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The present invention relates to certain ster-
oid metal enolates and is more particularly con-
cerned with 21 - alkoxyoxalyl-3-hydroxypreg-
nane-11,28-dione alkali-metal enoiates and to a
novel process for the production thereof.

The novel compounds of the present invention
may be represented by the following structural
formula:

CH; O0—M (”)
CH=(I}——C—0——-R
C=0
O
CH;

HO-

wherein M is an alkali metal and R is alkyl and
wherein the 3-hydroxy group has the alpha or
beta stereoconfiguration.

The novel process of the present invention in-
volves condensation of 3-hydroxypregnane-
11,20-dione with an alkyl di-ester of oxalic acid
in the presence of an alkali-metal base to pro-
duce a 2l-alkoxyoxalyl - 3 - hydroxypregnane-
11,20~dione alkali-metal enolate.

An object of the present invention is to pro-
vide novel 21-alkoxyoxalyl-3-hydroxypregnane-
11,20-dione alkali-metal enolates. Another ob-
ject of the present, invention is the provision of
2 process for the production of 21-alkoxyoxalyl-
3-hydroxypregnane ~ 11,20 - dione alkali-metal
enolates. A further object of the present inven-
tion is the provision of a process for the produc-
tion of 21-alkoxyoxalyl - 3 - hydroxypregnane-
11,20-dione alkali-metal enolates without the
concomitant formation of alkoxyoxalyl alkali-
metal enolates at other positions of the molecule.
Other objects of the present invention will be
apparent to those skilled in the art to which this
invention pertains. :

The novel compounds of the present invention
have utility as stable forms of the corresponding
keto acids, keeping well, as convenient solids, for
long periods of storage. Their water solubility
makes these compounds readily adaptable, for
further syntheses, to reactions employing aque-
ous media. The corresponding esters, the acids
which can readily be obtained by hydrolysis, and
the alkali-metal enolates themselves, have util-
ity as intermediates in the preparation of biologi-
cally active compounds such as cortisone and
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compounds such as the corresponding 21-gly-
oxalic acids and 21-acetoxy-3-hydroxypregnane-
11,20-dione, as shown in Example 1A and 1B.

The novel compounds of the present invention
which are of particular interest are those com-
pounds having the above generic formula where-
in M is sodium or potassium and R ig lower-alkyl
such as, for example, methyl, ethyl, propyl, iso-
propyl, butyl, amyl, hexyl], heptyl, octyl, and the
like, with methyl and ethyl being preferred.

The starting compounds of the present inven-
tion are the 3-hydroxypregnane-11,20-diones
which may be prepared by known procedure
[Von Euw, Lardon and Reichstein, Hely. Chim.
Acta, 27,821 (1944) 1.

According to the method of the present inven-
tion, a 21-alkoxyoxalyl-3-hydroxyprogesterone
alkali-metal enolate is prepared by mixing the
selected 3-hydroxypregnane-11,20-dione with an
alkyl di-ester of oxalic acid in the presence of
an alkali-metal base.

In carrying out the novel process of the pres-
ent invention, a 3-hydroxypregnane-11,20-dione
is usually dissolved in the alkanol corresponding
to the alkanol used in the formation of the se-
lected ester of oxalic acid, or in a solvent which
is non-reactive under the conditions of reaction,
such as, for example, benzene or ether, and mixed
with the selected alkyl di-ester of oxalic acid in
the presence of an alkali-metal base. The di-
esters of oxalic acid which are preferred in the
method of the present invention are lower-alkyl
esters containing from one to eight carbon atoms,
inclusive. Of these the methyl and ethyl esters
are preferred. Alkali-metal bases which may be
used include the alkali-metal alkoxides, the al-
kali metals, the alkali-metal hydrides, sodium
amide, tri~-phenyl methyl sodium, and others.
Of these the sodium and potassium alkoxides are
preferred. The selected alkali-metal base cata-
lyses the condensation of the alkyl di-ester of
oxalic acid with the 3-hydroxypregnane-11,20-
dione and contributes the alkali-metal moiety
of the alkali-metal enolate. The alkali-metal
alkoxide may be used solvent-free, dissolved or
suspended in a non-reactive solvent, or in situ
in the alkonal in which said alkali-metal alkox-
ide was formed. When potassium is used, it is
usually used as the solution formed by its re-
action with tertiary butyl alcohol aeccording to
procedure well known in the art.

The resulting reaction mixture is then allowed
to stand at a temperature between about zero
degrees centigrade and the hoiling point of the
reaction mixture, preferably at room tempera-
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ture, for a period of between about one half hour
and about nhinety-six hours, usually about one
to four hours.

The thus-produced alkali-metal enolate may
he separated by the addition of a large volume of
an organic solvent in which the alkali-metal
enolate is insoluble, such as ether, for example.
The thus-recovered 21-alkoxyoxalyl-3-hydroxy-
pregnane-11,20-dione alkali-metal enolate is
usually obtained as an amorphous solid, angd is
a stable form of the corresponding ester. Alter-
natively, it may be used, without isolation, as an
intermediate in the synthesis of the correspond-
ing 21-glyoxalic acid, or as an intermediate for
the introduction of a 21-hydroxy or acyloxy
group into 3-hydroxypregnane-11,20-dione as
described in procedures A and B of Example 1.

The following examples are given to illustrate
the method of the present invention and are not
to be construed as limiting.

Ezample 1-—Sodium erolate of 21-ethoxyoxalyl-
3a-hydrorypregnane-11,20-dicne

To a mixture of 3.4 milliliters of a4 34 N solu-
tion of methanolic sodium methoxide, 19.5 mil-
iiliters of dry benzene and 0.05 milliliters of ab-
solute ethanol, said mixture having been dis-
tilled until approximately eight milliliters of dis-
tillate had been collected and the mixture then
cooled, was added 2.3 milliliters of ethyl oxalate
with stirring followed by a solution of 3.32 grams
(0.0 mole) of 3x-hydroxypregnane-11,20-dione
in & mixture of thirty milliliters of dry benzene
and five milliliters of absolute ethanol. The re-
action mixture was stirred for 85 minutes during
which time some solid material precipitated.
Sixty milliliters of anhydrous ether was then
added thereto and the whole stirred for an ad-
ditional hour whereafter an additional 100 mil-
liliters of anhydrous ether was added thereto.
The ivory colored sodium enolate of 21-ethoxy-
oxalyl - 3¢ - hydroxypregnane - 11,20 - dione
thus-precipitated was filtered, washed with ether
and after drying in a vacuum desiccator over

Drierite (anhydrous calcium sulfate) was found

to weigh 3.65 grams, a yield of 85 per cent of
theoretical. The product melted above 250 de-
grees centigrade and the presence of a sodium
enolate in the structure was verified by the ex-
treme solubility of the product in water and by a
positive ferric chloride test for enols as exhib-
ited by the formation of a bright red color when
the nroduct was dissolved in aqueous and alco-
holic solutions of ferric chloride. The theoreti-
cal structure was further verified by the con-
version of the product to the 21-glyoxalic acid of
3« - hydroxypregnane - 11,20 - dione and to 21-
acetoxy - 2« - hydroxypregnane - 11,20 - diocne
as shown below.

A~—21-GLYOXALIC ACID OF 3¢-HYDROXYPREG-

NANE-11,20-DIONE

Five hundred and sixty milligrams of the so-
dium enolate of 21-ethoxyoxalyl-3«-hydroxy-
pregnane-11,20~-dione obtained above was dis-

solved in a solution of seventy milligrams of po- ¢

tassium hydroxide in fifteen milliliters of a so-
lution composed of equal parts of water and al-
cohol, whereafter the whole was heated for fif-
teen minutes on a steam bath. The cooled solu-

tion was then fltered and upon acidification 7

there was slowly deposited 345 milligrams of a
white crystalline precipitate of the 21-glyoxalic
acid of 3=z-hydroxypregnane-11,20-dione which
separated into two different crystalline modifica-
tions upon fractional crystallization from ether.
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The infrared analysis of said crystalline modi-
fications in solution (chloroform) proved them
to be identical compounds and verified their the-~
oretical structure. The fraction more soluble in
ether, after recrystallization from ten parts of
acetic acid, melted at 218 degrees centigrade with
effervescence, and the fraction less soluble in
ether, after recrystallization from ien parts of
acetic acid, melted at 235.5-236 degrees centi-
grade.

Analysis (Jower melting sample) : Per cent cal-
culated for CaH320s: C, 68.29; H, 7.97. Found:
C, 67.93; H, 7.65; C, 68.12; H, 7.87.

B.—30¢-HYDROXY-21-ACETOXY-PREGNANE-11,20-
DIONEL

To a solution of 1.82 grams (0.004 mole) of the
sodium salt of 2l-ethoxyoxalyl-3e-hydroxy-
pregnane-11,20-dione dissolved in 25 milliliters
of methanol and cooled in an ice-salt bath was
added dropwise, with stirring, over a period of
approximately one hour, & solution of 1.05 grams
(0.004 mole) of iodine dissolved in forty milliliters
of methanol while maintaing the reaction tem-
perature between minus fifteen and minus twenty
degrees centigrade. The deep red reaction mix-
ture thus-produced was stirred for eighty min-
utes at a temperature of about minus fifteen de-
grees centigrade whereafter 1.2 milliliters of a
2.4 N methanolic sodium methoxide solution was
added thereto, causing the deep red color of the
reaction mixture to disappear. Stirring was con-
tinued at zero degrees centigrade for one hour
and the thus-produced 3«-hydroxy-21-iodo-preg-
nane-11,20-dione was precipitated as a yellow
solid by the dropwise addition of 150 milliliters
of water to the reaction mixture while maintain-
ing the reaction mixture temperature at zero
degrees centigrade for the hour required to com-
plete the addition. ‘Twenty grams of sodium
chloride was then dissolved in the reaction mizx-
ture and the said yellow product filtered, washed
with water and dried in a vacuum desiccator.
The thus-isolated 3«-hydroxy-21-iodo-pregnane-
11,20-dione was converted without further puri-
fication to 3e-hydroxy-2l-acetoxy-pregnane-il,
20-dione as shown below.

To g freshly prepared mixture composed of
twenty grams of potassium bicarbonate, twelve
grams of glacial acetic acid and ten milliliters of
acetone was added the 3a-hydroxy-21-iodo-preg-
nane-11,20-dione obtained above dissolved in 100
milliliters of acetone. The mixture was heated
under refluxing conditions for one hour where-
after the mixture was kept at room temperature
for 2.5 days. The inorganic solids were removed
by filtration and washed with 25 milliliters of
acetone. ‘The filtrate and wash were combined
and the acetone removed by evaporation. The
residue was extracted with three fifty milliliter
portions of warm ethyl acetate which were then
combined, washed with a dilute sodium thiosul-
fate solution and water, and finally dried over an-
hydrous sodium sulfate. The dry ethyl acetate was
distilled in vacuo and the residue was dissolved
in a small portion of benzene and chromato-
graphed over 85 grams of 60-100 mesh Florisil
(synthetic magnesium silicate). The column was
developed with 100 milliliter portions of solvents
of the following composition and order: benzene,
seven portions Skelly Solve B (hexane hydro-
carbons) plus five per cent acetone, four portions
of Skelly Solve B plus ten per cent acetone, eight
portions of Skelly Solve B plus fifteen per cent
acetone, eight portions of Skelly Solve B plus
twenty per cent acetone, and one portion each of
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Skelly Sclve B plus fifty per cent acetone.
The first five portions of Skelly Solve B plus
twenty per cent acetone eluates were com-
bined and the solvent evaporated. The 3«-hy-
droxy - 21 - acetoxy - pregnane - 11,20 - dione
residue melted at 139-140 degrees centigrade
(corrected) and had a rotation [«], of plus 105
degrees in acetone. Infrared and carbon-hydro-
gen analyses confirmed the theoretical struc-
ture.

Analysis: Per cent caleulated for CusHz:Os:
C, 70.74; H, 8.78. Found: C, 70.50; H, 8.85; C,
70.91; H, 3.86.

rample 2.—Sodium enclate of 21-ethoxyoralyl-
3B-hydrozypregnane-11,20-dione

Using essentially the procedure deseribed in
Example 1, 3g-hydroxypregnane-11,20-dione is
converted to the sodium enolate of 21-ethoxy-
oxalyl-3g-hydroxypregnane-~11,20-dione by reac-
tion with ethyl oxalate and sodium in absolute
ethanol. The resulting sodium enolate is con-
verted, as with the 3«~hydroxy compound, to the
21-glyoxalic acid of 3g-hydroxypregnane-11,20-
dione and 21-acetoxy-33-hydroxypregnane-11,20-
dione according to the procedure of Example 1A
and 1B.

Ezample 3.—Sodium enolate of 2I1-methoxy-
oxalyl-3a-hydrozypregnane-11,20-dione

Using essentially the procedure described in
Example 1, 2e-hydroxypregnane-11,20-dione is
converted o the sodium enolate of 21-methoxy-
oxalyl-3«-hydroxypregnane-11,20~dione by reac-
tion with methyl oxalate and sodium in absolute
methanol. The resulting sodium enolate is con-
verted, as with the 21-ethoxyoxalyl compound, to
the 21-glyoxalic acid of 3«-hydroxypregnane-
11,2G-dione and 21-acetoxy-3«-hydroxypregnane-
11,20-dione according to the procedure of Hx-
ample 1A and 1B.

Example 4.—Sodium enolate of 21-methozy-
oxalyl-3p-nydroxypregnane-11,20-dione

Using essentially the procedure described in

Example 1, 3g8-hydroxypreghane-11,20-dione is
converted o the sodium enolate of 21-methoxy-
oxalyl-3g-hydroxypregnane-11,20-dione by reac-

tion with methyl oxalate and sodium in absolute -
The resulting sodium enolate is con- =

methanol.
verted, as with the 3a-hydroxy compound, to the
21-glyoxalic acid of 3g-hydroxypregnane-11,20-
dione and 21-acetoxy-3g-hydroxypregnane-11,20-
dione according to the procedure of Example 1A
and 1B.

Example 5—Potassium enolate of 21-ethoxy-
ozxalyl-3a-hydrozypregnane-11,20-dione

Using essentially the procedure described in
Example 1, 3a-hydroxypregnane-11,20-dione is
converted to the potassium enolate of 21-ethoxy-
oxalyl-3«z-hydroxypregnane-11,26-dione by reac-
tion with ethyl oxalate and potassium in ter-
tiary butyl alcohol. The resulting potassium eno-
late is converted, as with the corresponding so-
dium enolate, to the 21-glyoxalic acid of 3z-hy-
droxypregnane-11,20-dione and 21-acetoxy-3«-
hydroxypregnane-11,20-dione according to the
procedure of mxample 1A and 1B.

Example 6—Sodium enolate of 21-ethoxyozralyl-
Ju-hydrozypregnane-11,20-dione

Using essentially the procedure described in

Example 1. 3a-hydroxypregnane-11,20-dione is

converted to the sodium enolate of 21-ethoxy-
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oxalyl-3«-hydroxypregnane-11,26-dione by reac-
tion with ethyl oxalate and sodium amide in
benzene.

In a manner similar to Examples 1 through 6,
the following compounds are prepared by reaction
of the selected 3-hydroxy-pregnane-11,20-dione
with the appropriate alkyl oxalate and sodium
or potassium alkoxide in an alkanol or non-re-
active solvent medium: sodium enolate of 21-
propoxyoxalyl - 3« - hydroxypregnane - 11,20~
dione and 21-propoxyoxalyl-3g-hydroxypreg-
nane-11,20-dione, sodium enolate of 21-butoxy-
oxalyl-3e«-hydroxypregnane-11,20-dione and 21-
butoxyoxalyl - 38 - hydroxypregnane - 11,20-
dione, sodium enolate of 21-amyloxyoxalyl-3a-
aydroxypregnane-11,20-dione and 21-amyloxy-
oxalyl - 38 - hydroxypregnane - 11,20 - dione,
sodium enolate of 21-hexyloxyoxalyl-3a-hydroxy-
bregnane-11,20)-dione and 21-hexyloxyoxalyl-33-
hydroxypregnane-11,20-dione, sodium enoclate of
21 - heptyloxyoxalyl - 3« - hydroxypregnane-
11,20-dione and 21-heptyloxyoxalyl-3g-hydroxy-
pregnane-11,20-dione, sodium enolate of 21-
octyloxyoxalyl - 3« - hydroxypregnane - 11,290-
dione and 2i-octyloxyoxalyl-3g-hydroxypreg-
nane-11,29-dione, the potassium analogues of
these and like compounds, and others.

It is to be understood that the invention is not
to be limited to the exact details or exact com-
pounds shown and described, as cbvious modifi-
cations and eguivalents will be apparent to one
skilled in the art, and the invention is thersfore
to be limited only by the scope of the appended
claims.

We claim:

1. A 21 - alkoxyoxalyl - 3 - hydroxypregnane-
11,20-dione alkali-metal enclate, wherein the
alkyl radical of the alkoxy group contsins from
one to eight carbon atoms, inclusive.

2. The sodium enolate of a 21-alkoxyoxalyl-3-
hydroxypregnane-11,20-dione, wherein the alkyl
radical of the alkoxy group contains from one {0
eight carbon atoms, inclusive.

3. The potassium enolate of a 21-alkoxyoxalyl-
wherein  the
alkyl radical of the alkoxy group contains from
ocne to eight carbon atoms, inclusive.

4. The sodium enolate of 21-methoxyoxalyl-
3a-hydroxypregnane-11,20-dione.

8. The sodium enolate of 21-ethoxyoxalyl-3a-
hydroxypregnane-11,20-dione.

8. The sodium enolate of 21-methoxyoxalyl-38-
hydroxypregnane-11,20-dione.

7. The socdium enolate of 21-ethoxyoxalyl-3g-
hydroxypregnane-11,20-dione.

8. The potassium enolate of 21-ethoxyoxalyl-
Se-hydroxypregnane-11,20-dione.

8. A process for the production of a 21-alkoxy-
oxalyl - 3 - hydroxypregnane-11,20-dione alkali-
metal enolate which includes the step of mixing
a 3-hydrozypregnane-11,20-dione with an alkyl
di-ester of oxalic acid in the presence of an
alkali-metal base, and continuing the reaction ot
a temperature between about zero degrees centi-
grade and the boiling point of the reaction mix-
ture, to produce the desired 21-alkoxyoxalyl-3-
hydroxypregnane-11,20-dione alkali-metsl en-
olate.

10. A process for the production of 2 21-
alkoxyoxalyl-3-hydroxypregnane-11,20-dione al-
kali-metal enolate which includes: mixing a 3-
hydroxypregnane-11,20-dione with an alky! di-
ester of oxalic acid wherein the alky! radicals of
the di-ester of oxalic acid each contain from one
to eight carbon atoms, inclusive, in the presence
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of an alkali-metal base, continuing the reaction
at a temperature between about zero degrees
centigrade and the boiling point of the reaction
mixture, and separating the thus-produced 21-
alkoxyoxaly1—3-hydroxypregnane—11,20—dione.

1i. A process for the production of a 21-
alkoxyoxalyI-B—hydroxypregnane-l1,20—dione al-
kali-metal enolate which includes: mixing a 3-
hydroxypregnane-11,20-dione with an alkyl di-
ester of oxalic acid in the presence of an alkali-
metal alkoxide, wherein the alkyl radicals of the
di-ester of oxalic acid and the alkali-metal
alkoxide each contain from one to eight carbon
atoms, inclusive, continuing the reaction at 2
temperature between zero degrees centigrade and
the boiling point of the reaction mixture, and
separating the thus-produced 21-alkoxyoxalyl-
3-hydroxypregnane - 11,20 - dione alkali - metal
enolate.

12. A process for the production of a 2i-
alkoxyoxalyl-3-hydroxypregnane-11,20-dione al-
kali-metal enolate which includes: mixing a 3-
hydroxypregnane-11,20-dione with an alkyl di-
ester of oxalic acid in the presence of a solution
of an alkali metal in an alkanol, the alkyl radicals
of the di-ester of oxalic acid and the alkanol
each containing from one to eight carbon atoms,
inclusive, continuing the reaction at a tem-
perature between zero degrees centigrade and
the boiling point of the reaction mixture, and
separating the thus-produced 21-alkoxyoxalyl-
3-hydroxypregnane - 11,20 - dione alkali - metal
enolate.

13. A process for the production of the sodium
enolate of 21-ethoxyoxalyl-3a~hydroxypregnane-
11,20-dione which includes: mixing 3a-hydroxy-
pregnane-11,20-dione with diethyl oxalate in the
presence of sodium ethoxide, continuing the re-
action at a temperature between about rcom
temperature and the boiling point of the reaction
mixture, and separating the thus-produced sodi-
um enolate of 21-ethoxyoxalyl - 3« - hydroxy-
pregnane-11,20-dione.

14. A process for the production of the sodium
enolate of 21 - methoxyoxalyl-3a-hydroxypreg-
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nane-11,20-dione which includes: mixing 3«-
hydroxypregnane - 11,20 - dione with dimethyl
oxalate in the presence of sodium methoxide,
continuing the reaction at a temperature be-
tween about room temperature and the hoiling
point of the reaction mixture, and separating the
thus-produced sodium enolate of 21-methoxy-
oxalyl-3a-hydroxypregnane-11,20-dione.

15. A process for the production of the sodium
enolate of 2l-ethoxyoxalyl- 3p - hydroxypreg-
nane-11,20-dione which includes: mixzing 38-
hydroxypregnane-11,20-dione with diethyl ox-
alate in the presence of sodium ethoxide, con-
tinuing the reaction at a temperature between
about room temperature and the boiling point
of the reaction mixture, and separating the thus-
produced sodium enolate of 21-ethoxyozalyl-3s-
hydroxypregnane-11,20-dione.

16. A process for the production of the sodium
enolate of 21 -~ methoxyoxalyl-3g-hydroxypreg-
nane-11,20-dione which includes: mixing 23-
hydroxypregnane - 11,20 - dione with dimethyl
oxalate in the presence of sodium methoxide,
continuing the reaction at a temperaturs he-
tween about room temperature and the boiling
point of the reaction mixture, and separating the
thus-produced sodium enolate of 21-methoxyox-
alyl-3g8-hydroxypregnane-11,20-dione.

17. A process for the produtcion of the potas-
sium enolate of 21-ethoxyoxalyl-3p-hydroxy-
pregnane-11,20~-dione which includes: mixing
3a-hydroxypregnane - 11,20 - dione with diethyl
oxalate in the presence of a solution of potassium
in tertiary butyl alcohol, continuing the reaction
at a temperature between about room tempera-
ture and the boiling point of the reaction mix-
ture, and separating the thus-produced potassi-
um enolate of 21-ethoxyoxalyl-3«-hydroxypreg-
nane-11,20-dione.
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