359

STUDIES IN SYNTHESES OF STERCID METABOLITES. PART IV.

M, Harnik
Steroid Research Department, Zori Pharmaceutical and Chemical

Industrial Company, Tel Aviv

Received March 16, 1964

Palledium on charcoal hydrogenation of Reichstein's Compound S
acetate afforded the Sa-dihydro derivative I as the minor, and
the 5@p-dihydro derivative T1I as the major, product. Raney nickel
hydrogenation of the former gave Reichstein's Compound P acetate
(I11a), which was converted into allo-THS (VIa). Raney nickel
hydrogenation of the 58 compound 1T gave a mixture of THS 21-
acetate (Vb) and its 38 epimer IVbh., The Sa~dihydro derivative X
of DOCA was hydrogenated in a similar fashion to afford the 38
compound XIe which was transformed into allo-tetrahydrodesoxy-
corticosterone (XVa). Raney nickel hydrogenation of the 5p-dihydro
derivative XII gave a mixture of tetrahydrodesoxycorticosterone
2l-acetate (XIIIb) and its 38 epimer XIVb. The presence of a
17a-hydroxyl and of a l6a,l7a-epoxy group in several 5p-3-keto
steroids increases the ratio of 3a to 3p alcohols produced by
Raney nickel hydrogenation,

In previous papers of this series hydrogenations of hydrocortisone'}’2
ccrtisonez, corticosterone5 and /or their acetates were described, the
formation of 58 isomers was emphasized and the practical significance
of these findings in relation to syntheses of steroid metabolites was
pointed out., The present paper is a report of hydrogenation studies of
derivatives of Reichstein's Compound S and of derivatives of desoxy-
corticosterone, ultimately leading to syntheses of sgeveral ll-desoxy
metabolites,

Results of palladium hydrogenations of several steroids, possessing
the [Sa-i—keto group and devoid of an oxygen function at position 11,
were summarized by Wettstein and Hunzik:er4 who showed the predominance

of 5p-dihydro compounds as reduction products. Related results were now
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obtained with Reichstein’s Compound § acetate, the ratio of 58 to Sa-~
dihydro compounds (II and I) obtained being slightly over 3:2.

Raney nickel hydrogenation of the S5a isomer I in diocxane furnished
the expected 3B-hydroxy derivative IIIa (Reichstein's Compound P 21-
acetate) in 72% yield., Its tosylate IIIb was heated in dimethylformamide5
and from the resulting mixture there were isolated, by crystallization
and chromatography, three compounds: the elimination product VIIa (14%),
the 3a-formate VIc (61%) and the 3a-ol VIb (6%). Mild hydrolysis of VIc or
VIb with potassium bicarbonate gave, in over 75% yield, Sa-pregnane-
3a,17a,21-triol-20-one (allo-THS) {VIa) which was recently prepared by
v. Euw, Neher and Reichstein6. This compound was identified in human
urine after administration of 5-pregnene-38,17a,2l-~triol-20-one to a
normal subjeot7. Recently Finkelstein and Shoenberger identified allo-
THS in the urine of a boy aged 4 with an adrenogenital syndrome asso-
ciated with hypertensionga. Rumney found evidence for the presence of
allo-THS in the urine of a 2% year old child with congenital adrenal

hyperplasia and hypertension whose sex chromatin was found to be posi-

tiveeg. OH GH
5 5
. ..OH
,,*_______wgp —_— Vid
VIII a RcH IX a :ReH
%osyl b:Rehc

Reformyl
Tt is of incidental interest that the intermedistes IXb and IXag,
used by the Swiss workers6 to prepare allo-THS diacetate (VId) and by
Fukushima and Meyer9 to synthesize Sa-pregnane-3a,17a,20p-triol, were
now prepared by epimerization of Sa-pregnane-3f,17a-diol-20-one (VIila)

vig its 3-tosylate VIIIH, followed by hydrolysis and acetylation.
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In the 58 series, hydrogenation of dihydro Reichstein's Compound
S acetate (II) with Raney nickel afforded a mixture which was purified
by chromatography to afford a 24% yield of the 3p-ol IVb and a 60%
yield of THS 2l-acetate (Vb)lo. Mild hydrolysis of IVb gave the free
triolone IVa; this compound was previously obtained by Ungar and
Dorfmanll by incubation of 5B-dihydro Reichstein's Compound S with rat
liver. The structure of this triolone was established by (a) degrada-
tion with sodium borochydride - sodium periodate to 5p-androstane-3p-
0l-17-one; and (b) conversion of THS 2l-acetate (Vb) to its tosylate
Ve and epimerization in dimethylformanmide. Chromatography of the resul-
ting mixture gave three compounds: the 3p-formate IVd (67%) which,
like Vb, could be hydrolyzed to the triolone IVa, identical with a
sample described above; the 3p-ol IVb (5%); and the unepimerized 3a-ol
Vo (5%).

Wettstein and Hunziker& reduced desoxycorticosterone acetate
(DOCA) in alcohol in the presence of palladium on calcium carbonate
and isolated a small amount of the Sa-dihydro compound X, in additien
to the major 5p product XII, Essentially the same results were now
obtained when ethyl acetate and palladium on charcoal were employed
in the hydrogenation. Raney nickel in dioxane hydrogenation of X
afforded the 38 alcohol Xla in 7%% yield. In analogy with the 17-
hydroxylated series, epimerization of the 38-tosylate XIb in dimethyl-
formamide, followed by a combination of crystallization and chromato-
graphy, gave the unsaturated acetate VIIb (17%), the Za-formate XVe
(65%) and the 3%a alcohol XVb (7%). 1ild hydrolysis of XVb or XVe
afforded allo-tetrahydrodesoxycorticosterone (XVa) in 80% yield.

Acetylation of XVe furnished the diacetate XVd which previously had
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been obtained by Schneider12a by (a) incubation of desoxycorticoste-
rone with rat liver slices, followed by acetylation and separation
of products, and (b) acetoxylation of Sa~pregnane-3a-ol-20-one ace-
tate with lead tetraacetate,.

Next the Raney nickel hydrogenation of the 58-dihydro deriva-
tive XII was investigated. The products were separated by chromato-

13,14

graphy and proved to be the known 38 and %a epimers XIVb nd

XIIIb15’15

, respsctively, in the ratio of 7.6:1l. Hydrolysis of the

3a isomer XIIIb gave tetrahydrodesoxycorticosterone (XIIIa). Since
the ratio of the epimers XIVb and XIIIb obtained by hydrogenation
was unfavorable for a practical synthesis of tetrahydrodesoxyeortico-
sterone, use was made of the 3B isomer as well. Its tosylate XIVe was
treated with dimethylformamide and the products were separated by
chromatography. The olefin XVI was isolated in 34% yield; the 3a-
formate XIIId in 20% yield; and the 3a-ol XIIIb in 12% yield. Hydro-
lysis of the formate, like that of XIITb, afforded the diolone XIIIa.
It was observed that when the hydrolysis of XIIId with potassium
bicarbonate was interrupted before completion, there was obtained a
mixture of the diolone XIIJae and its acetate XIIIb, the formate ester
at position 3 being hydrolyzed faster than the 2l-acetate.

On the basis of Raney nickel in dioxane hydrogenation experi-
ments of the 5f-dihydro derivatives 1 - 4 listed in Table I it appears
that while hydrogenations of dihydrodesoxycorticosterone acetate and
of its 1llP-hydroxy derivative (compounds 1 and 3) lead to the predo-
minant formation of the 3B isomers, the presence of a hydroxyl group
in position 17 (compounds 2 and 4) reverses the effect and makes the

3a alechols the major products.
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Table T
58 compound ratio 3B:3a reference
alcohol produced
1. Dihydro~DOCA (XII) 7.6 + 1 this paper
2. Dihydro-Reichstein's S acetate (II) 4 s 10 " i
3. Dihydro-corticosterone acetate high (amount of 3
2q insignificant)
4, Dihydro-hydrocortisone acetate 4 : 10 2
5. Dihydro-16a,17a-epoxy~DOCA (XVIII) | low (amount of this paper
38 insignificant)

In order to estimate the influence of the 16a,l7a-epoxy group
on the stersochemistry of reduction of a 5B-3-keto compound, 16a,17a-
epoxydesoxycorticosterone acetate (XVII) was hydrogenated in the prese-
nce of palladiuvm to afford the 58~dihydro derivative XVIII, in addi-
tion to a small amount of the Sa epimer XIX. The 58 compound XVIII
was then catalytically reduced in the presence of Raney nickel to
give the 3a isomer XX in 72% yield. Assignment of the 3a structure
to compound XX was carried out by opening the epoxide with hydrogen
bromide followed by treatment of the resulting bromo derivative with
nickel, The acetylated product wag identical with THS 3,21-diacetate
(Ve). The conversion XVIII —) XX indicates, then, that the influence
of the epoxy group in XVIII parallels that of the 17a-hydroxyl in II:
both cause predominant formation of %a isomers on Raney nickel - dioxane

hydrogenation of the 58-3-keto moiety.

CH,0Ac CH,Ohc
COQ 02 CH20AG
20 cdy
= Qﬁ?ﬁ . ,O(?:j]
0 )
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Shown below are infrared spectra (4% in KBr) of nine steroid metebo-

. 2
lites, syntheses of which were reported in this and earlier articles%’i’ 1

i
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EXPERIMENTAL

Melting points are uncorrected. Optical rotations were measured in chlorofornm
unless stated otherwise, Ethyl acetate was neutralized with bicarbonate before
use in hydrogenations. Raney nickel (No. 28, Raney Catalyst Co., Chattanooga,
Tenn. ) was thoroughly washed with water before use. Hydrolysis of 2l-acetoxy
compounds was carried out by mixing a 1% solution of the stercid in methanol
with a 5% aqueocus solution containing an equal weight of potassium bicarbonate.
After storing for 20 to 44 hrs at room temperature the solution was concentra-
ted in vacuo at room temperature and the precipitated solid was sither filte-
red and water-washed, or taken up in an organic solvent.

Palladium Hydrogenation of Reichstein's Compound S 2l-acetate. A mixture

of 20 g of Relchstein's Compound S 2l-acetate, 10 g of 5% palladium on charcoal
and 3 1 of ethyl acetate was vigorously stirred for 6 hrs in an atmosphere of
hydrogen. The filtered solution was concentrated to 1.5 1, set aside overnight

at room temperature and the precipitated Sa-pregnane-l7g,21l-diol-3,20-dione 21~

acetate (I) collected; 9.0 g, m.p. 248.250°, (a)§5+59°(dioxane) (reportedl7
249-2510, (a)§0+61°(dioxane)). Concentration of the filtrate to 900 ml and
storage at room temperature for 2 days afforded edditional 2 - 2,5 g of the
seme compound, m.p. 240-5°,

Further concentration to 200 ml and then to 70 ml gave 18 g of 58~

pregnane-17a,21-diol=3,20-dione 2l-gcetate (II), MePa 187—1920, which on

2
recrystallization from ethyl acetate melted at 192-&0, (a)D5+780(ethancl)

8
(reported 195-70, (a)gz*Blo(ethanol)1 s 188-190019; 192.5-4°, (a)%0+76°

(ethanol)go; 198-200°, (oc)§8+81°21).

Raney Nickel Hydrogenstion of I. A solution of 6.0 g of the 5a isomer

I in 700 ml of dioxane was stirred with 5 teaspoonfuls of Raney nickel for
4 hrs in an atmosphere of hydrogen. Filtration, distillation to dryness
and recrystallization of the solid from 300 ml of methanol furnished 3.8 g of

Sa-pregnane-38,17a,21-triol-20-one (Reichstein's Compound P) 2l-acetate (IIIa)

M. Po 250~8°. Further concentration gave 0.5 g of comparable material.

° 28
Recrystallization from methanol gave material melting at 234-6", (a)D +48°
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(dioxane) (reported17 235~6°, (a)go*hho(dioxane)).

Raney Nickel Hydrogenation of I1. A mixture of 15.05 g of the 5B

isomer II, 750 ml of dioxane and 7 teaspoonfuls of Raney nickel was hydro-
genated for 4 hrs, After filtration and distillation in vacuo the solid
residue was dissolved in benzene and chromatographed over 350 g of Florisil.,

5p-Pregnane-38,17a,21-triol-20-one 21l-acetate (IVb) was eluted with 10%

ether in benzene; after recrystallization from acetone - ether the material
weighed 3.6 g and melted at 219-220° (reported22 217—90). Hydrolysis of a
sample with potassium bicarbonate in aqueous methanol at room temperature,
followed by filtration and recrystallization from acetone, gave 5B-pregnane-

0
38,170,21-triol-20-one (IVa), m.p. 232~4°, (a)g +50°(ethanol ) (reportedll

204.6°, (a}D+54°(ethanol)). Sodium borohydride - sodium periodate degradation
of IVa gave 5p~pregnane-3p-ol-17-one. The diacetate IVe was prepared from
the monoacetate IVb and after recrystallization from methanol melted at
152-4°, (a}gl+51°(dioxane) (reported 149-151°, (a)§8+&9°(dioxane)l9; 154-7°,
(a)§8+51°(ethanol 1y,

Further elution with benzene - ether mixtures and with ether gave

5B-pregnane~-3a,17a,21-triol-20-one (THS) 21-acetate (Vb), which after

recrystallization from ethyl acetate weighed 9.03 g, m.p. 221—&0. Hydrolysis
of Vb with potassium bicarbonate in aqueous methanol at room temperature

gave S5B-pregnane-3a,17a,21-triol-20-one (THS) (Va), which after recrystalli-

zation Prom ethyl acetate melted at 212-6°, (a)go+64°(ethanol) (reportedt!
214-6°, (a)§7+60°(ethanol)).

Sa-Pregnane-38,17a,21-triol-20-one 3-tosvlate 2l-acetate (IITh).

A suspension of 3.3 g of the 38-ol IIla in 15 ml of pyridine was stirred
for 16 hrs at 0° with 5 g of p-toluenesulfonyl chloride, then allowed to

stand at 0° overnight. Ice-water was amdded, the solid filtered, washed
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with water and recrystallized from methanol. In three crops there was
obtained a total of 3.81 g of the tosylate IITb, m.p. 950(dec), sometines
solidifying and remelting at 137-140°, (a);8+§1.5°.

Anal. Calcd. for C50H42078: ¢, 65.91; H, 7.74. Found: C, 65.88; H, 7.96.

Epimerigation of Togylate ITIIb. A solution of 3,51 g of ITIb in 140
5

ml of dimethylformamide” was heated at 80° for 70 hrs. The solvent was
distilled in vacuo, the residue treated with water and the solid filtered.

Recrystallization from 40 ml of methanol gave 1,16 g of Sa-pregnane-3a,l7a,2l-

triol-20-one 3-formate 2l-acetate (VIe), MyPe 208—2120. The analytical sample

(acetone) melted at 214.5°, (a}é8+62°.

Anal. Caled. for C,,H,O¢: C, 68.,54; 4, 8.63, Found: C, 68.69; H, 8.90.

5

The filtrate was evaporated and the residue chromatographed over 50 g

of Florisil, With 5% ether in benzene there was obtained Sa-pregn-2-ene-

17a,21-diol-20~0one 21l-acetate (VIIa) which after reerystallization from

acetone weighed 350 mg and melted at 21h~2200. The pure sample melted at

219-222°, (a)é7+88°.

Anal. Calcd, for 02§H§AGA: g, 73.76; H, 9.15. Pound: C, 73,32; H, 8.91.
Further elution with 5% ether in benzene and recrystallization of

the product from acetone gave additional 480 mg of the formate VIie, m.p.

212-5°,

Elution with 50% ether in benzene afforded So-pregnane-3a,17q,21-

triol~-20-one 2l-acetate (VIb), which after recrystallization from acetone

melted at 223-232° and weighed 150 mg, The pure sample had the m.p. 231-4°,
Anal,. Caled, for 025H5605= ¢, 70.37; H, 9,24, Found: C, 70.58; H, 9.20.
Hydrolysis of VIb or VIec with potasgsium bicarbonate in agueous

methanol at room temperature, followed by exiraction with ethyl acetate,

furnished 5a-pregnane-3a,17a,21l-triol-20-one (allo-THS; 3-epi-Reichstein's
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Compound P) (VIa), which was recrystallized from ethyl acetate; m.p. 224~6°,

(a);8+54°(methanol) (reported6 223.4°, (a)§6+51.60(methanol)).

S5B-Pregnane-3a,17a,21-triol-20-one 3-tosylate 2l-acetate (Ve) was
obtained when a solution of 12 g of the acetate Vb and of 15 g of p-toluene-
sulfonyl chloride in 35 ml of pyridine was stored overnight at 0°. The
product was isclated as described for IIIb and recrystallized from methanol
to give 1% g, m.p. 160~2°(dec). The pure compound melted at 148-1500,
sometimes at 160-2°,

Anal. Calcd. for C__H, _0.8:C, 65.91; H, 7.74. Found: ¢, 66.20; H, 7.50.

304277
Epimerization of Togylate Ve. A solution of 8.2 g of Ve in 350 ml of

dimethylformamide was heated at 80° for 70 hrs, Distillation of the solvent
in vacuo, addition of water, filtration and recrystallization of the solid

from methanol gave 3.5 g of 5B-pregnane-38,17a,2l-triol-20~-one 3-formate

2l-acetate (IVd), m.p. 150-50. The analytical sample (from methanol or

heptane) melted at 154-6°, (a)é8+5#0.
Anal, Caled. for 024H5606: ¢, 68.54; H, 8.63, Found: C, 68,80; H, 8.45,

The filtrate was evaporated and the residue chromatographed over 150 g
of Florisil., With 5% ether in benzene there was obtained an additional
amount of the formate IVd. Recrystallization from heptane gave 750 mg, m.p.
152-5°,

Hydrolysis of IVd, under conditions described for IVb, afforded the
triolone IVa.

Elution with 20% ether in benzene afforded the 38 alcohol IVb which

after recrystallization from acetone - ether melted at 216-9° (320 mg) and
was identical with a sample of IVb degcribed above.
Elution with ether - benzene (1:1) furnished the 3a alcohol Vb which

was recrystallized from acetone., The product melted at 220-4° and weighed 300 mg.
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5a-Pregnane-3p,17a-di0l-20-one 3-tosylate (VIIIb). A sclution of 22.8 g

of Sa-pregnane-3a,17a-diol-20-one (VIIIa) (prepared by hydrogenation of a
0.75% solution of the 3p-formoxy compound VIIIc25 in methanol for 10 hrs st
atmospheric pressure in the presence of 5% palladium on charcoal. Distillation
of the filtered solution at atmospheric pressure directly gave the dihydroxy-
ketone VIIIa) in 100 ml of pyridine was magnetically stirred with 45 g of
p-toluenesulfonyl chloride. The mixture was treated with water after 20 hrs

at 0°, the solid filtered, water-washed and recrystalligzed from acetone. The
product melted st 90—-2o and weighed 24,5 g. The analytical sample partially
resolidified at about 120° and melted again at approximately 1500.

Anal. Caled, for C 0_S: C, 68.82; H, 8.25, Found: C, 69.27; H, 8.61.

284005
Sa-Pregnane-3a,17a~diol-20-one (IXa). A solution of 19.2 g of the

tosylate VIIIb in 600 ml of dimethylformamide was epimerized as described
for Ve, The solid was washed with water and refluxed for 1 hr with 400 ml
of 5% methanolic potassium hydroxide. The sclution was concentrated, water
added and the solid collected. Several fractional crystallizations from
acetone afforded 4.7 g of IXa, m.p. 204-8° (reported9 215-6,50), suitable

9

for reduction with sodium borohydride”. The filtrates from IXa were evapo-
rated and the residue was chromatographed over 270 g of Florisil., With 5%

ether in benzene there was obtained 1.8 g of Sa-pregn-2-ene-l7a-ol-20-one

which after recrystallization from acetone melted at 1950 and weighed 1.1 g,

The analytical sample had m.p. 201-2°,

Anal. Caled, for 021H§202= C, 79.70; H, 10,19, Found: C, 79.49; H, 10,40,
Several of the fractions eluted with 20% and 50% ether in benzene

proved to contain the crude diolone IXa., Most of the impurity, insoluble

in hot benzene, was removed by filtration. From the benzene filtrate there

was obtained in several crops 1.3 g of IXa, m.p. 203-8°, bringing the total



April 1964 STEROIDS 373

*

amount of IXa isolated to 6.0 g. Acetylation of IXa gave the known
3~acetate IXb.

S5q-Prepnane-38, 21-diol -20-one 21l-acetate (XIa). A solution of 6.54 g

of Sa-pregnane-2l-ol-3,20-dione acetate (X)gﬁ’u in 600 ml of dioxans was
hydrogenated for 3 hrs at roow tempsrature and atwospheric pressure in the
presence of & teaspoonfuls of Raney nickel. The filtered solution was
distilled and the solid recrystallized from methancl %o afford 3,56 g of
Xla, m.p. 2C4-5°, and 1.22 g, wm.p. l97m90 (reportedg& 202—40).

Raney Nickel Hydrogenation of 5f-Pregnane-2l-0i-3,20-dione acetate (X11).

A solution of 11 g of the 58 compound XII in 1 liter of dioxane was hydro-
genated as deseribed above. The product was chromatographed over 300 g of
Florisil. The fractions eluted with 5% ether in benzene were recrystallized
from ether - petroleum ether and gave a total of 6,00 g of 58-pregnane-38,21-

diol-20-one 2l-acetate {XIVb), m.p. 1%6-8° {reported 156-8015; 119—125015;

2
121—5014}, identical with an authentic sample ?

Elution with 20% ether in benzene gave S5B-pregnane-3a,21-diol-20-one

2l-acetate (Xllgé) which after recrystallization from acetore - sther

weighed 800 mg, melted at 178-180°, (a)§5+1C50, and was identical with an
autkentic sample25 (reporﬁedlﬁ 1?9.5—1810, (a)ﬁ8+109°(chloroform)).

In actual practice, due tc the tediousness of purification of the
starting materisl XII, obtained by palladiurm on charcoal hydrogenation of
DOCA ', it was found convenient to employ samples of XII containing small
amounts of its g epimer X. In such cases elution with ether - benzene (1:1)
furnished corresponding amounts of the Sa-dioclone XIa.

Hydrolysis of the 2l-acetate XII1b with potassium bicarbonate in
aqueous methanol, followed by concentratiocn in vacuo and filtration, or

extraction with ether and concentration of the extract, gave S5B-pregnane-
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3a,21-diol-20-one (XIIIa), m.p. 14h-0°, A sample, twice recrystallized

from acetone, melted at 142-3°, (a)58+94° (reported16 152-3°), The
infrared spectrum of the recrystallized sample showed a doublet at 5.85
and 5.91 p, while the spectrum of the material before recrystallization
had a single carbonyl peak at 5.84}L Thin layer chromatography26
established the purity of the compound.

5p-Pregnane-38,21-diol-20-one 3-tosylate 2l-acetate (XIVe) was

prepared by storing 5.28 g of compound XIVb and 6 g of p-toluenesulfonyl
chloride in 18 ml of pyridine for 40 hrs at 0°. The product was precipi-
tated with water and recrystallized from ethyl acetate to furnish a total
of 6.72 g, m.p. 142-4%(dec), unchanged on further recrystallization.
Anal. Calcd. for 050H4206
Epimerization of Tosylate XIVe. A solution of 6,04 g of XIVe in

S: C, 67.89; H, 7.98. Found: C, 67.92; H, 7.72.

250 ml of dimethylformamide was heated at 80° for 70 hrs. The solvent
was distilled in vacuo, the gummy residue treated with water, the mixture
thoroughly extracted with benzene and the extract chromatogravhed over

180 g of Florisil, Elution with benzene provided 5p-pregn-2-ene-21-ol-

20-one acetate (XVI) which was recrystallized from petroleum ether, 1.40g,

mepe 97-9°. The pure sample melted at 102—40, (a)é8+102°.

Anal. Caled. for Cpyfy)0,: C, 77.05; H, 9.56, Found: C, 76.69; H, 9.63.

3:
Elution with 5% ether in benzene gave Sp-pregrane-3a,2l-diol-20-

one 3-formate 2l-acetate (XIIId). Recrystallization from ether - petro-

leum ether gave a total of 0,92 g, m.p. 117-9°. The analytical sample

melted at 117-8°, (a);8+1200.

Anal, Caled. for 024H5605: Cc, 77.25; H, 8.97. Found: C, 71.22; H, 8.92.
Hydrolysis of XIIId with potassium bicarbonate in aaueous methanol

at room temperature for 40 hrs afforded the diolone XIIIa,
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Elution with 20% sther in benzene gave 5B~pregnane~3a,2l~diol-

20-one 2l-acetate (XTIIb) which was recrystallized from acetone - ether.

The product weighed 0.52 g, melted at 177-181° and was identical with a
sample of XIIIb described above.

5a-Pregmane-38,21-diol1-20-one 3-tosylate 2l~-ascetate (XIb).

A solution of 3.41 g of the 3B-hydroxy compound XIa (obtained as
described above or by hydrogenation of 2l-acetoxypregnenclone in
methanol in the presence of pallasdium on charcoal) and of 5 g of
p-toluenesulfonyl chloride in 18 ml of pyridine was stored overnight
at 0%, After addition of water, filtration and recrystallization of
the solid from acetone there was obtained a total of 4.14 g of the
tosylate XIb, m.p. 162-4°.

Anal, Caled. for C 0,8:C, 67.89; H, 7.98. Found: C, 68.23; H, 7.80.

H
30 4276
Epimerization of Tosylate XIb. A solution of 3.20 g of XIb in 150

ml of dimethylformamide was epimerized as described for Ve. The crude
solid was recrystallized from ethyl acetate and gave 1,30 g of somewhat

impure 5a-pregnane-3a,2l-diol-20-one 3-formate 2l-acetate (XVc), m.p.

204-210°. The filtrate was evaporated and the residue was chromatographed
on 50 g of Florisil. Elution with benzene at first gave Sa-pregn-

2-ene-21-01-20-one acetate (VIIb) which was recrystallized from acetone

to afford 370 mg, m.p. 178-181°, The analytical sample melted at 181-50,
(a);8+158°.

Angl. Caled, for 025H540 : C, 77.05; H, 9.56, Found: C, 76,78; H, 9.32,

>
Continued elution with benzene furnished additional amounts of the
formate XVe which after recrystallization from ethyl acetate melted at

217-9° and weighed 300 mg. The pure sample melted at 220-2°, (a)%8+1040.

Anal. Caled. for C24H5605: ¢, 71.25; H, 8.97. Found: C, 71.26; H, 8.91.
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Elution with 20% ether in benzene afforded Sa-pregnane-3a,2l-diol-

20-one 2l-acetate (XVb) which was recrystallized from a small amount of

acetone to give 150 mg of material, m.p. 214-7°, The pure sample melted

at 216-8°,

Anal, Caled. for 025H5604 C, 75.36; H, 9.64, Found: C, 73.48; H, 9,43.
Hydrolysis of a 1% solution of XVb or of a 0.1% solution of XVc in

methanol with aqueous potassium bicarbonate afforded Sa-pregnane-3a,21-

diol-20-one (XVa) which was isolated by filtration, dried and recrystalli-

zed from acetone; m.p. 161-5°. The analytical sample melted at 163-6°,

(a)é8+84°(methanol).
Anal. Oaled. for 0, Hy0,: C, 75.40; H, 10.25, Found: C, 75.21; H, 9.99.
Acetylation of XVa afforded the dimcetate XVd, m.p. 164-5° (methanol)

0l2b

).

Palladium Hydrogenation of 16a,l7a-Epoxydesoxycorticosterone aceta-

(reported 164—5012a; 165

te (XVII). A solution of 5 g of XVII in 500 ml of ethyl acetate was hydro-
genated for 5 hrs in the presence of 5 g of 5% palladium on charcoal. The
filtered solution was distilled in vacuo to dryness and the residval

solid subjected to a series of laborious fractional recrystallizations
from ether. There was obtained a total of 0.24 g of material, m,p. 170-
1900, which was recrystallized twice from ethyl acetate to give 95 mg,

MeDe 191—40. The analytical sample of 16a,l7a-epoxy-Sa-pregnane-2l-ol-

5 20-dione acetate (XIX) melted at 194-6°.

Anel. Calcd. for 025H5205- ¢, 71.10; H, 8.30. Found: C, 71.24; H, 8.12.
From the ether filtrates there was obtained a total of 3,01 g of
the crude 5B isonmer, m.p. 120~155°. The pure sample of l6a,l7a-epoxy-

5B-pregnane-21-ol-3,20-dione acetate (XVIII) melted at 157-—8o (ether).

Anal. Caled. for 025H5205: ¢, 71.10; H, 8.30. Found: C, 71.16; H, 8.49,
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16a, 17a-Epoxy-Sa—pregnane-38,21-di0l-20-one 2l-acetate (XXI).

A solution of 1,0 g of the 5a compound XIX in 100 ml of dioxane was
hydrogenated for 2 hrs in the presence of 2 teaspoonfuls of Raney
nickel. Distillation of the solvent and recrystallization of the
residue from methanol gave a total of 610 mg of the 3B-ol XXI, m.p.
195—2020. The pure sample melted at 199~201°.

Anal, Calecd, for C__H : C, 70.74; H, 8.78. Found: C, 70,51; H, 9.00.

0
2373475
Raney Nickel Hydrogenation of XVIII. A 1% solution of 13.0 g

of the 58 isomer XX in dioxane wasg hydrogenated for 3% hrs in the pre-
sence of 10 teaspoonfuls of Raney nickel, Distillation of the filtered
solution gave a gum which was chromatographed over 400 g of Florisil.

With 5% and 20% ether in benzene there was obtained 16a,l7a~epoxy-58-

pregnane-3a, 21-diol-20~one 2l-acetate (XX) which after recrystallization

from acetone - petroleum ether weighed 9.4 g, m.p. 141-5°. The analy-
tical sample melted at 146°,

Anal, Calcd, for C H5405: ¢, 70.74; H, 8.78. Found: C, 70,63; H, 8.90,

25

Conversion of XX to Ve. A 200 mg sample of XX was dissolved in

1 ml of acetic acid, cooled in ice and treated with 1 ml of a saturated
solution of hydrogen bromide in acetic acid. After 5 minutes the ice-
bath was removed and after additional 15 minutes the resulting slurry
was treated with cold water. The crude bromohydrin, m.p. 196—7O(dec),
was filtered, washed with water and without further purification dissol-
ved in 50 ml of dioxane. One teaspoonful of Raney nickel and 1 g of
potassium acetate was added and the mixture hydrogenated for % hrs,.
Evaporation of solvent in vacuo was followed by addition of water.

The solid was filtered, air-dried and acetylated with acetic anhydride-

pyridine. The product, obtained by addition of water, filtration and
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recrystallization from methanol, weighed 135 mg, melted at 200-4° and

- 0 - O
was identical with an authentic sample of THS 3,21-diacetate (Vc)1 ’1}
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Moshe is hereby acknowledged.

Nomenclature Appendix

Corticosterone - 118,21-Dihydroxypregn-k-ene-3,20-
-dione
Cortisone - 17,21 -Dihydroxyyregn-t-ene-3,11,20-
-trione
Desoxycorticosterone - 21-Hydroxy-pregn-4—ene-3,20-dione
Doc - See degoxycorticosterone
DOCA ~ 21-Acetoxy of desoxycorticosterone
Hydrocortisone - 11B, 17a,21-Trihydroxypregn-4-ene -
-3,20~dione
Reichstein's Compound P 38, 170a-Dihydroxy-21-acetoxy~50~
acetate - -pregnan-20-one
Reichstein's Compound S 170~Hydroxy-21l-acetoxypregn-i-ene -
acetate - -3,20-dione
Tetrahydrodesoxy- 3a,21-Dihydroxy -5 -pregnan-20-one
corticosterone
allo-tetrahydrodesoxy- 5¢ Epimer of above
corticosterone
THA - 3¢, 170,21 -Trihydroxy ~5£ ~pregnane ~
-11,20-dione
THB - 3¢, 118,21 -Trihydroxy ~58-pregnan-20-
-one
THS - 3¢, 170, 21 -Trihydroxy~58~pregnan~20-
~one
allo-THS =~ 5¢; Epimer of above
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