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This invention is for improvements in or relating to
organic compounds, and has particular reference to new
4a-methyl-3-oxo-5«-steroids and a process for their prep-
aration.

It is an object of the present invention to provide a
new process for the preparation of 4«-methyl-3-0X0-5a-~
steroids and their acyl derivatives utilising as starting ma-
terial a 4-thiomethyl-3-oxo-At-steroid. Very few ex-
amples of this group of compounds have been described
in the literature, owing to the unsatisfactory methods
hitherto available for their preparation. Certain com-
pounds of this type, however, are of value on account
of their biological properties, or as intermediates in the
preparation of compounds having valuable bioclogical
properties. Thus, for example, 178-hydroxy-4«-methyl-
androstan-3-one and its 17-esters are valuable on account
of their high anabolic/androgenic ratios compared with
testosterone and its esters, a property which renders them
valuable in various fields, for example in the veterinary
field.

The invention also provides the following mew 4a-
methyl-3-oxo-5a-steroids which are of value in steroid
technology, in the furtherance of steroidal research and
in the application of steroidal materials to veterinary
and medical practice, whether as tablets, elixirs, injec-
tions, implants, or other types of pharmaceutical prepara-
tion well known to those skilled in the art,

(1) 17p-hydroxy-2«:4e-dimethylandrostan-3-one and its
17-acetoxy and 17-propionoxy derivatives.
(2) 17g-hydroxy-4a:6a-dimethylandrostan-3-one and its
17-acetoxy and 17-propionoxy derivatives.
(3) 178-hydroxy-4e-methyl-19-norandrostan-3-one.
(4) 20-hydroxy-4a-methyl-5a-pregnan-3-one. -
(5) 4a-methyl-5«-pregnane-3:20-dione.
(6) 20-hydroxy-4a:16«-dimethyl-5«-pregnan-3-one.
(7) 4a:l6a-dimethyl-S«-pregnane-3:20-dione.
(8) 1la-hydroxy-4e-methyl-17«:20:20:21 - bis - methyl-
enedioxy-5«-pregnan-3-one.
(9) 4a-methyl-17:20:20:21-bis - methylenedioxy - 5a-
pregnane-3:11-dione.
(10) 4x-methyl-5«:25D-spirostan-3-one.
(11) 20:20-ethylenedioxy-17«-hydroxy - 4« - methyl - Se-
pregnan-3-one.
(12) 17«-hydroxy-4e-methyl-5-pregnane-3:20-dione.
(13) 17x-acetoxy-4a-methyl-5«-pregnane-3:20-dione.

Compounds 1, 2 and 3 are of value on account of their
favourable anabolic/androgenic ratios, rendering them of
utility in producing anabolic effects with minimal andro-
genic effects.

Compounds 4 and 6 are of value as infermediates for
the preparation of the corresponding 5«-pregnanedione.

Compounds 5 and 7 are of value on account of their
sedative properties and as intermediates for the prepara-
tion of compounds with sedative properties.

Compounds 8 and 9 are intermediates for the prepara-
tion of 4-methylated-11-oxygenated derivatives which
have antiinflammatory properties.

Compound 10 is a general raw material for the prepara-
tion of 4a-methyl-androstanolone, a compound of known
utility as an anabolic/androgenic agent. .

Compounds 11, 12 and 13 are valuable raw .materials
for the preparation of orally-active progestational agents
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2
such for example as 4a-methyl-17«-acetoxypregn-1-ene-
3:20-dione.

According to the present invention there is provided
a method for the preparation of 4-methyl-3-0x0-5a-
steroids which comprises reacting a 4-thiomethyl-3-oxo-
At-steroid with a solution of an alkali or alkaline earth
metal in liquid ammonia. The sulphur containing group
is thereby reductively eliminated and the 4:5-ethylenic
structure saturated.

The 4-thiomethyl-3-0x0-At-steroids employed as start-
ing materials in the present invention are described in our
copending application No. 852,971, now Patent No.
2,989,552. - They may be prepared by condensing the
corresponding 3-oxo-Ad-steroid with formaldehyde or
paraformaldehyde and a thiol in the presence of a basic
catalyst. . It is not essential to isolate the 4-thiomethyl
compounds in crystalline form, as they are generally
formed in high yield, so that the total product may be
employed for the reaction of the present invention if so
desired. :

The metal employed as the reducing agent in this in-
vention may be an alkali metal such as lithium, sodium
or potassium, or an alkaline earth metal such as calcium,
The preferred metal is lithium. A solution of the metal
in liquid ammonia may be brought into contact with a
solution of the 4-thiomethyl steroid in an inert organic
solvent which is preferably tetrahydrofuran, but other
inert organic solvents such as ether, dioxan or toluene
or mixtures of such solvents may be employed.

The reactants may be brought together in any con-

venient manner such as, for example, by adding the solu-
tion of the steroid in the inert organic solvent to the solu-
tion of the metal in liquid ammonia, or vice versa, or by
mixing the steroid solution and the ammeonia and allow-
ing the ammonia to reflux and dissolve the metal from
a Soxhlet or similar extraction vessel, until a blue colour
persists in the reaction mixture, The blue colour, due
to excess of the metal, is discharged preferably by the
addition of solid ammonium chloride. The product is
isolated in any convenient way, such as by allowing the
ammonia to evaporate and extracting or precipitating the
steroid. Possible variations in these procedures will be
apparent to those skilled in the art.
-~ The process of the invention is a general one, and may
be applied to 4-thiomethyl-3-o0xo-At-derivatives of andro-
stane, pregnane, sitostane, ergostane, stigmastane, cho-
lestane and spirostane, and their 19-nor and D-homo-
analogues.

The following groups do not, in general, interfere with
the process of the invention:

Hydroxy or alkoxy groups, in particular at positions
C-11, 17, 20 and 21.

Alkyl groups containing up to five carbon atoms, in
particular methyl groups, at positions C-1, 2, 6, 7, 9,
11, 14, 16 and 17.

Ketal groups, in particular ethylenedioxy or trimethyl-
enedioxy at positions C-11, 17 and 20, bismethylene-
dioxy at C-17«:20:20:21, and dialkylmethylenedioxy at
C-16x:17.

‘Oxo-groups, in particular at positions C-11, 17 and
20 do not interfere with the process of the reaction pro-
vided that the alkali metal is present in excess but they
may be reduced by the reagent to the corresponding

‘hydroxy-derivatives, unless they are protected by the for-

mation of stable derivatives such as ketals. Where re-
duction to hydroxy derivatives occurs, the latter may, if
so desired, be re-oxidised to the oxo-compounds by any
convenient process.-such as by treatment with chromium
trioxide.  Other methods for regenerating the oxo group

‘will be apparent to those skilled in the art.

Esterified hydroxyl groups, in particular, at positions
C-11, 17, 20 and 21 do not, in general, interfere with
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the process of the invention (provided that they are not
esterified «-ketols), but hydrolysis of the ester group
may occur. The resulting hydroxy-compound may be
re-converted into an ester by esterification as will be ap-
parent to those skilled in the art.

Fthylenic linkages not conjugated with the 3-0x0-A%-
system or with other ethylenic linkages or oxo-groups,
and in particular isolated ethylenic linkages at positions
C-7:8 and 9:11, will not, in general, inierfere with the
process of the invention.

In applying the process of the invention to 4-thio-
methyl-3-0x0-A%-derivatives additionally substituted by
hydroxy-groups, it has been found that isolation of the
vesulting 4:50-dihydro-4e-methyl-3-oxo derivatives is, in
general, facilitated by acylation of the total reduction
product, isolation therefrom of the required acyl-deriva-
tive, and hydrolysis of the acyl derivative if desired to
yield the free hydroxy-derivative.

Following is a description, by way of example, of meth-
ods of carrying the invention into effect.

Example 1

4-phenylthiomethyltestosterone (5 g.) in pure dry tetra-
hydrofuran (100 ml) was added to a stirred solution of
lithium (0.53 g.) in refluxing liquid ammonia (500 ml.)
in a vessel from which atmospheric moisture was excluded.
The mixture was stirred for 2 minutes then treated with
sufficient finely powdered ammonium chloride to dis-
charge the blue colour. The ammonia was allowed to
evaporate, and the residue treated with water and cholor-
form. The chloroform layer was washed, dried and
evaporated and the residue treated with acetic anhydride
(10 ml.) and pyridine (5 ml.) for ¥4 hour on the steam-
bath, then the mixture was shaken with water, and the
product isolated with ether, which was washed with water,
dilute sulphuric acid, water, sodium hydrogen carbonate
solution, and water uatil neutral. The ethereal solution
was dried and evaporated and the residue purified from
methanol to give 17p-acetoxy-de-methylandrostan-3-one,
M. P. 182 to 184° C., [alp2 +8° (c, 0.14 in chloro-
form).

Example 2

Scdium (1.75 g.) was substituted for lithium in Ex-
ample 1, with similar results.

Example 3

Potassium (3.00 g.) was substituted for lithium in
Example 1, with similar results.

Example 4

Calcium (1.72 g.) was substituted for lithium in
Example 1, with similar resulis,

Example 5

2«-methyl-4-phenylthiomethyltestosterone reacted with
lithium in liquid ammonia by the process of Example 1
gave 17,8-acetoxy-2a:4a—dimethylandrostan-3—one, needles
from methanol, M.P. 170 to 171° C,, [a]p28 +17° (c,
0.46 in chloroform), ~ymaz. 173, 1710 cm.™! in carbon
tetrachloride. Saponification of the foregoing 178-ace-
toxy compound (0.5 g.) with potassium hydroxide (0.2
g.) in 80% aqueous methanol (20 ml.) for ¥ hour
under reflux and purification from aqueous methanol
(70%) gave 17[3-hydroxy-2a:4a-dimethy1androstan—3-
one in flakes, M.P. 182 to 184° C,, [a}p?? +8° (c.,.0.33
in chloroform), 7maz, 3633, 1708 cm.~! in carbon tetra-
chloride.

Example 6

The process of Example 5 was repeated, propionic
anhydride being substituted for acetic anhydride and the
product being 17,8-propionoxy-2a:4oc-dimethylandrostan-
3-ome, needles from methanol, M.P. 142 to 143° C,
Ymez, 1733, 1713 ecm.~! in carbon tetrachloride.
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Example 7

6«-methyl-4-phenylthiomethyltestosterone reacted with
lithium in liquid ammonia by the process of Example 1
gave 17p-acetoxy-4u:6«-dimethylandrostan-3-one, M.P.
160 to 163° C., [alp?t —20° (c., 0.54 in chloroform).
Saponification of the foregoing acetoxy compound as in
Example 5 gave 178-hydroxy-4e: 6e-dimethylandrostan-
3-ome, M.P. 224 to 225° C,, [«]lp® —25.5° (¢, 0.48 in
chloroform).

178 - propionoxy - 4q:6-dimethylandrostan-3-one, pre-
pared in similar manner to the 17-acetoxy compound,
separated from aqueous methano! in flakes, M.P. 125 to
128° C., [alp? —23 (c, 031 in chloroform).

Example 8

4-phenylthiomethyl-D-homotestosterone reacted with
fithium in liquid ammonia by the process of Example 1
gave 17/3-acetoxy-4a-methyl—D-homoandrostan—3-one.

Example 9

4-phenylthiomethyl-19-nortestosterone treated by the
process of Example 1 (but omitting the final acetylation)
save 17;3-hydroxy-4a-methyl-19-norandrostan~3-one (178-
hydroxy-d.-a-methyl-Sa-oestran-3-one), needles from ace-
tone/hexane (1:4), M.P. 160 to 161° C., [«]p?* +31°
(c., 0.19 in chloroform).

Example 10

178 - hydroxy - 17a-methyl-4-phenylthiomethylandrost-
4-en-3-one (2 g.) in pure tetrahydrofuran (100 ml.) was
added to a stirred solution of lithium (0.25 g.) in reflux-
ing liquid ammonia (250 ml.). Solid ammonium chlo-
ride was added to discharge the blue colour, the ammonia

- was allowed to evaporate, and water and chloroform
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were added. The chloroform was washed, dried and evap-
orated, and the residue purified from aqueous methanol
(70%). 178 - hydroxy-14a: 17«-dimethylandrostan-3-one
formed meedles, M.P. 154 to 156° C., vmax. 3480, 1702
cm.~! in liquid paraffin.

Example 11

4 - phenylthiomethyl - 25D - spirost - 4 -en-3-one
reacted with lithium in liquid ammonia by the process
of Example 10, gave 4o-methyl-5a:25D-spirostan-3-one,
plates from acetone/hexane (1:4), M.P. 216 to 218° C,,
[x]p® —25° (c., 0.54 in chloroform).

Example 12

4 - (p - tolylthiomethyl) - 25D - spirost - 4 -en - 3-
one M.P. 164 to 166° C., [«Ip® +9° (c., 0.53 in chlo-
roform), Amex, 228 mg (e=11,745) and 254 mp (e
=15,860) in ethanol, prepared according to the general
procedure of our co-pending application No. 852,971, now
Patent No. 2,989,552, by condensing 25D-spirost-4-en-
3-one, formaldehyde and toluene-p-thiol, in presence of tri-
ethylamine as catalyst, and purified from ethanol was
treated by the process of Example 10, and gave 4o-methyl-
Sa:25D-spirostan-3-one, plates from acetone/hexane
(1:4), M.P. 216 to 218° C., not depressed on admixture
with the sample prepared according to Example 11

Example 13

4 - (n - butylthiomethyl) - testosterone was reacted with
lithium in liquid ammonia by the process of Example 1
and gave 178-acetoxy-4e-methylandrostan-3-one, M.P,
182 to 184° C.

Example 14

4-cyclohexylthiomethyltestosterone was reacted with
lithium in liquid ammonia by the process of Example 1
and gave 178-acetoxy-4a-methylandrostan-3-one, M.P.
182 to 184° C.
Example 15

4 - (B - hydroxyethylthiomethyl) - testosterone was re-
acted wtih lithium in liquid ammonia by the process of
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Example 1 and gave 17B-acetoxy-4e-methylandrostan-3-
one, M.P. 182 to 184° C.

Example 16

4-phenylthiomethylprogesterone (5 g.) in tetrahydro-
furan (100 ml.) was reduced with lithium (0.53 g.) in
liquid ammonia (500 ml.) by the process of Example 1.
The product, 20¢-hydroxy-4«-methyl-5«-pregnan-3-one,
separated from hexane in silky needles, M.P. 168 to 171°
C., Vmax. 3410 and 1704 cm.~! in liquid paraffin.

The foregoing 20&-hydroxy compound was dissolved in
benzene (50 ml.) and stirred with a solution of chromium
trioxide (5 g.) in water (10 ml.) and acetic acid (30 ml.),
with external cooling to 20 to 25° C,, for 5 hours. The
mixture was then diluted with water, and the benzene lay-
er washed neutral, dried, and the solvent evaporated.
Purification from acetone gave 4o-methyl-Sa-pregnane-
3:20-dione in silky needles, M.P. 195 to 196° C., [a]pl®
+97° (c., 0.69 in chloroform), vmgy 1704 cm.~1 in CS,,
Amax. 283 mu (e=69.4) in ethanol,

Example 17

4 - phenylthiomethylpregna - 4:9(11) - diene - 3:20-
dione, treated by the process of Example 17, gave da-
methyl - 5« - pregn - 9(11) - ene - 3:20 - dione, Vmax.
1705 cm.~! in liquid paraffin.

Example 18

4 - phenylthiomethylandrost - 4 - ene - 3:17 - dione,
treated by the process of Example 1, gave 178-acetoxy-
4«-methylandrostan-3-one, M.P. 177 to 179° C., identical
with the sample obtained in Example 1. Oxidation of
the crude reduction product with chromium trioxide as in
Example 16 gave 4e-methylandrostane-3:17-dione, Vmax,
1736, 1704 cm.! in liquid paraffin.

Example 19

16« - methyl - 4 - phenylthiomethylprogesterone, treat-
ed by the process of Example 16, gave as the initial prod-
uct 20¢ - hydroxy - 4a:16a« - dimethyl - S« - pregnan - 3-
one, needles from hexane, M.P. 190 to 192° C., vpgy
3400, 1700 cm.—! in liquid paraffin. Oxidation of this
product by the process of Example 16 gave 4«:16«-di-
methyl-Sa-pregnane-3:20-dione, prisms from hexane,
M.P. 190 to 192° C., vmay, 1700 cm.— in liquid paraffin.

Example 20

17a:20:20:20:21-bismethylenedioxy-4-phenylthiometh-
ylpregn-4-ene-3:11-dione, treated by the process of Exam-
ple 10, gave 11a-hydroxy-17e:20:20:20:21-bismethylene-
dioxy-4a-methyl-5e-pregnan-3-one which separated from
chloroform/ethanol (1:4) in needles, M.P. 261 to 263° C.,
(decomp.), [alp?® —113° (c., 0.25 in chloroform),
Umax. 3450 and 1696 cm.—1 in liquid paraffin.

The foregoing 11a-hydroxy compound (2.25 g.) in an-
hydrous pyridine (25 ml.) was treated with pyridine/
chromium trioxide complex prepared by adding chromi-
um trioxide (2.5 g.) to pyridine (25 ml.). The mixture
was stirred for 24 hours, diluted with benzene, and fil-
tered, and the filtrate was washed with water, dilute sul-
phuric acid and water until neutral, dried over sodium
sulphate, stirred with decolourising charcoal, filtered, and
the solvent evaporated. Purification of the product from
chloroform/ethanol (1:4) gave 17x:20:20:21 - bismeth-
ylenedioxy - 4« - methyl - 5« - pregnane - 3:11 - dione
in needles, M.P. 290 to 292° C., (decomp.), [«]p2t —31°
(c., 0.21 in chloroform). ’

Example 21

20:20 - ethylenedioxy - 17« - hydroxy - 4 - (p - tolyl-
thiomethyl) - pregn - 4 - en -~ 3 - one (5 g.) [prepared
by the process of our co-pending application No. 852,-
971, now Patent No. 2,989,552, by condensing 20:20-
ethylenedioxy - 17« - hydroxypregn - 4 - en - 3 - one with
toluene-p-thiol and formaldehyde in the presence of tri-
ethylamine as catalyst, and purified from aqueous meth-
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anol, M.P. 158 to 159° C., [«]lp 473 (c., 1.18 in chio-
roform), Apax, 227 mp (e=11,390) and 2544 mp (e
=14,300)] in pure dry tetrahydrofuran (100 ml.) was
stirred at —40° C. and treated dropwise with a solution
of Iithinm (1 g.) in liquid ammonia (500 ml.) until a
blue colour persisted in the reaction mixfure, when the
addition was stopped and sufficient finely powdered am-
monium chloride was added to discharge the colour of
the solution. The ammonia was allowed to evaporate
and the residue was treated with water and extracted with
ether. Evaporation of the organic solvents gave a gum-
my residue which was purified by crystallisation from
aqueous methanol (80% ) containing a drop of pyridine
to give 20:20 - ethylenedioxy - 17« - hydroxy - 4« - meth-
yl-5«-pregnan-3-one, felted needles, M.P. 223 to 225° C,
[a]p® —10° (c., 1.00 in chloroform), vmag. 3430, 1695
cm.—! in liquid paraffin.

Removal of the protecting ethylenedioxy group by
dissolving the compound in 90% aqueous acetic acid for
18 hours at room temperature, followed by purification
from aqueous methanol gave 17a-hydroxy-4a-methyl-5q-
pregnane-3:20-dione, M.P. 262 to 267° C., [a]p2 —10°
(c., 0.91 in chloroform), vmay, 3470, 1700 cm.~1 in liquid
paraffin.

Example 22

The reduction process of Example 21 was repeated,
and the crude product remaining after evaporation of
the organic solvents was treated with acetic acid (60
ml), acetic anhydride (15 ml.) and toluene-p-sulphonic
acid (1 g.) at room temperature for 18 hours. The mix-
ture was then diluted with water (20 ml.), and after a
further 4 hours more water was added until solid material
separated.  Purification from aqueous methanol gave
17e-acetoxy-4a-methyl-So-pregnane-3:20-dione as flakes,
M.P. 208 to 210° C., [«]p!® —1.5° (c., 0.96 in chloro-
form)

vooH 1739 and 1718 cm.—t

Example 23
4-phenylthiomethylergosta-4:7:22 - trien -3 - one 'was
treated by the process of Example 1, exira care being
taken to ensure rigid exclusion of moisture. The product
was 4e-methyl-5Sa-ergosta-7:22-dien-3-one.

‘We claim:

1. A method for the preparation of 4x-methyl-3-0x0-
Sa-steroids which comprises reacting a 4-thiomethyl-3-
0x0-A-steroid with a solution of compound selected from
the group consisting of alkali and alkaline earth metals
in liquid ammonia.

2. A method as claimed in claim 1 wherein the alkali
metal is lithium.

3. A method as claimed in claim 1 wherein a solu-
tion of the metal in liquid ammonia is brought into con-
tact with a solution of the 4-thiomethyl steroid in tetra-
hydrofuran, )

4. 20 - hydroxy - 4a:16« - dimethyl - 5« - pregnan - 3-
one M.P. 190 to 192° C., vyay. 3400, 1700 cm.—1 in liquid

.paraffin,

5. 4a:16« -~ dimethyl - S« - pregnane - 3:20 - dione.

6. lla-hydroxy-4e-methyl-174:20:21-bis - methylene-
dioxy-5a-pregnan-3-one.

7. 4o - methyl - 172:20:20:21 - bis - methylenedioxy-
Sa-pregnane-3:11-dione.

8. 4a-methyl-5¢:25D-spirostan-3-one.

9. 20:20 - ethylenedioxy - 17« - hydroxy - 4« - methyl-
Sa-pregnan-3-one.
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