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Industrial process for the preparation of 17-hydroxy-6B,7B;15B,163-bismethylene-3-
0X0-

-17a-pregn-4-ene-21-carboxylic acid y-lactone and key-intermediates for this process

The invention relates to an industrial process for the preparation of the known 17-
hydroxy-6p,7B;15B,16-bismethylene-3-oxo- 1 7a-pregn-4-ene-2 1 -carboxylic acid y-lactone
(hereinafter; drospirenone) of the formula (I), as well as key intermediates for the synthesis.

The compound of the formula (I) i1s known by the name drospirenone in the therapy
and is a synthetic progestin having also anti-mineralocorticoid and antiandrogenic effects. In
combination with ethynylestradiol it is marketed under the name of Yasmin as an oral
contraceptive.

For the preparation of drospirenone several processes are known in the chemical
literature which differs in the starting material used and in the order of the reaction steps.
Introduction of the functional groups is accomplished by known chemical methods. All
processes are suitable for laboratory-scale use and a scale-up for industrial application may
imply several unexpected problems.

A synthesis of drospirenone is first disclosed in the German patent specification DE
2,652,761. The synthesis starts from 3f-hydroxy-15B, 16B-methyleneandrost-5-en-17-one
which is reacted with 1-bromo-3,3-dimethoxypropane in tetrahydrofuran in the presence of
lithium, followed by a cyclization in position 17 carried out in 70 % acetic acid to give the
“lactol-ether”. The hydroxy and ether groups being present in the molecule were oxidized
with cyclohexanone in the presence of aluminium isopropylate, then the double bond was
izomerized by using 2N sulfuric acid to yield 17-hydroxy-15f,16B-methylene-3-oxo-17a-
pregn-4-ene-21carboxylic acid y-lactone.

The “lactone™ derivative was reacted with chloranil (2,3,5,6-tetrachloro-2,5-
cyclohexadiene-1,4-dione) in tert-butanol to form the “3-oxo-androsta-4,6-diene” in which a
methylene group was introduced in positions 6,7 (by using trimethylsulfoxonium iodide and

sodium hydride producing in situ a “methylide”) giving the drospirenone.

«fiename>
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For the preparation of 3B-hydroxy-158,16B-methyleneandrost-5-ene-17-one (the
starting material for the above synthesis) a five step reaction route is disclosed in the German
patent specification DE 1,593,500.

The first drospirenone synthesis includes several reactions which cannot be realized at
industrial scaie and gave typically low yields. Purification of the intermediates and the end-
product accomplished by chromatography gave also low yields (49 %, 26 % and 16 %,
respectively. ‘

In the German patent specification DE 2,746,298 intermediates which can be used

also for the preparation of drospirenon are described. To form double bonds (which are

required for the introduction of the methylene groups), first hydroxyl groups were brought

into the molecule via a microbiological process. The dehydroepiandrostéroné — the starting

" material for the synthesis — was hydroxylated microbiologically to give 3B,70,150:-

trihydroxyandrost-5-ene-17-one which, in turn, was oxidized in an additional fermentation
step to yield 7a,150-dihydroxyandrost-4-ene-3,17-dione. Elimination of the hydroxy gfoup
in position 15 was accomplished with p-toluenesulfonic acid catalyst yielding the “4,6,15-
triene”. '

When the 70,150-dihydroxy derivative was acetylated with acetic anhydride in
pyridine the 3-acetoxy-70i-hydroxy-androst-5,15-diene-17-one in one step was obtained, to
said compquhd a methylene moiety was introduced in positions 15,16 by a process discussed
above, the compound obtained was oxidized microbiologically and after elimination of water
15B,16B-methylenandrosta-4,6-diene-3,17-dione was obtained. Then the compound having
the “diene” structure in the AB rings of the steroid was treated with ethylene glycol in the
presence of orthoformic acid trialkyl ester and p-toluenesulfonic acid catalyst to give the
ketal in a manner known per se, said ketal was reacted with dimethoxybromopropane in the
presence of lithium as described above to yield the “17-acetal”, which then was cyclized'to
form the corresponding “lactol-methyl ether” and this was subjected to Jones oxidation to
give the corresponding “lactone”. The intermediate obtained in such a way has a double bond
in position 6,7 to which a methylene group can be introduced in a known manner. |

Theoretically another synthesis route is described for the preparation of drospirenone
in the European patent specificatiori EP 051,143 and its equivalents (US 4,416,985 and US |
4,614,616). The process is also published in Angew. Chem. 94, 718-719 (1982). What is’
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novel is that the 6fB,7B-methylene group is formed in a-stereospecific manner by the
Simmons-Smith reaction.

The starting material of the process is 3B-hydroxy-158,16B-methyleneandrost-5-en-

" 17-one. The hydroxy in 7 ‘position is introduced in a fermentation process using

Botryodiplodia malorum, the resultant compound is acetylated in a regioselective manner
with pivalic anhydride in the presence of 4-dimethylaminopyridine vielding the
corresponding 3B-pivaloyloxy derivative. Said pivaloyloxy derivative was reacted with tert-
butyl hydroperoxide in the presence of VO (acetonylacetonate), catalyst to give the 58,68~
epoxy derivative which, in turn, was reacted with triphenylphosphine and carbon
tetrachloride in dichloromethane to yield the 7a-chloro derivative. Said 7@-chldrb derivétive
was reacted with zinc in a mixture of acetic acid and tetrahydrofuran yielding the 5B-
hydroxy—15B,16[5—methy1ene—3[3-pivaloyloxyandrost—6-en-'17-one which then was hydrolyzed
with potassium hydroxide to give 3B,5B-dihydroxy-158,163-methyleneandrost-6-en-17-one.
Into the compound having a double bond in position 6 the methylene group was 4
introduced by using diiodomethane in the presence of zinc in ethylene glycol dimethyl ether
solvent and t.heA “6B,7B;15p,16B-dimethylene” derivative so obtained was propynylated in
position 17 in the presence of potassium ethylate in tetrahydrofuran. Said 170(-(3-hydroxy-1-'
propynyl)-6B,7B;158,16B-dimethyleneandrostan-3B,58,17B-triol was hydrogenated in a
mixture of tetrahydrofuran, methanol and pyridine in the presence of Pd/CaCOs or Pd/C
catalyst and the compound obtained was oxidized, lactonized and dehydrated in one step by
using chromium trioxide in aqueous pyridine. | ‘
According to EP 0,051,143 instead of pivaloyloxy protective group tert-butyl
dimethylsilyl, dimethyl-(3-methylbutyl)-silyl or tribenzylsilyl substituent is also suitable.
Beyond that the synthesis consists of 15 steps, the realization thereof at industrial
level may go with several problems. In the epoxidation step the use 'of tert-butyl
hydroperoxide in large quantities is dangerous. When zinc dust is applied in a heterogenous
system under vigorous stirring a special apparatus is required. The sodium perchlorate is a
hazardous material, the carbon tetrachloride as a reactant cannot already be used even at
laboratory scale, whereas the potassium ethylate is flammable. Based on experiments, when

an ethynyl gioup is hydrogenated, besides the completeiy hydrogenated product there are

SUBSTITUTE SHEET (RULE 26)
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always partially hydrogenated impurities present and said impurities can only be separated
with considerable loss of the useful compound either it is a straight chain or cyclic one. '
‘Both fhe EP 075,189 and the US 4,435,327 patent specifications relate to combined
synthetic/microbiological processes. Starting material for the synthesis is, again, the
dehydroepiandrosterone which is dihydroxylated by a fermentation process (Colletotrichum
phomodies) to give the 3B,70c,1505-trihydroxyandrost—5-eri—17-one; the hydroxy substituent in
position 7 of said compound is then epimerized by using 35 % perchloric acid as catalyst e.

g. in a mixture of acetone and dichloro-methane; finally tlie 38,7 B,lSoc—trihydroxy derivative .

‘is reacted with pivaloyl chloride in pyridine, in the presence of 4-dimethylaminopyridine

catalyst to give the 3,15-pivaloylated derivate. An alternative process for the preparation of

the compound is also disclosed. | 4 | v
The subsequent steps of the synthesis are the same as those described in EP 051,143._ .
Besides that this process consists of 12 steps, it uses the reactions mentioned before,

which make uncertain a possible industrial application.

In the German patent specification DE 3,626,832 a different novel method for . '

forming the y-lactone ring is disclosed. The synthesis starts from 158,16B-methylene-3-
methoxy-androsta-3,5-diene-17-one which is reacted with 2-(1-ethoxyethoxy)-3-butenenitrile
and the “unsaturated nitrile” derivative obtained is cyclized to form the y-lactone structure in
two steps. Difficulties of this process arise from the synthesis of a special reagent and the
bromination in position 6. The use of butyl lithium at industrial scale is not without risk,
According to the German patent specification DE. 1,963,3683 (=US 6,121,465) from

‘known intermediates, i. e. from 170(3-hydroxy-1-propynyl)-6B,73;158,16B-bismethylene-

androstan-3[3,53,17B3-triol and 6[3,7[5;15B,16[3-bismethyiene—5[3,17B-dihydroxy-3-oxo-17oc—
pregnane-21-carboxylic acid y-lactone the drospirenone is prepared by new process. The
17oc-(3-hydroxy-1-propynyl)—6[3,7[3;15[3,16B-bismethy1eneandrostane-3[3,5[3,17[3-tri01 s
hydrogenated in tetrahydrofuran in the presence of palladium/carbon; the product obtained
was used in the next reaction step without further purification.

The “bismethylene propanol” obtained was suspended in acetonitrile, the suspension

. is heated to 45 °C, then 1 mol % of ruthenium trichloride is added in aqueous solution.

Siibsequently aqueous solution of sodium bromate is added dropwise, the reaction mixture is

kept at 50 °C for 2 hours then worked up by extraction method. The 6p,78;15B,160-

SUBSTITUTE SHEET (RULE 26)
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bismethylene-5p,178-dihydroxy-3-oxo-17o-pregnane-21-carboxylic -acid y-lactone obtained

* is recrystallized, dehydrated with p-toluenesulfonic acid and purified by chromatography.

According to the specification the hydrogenation and oxidation step can be performed with
65-72 % yield. ' '

In the Buropean patent EP 0,150,702 a process starting from androst-4-ene-3,17-dione
is disclosed. The 150-hydroxy derivative is prepared by a fermentation step, said compound
is benzoylated to give an oily product which is reacted with trlmethylsulfomum methylide
prepared in situ from trimethylsulfonium jodide. From 40 g of 150-hydroxy-androst-4- ene-
3,17-dione after purification by chromatography 22.7 g of 158,1603- methyleneandrost-4—ene-
3 17- d1one were obtained. , ‘

Subsequently a propargyl group was introduced into position 17 by using propargyl '
alcohol in the presence of potassium ethylate. A compound mixture is obtained in which the
double bond of 17B-hydroxy-170-(3-hydroxy-1-propynyl)-15p,163-methyleneandrost-5-ene-
3-one component is isomerised into the “3-oxo-androst-4-ene” in an additional reaction step
Said  “propynyl” derivative is hydrogenated in the  presence  of
tris(triphenylphosphine)rhodium (I) chloride catalyst, formation of the lactone ring is carried
out by using chromium trioxide in pyridine. The carbolactone obtained is reacted with
orthoformic acid triethyl ester to yield 3-ethoxy-158,168-methylene-17c-pregna-3,5-diene-

21,17-carbolactone which at position 6 is brominated, the oily product obtained is reaoted :

‘with lithium bromide and lithium carbonate in dimethylformamide at 100 °C to give the

15[3,16B-methyléne—3-oxo—17oc-pregna-4,6-diene-21,17-carbolactone intermediate  after
purification by chromatography. Difficulties arising from hydrogenation of propynyl
compound and from the bromination at position 6 were discussed above. | 4
According to the German patent specification DE 1,920,145 3-methoxy-158,1603-
methyleneandrosta-3,5-diene-17-one is synthetized from 158,163-methyleneandrosta-4-ene-
17-one, which is refluxed with catalytic amount of p-toluenesulfonic acid and 2,2-
dimethoxyproinane in the presence of methanol in dimethylformamide. Said “3-methoxy”
derivative can be used as intermediate for the preparation of drosplrenone ’
Processes known in the art and realized at laboratory scale can be the source ofﬂ
further unexpected problems when scaling up is carried out. According to recent

pharmacopoieal requirements several tests (e. g. TLC or HPLC) are specified to control

SUBSTITUTE SHEET (RULE 26)
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purity of the drugs which may contain only a limited number of impurities in limited amount.
To meet these requirements it is practical to know what impurities and in which amount are
present in the intermediates.

Careful analysis of such impurities — particularly in the case of an industrial process
— may help to choose the suitable purification methods and to determine which steps can be
combined to make the process profitable.

A reference herein to a patent document or other matter which is given as prior art is
not to be taken as an admission or a suggestion that that document or matter was, known or
that the information it contains was part of the common general knowledge as at the priority
date of any of the claims.

Taking into consideration the above aspects, an embodiment of the invention
provides a process which can be realized at industrial scale that is safe, lacks the drawbacks
of previous processes and by which the drug obtained is pure and meets the pharmacopoieal
requirements.

We have surprisingly found that all requirements can be met by the industrial process
for the preparation of 17-hydroxy-6p,7B;150,16p-bismethylene-3-0xo0-17a-pregn-4-ene-21-

carboxylic acid y-lactone of the formula (1) :

o
HC %

0

from the known 15a-hydroxy-androst-4-ene-3,17-dione of the formula (I1I) wherein

the 15a-hydroxy-androst-4-ene-dione of the formula (III)

(i

is esterified on the hydroxy in position 15 with a reactive derivate of a C,¢ alkane

carboxylic acid to yield a 15a-acyloxyandrost-4-ene-3,17-dione of the general formula (1V),

<fiename>
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(IV)

- wherein R stands for hydrogen atom or an alkyl group having 1-5 carbon atoms -
said compound of the general formula (IV) is reacted in the presence of an acidic
catalyst with a trnialkyl orthoformiate having 1-4 carbon atoms in the alkyl moieties to give

15a-acyloxy-3-alkoxy-androsta-3,5-diene-17-one of  the  general formula  (V),

<fiename>
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V)

- wherein R has the same meaning as defined above and R! stands for an alkyl group having
1-4 carbon atoms - A

said compound of the general formula (V) is reacted with trimethylsulfoxonium
methylide prepared in situ in dhnéthyl sulfoxide from a trimethylsulfoxonium salt and‘ an
alkali metal 'h'ydro'xide to yield 15B,16 B-methylene-3-alkoxyandrosta-3,5-diene-17-one of
the general formula (VT), '

(V1)

- wherein R! has the same meaning as defined above,

said compound of the general formula (V1) is reacted in the presence of lithium metal
with 2-(2-bromoethyl)-1,3-dioxolane or 2-(2-bromoethyl)-dialkoxy-acetal having 1-4 carbon
atoms in the alkoxy moieties, to give 17-hydroxy-158,16B-methylene-3-alkoxy-170.-pregna-

3,5-diene-21-carboxaldehyde cyclic 1,2-ethanediyl-acetal or the 17-hydroxy-1583,16p-

methylene-3-alkoxy-17o-pregna-3,5-diene-21-carboxaldehyde dialkoxyacetal of general
formula (VII)

SUBSTITUTE SHEET (RULE 26)
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D)

- wherein R" has the same meaning as defined above and R? and R stand for an alkyl group
having 1-4 carbon atoms or form together a 1,2-ethylene group - ’ |

5 said compound of the general formula (VII) is oxidized with chloranil (2,3,5,6-

tetrachloro-2,5-cyclohexadiene-1,4-dione) to form 17—hydroxy—15[3,16B-methylene—3-oxd-

* 170-pregna-4,6-diene-21-carboxaldehyde cyclic 1,2-ethanediyl-acetal or 170c-hydroxy-t

15B,16B-methylene-3-oxo-17o-pregna-4,6-diene-21-carboxaldehyde dialkoxy-acetal of the

general formula (VIII)
10
[
- wherein R? and R® have the same rheaning as defined above -
said co‘mpound of the general formula (VIII)
15 a) is cyclized in acidic medium to form 15[3,16B—methylene—3—oxo-androsta—4,6f

diene-[17(B-1)spiro5']-perhydrofuran-2'€-ol-alkyl ether of the general formula (IX)

SUBSTITUTE SHEET (RULE 26)
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OR*

(1)

- wherein R* stands for methyl, ethyl or propyl group and the ~ bond represents o and
B configuration - , and said compound of the formula (IX) is reacted with
5 trimethylsulfoxonium methylide prepared in situ in dimethyl sulfoxide from a

trimethylsulfoxonium salt and an alkali metal hydroxide, or
b) is reacted with trimethylsulfoxonium methylide prepared in situ in ‘dimethyl |

sulfoxide from a trimethylsulfoxonium salt and an alkali metal hydroxide to give

10 a bismethylene derivative of the general formula (IXa)

(IXa)

15 - wherein R?* and R® have the same meaning as defined above and the ~ bond
represents o, and B configuration - , and said compound of the general formula

(IXa) is cyclized in acidic medium,

then from the  6&,7&;15B,16B-bismethylene-3-oxo-androst-4-ene-[17(B-1)spiro5']-
20" perhydrofuran-2'€-ol-alkyl ether mixture of the general formula (X) obtained at the end in

any of the above alternative step sequences

SUBSTITUTE SHEET (RULE 26)
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X)

- wherein R* stands for methyl, ethyl or propyl group and the ~ bond represents o and B
5 - configuration, - A t
the 6pB,7B-isomer is separated by chromatography and is oxidized with Jones-reagent
to give the drospirenone, or ' ,
the 6§,7E_,;15[3,16ﬁ-bismethylene-3-oxo-androst-4-eﬁe5[17([3—1)spir05']- ‘
perhydrofuran-2'€-ol-alkyl ether mixture of the general formula (X)‘ obtained at the end in
10  any of the above alternative step sequences |
- wherein R* stands for methyl, ethyl or propyl group and the ~ bond represents o and p
configuration, - is oxidized with Jones reagent to give 6&,7&;158,16B-bismethylene-3-oxo-
androst-4-ene-[17(3-1)spiro5']-perhydrofuran-2'-one (17-hydroxy-6&,7€;158,163-
bismethylene-3-oxo0-170-pregn-4-ene-21-carboxylic acid y-lactone) of the general formula
15 (XD

xn

- wherein the ~ bond represents 0. and B configuration — and from this isomeric mixture the

20 6PB,7B-isomer is isolated, and if desired the drospirenone of the formula (I)

SUBSTITUTE SHEET (RULE 26)
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0]

5  obtained by any of the above synthesis routes is purified by crystallization.

‘ The known starting material for the process accofding to the invention (i. e. 15 o-
hydroxy-androst-4-ene-3,17-dione of the formula (III)) suitably is prepared from androst-4-
~ene-3,17-dione of the formula (II) via microbiological hydroxylation. ' '

10

According to this invention the 15o-hydroxy-androst-4-ene-3,17-dione of the formula

(III) preferably is reacted with acetic anhydride in dry tetrahydrofuran in the presence of 4-

15  dimethylaminopyridine below a temperature of 40 °C, after the reaction has been completed
the reaction mixture is added to water, when the precipitate is dense enough it is ‘filt‘er;d,
washed until free of mother liquof and dried. The 1Sa-acetoxy-aﬁdrost—4-enc—3,7-dione.is
obtained with 88 % yield. The reaction is easy-to-carry out, there are no safety and scale-up
problems. The 150a-acetoxy compound obtained can be used in the next reaotioﬁ step without

20  purification.
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The 150-pivaloyloxy derivative — a novel compound of the geﬁeral formula (IV),
wherein R is a tert-butyl group — can similarly be prepared in pyridine, using 4-
dimethylaminopyridine as catalyst and pivaloyl chloride as acylating agent.

The 15a-acyloxy derivatives of the general formula (IV) is then dissolved in dry

tetrahydrofuran, the solution is cooled to 0 °C and in the presence of sulfuric acid catalyst is

~ reacted preferably with trimethyl or triethyl orthoformiate. When the reaction is complete, to

the solution pyridine is added and the tetrahydrofuran is distilled off using a solvent -
replacement technique (to acetonitrile), the suspension is filtered and the solid substance is
dried. The 150-acetoxy-3-methoxy-androsta-3,5-diene of the formula (V) is obtained with 95
% yield. - - '

The same method is followed when the new 15a—pivaloyloky—3-methoxy—andosta’-
3,5-diene-17-one and also when thé new 150c—piva10yloxy-3-ethokj—andfosta—3,S—diene-17- :
one of the general formula (IV) are prepared. A

The 150-acetoxy-3-methoxy-androsta-3,5-diene-17-one of th general formula (V) is
treated with a reagent prepared in situ from trimethylsulfoxonium jodide and potassium -
hydroxide in a solvent, the reaction mixture is stirred for 6 hours theﬁ added to water. The .
precipitate is filtered off, washed to remove the mother liquor and dried. Finally the 158,16
B-methylene—B'-mefhoxy~androsta-3,5-diene—17-one obtained (a compound of the general
formula (VII)) is ‘crystallized from methanol. ‘ '

The 15B,16p-methylene-3-ethoxy-andosta-3,5-diene-17-one is prepared by the
method described above. 7 »

The “3-alkoxy” derivatives of the general formula (VI) formed in the reaction are

reacted with 2-(2-bromoethyl)-1,3-dioxolane in dry tetrahydrofuran in the presence of

lithium at 0 °C. When the reaction is finished the lithium is transformed into lithium

hydroxide with a mixture of methanol and water, the solvent is removed by distillation, the
residue is mixed with water, the precipitate is filtered, washed to remove the mother liquor,
dried and crystallized from methanol. The new compound of the general formula (VD) is
obtained with a yield of 92 %.

The (17oc)-15[§,16[3-methylene-17-hydroxy—3-metoxy—pregna—3,5—diene—21-
carboxaldehyde cyclic 1,2-ethanediyl-acetal, as well as the (170)-158,16B-metylene-17-
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hydroxy-3-metoxy-pregna-3,5-diene-21-carboxaldehyde-diethyl-acetal 6f the generai
formula (VII) are also new compounds and are prepared in a manner described above.

Said new “acetals” of the general formula (VID) — of which the (1701)-158,16-
methylene-17—hydroxy—3-metoxy—_pregna—3,5-dicne~21~carboxaldehyde cyclié 1,2-ethanediyl-
acetal 'is particularly preferred — are dissolved in acetoﬁe/watér mixture and reacted with
chloranil at 25 °C. When the reaction is complete, the excess of the chioranil is decompésed .
with sodium pyrosulfite and the target compound is extracted with dichloromethane. From
the extract an oily substance, the (1700)-15[3,16[3-methylene-17-hydroxy‘-3-oxo-pregha'-4,6-
diene—21-cafboxaldehyde cyclic 1,2-ethanediyl-acetal of the general formula (VIID) is
obtamed which in methanol is cychzed with concentrated hydrochlonc acid at 0 °C yleldmg

the ISB 16B-methylene-3 -oxo0-androsta-4,6-diene-[17(-1")spiro-5']- perhydroﬂnan-2§ -ol-

-methyl ether (or in a similar manner the “propyl ether”) of the general formula (IX).

Said compounds of the general formula (IX) in dimethyl sulfox:ide under nitrogen
atmosphere are reacted with a reagent in situ prepared from trimethylsulfoxonium iodide and
potassium hydroxide. When the reaction is finished, the reaction mixturé is diluted with
water, the precipitate obtained is filtered, washed until is neutral and dried. The crude
product beariﬁg a methylene group of o/p configuration at positions 6,7 and an alkoxy
substituent also of two different configuration on the lactol ring, is isolated and is left without
further purification. |

The alkoxy derivatives of the general formula (X) obtained are reacted in acetone
with Jones-reagent at 0-5 °C, the excess of the reagent is decomposed by isopropanol and the
mixture is added to water. From the aqueous solution the acetone and isopropanol are
removed by distillation, the residue is diluted with water and the precipitate is filtered and
dried to yield the compound of the general formula (XI). The crude product is dissolved.in
ethyl acetate, the solution is clarified with activated carbon, then the adsorbent is removed by
filtration, the solvent is evaporated. The oily product is first subjected to normal
chromatograpohy (normal phase, atmospheric pressure) and then to HPLC to give the
separated 6' B,7 B —and 6 ¢, 7 oo — methylene isomers, respectively.

In another embodiment of the invention the “3-oxo-pregna-4,6-diene” of the general
formula (VIIIj caﬁ be converted into the “bismethylene” derivative of the general formula

(X) in such a way that the “diene” of the general formula (VIII) first is treated with a reagent
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prepared in situ from trimethylsulfoxonium iodide and then the substituents being present
in position 17 are cyclized in acidic medium to give the bismethylene compound of the
general formula (X).

Separation of the compound of general formula (XI) into the 6B,7p — and 60,7 a -
methylene isomers is performed by two-step chromatography : one of them is carried out
at atmospheric pressure in normal phase mode (pre-chromatography), the other one is a
HPLC method (fine chromatography).

Both in the pre-chromatography and in the fine chromatography silica gel is used
as stationary phase and in plant-scale operation a diisopropyl ether/ethyl
acetate/dichloromethane mixture of 57:33:10 v/v ratio is used as eluent.

At laboratory scale cyclohexane/ethyl acetate/acetone mixture of the 64:18:18 v/v
ratio is also applicable as eluent resulting in the same separation efficiency.

Similar result can be achieved when cyclohexane/ethyl acetate/acetonitrile of the
55:35:10 v/v ratio or cyclohexane/methyl tert-butyl ether/acetone mixture of the 50:30:20
v/v ratio are applied.

Separation of the “B/a”” mixture by chromatography is performed with a yield of
50.73 %. Description of the pre- and fine chromatography is given in examples 21 and 22.

Further purification of the chromatographed product can be achieved by
crystallization from a solvent selected from methanol, ethanol, propanol, isopropanol,
ethyl acetate; a solvent mixture containing water up to 10 vol % selected from
methanol/water, ethanol/water, propanol/water, isopropanol/water; acetone/diisopropyl
ether mixture containing acetone up to 50 vol %; cyclohexane/ethyl acetate mixture
containing ethyl acetate up to 50 vol %,; dichloromethane/diisopropyl ether mixture
containing dichloromethane up to 10 vol %; and dichloromethane/hexane mixture
containing dichloromethane up to 10 vol %.

In another embodiment the invention relates to 6&,75;15B,16B-bismethylene-3-oxo-
androst-4-ene-[17(f3-1)spiro5']-perhydrofuran-2'€-ol-alkyl ethers of the general formula (X) -

wherein R* stands for methyl, ethyl or propyl group and the ~ bond represents o- and p-

configuration - as intermediates for the process according the invention.

«<filename>
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(X)

In another embodiment the invention relates to 15f3,16B3-methylene-3-oxo-androsta-
4,6-diene-[17(B-1)spiroS']-perhydro-furan-2'€-ol-alkyl ethers - wherein R* stands for propyl group
and the ~ bond represents a- and f-configuration — as intermediates for the process according the

invention.

2005311059 07 Dec 2010

(IX)

In another embodiment the invention relates to bismethylene derivatives of the
general formula (IXa), wherein R* and R* form together a 1,2-ethylene group and the ~ bond

represents a- and B-configuration as intermediates for the process according to the invention.

(IXa)

In another embodiment the invention relates to 17-hydroxy-15p,16B-methylene-3-

oxo-17a-pregna-4,6-diene-21-carboxaldehyde acetal derivatives of the general formula (VIII),
wherein R? and R® form together a 1,2-ethylene group, as intermediates for the process according

to the invention.
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In another embodiment the invention relates to the following intermediates used in the
process according to the invention: 15a-pivaloyloxyandrost-4-ene-3,17-dione, 15a-pivaloyloxy-
3-metoxy-androsta-3,5-diene-17-one, 15a-acetoxy-3-ethoxy-andosta-3,5-diene-17-one, dimethyl-
[(3-methoxy-17-0x0-androsta-3,5-diene-15B-yl)methyl]-sulfoxonium-iodide, 17-hydroxy-
15B,163-methylene-3-methoxy-17a-pregna-3,5-diene-21-carboxaldehyde cyclic 1,2-ethanediyl-
acetal, 17-hydroxy-150,163-methylene-3-ethoxy-17a-pregna-3,5-diene-21-carboxaldehyde cyclic
1,2-ethanediyl-acetal, 17-hydroxy-158,16[3-methylene-3-methoxy-17a-pregna-3,5-diene-21-
carboxaldehyde-diethyl acetal, 17-hydroxy-15p3,16(3-methylene-3-oxo-17c-pregna-4,6-diene-21—
carboxaldehyde cyclic 1,2-ethanediyl-acetal, 1503,163-methylene-3-oxo-androsta-4,6-diene-[17(p-
1’)spiro-5’]-perhydrofuran-2°£-ol-propyl ether, 6&,7&;1503,163-bismethylene-3-oxo-androst-4-ene-
[17(B-1)spiro-5’]-perhydrofuran-2’€-0l  methyl ether, 6&,7§;1503,16B-bismethylene-3-oxo-
androst-4-ene-[17(B-1’)spiro-5’]-perhydrofuran-2’£-ol propyl ether, 6(3,73;15p3,163-bismethylene-
3-oxo-androst-4-ene-[17(B-1")spiro-5’]-perhydrofuran-2°€-ol  methyl ether, 68,703;15B,16f3-
bismethylene-3-oxo-androst-4-ene-[17(B-1)spiro-5']-perhydrofuran-2’§-ol  propyl ether, 17-
hydroxy-6§&,7¢;1503,16B3-bismethylene-3-oxo0-17a-pregna-4-ene-21-carboxaldehyde  cyclic  1,2-

ethanediyl-acetal.

Enclosed is a flow-sheet showing our process in an easy to follow form.

The inventive step of this invention is supported by the following features:
a) A plant-scale process is provided for the synthesis of drospirenone.
Published patents and other scientific publications describe laboratory
processes. Our process can further be scaled up compared to the batch-size

given in the examples.
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* Starting materials for our process, such as the known 15 o-hydroxy-androst-4-

“ene-3,17-dione is readily available being an industrial product.

Our process consists of 8 steps, while the other processes known in 'the‘ art
consist . g. of 15, 12 and 10 steps, respectively.

According to this invention also the intermediates are obtained with good
yield. E. g. in Example 1..88 %, in Example 3. 95 %, in Example 6. 76 %, in
Example 8. 92 %, in Example 11-12. 74 %, in Example 15. 65 % yield héé
been achieved. ' |
The mixture obtained in the last synthetic step is separated by pre- and fine
chromatography with 49.2 % yield which is excellent compared with the 16 %
given in the German patent specification DE 2,652,76'1. |

- The intermediates obtained in our process are purified by simple
_crystallization methods. In the other processes, (e.‘ g.in that disclosed in DE

+2,652,761) not only the end-product, but also two intermediates are purified

by chromatography. In our process in the case of the intermediates disclosed
in examples 1, 3, 10 and 14, there was no need for purification.

According to the technical literature drospirenone wés prepared by using
carbon tetrachloride (a prohibited reagent), tert-butylhydroperoxide, sodium
hydride, butyllithium, sodium perchlorate and sodium ethylate. These
reactants are hazardous materials especially in plant scale applications; The
use of zinc requires special apparatus to provide intensive stirring necessafy in
the case of heterogeneous reactions. Our process is free from such or similar '
difficulties. ,
Plant-scale production demands intermediates which are easy-to—handle, stable
and easy-to-purify.- Stability of the (170(){15_[3,16[3-methy1ene—17-hydroxyf3-

metoxy-pregna-3,5-diene-21-carboxaldehyde cyclic‘ 1,2-ethanediyl-acetal, a

- specific intermediate of the synthesis, is excellent contrary to other acetals

mentioned as applicable in the technical literature.

‘In the case of the preparation of known intermediates any effort has been

taken to use easier methods and to achieve better yields in comparison with

those described in the technical literature. E. g. the 150-acetoxy-androst-4-
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ene-3,17-dione is obtained with a yield of 88 % 'in an easy to reproduce and
easy to scale-up way, while in the US 5,236,912 patent specification a yield of
62 % is given for this compound. . ,

Intermediates and the end-product obtained in our process-particularly with
respect to stereochemistry and purity - were carefully analysed by NMR
spectroscopy, the amount of the impurities was determilied by HPLC.
Regarding intermediates described in the technical literature in most cases
there are no such data. |

Strategically important and specific products of our synthesis are new. Beyond

-these, several closely related compounds are also ‘novel. The new

 intermediates are described in examples 2, 4, 5, 8, 9, 10, 11, 14, 15, 16, and

18.

“We studied in detail the introduction of the “methylene” into the 15 oc-acyloxy

compound to obtain a compound of the general formula (VI) in order to
determine the exact reaction parameters. In said reaction dimethyl-[(3-
methoxy-17-oxo-androsta-3,5-diene-158-yl)methyl] sulfonium iodide (Vla)
was identified as intermediate which can be transformed into the “158,16p-

methylene” derivative with strict attendance of “the temperature. Said

- intermediate was isolated, its structure was identified, and then was

transformed into the 15,16p-compound acéording to ‘Example 6. We want to

remark that we didn’t find such studies in the technical literature. -

The invention is further illustrated by the following non-limiting Examples.
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Example 1
50-Acetoxyandrost-4-ene-3,17-dione

16.9 kg of 150-hydroxyandrost-4-ene-3,17-dione is -Suspended- in 54 1 of dry
tetrahydrofuran under vigorous stirring an nitrogen bubbling at room temperature, then 101.4
g of 4-dimethylaminopyridine and 8.45 1 of acetic anhydride are added in sequence, while the
temperature is kept below 40 °C. As the reaction proceeds the m1xture becomes clear. After
the addition of the acetic anhydrlde has been finished the mixture is stirred for 30 mmutes
then added slowly to 540 1 of water and stirred for additional 2 hgurs until the precipitate

formed becomes dense, filtered by centrifuge, washed with portibns of water until it is -

- neutral and dried to constant weight at a temperature below 40 °C. The title compound

obtained can be used in the next reaction step without further specification.
Yield: 16.9 kg (88 %)

Mp: 149-151 °C.

[0 =+176° (c=1%, ethanol).

'H NMR {500 MHz, CDCI(TMS), 8(ppm)}: 1.00 (3H,s,18-Me); 1.05 (1H,m,H-9); 1.22
(3H,d,19-Me); 1.61 (1H,t,H-14); 1.94 (1H,m,H-8); 2.02 & 3.17 (2H,dd & dd,H-16); 2.05
(3H,s, O-CO-CH3); 5.24 (1H,m,H-15); 5.75 (1H,m,H-4).
13 NMR {125 MHz, CDCL(IMS), 8(ppm)}: 15.2 (C-18); 17.5 (C-19); 21.2 (-0-CO- CH3),
35.2 (C-8); 43.4 (C-16); 53.6 (C-9); 53.8 (C-14); 71.6 (C-15); 124.1 (C-4); 169.6 (C-5);
170.7 (-O-CO-CHj); 199.0 (C-3); 214.3 (C-17). ' |
o Example 2

150-Pivaloyloxyandrost-4-ene-3.17-dione

8 g (26.45 mmol) of 150-hydroxyandrost-4-ene-3,17-dione is dissolved in 40 ml of

pyridine under nitrogen bubbling and vigorous stirring. To the solution 0.8 g (6.5 mmol) of
4-dimethylaminopyridine is added then 8 ml (64.95 mmol) of pyvaloyl chloride is dropWisc
added over 8-10 minutes and stirring is continued for 20 hours when the reaction is finished.
During the addition period the temperature of the mixture rises to 30-32 °C. After the
reaction has been completed the solution is added to 400 ml of water. The precipitate formed
is filtered, dissolved in 150 ml of dichloromethane and washed first with 35 ml of 10 ‘%
hydrochloric acid cooled to 5 °C, then with 50ml of water, 35 ml of 5 % sodium Bicarbonate

solution and again with water (3 x 50 ml) until it is neutral. The dichloromethane solution is
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dried (sodium sulfate), filtered, the solvent is removed by distillation. The residue is

chromatographed on a column packed with 80 g of silica gel by using a
dichloromethane/methanol solvent mixture of increasihg polarity as eluent. Fractions
contaiﬁing the title compound are combined, the eluent is removed by distillation and the
residue is crystallized from hexane to yield the title compound (6.9 g; 60 %).

Mp. 148-150 °C '

[0 = +159.1° (c=19%, ethanol.

1H NMR {500 MHz, CDCI3(TMS), §(ppm)}: 1.01 (3H,s,18-Me); 1.06 (1H,m,H-9); 1.19

(9H.s,-O-CO-C(CHa)s): 1.23 (3H,5,19-Me); 1.63 (1H,m,H-14); 1.92 & 3.19 (2H,m & mH-
16); 1.94 (1H,m,H-8); 5.19 (1H,m,H-15); 5.75 (1H,m,H-4).

BC NMR {125 MHz, CDCIy(TMS), 8(ppm)}: 15.3 (C-18); 17.5 (C-19); 27.0 (-O-CO-
C(CHa)s); 35.1 (C-8); 38.5 (-O-CO-C(CHa)s); 43.5 (C-16); 53.6 (C-9); 53.9 (C-14); 71.6 (C-

+15); 124.1 (C-4); 169.6 (C-5); 178.1 (-O0-CO-C(CH3)z); 199.0 (C-3); 214.5 (C-17).

Example 3
150-Acetoxy-3-methoxyandrosta-3,5-diene-17-one

16.9 of 15a-acetoxyandrost-4-ene-3,17-dione is dissolved 1n 101 1 of dry
tetrahydrofuran under vigorous stirring and nitrogen bubbling at room temperature. The
reaction mixture is cooled to 0 °C and 8.04 1 of trimethyl orthomormiate and then 1.7 1 of

tetrahydrofuran containing 1 vol % of sulfuric acid are added. The reaction mixture is stirred

~ for § hours at 0-2 °C, at this time 5.4 1 of pyridine is added and stirring is continued for 20

minutes. The tetrahydrofuran is removed by distillation while continuously is replaced by
acetonitrile and the volume is adjusted to the 1/3 of the original volume. The acetonitrile
containing the title compound as a crystal suspension is cooled to 0 °C, filtered by centrifugé,
the mother liquor is washed away with acetonitril cooled to 0 °C and the product is dried in
vacuo to constant weight at temperature of 40 °C. . |

Yield: 16.7 kg (95 %)

Mp: 206-211°C.

[0 =-14° (c=1%, dioxane).

[0’ = -13.5° (c=0,5%, chloroform).

'H NMR {500 MHz, CDCl,(TMS), 3(ppm)}: 0.99 (3H,s,18-Me); 1.00 (1H,m,H-9); 1.13
(1H,m,H-9); 1.66 (1H,;t,H-14); 2.02 & 3.14 (2H,dd & dd,H-16); 2.05 (1H,m,H-8); 2.07
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(3H,5,-0-CO-CHy); 3.58 (3H,3,-0-CHs); 5.13 (1H,m,H-4); 5.20 (1H,m,H-6); 5.26 (1H,m,H-
15). : ,
'*C NMR {125 MHz. CDCL(TMS), 8(ppm)}: 15.0 (C-18); 19.0 (C-19); 21.2 (:0-CO-CH);

31.6 (C-8); 43.4 (C-16); 48.0 (C-9); 54.3 (-O-CHs); 54.4 (C-14); 72.2 (C-15); 98.3 (C-4);

117.4 (C-6); 140.5 (C-5); 155.4 (C-3); 170.8 (-O-CO-CH3); 214.9 (C-17). 4
. Example 4

150-Pivaloyloxy-3-methoxyandrosta-3-diene-17-one :
Starting from 2 g (5.17 mmol) of 15a-pivaloyloxyandrost-4-ene-3,17-dione 1.53 g

(73.8 %) of the title compound is obtained in a manner described in example 3.

Mp: 217-222 °C.

[oc P = +3.79°>(c=1, chloroform). |

'H NMR: {500 MHz, CDCl(TMS). 8(ppm)}: 1.00 (3H,s,18-Me); 1.00 (IH,m,H-9); 1.14
(1H,m,H-9); 1.20 (9H,s,-0-CO-C(CHa)s); 1.68 (1H,t,H-14); 1.93 & 3.17 (2H,m & m,H-16);

2.05 (1H,m,H-8); 3.57 (3H,s,-O-CHy); 5.12 (1H,m,H-4); 5.20 (1H,m,H-15); 5.21 (1H,m,H-

6).

PC NMR {125 MHz, CDCI(TMS), 8(ppm)}: 15.1 (C-18); 19.0 (C-19); 27.1 (-O-CO-

C(CHa)s); 31.5 (C-8); 38.5 (-O-CO-C(CHa)s); 43.5 (C-16); 48.0 (C-9); 54.3 (-O-CHs); 54.4
(C-14); 72.2 (C-15); 98.3 (C-4); 117.3 (C-6); 140.5 (C-5); 155.4 (C-3); 178.2 (-O-CO-

C(CHa)s); 215.1 (C-17).

Example 5
150-Acetoxy-3-ethoxyandrosta-3,5-diene-17-one

Starfing from 22.5 g (65.32 mmol) of 5a—acetoxyandrost—4—éne—3,17-dione the
compound is prepared according to Example 3, with the alteration that instead of trimethyl
orthofomiate triethyl orthoformiate is used. The title compound is . crystallized from -
acetonitrile.

Yield: 21.8 g (89.7 %)

Mp: 183-187 °C.

[oc]g5 =-11.43° (c=1%, chloroform.

'H NMR LSOO MHz, CDCI3(TMS), &(ppm)}: 0.98 (3H,s,18-Me); 1.00 (3H,s,19-Me); 1.13

- (1H,m,H-9); 1.30 (3H,t,-O-CH-CH3); 1.66 (1H,m,H-14); 2.02 & 3.14 (2H,m & m,H-16);
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2.05 (1H,m,H-8); 2.06 (3H,s,-0-CO-CHa); 3.78 (2H,m, -O-CH,-CHy); 5.11 (1H,m,H-4);
5.17 (1H,m,H-6); 5.26 (LH,m,H-15). o
130 NMR {125 MHz, CDCl5(TMS), 8(ppm)}: 14.7 (-O-CH,-CHj): 15.0 (C-18); 19.0 (C-19);
21.2 (-O-CO-CHy); 43.4 (C-16); 31.6 (C-8); 48.0 (C-9); 54.4 (C-14); 62.2 (-O-CH,-CHy);
722 (C-15); 98.8 (C-4); 117.0 (C-6); 140.7 (C-5); 154.6 (C-3); 170.8 (-O-CO-CHa); 215.0
(C-17). ‘

Example 6

15§,16§-Methylene-3-methoxzandrosta—3,§-diene-17 -one

, © 12.96 kg of trimethylsulfoxonium iodide is dissolved in 180 1 of dimethyl sulfoxide
under . nitrogen bubbling and vigorous stirring and at 25-30 °C -5.51 kg bf pbtas;siﬁm
hydroxide is added to the solution. Stirring is continued ‘fqr 1 hour, then 16.22 kg of 150~
acetoxy-3-methoxyandrosta-3,5-diene-17-one is added, the reaction mixture is stirred at 25-
30 °C until the reaction is complete (about 6 hours). The solution is added slowly to 900 1 of
water, the preéipitate obtained is stirred for 30 minutes until it is dense, filtered by centrifuge,
washed with portions of water until is neutral and dried in vécuo to constant weight at a
temperature below 40 °C and the crude title compound is crystallized from methanol.

Yield: 10.76 kg (76 %)

Mp: 159-161°C.

[oc]gs =-177.6° (c=1, dioxane).

'H NMR {500 MHz, CDCI5(TMS), §(ppm)}: 1.00 (6H,s,18-Me & 19-Me); 1.12 & 1.64

(2H,m & m,CP(158,16B8)(CHy)); 1.15 (1H,m,H-9); 1.74 (1H,m,H-16); 1.97 (1H,m,H—15);

1.98 (1H,m,H-8); 2.00 (1H,m,H-14); 3.58 (3H,m, -O-CHj3); 5.16 (IH,d,H;4); 5;429 (1H,m,H-

6. | |

®C NMR {125 MHz, CDCI5(TMS), 8(ppm)}: 17.1 (CP(15B,16B)(CHR)); 18.9 (C-19): 20.1

(C-18); 22.1 (C-15); 25.8 (C-16); 30.4 (C-8); 49.3 (C-9); 52.4 (C-14); 54.3 (-O-CHs); 98.4

(C-4); 117.3 (C-6); 141.5 (C-5); 155.5 (C-3); 216.5 (C-17). -
From the mother liquor of the crystallization dimethyl-[(3-methoxy-17-oxandrosta-

3,5-diene-15f-yl)methyl] sulfoxonium iodide, the intermediate of the reaction can be
isolated.

Mp: 179-181 °C. 7

'H NMR {500 MHz, CDCl;:DMSO-d¢(TMS) 1:1, § (ppm)}: 0.99 (3H,§,18-Me); 1.01
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(3H,5,H-19); 1.17 (1H,m,H-9); 1.84 (1H,m,H-14); 1.98 (1H,m,H-8); 2.60 & 2.70 QHAd &
dd,H-16); 3.12 (1H,mH-15); 3.54 (3H,,-O-CHj); 3.89 & 3.91 (6Hs & s,-CHp-
(STO)(CHa),); 4.30 & 4.42 (2H,d & dd,-CH,-(S*O)(CHa)2); 5.13 (1H,m,H-4); 5.19 (1H,m,H-
6). '

B¢ NMR {125 MHz, CDCl;:DMSO-d¢(TMS) 1:1 (TMS). 8 (ppm)}: 16.1 (C-18); 18.6 (C-

19); 25.9 (C-15); 28.3 (C-8); 37.2 & 37.4 (-CH,-(S*O)(CHa),); 42.3 (C-16); 48.3 (C-9); 52.7
(,-CHa-(STO)(CHa)yp)); 53.7 (C-14); 54.0 (-O-CHs); 98.0 (C-4); 116.5 (C-6); 140.8 (C-Sj; .
155.2 (C-3); 216.9 (C-17). ' '
| This intermediate can be converted into the 15,16B-methylene-3-methoxyandrosta-
3,5-diene-17-one in the following manner: 1.6 g of trimethylsulfoxonium iodide is dissolved -

in 22 ml of dimethyl sulfoxide under nitrogen atmosphere with vigorous stirring, then 0.63 g

- of potassium hydroxide is added at 25-30 °C. The reaction mixture is stirred for additional 1

hour, then 2 g (3.74 mmol) dimethyl-[(3-methoxy-17 -ofcandrosta—S,5-diene-15B—y1)methyl]

sulfoxonium iodide is added and stirring is continued at 25-30 °C until the reaction is

’finished (about 4 hours). The solution is slowly added to 110 ml of water, stirred for 30

minutes until the precipitate is dense, filtered, washed with portions of water until neutral and
dried in vacuo to constant weight at a temperature below 40 °C. The crude title compound is
crystallized from methanol.

Yield: 0.95 g (84.2 %)

Physical parameters are the same as given above.

Example 6/a
15 [§,16ﬁ-Methvlene-3-methoxvandrosta-3,5-diene-17-one'

Starting from 5 g (12.93 mmol) of 150--pivaloyloxy-3-methoxyandrosta-3,5-diene-17-
one 2.6 g (65 %) of the title compound is prepared in a manner described in Example 6.
Physical characteristics are the same as given in Example 6.
Example 7 |
158,163-Methylene-3-ethoxyandrosta-3,5-diene-17-one

Starting from 20 g of 15oc-acetoxy—3—ethoxyandrosta—3 5-diene 16.75 g (65 %) of the

crude title compound is obtained in a manner described Example 6, and is crystallized from
200 ml of ethanol containing 0.2 ml of pyridine.
Yield: 12.98 g (74.5 %)
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Mp: 159-162 °C.
[0 =-178.6° (c=1 dioxane).

'H NMR {500 MHz, CDCl;(TMS). 8(ppm)}: 1.00 (3H,‘s,18-Me); 1.01 (3H,d,19-Me); 1.11'&
1.63 (2Hm & m,CP(15B,16B)(CHL)); 1.14 (1H,mH-9); 1.31 (3H,t,-O-CH;-CHs); 1.74
(1H,m,H-16); 1.97 (1H,m,H-15); 1.98 (1H,m,H-8); 2.00 (1H,m,H-14); 378 (2H,m,-O-CH2-‘
CHa); 5.14 (1H,d,H-4); 5.26 (1H,m,H-6). ‘

Bc NMR {125 MHz, CDCI(TMS), 38(ppm)}: 146 (-O-CH,-CHsz); 17.1
(CP(15B,16B)(CH,)); 18.9 (C-19): 20.0 (C-18); 22.1 (C-15); 25.8 (C-16); 30.4 (C-8); 49.3
(C-9); 52.4 (C-14); 62.2 (-O-CH,-CHs); 98.9 (C-4); 117.0 (C-6); 141.7 (C-5); 154.7 (C-3);
216.5 (C-17). -

Example 8 ,
17-Flydroxy-158,16B-methylene-3-mefhoxy-170:pregna-35-diene-21-carboxaldehyde _cyclic
1,2-ethanediyl acetal

10.5 kg of 15B,16B-methylene-3-methoxyandrosta-3,5-diene-17-one is d1ssolved in

147 1 of dry tetrahydrofuran under vigorous stirring in argon atmosphere at room
temperature. The solution is cooled to 0 °C and 1.89 kg of lithium metal is added. To the
solution 12.6 1 of 2-(2-bromoethyl)-1,3-dioxolane is added under intensive stirring and
cooling at a temperature of 10-20 °C. Stirring at 15-20 °C is continued fdr 5 hours, then the |
excess of lithium is decomposed with 10 1 of methanol and 100 of water to form lithium
hydroxide After the complete decoinposition the methanol and tetrahydrofuran are distilled
off, to the residue 80 1 of water is added. When the pre01p1tate is dense enough it is filtered,

A washed with portions of water to neutral and dried in vacuo to constant weight at a

temperature below 40 °C to give 13.8 kg of crude title compound which is crystallized from
methanol.

Yield: 12.87 kg (92 %)

Mp: 164-166 °C.

[0 =-141.3° (c=1, dioxane).

1H NMR {500 MHz, CDCl3(TMS), 5(ppm)}: 0.24 & 1.00 (2H,m & m,CP(158,16B)(CHz));

10.95 (3H,5,18-Me); 1.00 (3H,s,19-Me); 1.06 (1H,m,H-9); 1;19 (1H,m,H-15); 1.32 (1H,m,B-

16); 1.66 & 1.75 2Hm & m,H-20); 1.69 (1H,m,H-14); 1.88 (H-1,m,H-8); 1.94 & 2.06
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@Hm & mH-21); 3.58 (3Hm, -O-CHy); 3.87 & 400 4Hm & m2 x -O- CHy-); 4.94
(1H,tH-22); 5.15 (1H,m,H-4); 5.27 (1H,m,H-6).

“C NMR {125 MHz, CDCIy(TMS). 3(ppm)}: 7.4 (C P (15 B,16B)(CH)); 16.0 (C-15):
18.9 (C-19); 19.4 (C-18); 23.0 (C-16); 28.4 (C-21); 30.9 (C-20); 31.3 (C-8); 49.0 (C-9); 53.2
(C-14); 54.3 (-O-CHa); 64.96 & 64.99(2 x -O-CHy-); 82.2 (C-17); 98.6 (C-4); 105.1 (C-22):;
118.1 (C-6); 141.2 (C-5); 155.4 (C-3).

Example 9 A
17-Hvdroxv-158,16B-methvlene-3-ethoxz-17oc-pregna-3,5-diene-Zl-éarboxaldehxde )

cyclic 1,2-ethanedivl acetal
Starting from 10 g of 3-ethoxy-15 B,16 B-methyleneandrosta-3,5-diene-17-one the

title compound is prepared according to Example 8, with the alteration that after the reaction -

~has been completed the oily product precipitated from the aquéous solution is extracted w1th

100 ml of dichloromethane, the organic layer is washed with water io neutral, dried (sodium
sulfate) and filtered. From the filtrate the dichloromethane is distilled off and the residue is
crystallized from methanol to yield 11.02 g of the title compound. |

Yield: 11.02 g (83 %)

Mp: 66-68 °C.

[0 =-132.6° (=1 dioxane).

"H NMR {500 MHz, CDCl5(TMS), 8(ppm)}: 0.24 & 1.00 (2H,m & m,CP(15B,16B)(CH,));
0.95 (3H,3,18-Me); 1.00 (3H,s,19-Me); 1.06 (1H,m,H-9); 1.19 (1H,m,H-15); 1.30 (3H,t, -O-
CHp-CHa); 1.33 (IH,m,H-16); 1.65 & 1.74 (2H,m & m,H-20); 1.69 (1H,m,H-14); 1.87 (H-
1,m,H-8); 1.94 & 2.06 (2H,m & m,H-21); 3.78 (2H,m, -O-CH,-CHz); 3.87 & 4.00 (4H,m &
m,2 x -O-CHy-); 4.94 (1H,t,H-22); 5.13 (1H,m,H-4); 5.24 (1H,m,H-6).

°C NMR {125 MHz, CDCly(TMS), 8(ppm)}: 7.4 (CP(15B, 168)(CH)); 14.7 (-0-CH,-CHy);
16.0 (C-15): 18.9 (C-19); 19.3 (C-18); 23.0 (C-16); 28.4 (C-21); 30.9 (C-20); 31.3 (C-8):
49.0 (C-9); 53.,2 (C-14); 62.2 (-O-CH,-CHy); 64.96 & 64.99(2 x -O-CH,-); 82.2 (C-17);
99.1(C-4); 105.1 (C-22); 117.8 (C-6); 141.4 (C-5); 154.5 (C-3). -

Example 10

17-Hydroxy-158,163-methylene-3-methoxi-170-pregna-3,5-diene-21-carboxaldehyde-

diethyl-acetal
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The title compound is prepared from 10 g of 158,163-methylene-3-methoxyandrosta-
3,5-diene-17-one and 12 ml of 3-chloropropionaldehyde diethyl acetal in a manner described
in Example 9 with a yield of 10.17 g (77 %).

Mp: 46-48 °C.

[0 = -141.3° (c=1 dioxane).

'H NMR {500 MHz, DMSO-d¢(TMS), S(mpm)}: 0.13 & 086 (Hm &
m,CP(158,168)(CHy)); 0.84 (3H,s,18-Me); 092 (3Hs,19-Me); 099 (1HmH-9); 1.07
(1H,m,H-15); 1.11 (6H,t,-0-CHy-CHz); 1.17 (1IH,m,H-16); 1.40 & 1.49 (2H,m & m,H-20);
1.59 (1H,m,H-14); 1.72 & 1.82 (2H,m & m,H-21); 1.78 (H-1,m,H-8); 3.43 & 3.57 (4H,m &
m, -O-CH,-CHa); 3.49 (3H,m, -O-CHz); 4.12 (1H,s,-OH); 4.45 (1H,tH-22); 5.14 (1H,m,H-

-4); 5.20 (1H,m,H-6).

3C NMR {125 MHz, DMSO-dg(TMS), 8(ppm)}: 7.3 (CP(15B,16B)(CHY)); 15.27 (C-15):
1531 (2 x -O-CH,-CHy); 18.5 (C-19); 193 (C-18); 22.3 (C-16); 28.1 (C-21); 30.9 (C-8);
31.8 (C-20); 48.4 (C-9); 52.7 (C-14); 53.9 (-0-CHj); 60.2 & 60.4 (2 x -O-CH,-CH); 80.5
(C-17); 98.5 (C-4); 103.2 (C-22); 117.6 (C-6); 140.4 (C-5);154.5 (C-3).

| Example 11 :
17-Hydroxy-158.163-methylene-3-0x0-17q-pregna-4,6-diene-21-carboxaldehyd _ cyclic

1,2-ethanediyl-acetal

128 kg of 17-hydroxy—15[3,16B-methylene—3-meﬂ10xy—170c—pregna—3,5-diéne721-
carboxaldehyde cyclic 1,2-ethanediyl acetal is dissolved in 345 1 of acetone under vigorous
stirring in nitrogen atmosphere at room temperature, then 42 1 of water and 8.4 kg of
chloranil are added to the suspension and the reaction mixture is stirred at 25 °C. 'To the
solution obtained 400 1 of 5 % aquéous sodium pyrosulfite solution is added, the mixture is
stirred for 0.5 hour and the acetone is removed by distillation. The residue is extracted W1th
265 1 of dichloromethane, the orgﬁc layer is washed with 60 1 of 10 % aqueous sodium
hydroxide solution and twice with 50 1 of water in sequence (until neutral). The
dichloromethane solution is dried on sodium sulfate, the drying agent is removed by filtration
and from the filtrate the dichloromethane is evaporated. To the residue 25 1 of methanol is

added and then is distilled off, yielding 12.2 kg of oily title compound which can be used in

the next reaction step without purification.
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The oily product can be crystallized from isopropanol giving the product with the

following physical characteristics:

Mp: 142-144 °C.

 [af¥ = +89.7° (c=1 %, chloroform).

'H NMR {500 MHz, CDCI5(TMS). §(ppm)}: 0.36 & 1.09 (2H,m & m,CP(15B,16B)(CHy));
1.01 (3H,5,18-Me); 1.13 (3H,5,19-Me); 1.25 (1H,m,H-9); 1.34 (1H,m,H-15); 1.40 (1H,m,H-
16); 1.64 & 1.76 (2H,m & m,H-20); 1.84 (1H,m,H-14); 1.95 & 2.06 (2H,m & mH-21); 2.43
(H-1,m,H-8); 3.87 & 3.99 (4H,m & m>2 x -O-CHp-); 4.93 (1H,t,H-22); 5.69 (1H,m,H-4);
6.16 (1H,m,H-6); 6.37 (1H,m,H-7).

BC NMR {125 MHz, CDCIy(TMS). 8(ppm)}: 7.9 (CP(15B,16B)(CH,)); 15.5 (C-15): 163

(C-19); 19.3 (C:18); 23.3 (C-16); 28.3 (C-21); 30.8 (C-20); 37.0 (C-8); 50.5 (C- 14; 514 (C- -
9); 64.98 & 65.00 (2 x -O-CH3-); 81.9 (C-17); 104. 9 (C-22); 123.8 (C 4); 128.1 (C-6); 141.0
(C-7); 163.8 (C- 5); 199.5 (C-3).

Example 12
15B,168-Methylene-3-oxo-androsta-4.6-diene-[17(B-1")spiro-5']-perhydrofuran-2'€-ol-methyl
ether

12.2 kg of the oily product obtained in Example 11, is dissolved in 76 1 of methanol,
cooled to 0 °C and under continuous cooling 30.5 1 of concentrated hydrochloric acid is
added at 0 °C. The mixture is stirred for 1 hour, the precipitate formed is filtered, washed -
with portions of water until is free of acid and dried in vacuo to constant weight at a
temperature below 40 °C, to give 9.1 kg of the title compound which is crystallized from
methanol. V

Cumulated yield of the Examples11 and 12 is 8.4 kg (74 %)

Mp: 142-144 °C. '
[0 = +95° (c=0.5 %, CHCL).
'H NMR {500 MHz, CDCl5(TMS), 8(ppm)}: 0.42 & 1.17 QH,m & m,CP(lSB,lGB)(CHZ));

1.04 (3H,5,18-Me); 1.13 (3H,s,19-Me); 1.20 (1H,m,H-16); 1.25 (1H,m,H-9); 1.36 (1H,m,H-
15); 1.68 & 2.24 (2H,m & m,H-20); 1.74 (1H,m,H-14); 1.86 & 2.19 2H,m & m,H-21); 2.43
(H-1,m,H-8); 3.34 (3H,5,-0-CHs); 5.05 (1H,m,H-22); 5.69 (1H,mH-4); 6.17 (1H,m,H-6);

© 6.39 (1H;m,H-7).
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" NMR {125 MHz, CDCly(TMS), 8(ppm)}: 8.9 (CP(15B,16B)(CH,)); 14.9 (C-15): 163 (C-

19); 20.3 (C-18); 25.3 (C-16); 31.7 (C-20); 32.7 (C-21); 36.9 (C-8); 50.9 (C-14); 51.2 (C-9);

© 55.0 (-0-CH3); 94.5 (C-17); 105.0 (C-22); 123.8 (C-4); 128.1 (C-6); 140.9 (C-7); 163.8 (C-

5); 199.5 (C-3).

Example 13
15B,16B-methylene-3-oxo-androsta-4,6-diene-

ether (reaction route 2)

Starting from 6.0 g of (17oc)-15B,16[3-metylene—17-hydroxy-3-metoky—pregna—3,5-

diene-21-carboxaldehyde-diethyl-acetal the compound is prepared according to Exarhples '11

and 12, with the alteration that the 17-hydroxy-1SB,16[3-methylené-3-oxo-17oc-pregna-4,6-
diene-21-carboxaldehyde cyclic 1,2-ethanediyl-acetal obtained by chloranil ‘oxidation of
enol-ether, is not isolated in pure form. '

Yield: 3.20 g (65 %)

‘ Example 14
15[3,16B-methylene-3-oxo-androsta-4,6-diene-

ether
Starting from 8.9 g of 17-hydroxy-1SB,1GB-methylene-B-oxo-17oc—pregna—4,6—diéne— .
21-carboxaldehyde cyclic 1,2-ethanediyl-acetal the method described in Example 12 is
followed with the alteration that instead of methanol n-propanol is used and at the work-up
stage the n-propanol is removed by distillation. The residue is extracted with 100 ml of
dichloromethane, the organic phase is washed to neutral with 2 X 50 ml of water. The
dichloromethane layer is dried on sodium sulfate, the drying agent is removed By filtration, ’
from the filtrate the solvent is distilled off and the residue is chromatographed on 80 g of
silica gel and is elueted from the column with dichloromethane. Fractions containing the title
compound are combined, the eluent is distilled off to give 5.63 g (58 %) of the oily title

compound, which is used in the next step without crystallization. The product is a mixture of

‘two compounds in a ratio of 3:2 and differ in the configuration of the propyl group.

'H NMR {500 MHz, CDCls(TMS), 8(ppm)[major/minor]}: 0.41 & 1.17 / 0.38 & 1.15 (2H,m

& m,CP(15B,16B)(CH,)); 0.91 / 0.94 (3H,t,-O-CH,-CH,-CH,); 1.03 / 1.00 (3H,s,18-Me);
1.131/ 1.127 (3H,s,19-Me); 1.19 / 1.28 (1H,m,H-16); 1.24 (1H,mH-9); 1.35 (1H,m,H-15);
1.57 / 1.62 (2H,m,-O-CHy-CHy-CHz); 1.67 & 2.25 / 1.89 & 2.04 (2H,m & m,H-20); 1.74 /
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1.67 (IH,mH-14); 1.87 & 2.18 / 1.84 & 1.95 (2H,m & m,H-21); 2.42 / 2.30 (H-1,m,H-8);
333 & 3.65 / 3.38 & 3.73 (2H,m,-0-CH,-CHy-CHy); 5.15 / 5.08 (1H,m,H-22); 5.69
(1H,m,H-4); 6.17 (1H,m,H-6); 6.39 (1H,m,H-7). | o
“ NMR {125 MHz, CDCIy(TMS), 8(ppm)[major/minor]}: 8.9 / 9.4 (CP(15B,16B)(CHa));
10.84 / 10.80 (-O-CH,-CH,-CHs); 14.9 / 15.1 (C-15): 16.26 / 16.29 (C-19); 20.3 / 19.8 (C-
18); 23.0/ 23.1 (-O-CH,-CHy-CHz); 254 / 26.6 (C-16); 31.9 / 31.8 (C-20); 32.7 / 32.9 (C-
21); 36.94 / 36.79 (C-8); 51.0 / 50.2 (C-14); 51.2 / 51.3 (C-9); 69.4 / 68.7. (-O-CH,-CH,-
CHj); 94.3 /93.6 (C-17); 103.7 / 103.0 (C-22); 123.75 / 123.74 (C-4); 128.13 / 128.08 (C-6):
140.97 / 141.06 (C-7); 163.83 / 163.82 (C-5); 199.45 / 199.41 (C-3).

_ Example 15
6&,7€:15B,16B-Bismethylene-3-oxo-androst-4-ene-

ol-methyl ether o
19.41 kg of trimethylsulfoxonium iodide is suspended in 162 1 of dry dimethyl

sulfoxide under ‘nitrogen with vigorous stirring at room temperature, then 4.94 kg of
potassium hydroxide is added and stirring is continued for.1 hour. To this reagent prepared in
situ 8.14 kg of 15B,16B-methylene-3-oxo-androsta-4,6-diene-[17(B-1")spiro-5'-
perhydrofuran-2'€-ol-methyl ether is added and the mixture is stirred for 20 hours at 25 °C.
The mixture is added to 810 I of water and the mixture containing the precipitated product is
stirred for 30 minutes, filtered by centrifuge, washed until is neutral with pértions of water.
and dried in vacuo to constant weight at a temperature below 40 °C. The product obtained is ’
a mixture of the 6B,7B - and 60,70, - isomers of the title compound; wherein the amount of
the 6,78 —isomer is 65 %.

Yield: 8.07 kg

NMR-assignation of the 6B,7B-isomer in the mixture:

'H NMR {500 MHz, CDCI;(TMS). 5(ppm)}: 0.40 & 1.18 (2H,m & m,CP(1503,16B)(CHb));
0.87 & 1.21 (2H,m & m,CP(6B,7B)(CHy)); 0.97 (3H,s,18-Me); 1.10 (3H,d,19-Me); 1.10
(1H,m,H-9); 1.20 (1H,m,H-16); 1.42 (1H,m,H-15); 1.51 (1H,m,H-7); 1.62 (1H,m,H-6); 1.68
& 2.24 (2H,m & m,H-20); 1.76 (1H,m,H-8); 1.86 & 2.19 (2H,m & m,H-21); 1.86 (1H,m,H-
14); 3.335 (3H,s,-O-CHj3); 5.05 (1H,m,H-22); 6.02 (1H,m,H-4).

°C NMR {125 MHz, CDCI5(TMS), 8(ppm)}: 8.9 (CP(15B,16B)(CH,)); 15.5 (C-15): 17.6

(C-19); 18.9 (CP(6B,7B)(CHy)); 19.1 (C-6); 20.1 (C-7); 20.2 (C-18); 25.1 (C-16); 31.7 (C-
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20); 32.69 (C-21); 34.7 (C-8); 51.9 (C-9); 53.1 (C-14); 54.97 (-O-CHs); 94.5 (C-17); 104.91
(C-22); 125.7 (C-4); 172.0 (C-5); 198.0 (C-3).
NMR-assignation of the 6 o,7 oi-isomer in the mixture:

“H NMR {500 MHz, CDCly(TMS). 8(ppm)}: 0.37 & 1.16 (2H;m & m,CP(15p,168)(CHy));

0.58 & 0.92 (2Hm & m,CP(6B,7B)(CHL); 0.79 (IHmH-9); 1.03 (3Hs,18-Me); 1.15
- (3H,d,19-Me); 1.16 (1H,m,H-16); 1.36 (1H,m,H-15); 1.52 (1H,mH-7); 1.63 (1H,m,H-14);

1.68 & 2.24 (2Hm & m,H-20); 1.79 (1H,m,H-6); 1.86 & 2.19 2H,m & m,H-21); 2.22
(1H,m,H-8); 3.338 (3H,s,-O-CHj); 5.04 (1H,m,H-22); 5.96 (1H,m,H-4). | ,
PC_NMR {125 MHz, CDCL(TMS). &(ppm)l: 8.66 (CP(15B,16B)(CHL)); 8.69
(CP(60,70)(CH,)); 14.9 (C-7); 15.2 (C-15); 15.8 (C-6); 17.2 (C-19); 20.6 (C-18); 25.0 (C-
16); 30.7 (C-8); 31.75 (C-20); 32.68 (C-21); 41.9 (C-9); 51.8 (C-14); 550 (-O-CH3); 94.7 -

. 17); 104.86 (C-22); 126.6 (C-4); 172.5 (C-5); 198.1 (C-3)..

Since the methyl ether on the lactol ring may have a- or p-configuration and similarly
the methylene ring in positions 6,7 may have o- or B-arrangement, four isomers were B
obtained which were separated by preparative HPLC. |
NMR data of pure 6B,7B;15B,16B-bismethylene-3-0xo- androst-4-ene—[17(B 1)spiro-5']-

A perhydrofuran-2'€-ol-methyl ether:

'H NMR {500 MHz, CDCl5(TMS); 8(ppm)}: 0.40 & 1.18 (2H,m & m,CP(15p,16B)(CHy)); -
0.86 & 121 (2Hm & m,CP(6B,7B)(CHy)); 0.97 (3H,s,18-Me); 1.10 (3H,d,19-Me); 1.10
(1H,m,H-9); 1.20 (1H,m,H-16); 142 (1H,mH-15); 1.51 (1E,m,H-7); 1.62 (ILm,H-6); 1.69
& 2.26 (2H,m & m,H-20); 1.76 (1H,m,H-8); 1.86 (1H,m,H-14); 1.87 & 2.20 (2H,m & m,H-
21); 3.34 (3H,m,-0-CH3); 5.05 (1H,m,H-22); 6.02 (1H,m,H-4).

C NMR {125 MHz, CDCly(TMS), 8(ppm)}: 8.9 (CP(15B,16B)(CHy)); 15.5 (C-15): 17.6
(C-19); 18.9 (CP(6B,7B)(CHy)); 19.1 (C-6); 20.1 (C-7); 20.2 (C-18); 25.1 (C-16); 31.7 (C-
20); 32.7 (C-21); 34.7 (C-8); 51.9 (C-9); 53.1 (C-14); 55.0 (-O-CHa); 94.5 (C-17); 104.9 (c-
22); 125.7 (C-4); 171.9 (C-5); 198.0 (C-3). '

Example 16 ‘
17-Hydroxy-6€,7€;153,16B-bismethylene-3-0xo-170-pregn-4-ene-21-carboxaldehyde

cyclic 1,2-ethanediyl acetal

13.5 g of trimethylsulfoxonium-iodide is stirred in 250 ml of dry dimethyl sulfoxide

under nitrogen for 5-10 minutes. To this suspension 3.5 g of potassium hydroxide is added
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and stirring is continued for 1 hour (potassium hydroxide is not fully dissolved). To the
reagent prepared 5.0 g of (170()-15[3,16B-methylene-17-hydroxy-3-Oxo-pregna—4,6-diene521-
carboxaldehyde cyclic 1,2-ethanediyl-acetal is added and stirring is contiﬁued' under nitrogen
atmosphere (the mixture becomes homogeneous after 2-4 hours).

Then the reaction is monitored by HPLC. After 20-24 hours the reaction mixture is
slowly added to 2500 ml of water cooled to 10-12 °C and is stirred until the precipitate
formed is dense enough to filter (about 2 hours). The crystals are filtered, washed to neutral
with water, dried in vacuo to constant weight at a temperature below 40 °C. 4.33 g (83.7 %)
crude title compound is obtained which is a mixture of 6p, 78 — and 60Q, 70 — isomers of
about 1:3 ratio. ' |
NMR assignation of the 6f ,7p —isomer in the mixture: ’
'H NMR {500 MHz, CDCl5(TMS), d(ppm)}: 0.34 & 1.10 2H,m & m,CP(15B16[3)(CH2));
0.86 & 1.20 (2H,m & m,CP(6B,7B)(CHy)); 0.93 (3H,s,18-Me); 1.10 (3H,d,19-Me); 1.10
(1H,m,H-9); 1.40 (1H,m,H-15); 1.40 (1H,m,H-16); 1.50 (1H,m,H-7); 1.61 (1H,m,H-6); 1.68
& 1.75 2H,m & m,H-20); 1.76 (1H,m,H-8); 1.96 & 2.07 2H,m & m,H-21); 1.97 (1H,m,H-
14); 3.88 & 4.00 (4H,m & m,2 x -O-CH;-); 4.95 (1H,m,H-22); 6.02 (1H,m,H—4). 4
3C NMR {125 MHz, CDCLy(TMS). 8(ppm)}: 7.9 (CP(158,168)(CHy)); 16.1 (C-15): 17.6
(C-19); 18.9 (CP(6B,7B)(CHb)); 19.0 (C-6); 19.2 (C-18); 20.2 (C-7); 23.04 (C-16); 28.34 (C-
21); 30.88 (C-20); 34.8 (C-8); 52.1 (C-9); 52.6 (C-14); 64.98 & 65.01 (2 x -O-CHy-); 81.8
(C-17); 104.94 (C-22); 125.7 (C-4); 171.9 (C-5); 198.0 (C-3).

NMR assignation of the 606,70L-isoiner in the mixture: A
'H NMR {500 MHz, CDCI;(TMS), 8(ppm)}: 0.30 & 1.06 2H,m & m,CP(158,16B)(CHy)); -
0.57 & 0.90‘ ‘2H;m & m,CP(6B,7B)(CHy)); 0.80 (1H,m,H-9); 1.00 (3H,s,18-Me); 1.15
(3H,d,19-Me); 1.34 (1H,m,H-15); 1.35 (1H,m,H-16); 1.51 (1H,m,H-7); 1.68 & 1.75 CH,m &
m,H-20); 1.73 (1H,m,H-14); 1.79 (1H,m,H-6); 1.96 & 2.07 2Hm & m,H-21); 2.23
(1H,m,H-8); 3.88 & 4.00 (4H,m & m,2 x -O-CH»-); 4.94 (1H,m,H-22); 5.95 (1H,m,H-4).
“C NMR {125 MHz, CDCI(TMS). &(ppm)}: 7.6 (CP(15B,16B)(CHy)); 8.7
(CP(60.,70)(CHa)); 15.0 (C-7); 15.77 (C-6); 15.84 (C-15); 17.2 (C-19); 19.5 (C-18); 22.94
(C-16); 28.33 (C-21); 30.7 (C-8); 30.86 (C-20); 42.0 (C-9); 51.2 (C-14); 64.97 & 65.0 (2 x -
O-CHy-); 82.0 (C-17); 105.00 (C—22); 126.6 (C-4); 172.4 (C-5); 198.06 (C-3). V "
Example 17 |
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6&,7£;150,163-Bismethylene-3-oxo-androst-4-ene-[17(3-1")spiro-5']-perhydrofuran-2'€-
ol-methyl ether ' » ' '

4 g of the product obtained in Example 16 is dissolved in methanol, the solution is
cooled to 0 °C and 10 ml of concentrated hydrochloric acid is added at 0 °C under c_ontinudus
cooling. After stirring for 1 hour the precipitate formed is filtered, washed with portions of
water until is free from acid, then dried in vacuo to constant weight at a temperature below
40°Ctovyield29¢g (78.3 %) of the crude title compound having 58 % 6p,7B-isomer content.

N Example 18
6E.7€;15B.16B-Bismethylene-3-oxo-androst-4-ene-[17(3-1"spiro-5']-perhydrofuran-2'&-
ol-propyl ether |

10.2 g of Trimethylsulfoxonium iodide is stirred in 92 ml of dry dimethyl sulfoxide
under nitrogen for 5-10 minutes. To this suspension 2.6 g of potassium hydroxide is added
and stirring is continued for 1 hour (dissolution of the potassium hydroxide is not complete).
To the reagent prepared 4.6 g of 15[3,16B-methylene—3-oxo—androst_a—4,6-diene—[1_7([3-
1"spiro-5']-perhydrofuran-2'€-ol-propyl ether is added and stirring is continued under
nitrogen atmosphere (the reaction mixture becomes homogeneous after 2-4 hours).

The reaction is monitored by HPLC. After 20-24 hours the reaction mixture is slowly
added to 1000 ml of water cooled to 10-12 °C. The precipitate formed is stirred for 2 hours,

and when dense enough the crystals are filtered, washed to neutral with water and dried in

‘vacuo to constant weight at a temperature below 40 °C to yield 4.4 g (92.8 %) of the crude

title compound.

“Since the propyl ether on the lactol ring may have o~ or -configuration and similarly’
the methylene ring in positions 6,7 may have o- or B-arrangement, four isomers were
obtained which were separated by preparative HPLC.

NMR data of the pure 6B,7[3;15[3,16[3-bismethylene-3-oxo—androst—4-enef[17(B-1')spiro—5‘]-
perhydrofuran-2'€-ol-propyl ether:

'H NMR {500 MHz, CDCI3(TMS), 8(ppm)}: 0.39 & 1.18 (2H,m & m,CP(158,16B)(CHz));
0.86 & 1.20 2H,m & m,CP(6B,7B)(CHy)); 0.90 (3H,t,-O-CH,-CH,-CHs); 0.95 (3H,s,18-
Me); 1.10 (3H,d,19-Me); 1.10 (1H,m,H-9); 1.19 (1H,m,H-16); 1.41 (1H,m,H-15); 1.51
(1H,m,H-7); 1.56 (2H,m,-O-CH,-CH,-CH3); 1.62 (1H,m,H-6); 1.69 & 2.27 (2H,m & m,H-
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20); 1.75 (1H,m,H-8); 1.86 (1H,m,H-14); 1.88 & 2.19 (2H,m & m,H-21); 3.33 & 3.64 (4Hm
& m,-0-CHp-CH,-CHa); 5.15 (1H,m,H-22); 6.02 (1H,m,H-4).

13C NMR {125 MHz. CDCL(TMS), 8(ppm)}: 8.9 (CP(15B, 16B)(CH2)) 10.8 ( -0-CH,-CHy-
CHs); 15.4 (C-15): 17.6 (C-19); 18.9 (CP(6B,7B)(CHy)); 19.1 (C-6); 20.1 (C-7); 20.2 (C-18);
23.0 (-O-CHy-CH,-CHj); 25.2 (C-16); 31.8 (C-20); 32.7 (C-21); 34.7 (C-8); 51.9 (C-9); 53.1
(C-14); 69.4 (-O-CH,-CH,-CHj); 94.3 (C-17); 103.7 (C-22); 125.7 (C-4); 172.0 (C-5); 198.0

(C-3).

Example 19

17-Hydroxy-3- oxo-6§,7§,15ﬁ,16§-blsmethylene-17oc-pregn-4-ene-21-carboxvllc acid y-

lactone (crude drospirenon)

8.00 kg of 6&7&;15B,16B-bismethylene-3-0x0-androst-4-ene-[17(B-1"spiro-5'-
perhydrofuran-2'§-ol-methy1 ether is dissolved in 80 1 of acetone, the solqtion is cooled to
0-2 °C and under vigorous stirring 24 1 of Jones-reagent is added while.the temperature is
maintained at 0-5 °C. Stirring is continued for 1 hour at 0-5 °C then the excess of fhe
Jones-reagent is decomposed with 32 1 of isopropanol at the same temperature. The mixture
is stirred for 30 minutes, then 180 1 water is added to the mixture in aceton containing a
heterogenous portion, too. The acetone and the excess of the isopropanol are removed by
distillation under reduced pressure. The aqueous suspension (the residue) is cooled to 25 °C

and stirred until the precipitate is dense enough to filter (1 hour). The crystalline substance is

- filtered by centrifuge and washed to neutral with several portions of water and dried in vacuo

to constant weight. The crude product (7.62 kg) in 80 1 of ethyl acetate is clarified with 0.76
kg of activated carbon, then carbon is removed by filtration and the filtrate is evaporated to
dryness to give 6.15 kg of oily product (drospirenon content is 60%) which is purified by
chromatography.

Example 20

17 -Hydroxy-3-0x0-6&,7€;153,168-bismethylene-170-pregn-4-ene-21-carboxylic _acid y-

lactone (crude drospirenon)

From 3.0 g of 6&,7£;153,16B-Bismethylene-3-oxo-androst-4-ene-[17(-1")spiro-5']-

pethydrofuran-2'€-ol-propyl ether 2.75 g of crude title compound was prepared in a manner

described in Example 19 and was purified as described in Example 19.

Example 21

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2006/059167 PCT/HU2005/000110

-32-

Pre-purification of 17-Hydroxy-3-0x0-6€,7€;158,16B-bismethylene-170-pregn-4-ene-21-

carboxylic acid y-lactone (drospirenone) by low pressure chromatography operating in

normal phase mode:
The column (diameter: 32 cm; length: 250 cm) was packed with 90 kg of silica gel

(Merck Kieselgel, 40-60 pm particle size) by using the slurry method. 2.5 kg of crude

drospirenone is dissolved in 13.5 1 of dichloromethane and the solution in gravitation way is
layered to the top of the silica gel bed, then is washed in with the eluent mixture (diisopropyl
ether/ethyl acetate/dichloromethane of 57:33:10 v/v ratio) also in gravitation way. The
column is filled up with the eluent, closed, and the elution is started with a ﬂow rate of
200 l/hour. After 600 1 of eluent had come down, fractions of 50 1 are collected (abou"é 20

-fractions) and checked by TLC. Based on the TLC results fractions are formed: one that is

“rich in 60, 700 isomer”, another “mixed” fraction and one confaining the “pre-purified
drospirenone”. Each fraction is evaporated to dryness, the solids obtained are.crystallized
from dichloromethane/diisopropyl ether (10:90 v/v %). The “mixed” fraction — besides the
target compound (drospirenon) — contains the 60,70t — isomer nearly in an amount as it
present in the starting material. The “pre-purified drospirenone” contains maximum 2 %
6a,70-isomer. From 2.5 kg of crude drospirenone about 1.1 kg of “pre-purified”
drospirenone ié obtained, while the “mixed” fraction weighs about 0;6 kg. The latter one can
be recirculated into the pre-chromatographic operation.

Total amount of the “pre-purified” product is 1353 g (54.6 %). ,
Recovery of the 17-hydroxy-6a,7a;1503,16B-bismethylene-3-ox0-170i-pregn-4-ene-21-
carboxylic acid y-lacton (drospirenone, 60,70 — isomer)

The evaporation residue obtained from the fraction “rich in 60,7¢; — isomer” is
crystallized first from acetone/diisopropyl ether (10:90 v/v %), then from .méthanollwater
mixture and gave the pure drospirenone 60,70 — isomer.

Mp: 202-203 °C.

[F° = +134° (c=0.5 %, chloroform).

UV: Amax: 259 nm, €= 17811 (ethanol).

'H NMR {500 MHz, CDCl5(TMS). 8(ppm)}: 0.50 & 1.30 (2H,m & m,CP(158,168)(CHy));

0.57 & 0.94 2H,m & m,CP(60,7c)(CHy)); 0.81 (1H,m,H-9); 1.06 (3H,s,18-Me); 1.16
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(3H,d,19-Me); 132 (1H,m,H-16); 1.52 (1H,mH-7); 1.53 (1H,m,H-15); 1.72 (1H,m,H-14);
1.82 (IH,m,H-6); 2.10 & 2.42 (2H,m & m,H-20); 2.25 (1H,mH-8); 2.51 & 2.62 (2H,m &
m,H-21); 5.96 (1H,m,H-4). '

Bc NMR {125 MHz CDCI(TMS). &ppm)}: 86 (CP(60.70)(CHz)): 9.7

(CP(15B,16B)(CHy)); 14.6 (C-7): 15.7 (C-6); 16.4 (C-15); 17.1 (C-19); 20. 05 (C- 18), 24.3
(C-16); 29.3 (C-21); 30.3 (C-8); 30.7 (C-20); 41.9 (C-9); 50.6 (C-14); 96.3 (C-17); 126.8 (C-
4y, 171.6 (C-5); 176.6 (C-22); 197.9 (C-3). | |
Fine chromatography by HPLC

The column (diameter: 20 cm) is packed with 8 kg of silica gel (UETIKON C—GEL

C-490; particle size: 15-35 pm) by the slurry method (compacted length of the adsorbent =

about 60 cm) and conditioned with the eluent used for pre~ch1‘omatography 80 g of -
pre-purified drospirenone (max. 60.,70~isomer content is 2 %) is dissolved in 600 ml of
dichloromethane and the solution is injected to the column. Elution is carried out with a flow
rate of 80 U/hour and the eluent leaving then column is subjected to UV detection. From the
breakthrough -of the compound a pre-fraction (3.6 1) is collected containing an isomeric .
mixture; then the “fine chromatographed” fraction is collected upon UV detection
(about 20 1. Both fractions are evaporated and the residues are crystallized from
dichloromethane/diisopropyl ether (10:90 v/v %). The pre-fraction yielded 20-25 g of
crystalline substance (max. 2 % 6a,70—isomer content), the “fine chromatographed” fraction
gave 55-60 g of drospirenone (max. 0.1 % 60, 7o~isomer content). The pre-fraction was

recirculated into the fine chromatography; such way the total amount of drospirenone is 75 g ‘

(93.7 %).

From 2.5 kg crude product 1268 g (50.73 %) crystalline product was obtalned which
was dissolved in 12.5 1 isopropanol under reflux, then cooled to 0°C, the crystallmc
substance was filtered, the mother liquor was washed away with 500 ml of isopropanol, then
dried to constant weight giving 1230 g (49.2 %) of crystalline product.
| Crystallization can also be carried out with the same result from the solvents follows:
methanol, ethanol, propanol, isopropanol, ethyl acetate, a solvent mixture containing water
up to 10 vol % selected from methanol/water, ethanol/water, propanol/water;
isopropanol/water; acetone/diisopropyl ether mixture containing acetone up to 50 vol%;

cyclohexane/ethyl acetate mixture containing ethyl acetate up to 50 vol - %;
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dichloromethane/diisopropyl ether mixture containing dichloromethane up to 10 vol %; and

dichloromethane/hexane mixture containing dichloromethane up to 10 vol %.

. Mp: 201 °C.

10

15

20

25

30

[0 =-182° (c=1, dichloromethane).

'H NMR {500 MHz, CDCI3(TMS), 8(ppm)}: 0.53 & 1.33 (2H,m & m,CP(15B,16B)(CHy));
0.87 & 1.22 (2H,m & m,CP(6B,78)(CH,)); 1.00 (3H,s,18-Me); 1.10 (3H,d,19-Me); 1.12
(1H,m,H-9); 1.36 (1H,m,H-16); 1.50 (1H,m,H-7); 1.59 (1H,m,H-15); 1.64 (1H,m,H-6); 1.79
(1H,m,H-8); 1.95 (1H,m,H-14); 2.11 & 2.44 2H,m & m,H-20); 2.53 & 2.64 (2Hm&mH-
21); 6.03 (1H,m,H-4). _
C NMR {125 MHz, CDCI5(TMS), 8(ppm)}: 10.0 (CP(15B, 16[3)(CH2)) 16.6 (C- 15): 17.6
(C-19); 18.8 (CP(6B,7B)(CHY)); 19.0 (C-6); 19.73 (C-18); 19.75 (C-7); 24.6 (C- 16);203 (C-
21); 30.7 (C-20); 34.3 (C-8); 51.7:(C-9); 51.9 (C-14); 96.1 (C-17); 125.9 (C-4); 171.1 (C-5);
176.5 (C-22); 197.8 (C-3).

Chromatogxaphy can also be accomplished with the mixtures follows:

cyclohexane/ethyl acetate/acetone mixture of the 64:18:18 v/v ratio, - cyclohexane/ethyl
acetate/acetonitrile of the 55:35:10 v/v ratio or cyclohexane/methyl tert-butyl ether/acetone

mixture of the 50:30:20 v/v ratio, while the adsorbent given above is used.
Example 22
17-Hydroxy-3-0x0-68,78:1503,16B-bismethylene-170-pregn-4-ene-21-carboxylic acid y-lactone

8.00g  of 6B,7B;15p,16B-bismethylene-3-oxoandrost-4-ene[ 17(B-1’)spiro-5’]-

‘perhydrofuran-2’&-ol methyl ether is dissolved in 80 ml of acetone. The solution is. cooled to

0-2 °C and under vigorous stirring 24 ml of Jones-reagent is added while the temperature is
maintained at 0-5 °C. The mixture is stirred for 1 hour at 0-5 °C, then the excess of the
Jones-reagent is decomposed with 32 ml of isopropanol while tempefature is kept at the same
level. After stirring for 30 minutes 100 ml of water is added to the acetone solution
containing some heterogeneous part too, then the acetone and the excess of isopropanol is
distilled off under reduced pressure. The residue (an aqueous suspension) is cooled to 25 °C ,
stirred for 1 hour until the precipitate becomes dense and then filtered by centrifuge. The
crystals obtained are washed to neutral with portions of water and dried in vacuo to constant

weight. The crude product (7.7 g) in 80 ml of ethyl acetate is clarified with activated carbon
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- (0.77 2), filfered ‘and the filtrate is evaporated to dryness. The crystalline residue is
© recrystallized from isopropanol to give 6.28 g (82 %) of the title compound.
Mp: 201-202 °C |
Example 23 4
17-Hydroxy-3-0x0-6B,7B:15B,16B-bismethylene-17a-pregn-4-ene-21-carboxylic acid ylactone -
From 4 g of 6p,7p;15p,16p-bismethylene-3-oxoandrost-4-ene[17(B-1")spiro-5’]-
_perhydrofuran—2’§-ol—propyl ether and following the method described in example 20, 2.71 g

(76.6 %) of the title compound is obtained.

SUBSTITUTE SHEET (RULE 26)



EDITORIAL CASE NOTE:

“2005311059”

This specification does contains page
numbered 36-44.



2005311059 07 Dec 2010

-45-

The claims defining the invention are as follows:

1.) Industrial process for the preparation of 17-hydroxy-6[3,7[3;1583,1683-bismethylene-3-oxo-

170-pregn-4-ene-21-carboxylic acid y-lactone of the formula (I)

(1)

from the known 15a-hydroxy-androst-4-ene-3,17-dione of the formula (III) wherein the 15a-

hydroxy-androst-4-ene-dione of the formula (III)

()

is esterified on the hydroxy in position 15 with a reactive derivate of a C,4 alkane

carboxylic acid to yield a 15a-acyloxyandrost-4-ene-3,17-dione of the general formula (IV),

(V)

- wherein R stands for hydrogen atom or an alkyl group having 1-5 carbon atoms -
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said compound of the general formula (IV) is reacted in the presence of an acidic catalyst
with a trialkyl orthoformiate having 1-4 carbon atoms in the alkyl moieties to give 15a-acyloxy-3-

alkoxy-androsta-3,5-diene-17-one of the general formula (V),

(V)

- wherein R has the same meaning as defined above and R' stands for an alky! group having 1-4
carbon atoms -

said compound of the general formula (V) is reacted with trimethylsulfoxonium methylide
prepared in situ in dimethyl sulfoxide from a trimethylsulfoxonium salt and an alkali metal
hydroxide to yield 158,16B-methylene-3-alkoxyandrosta-3,5-diene-17-one of the general formula
(VD,

(V1)

- wherein R' has the same meaning as defined above,

said compound of the general formula (VI) is reacted in the presence of lithium metal with
2-(2-bromoethyl)-1,3-dioxolane or 2-(2-bromoethyl)-dialkoxy-acetal having 1-4 carbon atoms in
the alkoxy moieties, to give 17-hydroxy-158,16B-methylene-3-alkoxy-17a-pregna-3,5-diene-21-
carboxaldehyde-cyclic 1,2-ethanediyl acetal or the 17-hydroxy-158,16p-methylene-3-alkoxy-17a-
pregna-3,5-diene-21-carboxaldehyde dialkoxyacetal of general formula (VID)
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(Vi

- wherein R' has the same meaning as defined above and R* and R’ stand for an alky group having
1-4 carbon atoms or form together a 1,2-ethylene group -

said compound of the general formula (VII) is oxidized with chloranil (2,3,5,6-
tetrachloro-2,5-cyclohexadiene-1,4-dione) to form 17-hydroxy-15p,16B-methylene-3-oxo-17a-
pregna-4,6-diene-21-carboxaldehyde cyclic 1,2-ethanediyl-acetal or 17a-hydroxy-158,16-
methylene-3-o0xo-17a-pregna-4,6-diene-21-carboxaldehyde dialkoxy-acetal of the general formula
(Vi)

VIl

- wherein R? and R* have the same meaning as defined above -
said compound of the general formula (VIII)
a) is cyclized in acidic medium to form 15[3,163-methylene-3-oxo-androsta-4,6-diene-

[17(B-1)spiro5']-perhydrofuran-2'€-ol-alkyl ether of the general formula (IX)

OR*
HiC %
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- wherein R* stands for methyl, ethy! or propyl group and the ~ bond represents o and B
configuration -, and said compound of the formula (IX) is reacted with
trimethylsulfoxonium methylide prepared in situ in dimethyl sulfoxide from a

trimethylsulfoxonium salt and alkali metal hydroxide, or

b) is reacted with trimethylsulfoxonium methylide prepared in situ in dimethyl sulfoxide
from a trimethylsulfoxonium salt and alkali metal hydroxide; to give a bismethylene

derivative of the general formula (IXa)

OR3

(IXa)

- wherein R? and R? have the same meaning as defined above and the ~ bond represents
o and B configuration - , and said compound of the general formula (IXa) is cyclized

in acidic medium,
then from the 6&,7&;15p3,16B-bismethylene-3-oxo-androst-4-ene-[17(B-1)spiroS5']-perhydrofuran-

2'¢-ol-alkyl ether mixture of the general formula (X) obtained at the end in any of the above

alternative step sequences

X)

- wherein R* stands for methyl, ethyl or propyl group and the ~ bond represents o and P

configuration -,
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the 6B,7B~isomer is separated by chromatography and oxidized with the Jones-reagent to
give the drospirenone, or

the 6&,7&;15B,16[3-bismethylene-3-oxo-androst-4-ene-[17(3-1)spiroS']-perhydrofuran-2'¢-
ol-alkyl ether mixture of the general formula (X) obtained at the end in any of the above
alternative step sequences
- wherein R* stands for methyl, ethyl or propyl group and the ~ bond represents o and B
configuration, - is oxidized with Jones reagent to give 6&,7&;1503,16[3-bismethylene-3-oxo-
androst-4-ene-[17([3-1)spiroS']-perhydrofuran-2'-one (17-hydroxy-6£,75;15[3,16(3-bismethylene-3-

0x0-17a-pregn-4-ene-21-carboxylic acid y-lactone) of the general formula (XI)

(X1)

- wherein the ~ bond represents o and B configuration — and from this isomeric mixture the 6p,7p-
isomer is isolated and if desired the drospirenon of the formula (I) obtained by any of the above

synthesis routes is purified by crystallization.

o
HC %

(o)

(1)

2) A process according to claim 1, wherein the separation by chromatography of the isomeric
products of the general formula (XI) - wherein the ~ bond represents a - and B- configuration — is

carried out on silica gel adsorbent.
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3) A process according to claim 1 or 2, wherein the separation by chromatography of the
isomeric products of the general formula (XI) - wherein the ~ bond represents - and P-
configuration — is carried out in two steps, i.e. in a pre-chromatographic and in a fine

chromatographic step.

4) A process according to any one of claims 1 to 3, wherein the separation by
chromatography of the isomeric products of the general formula (XI) - wherein the ~ bond
represents o - and B- configuration — is carried out by using cyclohexane/ethyl acetate/acetone
mixture of the 64:18:18 v/v ratio or cyclohexane/ethyl acetate/acetonitrile mixture of the 55:35:10
v/v ratio or cyclohexane/methyl tert-butyl ether/acetone mixture of the 50:30:20 v/v ratio or
cyclohexane/acetone  mixture of the 73:27 v/v ratio or diisopropylether/ethyl

acetate/dichloromethane mixture of the 57:33:10 v/v ratio as eluent.

5) A process according to any one of claims 1 to 4, wherein drospirenone of the formula (I)
is crystallized from methanol, ethanol, propanol, isopropanol, ethyl acetate, or from a solvent
mixture containing water up to 10 vol % selected from methanol/water, ethanol/water,
propanol/water, isopropanol/water; acetone/diisopropyl ether mixture containing acetone up to 50
vol% cyclohexane/ethyl acetate mixture containing ethyl acetate up to 50 vol %
dichloromethane/diisopropyl ether mixture containing dichloromethane up to 10 vol % and

dichloromethane/hexane mixture containing dichloromethane up to 10 vol %.

6.) 68,7¢,15pB,16B-Bismethylene-3-oxo-androst-4-ene-[17([3-1)spiro5']-perhydrofuran-2'€-ol-
alkyl ethers of the general formula (X) — wherein R* stands for methyl, ethyl or propyl group and
the ~ bond represents a- and P-configuration — as intermediates for the process according the

invention.

X)
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7.) 158,163-Methylene-3-oxo-androsta-4,6-diene-[17(f3-1)spiro5']-perhydro-furan-2'¢-ol-
alkyl ethers - wherein R* stands for propy! group and the ~ bond represents a.- and B-configuration

— as intermediates for the process according the invention.

(1X)

8) Bismethylene derivatives of the general formula (IXa), wherein R? and R® form together a
1,2-ethylene group and the ~ bond represents a- and P-configuration as intermediates for the

process according to the invention.

(IXa)

9) 17-Hydroxy-15p,16B-methylene-3-oxo-17a-pregna-4,6-diene-21-carboxaldehyde  acetal
derivatives of the general formula (VIII), wherein R? and R® form together a 1,2-ethylene group,

as intermediates for the process according to the invention.
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(Villy

10.) The following intermediates used in the process according to the invention:
15a-pivaloyloxyandrost-4-ene-3,17-dione,
15a-pivaloyloxy-3-metoxy-androsta-3,5-diene-17-one,
15a-acetoxy-3-cthoxy-andosta-3,5-diene-17-one,
dimethyl-[(3-methoxy-17-0x0-androsta-3,5-diene-158-yl)methyl]-sulfoxonium-iodide,

17-hydroxy-15f,16B-methylene-3-methoxy-17a-pregna-3,5-diene-21-carboxaldehyde cyclic 1,2-

ethanediyl-acetal,

17-hydroxy-153,16[3-methylene-3-ethoxy-17a-pregna-3,5-diene-2 1-carboxaldehyde cyclic 1,2-

ethanediyl-acetal,

17-hydroxy-15f3,16p-methylene-3-methoxy-17a-pregna-3,5-diene-2 1 -carboxaldehyde-diethyl

acetal,

17-hydroxy-15f,16B-methylene-3-oxo-17a-pregna-4,6-diene-21 —carboxaldehyde  cyclic 1,2-

ethanediyl-acetal,

15B,16-methylene-3-oxo-androsta-4,6-diene-[ 17(B-1")spiro-5’]-perhydrofuran-2’&-ol-propyl

ether,

6&,7&;15pB,16B3-bismethylene-3-oxo-androst-4-ene-[ 1 7(B-1’)spiro-5’]-perhydrofuran-2’¢-ol methyl

ether,

6,7¢;15pB,163-bismethylene-3-oxo-androst-4-ene-[17(B-1")spiro-5’]-perhydrofuran-2’£-0l propyl

ether,

6B,7B;15B,16B-bismethylene-3-oxo-androst-4-ene-{17(B-1")spiro-5’}-perhydrofuran-2’¢-ol methyl

ether,
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6[3,78;15B,16B-bismethylene-3-oxo-androst-4-ene-[17(B-1")spiro-5’]-perhydrofuran-2’§-ol propyl

ether,

17-hydroxy-6&,7&;1583,163-bismethylene-3-oxo-17a-pregna-4-ene-2 1 -carboxaldehyde cyclic 1,2-

ethanediyl-acetal.

11.)  17-Hydroxy-6 B, 7B; 15B-16B-bismethylene-3-oxo 17c-pregn-4-ene-21 carboxylic acid y-

lactone prepared by the process according to any one of claims 1 to 5.

12.) A process according to claim 1, substantially as hereinbefore described with reference to

any one of the examples.

13.)  An intermediate according to any one of claims 6 to 10, used in the process according to

the invention, substantially as hereinbefore described with reference to any of the Examples.
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