Steroidal Sapogenins. LVII.
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11 o-Hydroxylation of Tigogenin Derivatives?

Tigogenin (I) was converted to the corresponding 16-dehydro-20-ketopregnene (II) which in turn gave the 16a,17a-epoxide
I1I and thence the 3-ketone IV. Microbiological hydroxylation of IV gave the 11a-hydroxy steroid V which in three steps

gave 17 a-hydroxy-5a-pregpane-3,11,20-trione (VIII).

This Laboratory has been engaged in the investi-
gation of sources for a variety of steroidal sapo-
genins®*b.ecd and in studies of the utilization of
- these compounds and their derivatives. In con-
trast to diosgenin which is the source for a variety
of important steroidal hormones,* little work has
appeared since Marker’s classical researches® on
the use of the saturated 58- or 5a-sapogenins: for
hormonal intermediates. In a previous paper
we have discussed the preparation of 1l-oxy-
genated-58-pregnanes derived from sarsasapo-
genin or smilagenin® The present report deals
with the preparation of 11-oxygenated 5a-deriva-
tives derived from tigogenin. This sapogenin is
available in particularly high quantity and purity
from Yucca peninsularis.

The starting point for the various preparations
was 38-hydroxy-5a-16-pregnen-20-one (II) avail-
able from tigogenin (I) via the standard side chain
degradation procedure used at this Laboratory.”
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Epoxidation with alkaline hydrogen peroxide®
gave 162,17 a-epoxy-3p-hydroxy-5a-pregnan-20-one
(IIIa), a small portion of which was characterized
as the known 3B-acetate IIIb.®* The major por-
tion of III without purification was oxidized with
chromium trioxide-pyridine reagent® to give 16a,-
17 a-epoxy-5a-pregnane-3,20-dione (IV), a com-
pound- for which surprisingly we could not find a
literature reference. The structure of IV is estab-
lished from its method of preparation, infrared
spectrum, analysis and microbial hydroxylation
to the known 16,17 a-epoxy-11a-hydroxy-5a-preg-
nane-3,20-dione (V).!! The reaction sequence
II — IV proceeded in high yield giving better
than 80% IV under non-isolation conditions.

Microbiological hydroxylation of IV to the
11a-hydroxy compound Va was carried out with
Rhizopus nigricans or Aspergillus ochraceus. Both
of these organisms have been widely used for the
1lla-hydroxylation of a number of steroids.!?
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In connection with the microbiological hydroxyla-
tion of IV there are several points which should
be noted. For successful hydroxylation it was
necessary to keep the stock cultures in active vig-
orous condition by repeated transfers on a 59
malt medium in a stationary bottle provided with
a closure to give good aeration.!* All transforma-
tion reactions were carried out using vegetative
growths produced by submerged culture on a ro-
tary shaker. Growths which took longer than
24 hours to reach a saturated cell population were
considered unsatisfactory. Hydroxylation of the
steroid then was conducted by a procedure which
we term ‘dilution culture.”” In this method,
an aliquot of the culture is diluted with several
volumes of distilled water, and, after addition of
the substrate (IV), incubation is continued.
The dilution method has several advantages, par-
ticularly for small scale work. Among other
things it has been found that foaming problems
disappear and the extraction and purification of
the hydroxylated substrate is greatly facilitated.

Using Rhizopus nigricans the conversion of IV
to Va took place in 609, yield. With Aspergillus
ochraceus, yields were lower due in part to forma-
tion of polyhydroxylated steroids. Acylation of
Va in pyridine-acetic anhydride gave the known
lla-acetate Vb.!! Oxidation with chromium tri-
oxide in acetic acid at low temperature converted
V to the trione, 162,17 a-epoxy-5a-pregnane-3,-
11,20-trione (VI) which apparently has not been
previously prepared. Proof of structure of VI
is based on the method of preparation, analytical
and physical constants in agreement with the
proposed structure and formation of a dioxime,
VII, with one unreactive carbonyl group. In
addition, treatment of VI with hydrobromic acid
in glacial acetic acid followed by hydrogenation
of the crude bromohydrin in the presence of a
palladium—calcium carbonate catalyst gave the
known 17 a-hydroxy-5a-pregnane-3,11,20-trione
(VIII).* Lack of material has prevented us
from working on the further elaboration of VI or
VIII to cortical hormones, although a variety of
attractive routes are currently available.*
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Experimental®®

16c,17a - Epoxy - 38 - hydroxy - 5« - pregnane - 20 - one,
(IIIa).—A solution of 30.0 g. of 38-hydroxy-5a-16-pregnen-
20-one (II)® in 2400 ml. of methanol was cooled to 5°.
To this solution was added successively 72 ml. of a 4 N
sodium hydroxide solution and 136 ml. of 30% hydrogen
peroxide.” The mixture was allowed to stand 23 hours at
5° and then slightly acidified with 18 ml. of glacial acetic
acid. Four volumes of water was added and the precipitate
filtered, washed with hot water and then recrystallized from
methanol to give 27.7 g. of IIla (90%), m.p. 175-180°
(lit.®a gives m.p. 181-182°). Compound IIla was further
characterized as the 3B-acetate I1Ib, square crystals from
acetone, m.p. 190-191° (lit.8»b gives m.p. 186-187°).
The infrared spectra of both IIIa and IIIb show a strong
band at 1710 cm.™! (20-ketone) and bands near 900 and
850 cm.~! which may be due to the 16«,17a-oxide moiety.

16a,17a-Epoxy-5a-pregnane-3,20-dione (IV).—Compound
IIIa, 10.0 g. in 100 ml. of pyridine was treated with a
suspension of chromjum trioxide prepared by sifting slowly
10.0 g. of chromium trioxide into 100 ml. of pyridine at
5°.10 The mixture was allowed to stand overnight at room
temperature, and then transferred to a separatory funnel
with ether and water. Dilute hydrochloric acid and sodium
bisulfite were successively shaken with the ethereal suspen-
sion until all the chromium was reduced. Several extrac-
tions with ether followed by the usual work-up gave 9.5
g. of IV in good purity, m.p. 208-210° (yield 95%). The
analytical sample was obtained as plates from ether; m.p.
210-211°, [a]*D +87.5°; infrared spectrum shows absence
of hydroxyl bands, a strong band at 1712 cm.-! (3,20-
carbonyl) and bands near 900 and 850 cm.~! (16,17-
epoxide).

Anal. Caled. for CyHyO;: C, 76.09; H, 9.43. Found:
C,75.98,H, 9.01.

16,17« - Epoxy - 1l - hydroxy - Sa - pregnane - 3,20-
dione (Va).—A four to six day old growth of Rhizopus
nigricans Ehrb (A.T.C.C. 6227b), grown at 28° as pre-
viously described, was used as a source of inoculum. The
air-permeable cap on the culture bottle was replaced with a
sterile solid cap and the bottle shaken by hand for about
5 minutes to dislodge the spores and to disperse the mycelial
mat. This growth was used as the inoculum on a 29%, vol-
ume to volume basis. An abundant mycelial growth was
produced in 18 hours by submerged culture in the medium
described in reference 12, page 422. A 50-ml. volume of
this abundant growth was added to a 4-liter serum bottle
containing 450 ml. of distilled water. A 0.2-g. sample of
compound IV in 20 ml. of propylene glycol was next added
to the mixture with agitation. The medium was aerated
at 0.1 liter per minute for 24 hours on a rotary shaker hav-
ing a 2-inch stroke and a speed of 220 r.p.m. Ambient
air temperature was 28° during the incubation period.

(15) Unless stated otherwise, infrared spectra were measured in
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chloroform solutions in 2-dm. tubes at concentrations of approximately
20 mg./ml. We wish to thank R. B. Kelly for carbon and hydrogen
analyses.



The final pH was 4.10. The entire ferment was extracted
seven times with ome-quarter volumes of chloroform to
give 0.310 g. of crude product. Elution from a Florisil
column with benzene gave 0.12 g. of crystalline product,
m.p. 200-203° (yield 60%). Recrystallization from ben-
zene gave a product with m.p. 205-207°, [«]*D + 49.0
(lit.* gives m.p. 201-203°, [a]p +49.0°), infrared spec-
trum shows a band at 3600 cm.™! (hydroxyl), strong band
at 1712 cm.™! (3,20-carbonyl) and bands near 900 and 850
cm. ™! (epoxide).

Anal. Caled. for CaHgOs: C, 72.80; H, 8.73. Found:
C,72.52; H,8.39.

16,170 - Epoxy - 11a - acetoxy - Sa - pregnane - 3,20 -
dione (Vb).—Acetylation of Va with acetic anhydride in
pyridine in the usual manner at room temperature gave
Vb, crystals from methanol, m.p. 169-170.5°, [a]*D
+12.5 (lit.!! gives m.p. 170-172°, [alp +32°), infrared
spectrum shows absence of hydroxyl, strong band at 1735
cm. ™! (acetate), strong bands at 1712 cm.™! (3,20-carbonyl)
and bands near 900 and 850 cm. ™! (epoxide).

16a,17a - Epoxy - 5« - pregnane - 3,11,20 - trione (VI).—
A solution of 0.2 g. of compound V in 5 ml. of glacial acetic
acid was cooled to 14° and treated with a precooled solution
of 0.1 g. of chromium trioxide in 2 ml. of 50% glacial acetic
acid, which was added dropwise to the solution of V.
The solution was allowed to come to room temperature over
a period of 10 minutes, six volumes of water added and the
resultant silvery plates filtered; yield 0.17 g., m.p. 180~
190°. Crystallization from acetone gave the analytical
sample, plates, m.p. 189-190.5°, [«]®D +125°; infrared

spectrum shows absence of hydroxyl bands, a broad strong
band at 1710 cm.—! (3,11,20-carbonyl) and bands near
900 and 850 cm. ! (epoxide).

16a,17a - Epoxy - 5a - 3,11,20 - trione 3,20 - Dioxime
(VII).—A solution of 0.1 g. of compound VI was prepared
in 0.36 ml. of pyridine. To this solution were added 1.56
ml. of 95% ethanol and 0.1 g. of hydroxylamine hydrochlo-
ride. The solution was refluxed one hour. After dilution
with water the product was given an ethereal extraction.
The residue from ether was not crystalline.

Anal. Caled. for CuHyONz: N,7.48. Found: N, 7.54.

17« - Hydroxy - S5« - pregnane - 3,11,20 - trione (VIII).—
A solution of 0.16 g. of the triketo-epoxide VI in 7.75 ml.
of glacial acetic acid was cooled to 15°. To this solution
was added 3.25 ml. of a solution prepared by adding 1 ml.
of 48%, hydrobromic acid to 5 ml. of glacial acetic acid.
The mixture was allowed to stand at room temperature
overnight. The solvent then was removed in vacuo at
room temperature. The residue of crude bromohydrin was
without purification dissolved in 25 ml. of 909% methanol
and catalytically hydrogenated at 4 atmospheres pressure
in the presence of 0.1 g.of a 109, palladium—calcium carbo-
nate catalyst for 5 hours. Filtration of the catalyst,
removal of the solvent in vacuo, and recrystallization from
methanol gave plates, m.p. 262-263°, [a]¥D +60° (lit.!*
gives m.p. 259-262°, []p +44°); infrared spectrum (potas-
sium bromide disk) shows a strong, bonded band at 3370
cm. ! (17-hydroxyl), a strong, broad band 1705-1690 cm. ™!
513,11:1,1,20-carbony1) and absence of the 900 and 850 cm.™!
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