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The present invention relates to a method of separating
hecogenin from a complex mixture of sapogenins and
typically from mixtures of hecogenin with non-oxo-sapog-
enins such as tigogenin, sarsasapogenin, diosgenin and
the like.

Such complex mixtures of sapogenins which contain
hecogenin have in the past been resolved by-the applica-
tion of various solvents to effect a selective solution of the
desired compounds and fractional recrystallization from
the crude mixtures. These prior processes are quite la-
borious and require numerous extractions and recrystalli-
zations to effect separation of products. The processes
were not efficient and the compounds produced were of
a low order of purity,

The present invention provides for an economical sepa-
ration of secogenin, a valuable chemical for the prepara-
tion of such cortical steroids as cortisone, by a simple
process which can be carried out under fairly primitive
conditions.

According to the process of this invention the mixture
of hecogenin with other sapogenins lacking an oxo-group
(typically tigogenin) is treated with a hydrazine deriva-
tive of the type R—NH—NH,, wherein R is hydrogen,
a lower alkyl radical or a —CS—NH, radical. There is
thus formed a hydrazone derivative of hecogenin as an
oily liquid which is more soluble than the non-oxo-sapog-
enin in polar solvents, and especially in lower alkanols.
The oily hydrazone intermediates of the structural For-
mula I:

CH;

H—I;T"H ‘< S—CH,
N 0
‘(KOHS )
OH l

HO

can be conveniently converted to an azine of the struc-
tural Formula I1:

~

CH; -

__z__ by

HO~

wherein R’ is a member of the group consisting of
tigogenin-12-yl radical and radicals of the formula
(lower alkyl)
(ower alkyl)
The azines of this invention are readily isolated in
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crystalline form and can be purified by washing with
solvents. The hydrolysis of the azines to hecogenin of a
very high degree of purity can also be readily accom-
plished.

Hecogenin azines (the compound of the preceding For-
muia II wherein R is a tigogenin-12-y1 radical) can be
conveniently prepared by one of the following processes:

(a) The hydrazone is refinxed for about 3 minutes to
an hour, typically 10 to 30 minutes in an acid to which
a small amount of ethanol or a solution of hydrogen
chloride in ethanol can be added. The mixture is then
dried by evaporation of the acid to obtain the correspond-
ing azine. Typically, the alcoholic filtrate containing the
hydrazone derivative of hecogenin after removal of the
non-oxo-sapogenin is adjusted to pH 6 by the addition of
such acids as formic acid, acetic acid, or hydrochloric
acid, after which the mixture is heated at reflux,

(b) The hydrazone solution, typically obtained after
filtration from the tigogenin or other non-0X0-sapogenin,
is vacuum distilled and then heated for a period of three
minutes to an hour at a temperature of about 180-220° C..

(¢) The dry oily hydrazone of tigogenin is refluxed in
a lower alkanol with a small amount of pyridine hydro-
chloride for a period of about 10 minutes to one hour,
preferably 20 to 45 minutes. Thereafter, the solution is
rendered alkaline and heated until crystallization occurs.
The solid is collected by filtration,

(d) The hydrazone of tigogenin is refluxed in high
boiling solvents such as tetralin or the monoethyl ether
of ethylene glycol for a period of 10 minutes to one hour.

Lower alkanol solvents useful in the foregoing pro-
cedure are particularly ethanol, methanol, the propanols,
tertiary butanol and the like.

The foregoing procedures are particularly useful for the
preparation of hecogenin azine. However, it has also been
found useful to carry out the condensation of a hecogenin
hydrazone of the Formula I with ketones and aldehydes.
The lower alkanones, such as acetone, butanone, 2-pen-
tanone, 3-pentanone, 2-hexanone, and the like can be
used. The resulting azines of the formula

C (lower alkyl)s
CH;

| ->-CHS
N )
(6]

%CH
O}

are solids which are very readily purified by crystalliza-
tion. It is particularly convenient and economical to re-
act the unsubstituted oily hydrazone of hecogenin with
a lower alkanone such as acetone to form the solid azine.

Pure hecogenin can be recovered from the azines of
this invention by hydrolysis with acid, or by refluxing a
solution of the azine in a lower alkanol alone or admixed
with a less polar solvent such as chloroform for 15 min-
utes to one hour at a pH of about 1 to 2.

The sapogenin mixtures in the examples given below
were obtained by extraction of dry acid hydrolyzates of
Mexican Agave fourcroyoides. Extracts of other plant
species containing mixtures of hecogenin with nom-oxo-
sapogenins can likewise be used for the isolation of
hecogenin of a high degree of purity of this procedure,

The azine compounds of this invention, their prepara-~
tion and their hydrolysis to pure hecogenin will be iltus-
trated further in the examples, These are given for the
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purpose of illustration only and are not to be construed
as limiting the invention in spirit or in scope.

The present invention is a continuation-in-part of co-
pending application Serial No. 641,852 filed February 25,
1957, now Patent No. 3,013,010,

EXAMPLE 1

Two grams of a mixture of sapogenins, containing
hecogenin and other genins lacking the 12-0xo group such
as tigogenin, afe dissolved in 20 mi. of ethanol and 4 ml.
of hydrazine hydrate are added. . The reaction mixture is
refluxed for 24 hours. The length of time required for
completicn can be checked by disappearance of the car-
bonyl band from the infrared absorption specirum of the
sample. After completion of the reaction, 12 ml. of
solvent are’ distilled off at atmospheric pressure. The
residue is then chilled, preferably at 0° C. for two hours,
and the crystalline material thus produced is filtered and
washed with a small amount of ice cold ethanol. Tigogenin
thus obtained melts at about 194-198° C.

The alkaline alcoholic filtrate containing hecogenin
hydrazone is adjusted to pH 6 with hydrochloric acid and
refluxed for 15 minutes. The hecogenin azine thus ob-
tained is filtered and washed with water. The compound
has the structura]l formula

4
EXAMPLE 3

10 grams of oily resinous hecogenin hydrazone, de-
scribed in Example 2, are refluxed with 10 ml. of acetone
for 60 minutes. The mixture is cooled to 0-5° C. and
the crystals are collected on the filter. 12-isopropyliden-
azinotigogenin thus obtained can be recrystallized from a
mixture of chloroform and acetone and then melts at
about 206-208° C. The compound has the structural

10 formula

~CH,
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Following the procedure of this example, but substitut-
ing methylethyl ketore, diethyl ketonme, methylpropyl
25 ketone, methylisobutyl ketone, or methylhexyl ketone for

Q

H;

HO

As a modification of this procedure the alkaline alco-
holic filtrate . containing hecogenin hydrazone is dried
under vacuum and recrystallized repeatedly from a mix-
ture of ethyl acetate and hexane to yield crystals melting
at about 205-207° C. Conversion to the azine can be
carried out as above.

‘As a further modification thiosemicarbazide or a lower
alkylhydrazine hydrate, typically ethylhydrazine hydrate,
can be substituted for the hydrazine hydrate.

EXAMPLE 2

5 grams of the sapogenin mixture is refluxed for 12
hours with a mixture of 25 ml. of ethylene glycol mono-
ethyl ether and 5 ml. of hydrazine hydrate. 0.05 gram

of activated carbon and 0.5 gram of diatomaceous earth

are then added and the mixture is filtered. The solution
is chilled to 0° C. and the tigogenin crystals are filiered,
washed with a small guantity of cold ethyleme glycol
monoethyl ether and dried.

The filtrate is distilled to dryness under vacuum giving

rise to an oily residue. Chromatography of this maferial’

over an adsorbent composed of 85% silicon dioxide and
15% of magnesium dioxide yields a colorless soil, which,
when dried, is a resinous material.

Prolonged heating at 210° C. transforms the resinous
hecogenin hydrazone to the hecogenin azine. Alterna-
tively, the azine can be formed by adjustment of the resin-
ous material to pH 6 with mineral acid and refluxing for
15 minutes.

According to still another procedure, 3  grams of -the
fesinous hecogenin hydrazone are refluxed for 30 minutes
with 10 ml. of ethanol and 0.3 gram of pyridine hydro-
chloride. A crystalline solid precipitates out of this solu-
tion which is filtered from the hot mixfure and washed
with hot ethyl acetate to eliminate traces of trigogenin
and other sapogenins. Hecogenin azine thus obtained
melts at about 329-331° C. '

N N
CH,
v OHy Y ' ' CHj
HO‘C‘: | ’ ij

CH,

C
/
acetone there are obi,ai_ned_ respectively 12-(2-butyl-
idine)azinotigogenin, 12 - (3 - pentylidine) azinotigogenin,

12-(4-methyl-2-pentylidine) azinotigogenin and 12-{2-0c-
tylidine)azinotigogenin.

EXAMPLE 4

A solution of 2 grams of the sapogenin mixture in 20
ml of ethanol and 4 ml. of hydrazine hydrate are refluxed
for 24 hours. The excess hydrazine is recovered for re-
use by concentration of the reaction mixture to dryness.
The mixed dry residue obtained in the initial reaction for
the preparation of the hydrazone derivative of hecogenin
is refluxed in 10 ml of ethanol and filtered from the in-
soluble Tesidue of oxosapogenin. The non-oxosapogenin
in the solid filter cake is dissolved in 10 ml. of ethanol
and concentrated to a volume of 7 ml., chilied to 0° C.
and allowed to stand for 24 hours to yield tigogenin. The
solution of the hecogenin hydrazone is then adjusted to a
pH of 6-and heated under reflux for 15 minutes, concen-
trated to a volume of 6 ml., and chilled to 0° C. Crystals
of the hecogenin azine thus obtained are filtered, washed
and dried.
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EXAMPLE 5

2 grams of hecogenin azine are refluxed for 30 minutes
with 10 ml. of ethanol, 10 ml. of chioroform, 2 ml of
water and 2 ml. of concentrated hydrochloric acid. Then
0.8 gram of sodium hydroxide in 2 ml, of water are added,
and the solvents are distilled off until abundant crystalli-
zation has occurred. The suspension is then filtered and
the crystals are washed with hot water and dried to obtain
a good grade of hecogenin.

EXAMPLE 6

Following the procedure of the preceding example the
alkylidineazinohecognenins described in Example 3 can

" likewise be hydroiyzed to hecogenin. Sufficient concen-
75 trated hydrochloric acid is used to lower the pH to 1,
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What is claimed is:
1. A compound of the structural formula

fl‘ CH,
CH,

HO v

wherein R is a member of the group consisting of the
tigogenin-12-y1 radical and radicals of the formula

(lower alkyl)
7/
(lower alkyl)

2. Hecogenin azine.
3. A compound of the structural formula

(lower alkyl)
/
\(lower alkyl)
CHy'
C H;

HO !
1

4. 12-isopropylidenazinotigogenin.
5. The process for preparing hecogenin azine which
comprises heating a member of the class consisting of the

(=
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hydrazone, the lower alkylhydrazone and the thiosemi-
carbazone of hecogenin at a temperature in the range of
180-220° C.

6. The process for preparing hecogenin azine which
comprises heating hecogenin hydrazone in a lower alkanol
at a pH in the range of 5 to 7.

7. The process for preparing hecogenin azine which
comprises heating hecogenin hydrazone with pyridine hy-
drochloride.

8. The process for preparing a compound of the struc-
tural formula :

CH;

v CH,
0
CH{ 0

HO

wherein R and R’ are lower alkyl radicals which com-
prises heating of hecogenin hydrazone with a compound
of the formula R—CO-—R’, wherein R and R’ are de-
fined as hereinabove.
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