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11a-Hydroxydiosgenin (mixture of C-25 epimers), readily derivable from botogenin, has been converted by a multi-step
sequence into 21-desoxycortisone and thence by iodination followed by treatment with potassium acetate into cortisone

acetate,

Various chemical routes from diosgenin to corti-
sone and related cortical hormones have been ac-
complished?® but these did not find any large scale,
commercial application, since the chemical intro-
duction of an oxygen atom at C-11 of such a ring
C-unsubstituted steroid could not compete in
efficiency with the microbiological hydroxylation
procedures* which were developed almost concur-
rently. On the other hand, the chemical synthesis
of cortisone from the steroidal sapogenin hecogenin
(I with 5,6-double bond reduced), first reported in
this Laboratory!® has been improved to such an
extent by the Glaxo group® that it is now used on a
commercial scale.

A third steroidal sapogenin representing a po-
tentially useful starting material for the synthesis
of 1l-oxygenated cortical hormones is botogenin
(I),” for which Marker established the structure
12-keto-diosgenin (I). Attempts in our labora-
tories to locate Marker’s plant source’ failed, but
recently there was reported the rediscovery of 12-
ketodiosgenin as well as its C-25 epimer from
Dioscorea spiculiflora® In view of certain dis-
crepancies in physical constants, the new names
“gentrogenin’’ and ‘“correlogenin” have been sug-
gested® for 12-ketodiosgenin (botogenin) (I) and
its C-25 epimer. By the use of methods developed
originally in the hecogenin series for shifting
the 12-keto function to C-11,%2% Rothman and
Wall'® succeeded in transforming I into 11-keto-
diosgenin (II) and 11a-hydroxydiosgenin (IV).1512
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Recent work in the cortical hormone field!3!
has shown that substitution at C-6 increases bio-
logical activity and it seemed of interest to develop
completely chemical syntheses (lacking micro-
biological steps) for such steroids. Botogenin
(I) is particularly suited for such purposes because
of the presence of the 5,6-double bond and we have
examined the feasibility of employing this sap-
ogenin as a new raw material for cortical hor-
mones. The present paper is concerned with the
description of a successful synthesis of cortisone
from botogenin (I) while subsequent papers will
deal with transformations of I to various substi-
tuted cortical hormones.

No difficulty was encountered in repeating the
literature directions®!? for the isolation of botogenin
(I) from Dioscorea spiculifiora Hemsl"® and its
transformation by the standard route® to the ketol
diacetate III. In agreement with Rothman and
Wall,!® it was preferable to employ the mixture of
C-25 epimers rather than to attempt their laborious
separation since this center of asymmetry is de-
stroyed in the subsequent side chain degradation
step. The deacetoxylation of III with calcium-
ammonia®! was conducted in the presence of
methanol so as to lead directly to 11a-hydroxydios-
genin (1Va), which was characterized further as its
3,11-diacetate IVb.1? Both products showed a
fairly wide melting point range because of admix-
ture with the corresponding C-25 epimer. Deg-
radation of the side chain was accomplished in
the conventional manner!® by heating for 5 hours
with acetic anhydride at 195°, the only modification
being that the intermediate ‘‘1la-acetoxydiosone”
was cleaved by heafing with potassium hydroxide
in aqueous acetone. The resulting A%!®-pregna-
diene-38,11a-diol-20-one (Va) was not purified,
but for purposes of characterization it was trans-
formed into the 3,11-diacetate Vb and hydrogenated
catalytically to the known!” allopregnane-38,1la-
ammonia reduction in the presence of alcohol has already been re-
ported by F. Sondheimer, O, Mancera, G. Rosenkranz and C, Djerassi,
ibid., T8, 1282 (1953), and it has been shown (ref. 6a, 10) that the
presence of a proton source in the calcium-ammonia deacetoxylation
of 11-keto-12-acetates (e.g., III) results in the direct formation of the
11a-ol,
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diol-20-one diacetate (VI). The crude degrada-
tion product Va was epoxidized directly with alka-
line hydrogen peroxide to the crystalline 16q,17a-
epoxide*VIIa and acetylated to the 3,11-diacetate
VIIb. The requsite 17a-hydroxy group was in-
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troduced in the usual manner'® by hydrogen bro-
mide opening of the epoxide VIIb followed by
catalytic debromination of the bromohydrin VIIIa
and saponification of the acetate functions of the
38,11a,17a-triol 3,11 diacetate VIIIb. A® Preg-
nene-33,11¢q,17 a-triol-20-one (VIIIc) thus obtained,
was oxidized with chromium trioxide in acetone
solution'®?® to the non-conjugated ketone IX,
which did not exhibit any ultraviolet or infrared
absorption corresponding to an «,3-unsaturated
carbonyl moiety. Isomerization of the double
(18) Cf. P. L. Julian, E. W, Meyer, W, J. Karpel and I. R. Waller’
THIs JoUurNAL, 72, 5145 (1950); F. B. Colton, W, R. Nes, D. A, van
Dorp, H. L. Mason and E. C. Kendall, J. Biol. Chem., 194, 235 (1952).
(19) K. Bowden, 1. M. Heilbron, F. R. H. Jones and B, C. L. Wee-
don, J. Chem. Soc., 39 (1946).
(20) C. Djerassi, R. R. Engle and A. Bowers, J. Org. Chem., 21, 1547

(1956), have shown that this reagent can be used for the direct oxida-
tion of a steroidal AS-38-alcohol to the corresponding As-3-ketone.
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bond could be accomplished with hydrogen
chloride~acetic acid whereupon the known?! 21-
desoxycortisonie (Xa) was produced. The syu-
thesis of cortisone acetate (Xc) from botogenin
(I) was completed by subjecting 21-desoxycorti-
sone (Xa) to the recently described?? iodination—
potassium acetate procedure,

Experimental?®

11o-Hydroxydiosgenin (IVa).—A sclution of 59.5 g. of
the ketol diacetate IITY (m.p. 213-216°, [a]p —118° de-
rived from botogenin contaminated with its C-25 epimer) in
700 cc. of dioxane-ether (1:1) was added with vigorous stir-
ring over a period of 10 min. to 25 g. of calcium metal dis-
solved in ca. 2 1. of liquid amnmonia. As the blue color dis-
appeared, a second 10-g. portion of calciunt was added fol-
lowed by 170 cc. of methunol and the solution was stirred
for an additional 15 min. Excess reagent was decomposed
with a slurry of 230 g. of ammionium chloride in 250 cc. of
water and most of the amrmonia was allowed to evaporate.
The remaining ammnonia was removed under reduced pres-
sure by warming on the steam-bath, 1 1. of warm water aud
200 ce. of acetic acid were added and the solution was ex-
tracted thoroughly with methylene dichloride. The extracts
were washed with water, dried and evaporated to yield a
crystalline residue which was heated under reflux for 30 min.
with 700 cc. of 29, methanolic sodium hydroxide solution
containing 3%, of water. Upon coolitig, a colorless, crystal-
line precipitate of 1la-liydroxydiosgenin (IVa), mixed witl
the corresponding C-25 epimer, separated. The solid was
collected and the filtrate was concentrated to provide a
second crop, mn.p. 204-233°, amounting to a total of 40 g.
(849%) of material suitable for the next step. Recrystalliza-
tion fron1 benzene-methylene dichloride led to an analyt-
ical sample, n1.p. 246-252°, [a]D —10,°.2

Anal. Caled. for Cy;H,0,41/.H,0:  C, 73.76; H, 9.86;
0,16.38. Found: C, 73.77; H, 90.42; O, 16.19.

Acetylation of tlie crude diel IVa with acetic anhydride—
pyridine and recrystallization from methanol afforded in
over 809 yield the 3,1l-diacetate IVb, mr.p. 199-209°,
[alD —116°,

Anal. Caled. for CypHuO: C, 72.34;
18.65. Found: C,72.66; H, 8.97; O, 18.63.

A%l_-Pregnadiene-338,11¢-diol-20-one (Va).—A 38.5-g.
sample of crude 1la-hydroxydiosgenin diacetate (IVb) was
heated with 155 cc. of acetic anhydride for 5 hr. in a sealed
tube at 195° and then poured in 1.5 1. of water. After
stirring for 1 hr., the water was decanted, the brown guminy
furosten derivative was extracted with methylene dichlo-
ride, washed with sodium bicarbonate and water, dried and
evaporated. The residue was taken up in 385 cc. of 809
acetic acid, cooled to 8° and to it was added in one portion
a cold solution of 16.2 g. of chromium trioxide in 210 cc. of
00% acetic acid. The temperature rose to 17° and the
solution was stirred at 10-15° for an additional 10 min.,
diluted with 1 1. of water and the crude 1la-acetoxydiosone
was cleaved by heating under reflux for 5 hr. with a mixture
of 230 cc. of acetone, 115 ce. of water and 20 g. of potassium
hydroxide. The semi-crystalline, pale yellow residue, con-
sisting largely of the desired ketone Va (AZ0¥ 236-238 muy,
log e 3.8), contaminated with partially acetylated material
was converted without purification into the epoxide VIIa.

A small sample of crude Va was acetylated with acetic
anhydride-pyridine (1 hr., steani-bath); the diacctate Vb
crystallized from acetone-hexane in large prismns, m.p. 156--
159°, [alD —85°, AESH 236238 mu, log € 4.01.

Anal. Caled. for Cyl1,0;: C, 72.43; H, 8.27.
C, 72.11; H, 8.42.

H, 9.01; O,

Found:

(21) This substance has been prepared by at least six different
methods and the relevant literature is reviewed in ref. 13b.

(22) H. 1. Ringold and G. Stork, Turs Jourxat, 80, 250 (1058).

(23) Melting points were determined on the Kofler block. TUnless
noted otherwise, all rotations were measured in chloroform solution.
We are imdebted to Dr. L, Throop and staff for these determinations
as well as for all infrared and ultraviolet spectroscopic measurements.

(24) The reported constants (ref. 10) for 1la-hydroxydiosgenin un-
contaminated by 1lae-hydroxy-yamogenin are nip. 233-235°, [alp
—116°.
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The diacetate Vb (63 mg.) was hydrogenated in methanol
solution with 109, palladized charcoal catalyst and since the
hydrogen consumption (14,36 cc.) indicated the uptake of
nearly 3 equivalents of hydrogen and hence reduction of the
keto group, the total hydrogenation product was oxidized
in acetone solution with a standard chromium trioxide-sul-
furic acid solution! and then recrystallized from acetone-
hexane. The resulting colorless crystals, m.p. 169-173°,
were shown to be identical with allopregnane-38,11a-diol-
20-one diacetate (VI) by mixture melting point determina-
tion and infrared spectral comparison with an authentic
sample,l?

16a,17a-Oxido-AS-pregnene-33,11a-diol-20-one (VIIa).—
The entire crude side chain degradation p oduct from the
preceding experiment was dissolved in 460 cc. of chloroform
and 1080 cc. of methanol, cooled to 0° and then treated
dropwise with stirring with 65 cc. of 309, hydrogen peroxide
and with a solution of 25 g. of sodium hydroxide in 310 cc. of
water. After stirring for an additional 30 min, at 0-5°, the
mixture was left overnight at room temperature and then
diluted with water. Extraction with chloroform provided a
product which still exhibited a small acetate band in the in-
frared—apparently due to incomplete hydrolysisat C-11 dur-
ing the diosone cleavage— and the total material was heated
under reflux for 30 min. with 15.4 g. of potassium hydroxide,
38.5 cc. of water and 385 cc. of methanol. The mixture was
neutralized with acetic acid, diluted with water and the pre-
cipitated epoxide VIIa (20 g., m.p, 195-207°) was used di-
rectly in the next step. The analytical sample was recrys-
tallized from aqueous methanol whereupon it exhibited
m.p. 209-211°, [a]Dp —11°, no high selective absorption in
the ultraviolet, M%5r 2.89 and 5,89 u.

Anal. Caled. for CuyH3;0O4: C, 72.80; H, 8.73; O,
18.47. Found: C, 72.37; H, 8.82; O, 18.47.

A portion (12.85 g.) of the crude dihydroxy epoxide VIla
was acetylated with 15 cc. of acetic anhydride and 25 cc. of
pyridine at room temperature for 70 hr., poured into water
and stirred for 1 hr. The precipitate was collected, washed
well until the washings were neutral, dried and recrystal-
lized from aqueous methanol and then from acetone-hexane;
vield 10.5 g. of colorless prisms, m.p. 147-149°. The com-
bined mother liquors were purified by chromatography on
165 g. of ethyl acetate-washed alumina to provide an addi-
tional 2.95 g. of material of equal purity, raising the yield of
pure 16a,17«-oxido-Ab-pregnene-33,11a-diol-20-one diacet-
ate (VIIb) to 84%. The analytical sample was obtained

from acetone-hexane, m.p. 147-149°, [a]p —37°; AK¥
5.78, 5.90 and 8.08 u.
Anal. Caled. for CyHyuOs: C, 69.74; H, 7.96; O,

22.30. Found: C, 69.53; H, 7.89; O, 21.64.

AS-Pregnene-38,11«,17a-triol-20-one (VIIIc).—To 1.82
g. of 16a,17a-0xido-AS-pregnene-343,1 1a-diol-20-one diacetate
(VIIb) dissolved in 20 cc. of acetic acid was added 1.1 cc. of
a saturated solution of hydrogen bromide in acetic acid and
after standing for 30 min. at room temperature, the mix-
ture was poured into water. The bromohydrin VIIIa was
filtered, washed with water until neutral and a small sample
was recrystallized from aqueous methanol; m.p. 143-149°
sl. dec., la]p —41°; \EPr 2,94, 5.78 and 5.88 .

Anal. CyH306Br. Caled. C, 58.71; H, 6.90; Found:
C, 58.20; H, 7.10.

The moist cake of the bromohydrin VIIIa was dissolved
in 50 cc. of methanol, 100 mg. of 109 palladized charcoal
catalyst and 515 mg. of ammonium acetate were added and
the suspension was stirred in an atmosphere of hydrogen for
2 br., whereupon hydrogen consumption had ceased. Since
the debromination product had precipitated in part, the
solution was filtered and the precipitate was washed with
methylene dichloride. The combined filtrate and washings
were evaporated to dryness and recrystallized twice from
aqueous methanol to yield 1.16 g. of AS-pregnene-38,11qa,-
17a-triol-20-one 3,11-diacetate (VIIIb), m.p. 244-254°
(sl. decomposition when taken on Kofler block), m.p, 229~
230° (sealed capillary), [a]p —15°, AEE: 2.86, 5.79 and 5.87
w. The mother liquors consisted largely of unreacted epoxide
VIIb and after retreatment with hydrogen bromide and cata-
lytic debromination afforded an additional 540 mg. of
VIIIb, thus raising the yield to 949.

Amnal. Caled. for Co;H3604: C, 69.42; H, 8,39, Found:
C, 69.61; H, 8.45.
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The saponification of the diacetate VIIIb (3.8 g.) was
performed by suspending the material in 50 cc. of methanol,
adding a solution of 1.5 g. of potassium hydroxide in 100 cc.
of methanol and stirring at room temperature until all the
solid had dissolved (¢e. 30 min.). After standing at room
temperature for 60 hr., the solution was poured into satu-
rated salt solution, the product was extracted with ethyl ace-
tate and the extracts were concentrated until precipitation
occurred. Upon cooling, there was obtained a first crop
(1.82 g.) of crystals, m.p. 262-265°, while concentration af-
forded an additional 0.67 g., m.p. 260-264°. The substance
sublimed very readily as could be observed during melting
point determination on the Kofler block and an analytical
sample of AS-pregnene-33,11a,17«-triol-20-one (VIIIc) was
prepared by sublimation at 250° and 0.1 mm. The sub-
limed material exhibited m.p. 262-265° (Kofler), m.p. 248~
252° (sealed capillary), [a]D —14°, AXEr 3.00 and 5.93
e
Anal. Caled. for CyHs04: C, 72,38; H, 9.26. Found:
71.90; H, 9.12,

AS-Pregnene-3,11,20-trione-174-0l (IX).—A5-Pregnene
38,11a,17a-triol-20-one (VIIIc) (200 mg.) was suspended in
25 cc. of acetone (distilled from permanganate), cooled to 10-
15° and 0.4 cc. of chromium trioxide-sulfuric acid rea-
gent!®2 was added in an atmosphere of nitrogen. Within
3 min., all of the suspended material had dissolved and a
new precipitate had appeared. The suspension was poured
into saturated salt solution, extracted with ethyl acetate and
dried. Upon concentration, a precipitate separated which
was collected and recrystallized from acetone-hexane; color-
less plates (144 mg.), m.p. 210-225° dec., [a]D +5°, no ul-
traviolet absorption maximum in the 240 mu region, AEE!
2.91and 5.88 u.

Anal. Caled. for C21H2304: C, 73 22,
18.58. Found: C,72.87; H,8.31; 0O, 19.17.

21-Desoxycortisone (Xa).—The oxidation of 200 mg. of
As-pregnene-38,11a,17a-triol-20-one (VIIIc) was performed
exactly as described above but the crude oxidation product
was dissolved in 6 cc. of acetic acid and hydrogen chloride
gas was passed through the solution for 45 min. at 0°. After
standing for an additional hour at 0°, saturated salt solu-
tion was added and the product was extracted with ethyl
acetate. ' The solution was subjected to decolorization with
charcoal, evaporated to dryness, the residue was dissolved
in benzene and filtered through a short column of washed
alumina. Recrystallization from hexane-acetone afforded
120 mg. of colorless crystals, m.p. 236-240°, with loss of
solvent at 210° and change of crystal form near 228°,
NEOH 238-240 mu, log € 4.20, No depression in melting
point was observed upon admixture with an authentic
samplels® of 21-desoxycortisone (Xa) prepared from cortisone
and the infrared spectra were identical.

Cortisone Acetate (Xc).—To 4 stirred solution of 400 mg.
of 21-desoxycortisone (Xa) in 3 cc. of old® tetrahydro-
furan and 1.8 cc. of methanol was added 600 mg. of finely
powdered calcium oxide followed by 600 mg. of iodine.
When the iodine color had disappeared (ca. 3 hr.), methylene
dichloride was added, the solution was filtered and the fil-
trate was washed successively with aqueous sodium iodide
solution, sodium thiosulfate solution, water, dried and
evaporated % vacuo without applying heat. Theresidual21-
iodo derivative Xb was dissolved in 10 cc. of dry acetone and
heated under reflux for 18 hr. with 1.0 g. of anhydrous
potassium acetate. Most of the solvent was distilled off,
water was added and the product was extracted with meth-
ylene dichloride. After washing with water, drying and
evaporating, there was obtained 297 mg. of cortisone acetate
(Xc). Theneedles, obtained by recrystallization from meth-
anol or from acetone-hexane, exhibited m.p. 235-237°, un-
depressed upon admixture with an authentic sample of cor-
tisone acetate (Xc). Identity was confirmed further by in-
frared spectral comparison.
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H, 8.19; O,

(25) Tetrahydrofuran having a peroxide content equivalent to 0.01
g. of iodine/cc, of tetrahydrofuran (titration with potassium iodide
and thiosulfate). Alternatively tetrahydrofuran distilled from calcium
oxide is exposed to sunlight in an open bottle until the peroxide con-
tent reaches the above value.



