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We wish to report here a new and efficient partial synthesis of 3-oxa-5b-steroid, the first oxa steroid syn-
thesized from cholic acid.

� 2009 Elsevier Ltd. All rights reserved.
Interest in steroid chemistry arises from significant rating that
these compounds have been accorded in medicine. Commercial re-
search on steroid is focused on finding more potent, long acting syn-
thetic drug analogs, possessing essential pharmacological properties.

The use of steroidal hormones, such as corticoids, progester-
ones, and various anabolic (muscle building) agents, is well known
in modern clinical therapy. However, the beneficial properties of
these drugs are often, if not usually, accompanied by unwanted
side effects.1 In 1956, the introduction of the 19-norsteroid Nilevar,
which is a 2-oxa steroid, proved that the separation of activities is
indeed possible.2 This drug had the desired anabolic property with
greatly reduced androgenic side effects when compared to testos-
terone or its 17a-methyl analog. With the Nilevar success as a
background and with the emphasis on the separation of activities
rather than on greater potency, several groups began to study
the effect of inserting heteroatoms into the steroidal ring.

Ring expansion or the replacement of one or more carbon atoms
of the sterane skeleton by a heteroatom affects the chemical proper-
ties of the steroid and thus may play a critical role in changing biolog-
ical activities and in the building of new active pharmaceuticals.

Wolff and Zanati have reported that some A-ring heteroandros-
tanes have androgenic activity similar to that of testosterone.3

There has, however, been no report so far on the synthesis of oxa
steroids from cholic acid. Surprisingly and to the best of our knowl-
edge, no synthesis of heterosteroid structures from cholic acid has
been described in the literature. One reason of that is probably the
ll rights reserved.
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presence of three hydroxyl groups in the 3a, 7a, and 12a positions
in the molecule.

Cholic acid is a relatively inexpensive bile acid, interesting for
the preparation of significant quantities of a multistep synthetic
product. Cholic acid was chosen as the starting material in the syn-
thesis of 3-oxa steroids.

The key reactions leading to this new heterosteroid are depicted
in Scheme 1. Our strategy involves the use of a Baeyer–Villiger oxi-
dation of a steroidal ketone to introduce a heteroatom in the A-
ring, which was developed by Suginome et al.4

So, the synthesis started from commercially cholic acid 1. Sim-
ple esterification of 1 led to methyl cholate 2.5 Then, the equatorial
3a-OH group in methyl cholate 2 was selectively oxidized with sil-
ver carbonate––Celite (Ag2CO3/Celite).6 We suggest in this Letter a
novel green synthetic method to oxidize selectively 2 faster and
without solvent. Microwave (MW)7 irradiation of 2 with silver car-
bonate on Celite furnished monoketone 3 very quickly, in a few
minutes, and the yield observed (90%) was the same as under con-
ventional conditions.6 Then, the resulting ketone 3 was diacetylat-
ed, leading to 4.8 Indeed, direct ketalization of 3 was also tried but
we always observed the formation of by-products corresponding to
dehydrated products.

Now, the introduction of a ketal group as ‘masked’ ketone re-
sulted in increased yields of the expected product 5, which was ob-
tained in 89% yield. The diacetylated ketal 5 was smoothly reduced
with LiAlH4 affording triol 6 in very high yield. Methylation9 of triol
6 with methyl iodide–sodium hydride in THF afforded 7a,12a,24-
trimethoxy ketal 7 in a yield of over 95%. Cleavage10 of the ketal
group of 7 afforded the expected ketone 8 in excellent yield.
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Scheme 1. Synthesis of 3-oxa-5b-steroid from cholic acid through 11 steps sequence. Reagents and conditions: (a) MeOH, APTS, D, 99%; (b) Ag2CO3/Celite, MW, 3 min, 90%;
(c) Ac2O, pyridine, DMAP, 87%; (d) (CH2OH)2, APTS, C6H6, 89%; (e) LiAlH4, Et2O, rt, 95%; (f) CH3I, NaH, THF, rt, 100%; (g) HCl, acetone, 97%; (h) m-CPBA, APTS, CH2Cl2, 75%; (i)
DIBAL, CH2Cl2, 75%; (j) HgO–I2, pyridine, C6H6, hm, 90%; (k) MeLi, THF, �78 �C, 76%.
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The Baeyer–Villiger11 oxidation of ketone 8 with m-chloroper-
benzoic acid (MCPBA) in dichloromethane for 12 h proceeded
regioselectively and gave 4-oxa-A-homo-5b-cholestan-3-one 9 as
a single product in a 75% yield, while no isomeric lactone was
formed. Obtention of this lactone constitutes a new and very inter-
esting result.12 Indeed, application of this reaction using the exper-
imental conditions described by Suginome and coll.4 led to lactone
9 in a very fair yield of 10%, and 52% of the starting material was
left. Several attempts were done with MCPBA or potassium persul-
fate or hydrogen peroxide in glacial acetic acid-concentrated sulfu-
ric acid (3:0.5 in volume) for 10 days at room temperature, which
gave very fair yields, as for Suginome and coll., on pregnane series.
So, we have optimized this reaction by adding a stoichiometric
amount of p-toluenesulfonic acid in dichloromethane.13
The reduction of lactone 9 with DIBAL in toluene at�78 �C for 2 h
readily gave a lactol 10 in a 75% yield. The lactol 10 was converted
into the corresponding hypoiodite with a mercury (II) oxide–iodine
reagent in benzene, after which the solution was subjected in situ to
the photolysis previously reported by Suginome and coll.,4 to give a
iodo formate 11 in an 90% yield. The addition of a small amount of
pyridine in this photolysis was found to be essential.

The cyclization of formate 11 to a 3-oxa-5b-steroid 1214 was ob-
tained in a 76% yield by treatment of 11 with methyllithium in
THF.

In conclusion,15 the first synthesis of an 3-oxa-5b-steroid was
achieved by us via 11 steps from cholic acid, using the Baeyer–Vil-
liger oxidation of a ketone as the intermediate. Thus, considering
the optimal procedures reported herein, the overall yield of 12
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from cholic acid may be calculated to be 25%. The biological activ-
ity of this oxa steroid is currently being investigated and will be re-
ported in due course.
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