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The oxidation of cholesterol, whose double bond
is temporarily protected, was described by sev-
eral authors already. This method of oxidation
and the subsequent restoration of the double
bound ylelded cholestenone. In quite an anal-
ogous manner, sltosterol was oxydised to slto-
stenone. No record was found, however, show-
ing, that dilketones can be produced and sep-
arated from the raw oxydation mixture of such
or similar sterols. I have now found that sterols
or sterol derivatives containing at least one free
hydroxyl groups whose carbon atom conflgura-
tion between the carbon atoms 1-23, both inelu-
slve, is identical with the corresponding carbon
atom conflgurations of either cholesterol, or allo-
cholesterol or epicholesterol, if treated—under
temporary protection of the double bond—with
oxidants able to split aliphatic chains, yleld oxi-
dation-mixtures which after restoring of the
double bond, contaln oxidation products having
two carbonyl groups; these products can be ob-
tained either In form of highly enriched extracts
or in pure crystalline state.

As starting materials protected temporarily
in the double bond the dibromo-derivatives of
sterols, e. g. in case of cholesterol dibromo-cho-
lesterol may be used. As oxidants permanga-
nates, such as polasslum permanganate, or
chromic acid or chromates can be employed. It
is of advantage If the oxidation is carried out In
presence of mineral aclds as, if 80, the tempera-
ture can be kept lower than in the absence of
those.

The valuable products of the present process
are obtalned by removing the acld substances
from the oxidized starting material, subsequent
restoring of the double bond, followed by elimina-
tion of starting material oxidized only in position
3, that is to say, e. g. In case of dibromo-choles-
terol of cholestenone. The remalning preputri-
fled product contains hormonally sctive oxyda-
tion products, such as androstendione and cor-
pus luteum hormone which can be enriched In
extracts sultable for practlcal purposes and, fur-
thermore, can also be isolated in crystalline form.

From the crude reaction product obtained by
oxidation I remove first the acld substances re-
establish then the double bond and remove then
starting material oxidized only in position 3—e, g.
in case of dibromo-cholesterol the cholestenone—
by recrystalllzation from acetone, or in some
other way, e. g by distribution between water-
miscible and water-lmmisclble solvents such as
methyl alcohol and petrol ether, In which case
the bulk of the cholestenone wlll pass into the
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petrol ether layer. The product thus freed from
the greater part of cholestenone 15 then subjected
elther directly or after removal of constituents
less soluble in methyl alcohol to a chromato-
graphical selection, e. g. in benzene solution usihg
aluminum oxide as absorbent. The sterol oxida-
tlon products contalning two carbonyl groups
pass the aluminiumoxyde column unaffected and
remain in the flltrate. Further enrichment was
achleved by extracting the petrol ether solution
of the resldue of this flltrate with aqueous 80 per
cent methyl alcohol, thus collecting the greater
part of the oxidation products containing two
carbony! groups in the methyl alcohol layer.

In order to obtaln the hormones in crystalline
state, the benzene flltrate, which passed the alu-
minium oxide column is evaporated and the re-
sulting residue is dissolved In petrol ether. This
solution {s subjected to & repeated chromato-
graphical selection, preferably on aluminium ox-
ide and—as the case might be—in the presence
of a sultable dye as e. g. sudan-III, which acts
as an indicator. In this case, however, the hor-
mones are absorbed by and remain in the alu-

- minlum oxide column; the distribution of the

products contalning two carbonyl groups Is
marked by the indicator used. The top-layers of
the column will contaln androstendione practi-
cally free from corpus luteum hormone, while the
lower layers will contain this hormone contami-
nated with androstendione. After separating the
different layers of the column each layer con-
talning the hormone and the hormone-mixture
are extracted separately by ether, methyl alcohol
or alcohol. Further purification can be effected
by evaporating the ethereal or alcoholic solu-
tions thus obtalned, and by distribution of the
respective residues between aqueous methyl alco-
hol and petrol ether, In course of which the wa-
ter-content of the methyl alcohol is gradually in-
creased, the two hormones are collected in the
methyl alcohol layetr.

These methods of distributlon and of chro-
matographical selection, repeated several times if
necessary, yleld concentrates which contaln the
hormones practlcally free from each another;
from these concentirates the hormones may be
Isplated—eventually after foregolng distillation
in high vacud—in pure crystalline form.

The products prepared from the top and from
the lower layers of the chromatographical coliumn
may be freed from the indicator and subjected to
a repeated chromatographical selection, eventual-
1y after foregoing purification by the distribution
method mentioned above. This second chromato-
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graphic selection 1s preferably performed with a
benzene-petrol ether solution of the hormones
and with aluminlum oxide as sdsorbent. The
first batches of the solution passing the column
contaln corpus luteum hormone, whereas the lat-
er ones and the column itself render androstendi-
one,

The fractions, obtalned by the separation meth-
ods described further above, conteining the com-
pounds with two carbonyl groups, can also he
brought into reaction with ketone-reagents, e. g.
with semicarbazide. The ketone-derivatives thus
obtained are subjected to fractionating crystalli-
zatlon, e, g. in case of semicarbazones to repeated
recrystallization from alcohol, by which the mix-
ture can be separated into several fractions en-
riched in compounds contalning two carbonyl
groups, these fractions being now more separated
from each other. From these ketone-derivatives
fractions the ketones are subsequently regenerat-
ed and, If necessary, distilled in high vacud.

The above mentioned refining processes may be
employed In other sequences; the single stages
may be repeatéd or combined according to need,
by which sterol oxidation products containing two
carbonyl groups are obtained in form of enriched
extracts or of pure crystalline state.

Side-fractions obtained In course of the refine-
ment process not quite freed from stereol oxida-
tion products containing two carbonyl groups
may be collected and re-introduced into the next
batch at a sultable stage of the purification
Process.

The detalls of the new processes are explained
by the following examples:

Ezxamples

1. One kg of cholesterol 1s dissolved In 14 kg of
carbon-tetrachloride and brominated with 0.42
kg, of bromine dissolved in 1.5 kg. of carbon-tet-
rachloride (Solution “A”).

In a mixture of 9 kgs of glacial acetic acld and
of 1 kg. of water 2.57 kgs of chromic acld {(chro-
mium trioxide) are dissolved by heating (Solution
(IB") .

Into a mixture of 8.46 kgs of carbon-tetrachlo-
ride, 19 kgs of glacial acetlc acld and 3.53 kgs
of coneentrated sulphuric acid the solutions “A™
and “B” are Introduced, under energetic cooling
and stirring, in such & way that the velocity of
addition of both solutions should be the same; the
volumina of the added solutions should be about 2
litres per hour and the rise of temperature should
not exceed 10°C. After further stirring for an-
other half an hour 1.4 kg of methyl alcohol I8
added In small portions and stirring s continued
for a perlod of 2 hours. Subsequently 3.3 kgs of
sodium acetate are Introduced and stirred for 30
minutes. 'The solution which should show & neu-
tral reaction against congo-paper, an acid reac-
tion against lithmus and a positive test with po-
tassium iodide starch paper, is evaporated in vac-
uum at & temperature not exceeding 65°C. The
resulting resldue s redissolved in warm water
and extracted several times with benzene. The
united benzene-extracts are evaporated and
washed subsequently with water, 10 per cent so-
dium hydroxide solution, diluted sulphurle a.pid
and again with water unt{l neutral reactton, dried
over anhydrous sodium sulphate and evaperated
in vacud in the presence of a Hitle zimc dust.

The remaining heutral promide-product is dis-
solved In glacial acetie actd of the same welght
and de-brominated under cooling and gﬂrﬂn@ by
gne dust of the same weight, The addition of
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zinc dust depends on the time and on the cooling.
It lasts about one hour and a half, during which
the temperature of the mixture is kept at about
30°C and is allowed to rise to 35-40°C only when
the reaction is nearly over. ‘When the total
amount of zine dust is introduced, glacial acetic
acld is added, the weight of which being the same
as that used originally for dissolving the bromine-
product, and sthrring 1s continued for 80 minutes
at 50°C. Then the mixture is cooled to 15-20°C,
diluted with benzene under continued stirring
and the resulting solution washed—after removal
of the solid parts—with water diluted sodium hy-
droxide solution and again with water until the
reaction becomes neutral. The benzene solution,
after being dried over anhydrous sodium sul-
phate, is evaporated in vacud and the resulting
residue is dried at a pressure of 1 mm at 70°C.

In order t0 remove cholestenone, the residue
is recrystallized from acetone of the same weight.
The mother-liguor of the cholestenone crystals
is freed from the solvent in vacud and ylelds 200
grams of a residue which s subsequently redis-
solved in methyl aleohol of the same weight and
chilled to —12°C under stirring. Two layers are
formed. The upper layer 1s removed by decanta-
tlon and the one below is extracted 3—4 times with
methyl alcohol. The methyl alcoholic solutions
are united and evaporated In vacud until con-
stance of welght. The residue welghs about 100
grams and exhibits strong activity in the corpus
luteum test.

This said resldue (X) can be further purified
e. g. by chromatographical analysis. One-hun-
dred grms of this products are dissolved in ben-
zene and the solution made to pass a tube filled
with 1 kgs of aluminium oxide prepared sec.
Brockmann and the tube is washed out subse-
quently with benzene. The resulting benzene
filtrate 1s evaporated, the residue thus obtained
redissolved in petrol ether and re-chromato-
graphed on aluminium oxide. This time the
diketones remain in the column absorbed. If a
small amount of sudan-III is added to the original
petrol ether solution, the division of the column,
after the chromatogram has been developed, pro-
vides no difficulty. The content of the tube, be-
ginning from the top down to the bottom of a
well marked dark red colour ring, is taken out and
subjected to further treatment. In the upper
third part of the column {s androstendione pres-
ent, practically free from corpus luteum hormone,
whereas in the lower two third parts corpus
luteum hormone is found contaminated with
androstendione. These parts of the column are
separated from each other, and from each the ad-
gsorbed products are eluted by several extractions
with boiling methyl alcohol (ethyl alcohol or
ether). The elutes are evaporated to a small
volumen, the dye-stuff Is removed by active char-
eoal and cholestandlone is precipitated by chill-
ing and, if necessary, by seeding, Thes mother-
liquor thus obtained from the elute of the upper
part of the column is evaporated; it is rich in
androstendion. The mother-liquor similarly ob-
talned from the elute of the lower two thirds of
the column is evaporated; it contains androsten-
dion and corpus luteum hormone in a concen-
trated state.

2. One kgr of cholesterol, dissolved in 27 kgrs
of carbon-tetrachloride, is brominated with 0.42
kgr of bromine, dissolved In 1.6 gr of carbon-
tetrachleride., The resulting solution of dibromo-
chalesterol is energetically stirred or shaken with
41 litres of a 5 per cent aqueous solution of potas-
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stum permanganate and with a mixture of 1.05
kgr of concentreted sulphuric gcid and of 0.6 ker
of water, at 25-30°. When the aqueous layer be-
comes decolorized, 2.1 kgr of finely powdered po-
tassium permanganate 1s added in small portions
and the stirring or shaking is maintained until
the aqueocus layer becomes again decolorized. At
this peint 2.5 kgrs of sodium bisulphite are intro-
duced in order to remove manganese dloxide, after
which the carbon-tetrachloride layer is separated
and the aqueous layer is repeatedly extracted with
carbon-tetrachloride. The united carbon-tetra-
chloride solutions are washed with sodium hy-
droxide solution and subsequently with water and
evaporated in vacubé in the presence of a little
calcium carbonate. The resulting residue is de-
brominated according to the description given in
Example 1.

In order to remove cholestenone the de-
brominated product is dissolved in petrol ether
of about 5 tilmes its welght and extracted 6-7
times with 80 per cent methyl aleohol of the same
welght. Cholestenone is collected in the petrol
ether layer.

The aqueous methyl aleohol solutions are
evaporated until a resinic substance preclpitates,
which together with the solution is extracted 3
times with benzene; the benzene sclutions are
washed with water in order to remove the last
traces of methyl alcohol. The benzene solutions
yleld on evaporation about 100 grins of a residue
of high corpus luteum hormone activity which can
gtill be increased by way of chromatography.
This is reallzed by redissolving the residue in ben-
zene of 5 times of 1ts welght and made to pass a
tube filled with aluminium oxide of 15 times of
its welght and washing the column wlth benzene,
The benzenic solution ylelds on evaporation about
60 grms of a straw yellow resin, which is redis-
solved in a mixture of 300 cc. of petrol ether and
of 90 cc. of methyl alcohol and mixed under shak-
ing with 10 cc. of water, in order to effect further
enrichment. The petrol ether layer separates
and is extracted in subsequence 4 times agqueous
980 per cent methyl alcohol using 100 cc, on each
oceasion. The methyl alcoholic fractlons are
united and evaporated, The resulting residue is
taken up in benzene and washed with water in
order to remove last traces of’ methyl alcohol.
On evaporation 10 grms of & straw coloured resin
is obtained which in the physiological test ex-
hibits & very high corpus Juteum hormone activity.
This product is an excellent starting material for
isolation of the diketones in crystallized state.

3. The procedure is essentially the same as de-
seribed In Example 1 as far es obtaining the
products readily soluble in methyl alcohol. Fur-
ther purification was effected In the following
way:

One-hundred grms of the product (X) readily
soluble in methyl aleohol were dissolved in a mix-
ture of 500 cc. of petrol ether and of 90 cc. of
methyl alcohol and distributed between these two
solvents by addition of 10 ¢e¢. of water under thor-
ough shaking. The petrol ether layer thus sepa-
rating was extracted 6 times with 90 per cent
methyl aleohol using 100 cc. of the latter each
times. The methyl alcohol extracts were united
and eveporated and yleld 60 grms of a straw
coloured resin which was subjected in subsequence
to chromatographical selection,

The benzene selution of this resin was made to
pass & tube fllled with Brockmann's aluminium
oxide and the column was washed with benzene,
The fllirate was concentrated to a smaller
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volumen and again chromatographed in a tube
filed with aluminium oxide. Thus the benzene
filtrate yleids 20 grms of a residue when evapo-
rated.

This residue was redissolved in 100 cc. of petrol
ether, 0.25 grm. of sudan-III was added, after
which it was made'to pass a tube filled with 400
grms. of Brockmann's aluminium oxide the col-
umn being washed subsequently with petrol ether.
After the chromatogram is fully developed the
column 15 divided according to the description
given in Example 1. The lower two third layers
were extracted wlth methyl alcohol. The ex-
tract ylelds on evaporation 6.6 grms. of a resi-
due showing strong corpus luteum hormone ac-
tivity in the physiological test. ‘The layer of the
upper third part of the column contain a product
which exhibits strong activity in the vesicular
test.

4. The product obtained according to the proc-
cess described in Example 1 was subjected to a
further selection in the following way:

Elghteen grms. of the product obtalned from
the lower two third parts of the petrol ether
chromatogram of Example 1 were dissolved
in 800 cc. of absolute alcohol and heated for two
hours on a steam-bath with semicarbazide ace-
tate, prepared from 21.3 grms. of semicarbazide
hydrochloride and 26 grms. of sodium acetate.
During this procedure the mixture was concen-
trated to sbout 400 cc. After allowed to stand
for 24 hours in the ice-chest, the crystals of crude
semicarbazone were flltered by suction triturated
with hot water and, subsequently, after drying,
with ether. Nine grms. of 8 product were ob-
tained, decomposing at 215-218° C.

From this semicarbazone 7.4 grms. were re-
crystallized in 300 cc. of boillng alcohol, ylelding
47 grms, of a substance which decomposes at
225° C. This product, if reerystallized from 1000
cc. of holling alcohol and allowed to stand at 0°
C. for a longer period, ylelds a product which
welghs 1.5 grms. and decomposes above 300° C.
The mother-liquor of these crystals contain an-
other product which decomposes at 221° C,

The substance of the decomposition-point of
above 300° C. was heated with 40 cc. of 88 per
cent alcohol and 5 ce. of pyruvie acid for 2 hours,
in course of which a clear solution is obtained.
This was poured into diluted alkali and extracted
with ether. The ethereal exiract was washed sub-
sequently 3 times with sodium hydroxlde solu-
tion, with diluted sulphuric acid and, finally, with
water untfl neutral reaction. Evaporation of the
ether gave 1.3 grm. of a substance which was dis-
tilied at a mercury pressure of 0.001 milllmetre
from an alr-bath of 165-170° C. temperature.
The distillate, which was recrystalllized from a
mixture of ether and petrol ether, is corpus
luteum hormone.

The semlcarbazone-fraction of the decomposi-
tlon-point 221° C., obtained as mentloned above
by evaporation of the alcohollc mother-liquor,
¥ield on flsslon of the semicarbazone and on sub-
sequent distillation in high vacud crystalline an-
drostendione.

6. The product obtalned by the process de-
scribed in Example 3 from the lower two third
of the chromatogram can be re-purified in the
following way:

From this substance 6.5 grms. were dissolved
in a mixture of 60 cc, of methyl alcohol and of
60 cc. of peirol ether and in small portlons and
under shaking 6.65 cc. of water were added. To
the methyl alcohol layer thus separating 60 cc.
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of petrol ether and, while shaking carefully, 8.36
cc. of water were added. The meth¥l alcohol
layer obtained in this way was mixed again with
60 cc. of petrol ether and with 10.75 cc. of water,
gshaken thoroughly and then the petrol ether
layer was removed. The methyl alcohol solution
yields 2.02 grms. of & subatance possessing a spe-
cific rotation of {a)p<4109% dissolved in absolute
alcohol (Fraction “A”).

The united petrol ether solutions yield 4.68
grms. of dry resldue which were dissolved in a
mixture of 100 cc. of petrol ether and of 90 cc, of
methyl alcohol and distributed by addition of 10
cc. of water while shaking, The separating meth-
vl alcohol layer was mixed with 100 cc. of petrol
ether and afterwards 12.5 cc. of water were added
in portions. The methyl alcohol layer agaln sep-
arates and wag mixed again with 100 cc. of petrol
ether and with 16 cc. of water this latter being

"gdded in small portions under shaking., The
methyl glecohol contains a residue possessing the
specific rotation of (a)p+4-104° (Fraction “B”).

The re-united petrol ether selutions obtained
while preparing fraction “B” contain 3.98 grms.
of & product which was subjected to the like
treatment described above. The resulting methyl
alcoholic solutlons render 0.60 grm. of a sub-
stance of the specific rotation of (a)p-81.2°0
(Practlon “C"}.

The fractions “A", “B” and “C™ are united (3.38
grms.) and re-dissolved in a mixture of 10 cc. of
benzene and of 30 cc. of petrel ether and the
solution 1s made to pass a tube filled with 60 grms.
of Brockmann's aluminium oxide that was previ-
ously soaked with benzene and petrol ether in the
ratio 1;:3. The chromatogram was developed by
washing with the same solvent-mixture and the
dry residue respectively the concentration of the
passing solution was continually controlled. The
concentration Increases at the beginning, alter
which it falls rapidly and later decreases very
slowly. From the passed solution nine fractions
were taken, 15 cc. each, and evaporated.

The first fraction after being evaporated shows
no tendency of crystallization; the residue of the
second and the third fractions crystallize from an
ether-petrol ether mixture and yield corpus
luteur hormone, The fourth fraction still con-
tains corpus luteum hormone but also androsten.
dione. The fifth to ninth fractions render crys-
talline androstendione. However, the bulk of the
androstendione remalns sbsorbed In the column
and is to be eluted with ether and recrystallized
trom the same solvent.
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The last elutions with ether contain a&lso a by-
product, melting at 217°C. -

6. The product obtained according to the pro-
cess desertbed in Example 3 from the lower two
third parts of the chromatogram can be purified
in the following way:

From this substance 6.5 grms are dissolved in
180 ¢e. of alcohol and boiled for 2 hours with
semi-carbazide acetate that was prepared from
7.7 grms of semicarbazide hydrochloride and-8.5
grms of sodlum acetate, meanwhile concentrated
to 130 cc. and allowed to crystallize over night.
The crystals are filtered by suction, extracted
with bolling water, then dried and finally washed
with ether. In this way 5.6 grms of a semicar-
hazone are ohtained of the decomposition-point
of 275-280°C, This semicarbazone of 5.6 grms
are suspended in 75 ce. of aleohol, 10 ce. of pyru-
vic acld are added and the mixture is boiled for
three hours and a half, in course of which clear
solution is obtained. In subsequence the mix-
ture was poured into 200 ce. of a 10 per cent solu-
tion of potassium carbonate, diluted witih water
and extracted with ether. The ethereal extracts
are watghed with diluted solutlons of potassium
carbonate, with diluted sulphuric acid and with
water uniil neutral reaction was reached and
finglly evaporated. The product thus obtained
welehs 3.4 grms, showlng a specific rotation of
(x)p+498°,

In a mixture of behzene and petrol ether of the
ratio 1:3 3.4 grms of this product are dissolved
and chromatographed In a tube containing 7a
grms of Brockmann’s aluminium oxide. The eon-
centration of the solution passing the column in-
creases at the beginning but decreases consider-
ably later on. The filtrate renders 1.02 grm of
a residue which gives rise t0 a substance of the
melting-point 126-127° {f recrystallized from a
mixture of ether and petrol ether. The mother-
liquor of these crystals and the ethereal elutions
of the column give 2.14 grms of & product which
vields, on repeated chromsatographical analysls
as used In example 5 for purlfylng the united
fractions A, B and C and recrystallization, corpus
luteumn hormone and androstendione.

The experimenta] conditions of the examples
given above may be varifed in several Instances.
Por instance, Instead of cholesterol also other
sterols €. g. allocholesterol, epicholesterol, sitos-
terc] and the likes may be used as a startlng
materlial.
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