74 3

6 CrOs3 (0.05) Py© (0.1) 7 PhCF3 rt 31 95 76 3

7 PDC (0.1) No 7 CH)Cl, rt 24 95 74 Traces

8 PDC (0.1) No 7 PhCF3 t 24 96 72 Traces

9 PDC (0.1) No 7 PhCl rt 24 96 67 4
10 PDC (0.1) No 7 PhH It 64 98 59 7
11 PDC (0.1) No 4 PhCF3; rt 72 91 76 7
12 PDC (0.1) No 4 PhCHj3 rt 72 31 20 7
13 CrO3 (0.05) No 7 PhCF3 40 24 95 51 3
14 CrOs3 (0.05) Py® (0.1) 7 PhCF3 40 24 100 72 5
15 CrO3 (0.05) NMI¢ (0.1) 7 PhCF3 40 23 100 74 4
16 PDC (0.025) No 7 CH,Cl 40 50 100 78 Traces
17 PCC (0.05) No 7 CH,Cl, 40 66 60 41 Traces

2 1 mmol of substrate, 10 ml of solvent.
b Isolated yields.

¢ Py: pyridine.

4 NMI: N-methylimidazole.

of ~BuOOH to 4 eq. required a longer reaction time, lead-
ing to a similar yield of 2a but with an increasing amount
of 3a (run 3). With toluene as solvent, the conversion of 1a
dropped considerably (run 4). With pyridine as additive, the
yield of 2a increased strongly in both CH,>Cl; and PhCF3 (runs
5 and 6). This observation urged us to test PDC as the cat-
alyst. As expected, conversions and yields were in the same
order than with the CrOs/pyridine mixture (runs 7 and 8) [26].
Under these conditions, toluene and in particular benzene were
less suitable solvents (runs 9 and 10). The use of 4 eq. of #-
BuOOH in PhCF3 for 72h led to 91% conversion and 76%
of 2a (run 11), whereas only 31% conversion was attained in
PhCH3 (run 12). Further experiments were carried at 40 °C
with 7 eq. of ~BuOOH. Again, the addition of pyridine or N-
methylimidazole to CrOj3 led to a selective allylic oxidation in
PhCF3 (compare runs 14 and 15 to run 13). Interestingly, 2a
was isolated with 78% yield using only 0.025 eq. of PDC in
CH;Cl; (run 16), this yield being higher than the one obtained
using 4 eq. of both PDC and ~-BuOOH [6,27]. A low conver-
sion was obtained using a Cr catalyst having a mildly acidic
character [28] such as pyridinium chlorochromate (PCC) (run
17).

Under the experimental conditions of run 16, Table 1, replac-
ing the acetoxy group in C-3 position of the substrate by a ben-
zoyloxy or a tosyloxy group yielded the corresponding allylic

oxidation products 2b and ¢, respectively with a similar selec-
tivity (Eq. (1)).

CsHy CgHy7
PDC (0.025 equiv.)

70% aq. --BuOOH (7 equiv.) )
—_——

CH,Cl,
RO reflux, 70 h RO 0
1b: R=PhCO 2b: R=PhCO (76%)
Ie: R=TolSO, 2c: R=TolSO, (70%)

6]

Unfortunately, the oxidation of A’-steroids differently sub-
stituted in the C-17 position (4a—c) under the same conditions
afforded low yields of the corresponding 5-en-7-ones (Table 2,
runs 1, 8, 15). Consequently, various experimental conditions
were again examined, the most interesting results being reported
in Table 2. As exemplified by these selected results, optimum
yields in the 7-keto-A’-steroids required fitting experimental
conditions for each substrate. That has also been observed for
the oxidation of 33-acetoxy-17a-aza-D-homo-androst-5-en-17-
one (Table 3).

From the above results, it appears that suitable Cr-catalyzed
conditions have been disclosed for the effective and selec-
tive oxidation of various AJ-steroids into the corresponding
7-keto-AS-steroids. In some cases, benzotrifluoride is the sol-
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Table 2
Oxidation of 3B-acetoxy-androst-5-en-17-one, 33-acetoxy-pregn-5-en-20-one and 33-acetoxy-17p-acetamido-androst-5-ene®
R! R! R!
V\\R2 .\ R2 r\\R?
Cr catalyst
additive ”
70% aq. t+-BuOOH
AcO 4 solvent  AcO 5 0 AcO 6
Run Cr catalyst (eq.) Additive (eq.) t-BuOOH (eq.) Solvent T (°C) Time (h) Conv. (%) Yield (%)P
R!
AN
4a:C., .~ C=0 5a 6a
R2
1 PDC (0.025) No 7 CH,Cl, 40 50 63 35 4
2 CrO3 (0.05) No 7 CH,Cl, rt 25 85 78 Traces
3 CrOs3 (0.05) Py*© (0.1) 7 CH,Cl, t 31 91 78 Traces
4 CrO3 (0.05) Py (0.1) 7 PhCF3 t 31 94 83 Traces
5 PDC (0.1) No 4 PhCF; rt 72 95 82 Traces
6 CrOs3 (0.05) NMI (0.1) 7 PhCF; 40 23 100 83 Traces
7 PDC (0.1) No 7 CH,Cl, t 24 80 60 6
B ‘R] _ ‘COMS
4b: “/R2 Iy 5b 6b
8 PDC (0.025) No 7 CH,Cl, 40 50 61 29 10
9 CrO3 (0.05) No 7 CH,Cl, rt 25 98 86 Traces
10 CrO3 (0.05) Py*© (0.1) 7 CH,Cl, t 31 93 80 Traces
11 CrO3 (0.05) Py (0.1) 7 PhCF3 rt 31 92 78 Traces
12 PDC (0.1) No 4 PhCF; t 72 94 80 2
13 CrO3 (0.05) NMI (0.1) 7 PhCF; 40 23 100 81 Traces
14 PDC (0.1) No 7 CH;,Cl, t 24 89 71 2
aR 1 N aNHAc
4c: C’/Rl -f/H 5S¢ 6c¢
15 PDC (0.0.25) No 7 CH,Cl, 40 50 58 38 Traces
16 CrO3 (0.05) No 7 CH,Cl, t 25 67 50 Traces
17 CrO3 (0.05) Py (0.1) 7 CH,Cl, rt 31 97 71 8
18 CrO3 (0.05) Py¢ (0.1) 7 PhCF3 It 31 98 89 5
19 PDC (0.1) No 4 PhCF; rt 72 91 80 8
20 CrO3 (0.05) NMI (0.1) 7 PhCF3 40 23 100 84 4
21 PDC (0.1) No 7 CH,Cl, rt 24 85 70 Traces

2 1 mmol of substrate, 10 ml of solvent.
b Isolated yields.

¢ Py: pyridine.

4 NMI: N-methylimidazole.

vent allowing to reach the best yields. Unfortunately, ben-
zotrifluoride is an expensive solvent. Nevertheless, it is eas-
ily recoverable by distillation, especially when the substrate
and the corresponding oxidized compounds are not volatile as
already reported for the Cr-catalyzed oxidations of alcohols and
benzylic methylene groups by sodium percarbonate in PhCF3
[23].

General procedure
In a round bottom flask containing the catalyst

(0.025-0.1 mmol) and the solvent (10mL) were added
70% aqueous -BuOOH (4-7mmol) and, after stirring for

1-2min, the substrate (1 mmol). After stirring under reac-
tion temperature and time conditions indicated in Tables,
the mixture was filtered over a small pad of Celite. The
solvent was evaporated under reduced pressure and the
residue was subjected to flash-chromatography. Elution using
EtOAc/petroleum ether mixtures led to the separation of the
products.

The different 7-keto-A>-steroids have been identified
by comparison of their spectroscopic data with those of
the literature [18]. The epoxides have been identified
from their 'H NMR spectra, the signal at around 3ppm
being characteristic of the hydrogen in the C-6 position
[15,19].
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Table 3
Oxidation of 33-acetoxy-17a-aza-pD-homo-androst-5-en-17-one®
H H H
N N 0 N 0
Cr catalyst
additive L
70% aq. -BuOOH
AcO 7 solvent AcO 8 0 AcO 9
Run Cr catalyst (eq.) Additive (eq.) t-BuOOH (eq.) Solvent T (°C) Time (h) Conv. (%) Yield (%)®
8 9
1 CrOs3 (0.05) No 7 CH,Cl, t 25 78 34 5
2 CrOs3 (0.05) Py*© (0.1) 7 CH,Cl, t 31 81 65 Traces
3 CrOs3 (0.05) Py (0.1) 7 PhCF3 It 31 90 81 3
4 PDC (0.1) No 4 PhCF; t 72 91 74 5
5 CrOs3 (0.05) NMI (0.1) 7 PhCF3 40 23 100 83 3
6 PDC (0.1) No 7 CH,Cl, rt 24 91 56 Traces

2 1 mmol of substrate, 10 ml of solvent.
b Isolated yields.

¢ Py: pyridine.

4 NMI: N-methylimidazole.
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