Office de la Proprieté Canadian CA 2585805 C 2009/12/22

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 585 805
Findustrie Canada Industry Canada a2 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2005/10/11 (51) CLInt./Int.Cl. C0/J 53/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2006/06/08 C0rJ 1/00(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2009/12/22 GALIK. GYORGY. HU:
(85) Entree phase nationale/National Entry: 200//04/30 HORVATH, JUDIT, HU:
(86) N° demande PCT/PCT Application No.: HU 2005/000111 SOROS, BELA, RU
] o o | MAHO, SANDOR, HU,;
(87) N® publication PCT/PCT Publication No.: 2006/059168 TUBA ZOLTAN, HU:
(30) Priorité/Priority: 2004/11/30 (HU P0402466) BALOGH, GABOR, HU

(73) Proprietaire/Owner:
RICHTER GEDEON VEGYESZETI GYAR RT., HU

(74) Agent: FETHERSTONHAUGH & CO.

(54) Titre : PROCEDE DE SYNTHESE DE LA Y-LACTONE DE L'ACIDE 17-HYDROXY-6[3,73;153,163-BISMETHYLENE-
170-PREGN-4-ENE-3-ONE-21-CARBOXYLIQUE ET INTERMEDIAIRES-CLES DE CE PROCEDE

(54) Title: A PROCESS FOR THE PREPARATION OF 17-HYDROXY-6f,7p;15p, 163-BISMETHYLENE-170-PREGN-4-
ENE-3-ONE-21-CARBOXYLIC ACID Y-LACTONE AND KEY-INTERMEDIATES FOR THIS PROCESS

()

(57) Abréegée/Abstract:

The invention relates to a process for the preparation of 17-hydroxy-6B,7B:15B,16B- bismethylene-17o-pregn-4-ene-3-one-21-
carboxylic acid v-lactone of formula (1) as well as to key- intermediates for this process.

SoaoRRE f /[
TR - e St
R S N « w_® .-y
I ALY ""
[N

I*I ) . Pen, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & 7%% 110

- SRR RO S 2 A\-‘
OPIC - CIPO 191 s




wO 2006/059168 A1 I D0 AL A0 V) 0RO A0 L 0

CA 02585805 2007-04-30

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
8 June 2006 (08.06.2006)

(51) International Patent Classification:
CO077J 53/00 (2006.01) CO07] 1/00 (2006.01)

(21) International Application Number:
PCT/HU2005/000111

(22) International Filing Date: 11 October 2005 (11.10.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

P0402466 30 November 2004 (30.11.2004) HU

(71) Applicant (for all designated States except US):
RICHTER GEDEON VEGYESZETI GYAR RT.
[HU/HU]; Gyomr6i aut 19-21., H-1103 Budapest (HU).

(72) Inventors; and

(75) Inventors/Applicants (for US only): GALIK, Gyorgy
[HU/HU]; Pesti ut 185., H-2730 Albertirsa (HU).
HORVATH, Judit [HU/HU]; Felso Svabhegyi ut 1/A,
H-1125 Budapest (HU). SOROS, Béla [HU/HU]; Ond
vezér ut 45, H-1144 Budapest (HU). MAH(), Sandor
|[HU/HU]; Rim u. 20, H-1183 Budapest (HU). TUBA,
Zoltan [HU/HU]; Bogéar u. 20/B, H-1022 Budapest (HU).
BALOGH, Gabor [HU/HU]; Korpona u. 14, H-1183
Budapest (HU).

(74) Common Representative: RICHTER GEDEON VEG-
YESZETI GYAR RT.; Gyomrd6i at 19-21., H-1103 Bu-

dapest (HU).

(10) International Publication Number

WO 2006/059168 A1l

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KL,
KG, KM, KP, KR, K7, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: A PROCESS FOR THE PREPARATION OF 17-HYDROXY-6f3,78;1583,163-BISMETHYLENE-170-PREGN-4-
ENE-3-ONE-21-CARBOXYLIC ACID y-LACTONE AND KEY-INTERMEDIATES FOR THIS PROCESS

(57) Abstract: The invention relates
to a process for the preparation of
17-hydroxy-603,73;153,16[3- bismethy-
lene-170-pregn-4-ene-3-one-21-car-
boxylic acid +y-lactone of formula (I)
as well as to key- intermediates for this
process.

(1)



CA 02585805 2007-04-30
WO 2006/059168 PCT/HU2005/000111

-1 -

A process for the preparation of 17-hydroxy-6p,703 ;15[3,16B-bismethylené-17 d-p’reg‘n-

4 ene-3-one-21-carboxylic acid y-lactone and key-intérmediates for this process

5 The object of the invention is a process for the preparation of the known 17-hydroxy-.
6[3,7[3;15[3,16[3-‘-bism¢thylene-3-oxo-17 a-pregn-4-ene-21-carboxylic acid y-lactone (hereinaiter:

drospirenone) of ti;e formula (I),

()

10

(I1)

15
In the therapy the drospirenone is used as ~ synthetic progestin having also
* anti-mineralocorticoid and antiandrogenic effects. In combination with ethynylestradiol it is
' mérketgd under the name of Yasmin as an oral contraceptive. .
20 | For the preparation of drospirenone of the formula (I) several processes are known in

the chemical literature which differ in the starting material used and in the order of the reaction

- steps. mUOduction of the functional groups is accomplished by known chemical methods.
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A gynthesis of drospirenone is first disclosed in the German. patent -speeifiQaﬁOﬁ DE -

-2,652,761. The synthesis starts fraom 3B-hydrony15[3,16B-methj}leneandrost-S-en-a'17~one

which is reacted with 1-bromo-3 3-dimethoxypropane in tetrahydrofuran in the ‘p‘res ence of
lithium,, followed by a cycliiation in position 17 carried out in 70 % aceﬁc acid to give fhe
“lactol-ether” The hydroxy and ether groups being present in the molecule were oxidized with
cyclohexanone in the presence of alumintum 1sopr0pylate thenthe double bond was
izomerized by usmg 2N sulfuric acid to yield 17~hydroxy-15[3,16B-methylene—3-oxo-170;-

pregn-4 ene-21carboxy11c acid y-lactone.

The “y-lactone” so obtained was reacted with chloranil (tetrachlorobenzoqumone) in t-
butanol to form the “3-oxo-androsta-4,6-diene” in which a methylene group was mtroduced in
positions 6,7 (by using trimethylsulfoxonium iodide and sodium hydride producing m situ a
“methylide”) giving the drospirenone. |

For the preparation of 3f-hydroxy-150, 16B-methy1eneandrost-5-ene-17-011e (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 synthesis for drospirenone was typically carried out by reactions difficult-to-
perform and gave poor vyields. 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 preparatien 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 dehydroepiandrosterone — the starting material for
the synthesis — was hydroxylated microbiologically to give 3B,7a,150-trihydroxyandrost-5- |
ene-17-one which, in turn, was oxidized in an additional fermentation step -to yield 7a, 150(.-

dﬂlydroxyandrost-4 -ene-3,17-dione. Elimination of the hydroxy group in position 15 was

“accomplised with p-toluenesulfomc acid catalyst yleldmg the “4,6,15-triene”.

- When the 70,150-dihydroxy- derivative was acetylated w1th acetic an.hydnde n

'pyridme 3B-acetoxy-7o-hydroxyandrost-5,15-diene-17-one was obtained i one step. The "

methylene group was introduced into positions 15,16 as discussed above and the compound.
obtained was oxidized microbiologically. Subsequent elimination of water gave the 15 [3 16[3-

methyleneandrosta-4,6-d1ene-3,17-d10ne. Then the compound having the “diene” structure n
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the AB rings of the steroid was treated with ethylene glycol in the presence of orthofornﬁéo”aciid B

trialkyl ester and' p-toluenesulfonic acid catalyst to give the ketal in a manner known per se,
~said ketal was féacted with dimethoﬁybrom0pr0pane n | the presence of lithium as 'd,éscrilﬁ'ed
- above to yield the “17-acetal”, which then was cyclized to form the corresfaénding “laactbl-,- |
methyl ether” and this was subjected to Jones oxidation to give the corresponding ‘-‘lacto.ne”. -

The intémlediate obtained in such a way has a double bond in position 6,7 to which a | o

methylene group can be introduced in known manner.

Theoretically another synthesis route is described for the preparation of drospirenone in

the European patent specification 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 novel

1s that the 68,7 B-methylene group is formed in a stereospecific manner by the Simmons-Smith

reaction.

The starting material of the process is 3B-hydroxy-15p8,16B-methyleneandrost-5-en-17-

~ one. The hydroxy in 7f3 position is introduced in a fermentation process using Botryo diplodia
15 .

malorum, the resultant compound is acetylated in a regioselective manner with pivalic

- anhydride in the presence of 4-dimethylaminopyridine yielding the corressponding 3p-

pivaloyloxy derivative. Said pivaloyloxy derivative was reacted with tert-butyl hydroperoxide
in the presence of VO (acetonylacetonate), catalyst to give the 5B,6B-epoxy derivative which,

in turn, was reacted with triphenylphosphine and carbon tetrachloride in dichloromethane to

-yield the 7 a-chloro derivative. Said 7o-chloro derivative was reacted with zinc in a mixture of
acetic acid .and tetrahydrofuran yielding the 5B-hydroxy-15 B,16[3-methylehe-3 B-
“pivaloyloxyandfOSt-&en- 17-one which then was hydrolyzed with potassium hydroxide to give

3[3,5B-dihydroxy-1503,16f-methyleneandrost-6-en-17-one.
Into the compound having a double bond in position 6 the methylene group was -
introduced by using diiodomethane in the presence of zinc in ethylene glycol dimethyl ether

solvent and the “6f,7P;158,16B-dimethylene” derivative so obtained was pro’pynylatéd in.
position 17 in thif: presence of potassium ethylate in tetrahydrofuran. Said 170-(3-hydroxy-1-

 propynyl)-683,7B;15B,16B-dimethyleneandrostan-33,58,17B-triol ~ was- hydrogenated in  a
‘mixture of tetrahydrofuran, methanol and pyridine in the presence. of Pd/CaCOs; or Pd/C

catalyst and the compound obtairied was oxidized, lactonized and dehydrated in one step by

using -chromium trioxide in aqueous pyridine.
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According to EP 0,051,143 instead of the pivaloyloxy protective 'groop 1 tert-
butyldimethylsilyl, dimethyl-(3 -methjdbutyl)-silyl or tribenzylsilyl substituent are also suitable. -
The systhesis consists of 15 steps. In the epoxidation step the use of the tert—butyla

. hydroperomde is not without risk. When zinc dust is apphed in a heterogeneous system under |

~ vigorous stirring a special apparatus is' required. The sodium perchlorate is a.hazardous

- matenal 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 group is
hydrogenated, besides the completely hydrogenated product there are always partially

hydrogenated hhpmiﬁes present and said impurities can only be separated with considerable

loss of the useful compound either it is a straight chain or a cyclic one.

Both the EP 075,189 and the US 4,435,327 patent specifications relate to combined
synthetic/microbiological processes. Starting material for the synthesis 1is, agam, the
dehydroepiandrosterone which is dihydroxylated by a fermentation process (Collefotrichum'
phomoides) to give the 303,70, 150-trihydroxyandrost-5-en-17-one; the hydroxy substituent in

position 7 of said compound is then epimerized by using 35 % perchloric acid as catalyst . g.

~ in a-mixture of acetone and dichloro-methane; finally the 3,7p,150-trihydroxy derivative is
reacted with pivaloyl chloride in pyridine, in the presence of 4~dimethy1amin0pyridiae catalyst

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

compound is also disclosed.

The subsequent steps of the synthesis are the same as those described in EP 051,143,

Beyond that the process can be accomplished via 12 steps, it also uses the reactions

~ mentioned before which require reactants and reaction conditions that are not without danger.

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

the y-lactone ring is disclosed. The synthesis starts from 15(3,160- methylene-—B-methoxy— |
androsta-3,5-diene-17-one which is reacted with 2-(1-ethoxyethoxy)-3-butenenitrile zand the _
“unsaturated nitrile” derivative obtained is cyclized to form the y-lactone structure in two steps.' |

Difficulties of this process arise from the sythesis of a special reagent and the "brominatioll n

Accordmg to the German patent specification DE 1 963 3683 (=US 6 121 465) from

. known m_termedlates 1. e  from 1706(3-hydroxy~1~propynyl) -63, 7[3 158, 16[3
f biamethyleneand;ostah-3 3,5 B,17[3-triol and 6[3,7[3;15[3,'16{3-b15methy1eae-5 B,17B-dihydroxy-3-
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0x0-170-pregnane-21-carboxylic acid y-lactone the drospirenone is prepared by a new proces S.

The 170~(3-hydroxy-1-propynyl)-6B,78;158,16B-bismethyleneandrostane-3p,58,17B-triol is

hydrogenated” in -tetrahydrofuran . in the presence of palladium/carbou | "ﬁ“the: |
: “blsmethyleneprop anol” obtained was suspended in acetonitrile, the suspensmn is heated to 45, -
- °C, then 1 mol % of ruthenium trichloride is added in Aqueous solut1on Subsequently 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 63,7 B;lSB,l6B-b1smethylene—5B,l?B-dmydroxyji%f

oxo-170-pregnane-21-carboxylic acid Y-lactone obtained is recrystallized, dehydrated with p-

toluenesulfonic acid and pur1f1ed by chromatography. Accordmg to the 3pe<;1f1cat10n the

hydrogenation -and omdauon step can be performed with 65-72 % yield. The greatest» .

advantage of thlS process is that no toxic chromium compound is used. In the previous steps of

the process, .however, there are several details which — as 1t is mentioned above — make
difficult to meet safety requirements and make uncertain a possible scale-up of the process.

In the European 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 tri_methy__lsulfonium methylidé

prepared in situ from trimethylsulfonium iodide. From 40 g of 150§—hydroxy-a:‘udrost-4-eue-

'3,17-dione after purification by chromatography 22.7 g of 155, 16B-methyleneandrost-4-ene-

3,17- dione were obtained. The propargylation is carried out by reac.tmg the compound with

propargyl acohol in the presence of potassium ethylate. A compound mixture is obtained in
which the double bond of 17B-hydroxy-170-(3-hydroxy-1-propynyl)-1 5]3,16[3-meﬂ1yleno-
androst-5-ene-3-one comoonont is izomerized into the “3-oxo-androot-4-ene” in an additional -
reaction step. Said “propynyl” derivative is hydrogenated in the presence of
tris (tr_iphenylphosphine)rhodium () chloride catalyst, formation of the lactone ring is oaﬁied-
out by using chromium trioxide in pyridine. The “y-lactone” obtained is reacted with
orthoformic acid triethyl ester to yield 3-ethoxy-17-hydroxy-158,163-methylene-17a-pregna-
3,5-diene-21-carboxylic acid fy-lactone which at position 6 is brominated, the oily product

obtained is reacted with 11th1um bromide and lithium carbonate n dlmeﬂlylfonnmmde at 100

°Cto give the 17-hydroxy—15 B,16[3-methylene-3- 0X0-17oc~pregna~4 6- dlene-21 carboxyhc a01d°' |

ﬂ{-laotoue intermediate after purification by chromato graphy D1ff1cu1t1es ar1smg from._
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hydrogenatién of propynyl compound and from the bromination at position 6 were diuscu‘s‘sed’
above. | | | |
According to the German patent specification DE 1,920,145 3-methoxy-15[3,16[3-
methyleneandrosta-3,5-diene-17-one is synthetized from 150, 16B-meﬂ1erneandrosta-4 -ene- -
5 . 17-one, which is refluxed with catalytic amount of p-—toluenesulfomc acid * and 2,2- |
~ dlmethoxypropane in the presence of methanol in dlmet'hylformamMe Said “3 -methoxy’ ‘
derivative can be used as intermediate for the preparation of drospirenone.
According to recent pharmacopoieal requirements several tests (e. g. TLC or HPLC) are
specified to control purity of the drugs which may contain only a limited number of 1mpur1tles
10 .in limited amount. To meet these requirements it is practical to know what impurities and in
which amount are present in the intermediates. For this purpose agalytlcal control of "thoe .
mteﬁnediétes at adequate level is necessary to obtain drugs at plant scale in good quality and to
detamhe Whiéh purification steps are necessary or which process steps can be combined to
make the process profitable. |
15 Taking into consideration the above aspects our aim is to provide a process suitable‘.for
industrial use, which is safe and lacks the drawbacks of the previous processes and by Which
the drug obtained is pure and meets all the pharmacopoieal requirements. Enclosed is a flow
sheet 1/1 Syhowi;ng the whole synthesis route in an easy-to-follow form (numbered as 1/2 g:qd
2/2 pages). | N
- 20 We have surprisingly found that all requirements can be met ‘by" the process as follows:

150-hydroxy-androst-4-ene-3,17-dione of the formula (II),

(1)

25 is acetylated Wlth acetic anhydnde in dry tetrahydrofuran in the pres ence. of 4-

| dm'lethylamlnopyrldme catalyst at room temperature to give the 15 Ot~ acetoxyandrost-4-ene-

: 13,17-dione of the formula (III),
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said compound. of the formula (IIT) in dry tetrahydrofuran i1s reacted with a trialkoxy
5  orthoformiate containing alkyl groups having from 1 to 5 carbon atoms, in the presence of. -
sulfuric acid catalyst at 0-10 °C temperature to yield 150-acetoxy-3-alkoxy-androsta-3,5- o

diene-17-one of the general formula (IV),

(V)

10
~ wherein R’ stands for an alkyl group having 1-4 carbon atoms,
said comﬁound of the general formula (IV) is reacted with a trimeﬂlylsﬁlfc)xonium
methylide in situ prepared in dimethyl sulfoxide from a tri‘methylsulfoxonium: éalt with an
alkali metal hydroxide, to gi.ve the 15[3,16[3—methylene—3-alkoxy—-androsta-S,S-diene-17-0"116" of
15  the general formula (V),
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said compound of the general formula (V) — wherein R" stands for an alkyl group

having 1-4 carbon atoms — in dimethyl sulfoxide is reacted with trimethysulfonium iodide in
the presence of potassium tert-butylate at a temperature of 15-25 °C to give the 1503,16p-
methylene-3-alkoxy-spiro{androsta-3,5-diene-17832’ -oxirane] of the general formula (VI),

wherein R’ stands for an alkyl group having 1-4 carbon atoms,
said compound of the of the formula (VI) in ethanol is reacted with a di (Cj.4 alkyl)
10  malonate in the presence of sodium ethoxide under boiling to yield 17-hydroxy-158,1603-

meﬂ;ylene-3-aﬂtoxy- 170-~-pregna-3,5-diene-21,21-dicarboxylic acid alkyl ester y-lactone of the
general formula (VII),

]

(V1)

15 -

‘Wheraein R' and R? stand for an aikyl group having 1-4 carbon atoms, and the ~ bond represents
o and chdnfigﬁrafcion, “

- said compound of the general formula (VII) -is dehydrogenated with |
tetrachlorob enzoquinone in acetone to give 17-hydroxy-15 B,16B—methylene-3-030-.1'706-"‘ :

20  pregna-4,6-diene-21,21-dicarboxylic acid alkyl ester y-lactone of the general‘"-formpla (V III)“, -
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(VI

. wherein R* stands for an alkyl group having 1-4 carbon atoms and the ~ bond repres enj:s o and .
B configuration, A | . '

S said compound of the general formula (VIII) is reacted with tril;nethyléulfoxonium
methylide in situ prepared in dimethyl s;ulfoxide from a trimethylsulfoxbnium salt and an alkali
metal hydroxide to give 17-hydroxy-6&,7E;15B,16B-bismethylene-3-0x0-17a-pregn-4-ene-

21 ,21-dicarb6x$dic acid alkyl-ester y-lactone of the general formula (IX),

10

* wherein R” is an alkyl group having 1-4 carbon atoms and. the ~ boond represents o and P
configuratioh, |

and either from said compound of .the general formula (IX) the 17-hydroxy-6[3,7 [3;15[3,16[3-

bismethylené-&oxo-17oc-pregn-4-ene-21,21-dicarboxy1ic acid alkyl ester y-lactone (an isomer

15 . of the general formula (IXa)) is isolated by chromatography and recrystallization — in formula .

(IXaj R? and the ~ bond are as defined above —
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(1Xa)

-and said 1somer of the general formula (IXa) in dimethylformamide is decarboxylated at-a

temperature around the boiling pomt of the reaction mixture to give the 17-hydroxy-
- 6P,7B;15B,16p-bismethylene-3-0xo-17a-pregn-4-ene-21-carboxylic acid Y-lactone of the
formula (I) which is isolated,

or the 17-hydroxy-6¢,7¢;158,16B-bismethylene-3-oxo- 17a-pregn-4-ene~21 21- d1carboxyhc
acid alkylester ’y—lactone of the general formula (IX),

(IX)

10

| -wherein R* stands for an alkyl group having 1-4 carbon atoms and the ~ bond represents O

~and P configuration - in dimethylformamide is decarboxylated at temperature around the

- boiling pomt of the reaction mixture to give 17-hydroxy—6E_, 7E; 15[3 16B-blsmethy1ene-3-
15 . 0Xx0-17 a—pre gn-4- -ene-21- carboxyhc acid y-lactone of the formula (X)), |
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(X)

-wherein the ~ bond represents o and [ configuration, - from which the 17-hydroxy-
6[,7p;15pB,16P-bismethylene-3-0x0-17-pregn-4-ene-21-carboxylic acid vy-lactone of - e .
formula () 1s separated by chromatography and recrystallization; or ‘ . | : o
5 the ‘1’7-hydroxy-15B,16B—methylene-3-ox0-170L—pregna-4,6-diene-21,21’-dicarboxyl'ic- .
 acid alkyl ester Y-lactone of the general formula (VIII) |

COOR?

(VIIT)

10  -wherein R* stands for an alkyl group having 1-4 carbon atoms and the ~ bond represents o

and B configuration — in dimethylformamide is decarboxylated at a temperature ardund | thé
“boiling point of the reaction mixture, to give the 17-—hydroxy—1S.B,16[3-méthyléne—3-oxo-i7 O
];irégna~4,6i-diené~2l-carboxylic acid y-lactone of the formula (VIIIa) which is isolated, |

(VIlia)

15
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said compound of the formula (VIIla) is reacted with trimethylsulfoxonium methjlidg .prepar.pd

in situ in dimethyl sulfoxide from a trimethylsulfoxonium salt and an alkali metal 'hydroxide to

yield 17-hydroxy-6¢,7¢;150,163-bismethylene-3 -oxo-17a-pregn-4 -ene-21-carboxylic acid ¥-

lactone of the formula (X)

(X)

~ -wherein the ~ bond represents o, and § configuration, - and from said compound of the

formula (X) - the 17~hydroxy-6[3,7|3;15[3,1GB-bi'sme"thylene-B-oxo-17'0L-prégn-4-ene-21-
carboxylic acid <y-lactone of the formula (I) 1s separé,tcd by chromatography and

recrystallization.

Accordmg to this invention the 150-hydroxy-androst-4-ene-3,17-dione of the formula
‘(II) (Chem. Ind. 1 956 111) preferably is reacted with acetic anhydride in dry tetrahydrofuran
in the presence of 4-dimethylaminopyridine below a temperature of 40 °C, after the reaction
has been completed the reaction mixture is added to water, when the precipitate. 1S dens e
enough it is filtered, washed until it is free of mother liquor and dried. The 15 Of,—acetoxy- :

androst-4 ene-3,7-dione of the formula (I1I) is obtained with 88 % yield in a process which 1 1s

easy to carry out and easy to scale up to any reasonable size. The compound obtained can be -

used in the next reacuon step without further purification.

The 1505—acetoxy-androst—4 -ene-3,17-dione of the formula (III) is then dissolved in dry

tetrahydrofuran, the solution is cooled to 0 °C and in the presence of sulfuric ac;ld catalyst. is
reacted preferably with trimethyl or triethyl orthoformiate. When the reaction is complete, ‘tol

the ‘solution. pyridine is added and the tetrahydrofuran is distilled off using a solvent

replacement technique (THF is changed to acetonitrile). The crystalline product is filtered a.nd : E
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dried, The. 150-acetoxy-3-alkoxy- androsta-3,5-diene-17-one — wherein R is methyl or ethyl:
group — (general formula (IV)) is obtained with 95 % yield.

The 150-acetoxy-3-alkoxy-androsta-3,5-diene-17-one of the general formula (IV) is
treated with a reagent prepared in situ from trimethylsulfoxonium iodide and potassium

hydroxide in a solvent, the reaction mixture is stirred for 6 hours then added to water. The

‘precipitate is filtered off, washed to remove the mother liquor and dried.

The 15B,16P-methylene-3-alkoxy-androsta-3 5-diene-17-one obtained (general formula
(V)), wherein R stands for methyl or ethyl group) is dissolved in dry dimethyl sulfoxide and in. =

nitrogen atmosphere is reacted with trimethylsulfonium iodide and potassium tert-butylate at . .

18-22 °C. After about 1.5 hour reaction time the solution is added to water, the precipitate.
formed is filtered, washed to remove the mother liquor, dried and. purified by stlrrmg in
methanol. _

The 15[3_,16B-methylene-3-a1koxy-spiro[androsta—B,S—dieﬁe—-l"][3,2’-oxirane] obtained |
(general formula (VI)), wherein R! stands for a methyl or ethyl group) is the added in nitrogen

atmosphere to a solution containing sodium ethylate in situ prepared from sodium and ethanol,

as well as diethyl or dimethyl malonate (said solution was previously oreﬂuxe.d for 30 minutes)

and reacted for 6 hours at 55-60 °C. The solution is then cooled to room temperétme,--

neutralized with acetic acid and diluted with water. The precipitate formed is washed until
neutral, then dried. :

The . 17.-hydroxy-15B,16B~methylene-—3-a]koxy-17oc-pregna-3,S~diene-21,21--
dicarboxylic acid -,alkyl ester y-lactone (a compound of general formula (VII), wherein R' and

R? stand for methyl or ethyl group) obtained in the previous step is reacted with
tetrachlorobenzoquinone in aqueous acetone under vigorous stirring in nitrogen atmosphere at -
room temperature. After the reaction has been completed the excess of benzoquinone is

decomposed with aqueous sodium pyrosulfite solution, and from the aqueous solution-the

acetone is removed in vacuo. The target compound is extracted with dichloromethane, the
‘ organic layer is washed and dried, then the solvent is evaporated. To the residue methanol is
faddeld which, again, is evaporated and the remaining product is isolated by fi'ltratiqn yielding

| 17-hydroxy-15 B,16B-methylene—3-oxo-17a-pregna—4,6~diene-21,21-diaéarboxylic. acid - .a"]kyl |

ester y-lactone of the general formula (V11I), wherein R* stands for methyl or ethyl grdup.
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- The obtained “iactone” of the general formula (VIII) in nitro géﬁ oatxﬁosphere 18 re‘acfed_ |

- with trimethylsulfoxonium methylide prepared in sitw in dimethyl sulfbiide from .

trimethylsulfoxonium iodide and potassium hydroxide. The reaction mixture is stirred for 24
hours at room temperature, then added to water containing hydrochloric acid. The prec:1p1tate

formed is filtered, washed until is neutral and dried at room temperature.

The 17-hydroxy-6&,7€;15 [3,16[3-blsmeﬂ1ylene~3-oxo-..-=1’7a-pregn-4-ene-2l,21-

‘dicarboxylic acid alkyl-ester y-lactone mixture of the formula (IX) 1s purified by a preliminary

and a fine chromatographic step (e. g. as described in Example 8) using silica gel column and

the obtained compound of the general formula (IXa) carrying the {3~methylene group already in

B configuration in position 6,7 is decarboxylated to give the drospirenone.

In another embodiment of the invention first the isomeric mixture of the ‘general
formula (IX) is decarboxylated to give the “60,7c and 68,73 methylene isomeric mixtu}'e of
the general formula (X) which is subjected to chromatography. | :

Decarboxylatibn of the isomeric mixtures either of the general formula (IX) or (IXa) is

carried out in the same way: the mixtures are refluxed in dimethylformamide containing

“sodium chloride and some water for 8 hours in nitrogen atmosphere. The solution is.then

cooled to room temperature, diluted with water and the precipitated product is extracted with

dichloromethane. From the extract the dichloromethane is removed .by distillation at

atmospheric pressure, whereas the dimethylformamide is distilled off at 13.3 Pa (0.1 mmHg).

The residue is triturated in water, filtered, washed to remove the mother liquor and dried.a

- The obtained 17-hydroxy-6¢,7€;153,16B-bismethylene-3-oxo-170-pregn-4-ene-21-

- carboxylic acid Yy-lactone of the formula (X) is subjected to column chromatography using

Kieselgel Si60 | (0.040-0.063 mm; Merck) and 1:1 mixture of ethyl acetate/cyolohegane.
Fractions of the same composition are combined, the solvent is evaporated and to the residue.
cyclohexane is added. The precipitate is filtered and dried in vacuo. The column is regenerated

with acetone, then conditioned with a cyclohexane/acetone mixture (ratio 73:27), and by usmg .

- the mixture of the same ratio the pre- chromatographed product is subjected . agam to- |
- chromato graphy by repeated addition.of 2 g portions at 90.min intervals. Fractions of the same

| | composition are combined, the solvent is removed by d1st111at10n and the residue i1s crystalhzed |

from a d1chloromethane/ diisopropyl ether mixture of 10:90 ratlo (v/v).
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In another embodiment 17-hydroxy-158,16B-methylene-3- ox0-17oc-pregha-4 6- die'ne-
21,21-dicarboxylic acid alkyl ester y-lactone of the general formula (VIIIL). is deearboxyl ated

~Said compound is refluxed in dimethylformamide containing sodmm chloride and some water |
| for 8 hours in nitro gen atmosphere. The solution is then cooled to room temperature d11uted

- with water and the precipitated product is extracted with dichloromethane. From the extract the

dichloromethane is removed by distillation at atmospheric pressure, whereas the

dimethylformamide is distilled off at 13.3 Pa (0.1 mmHg). The residue is ‘triturated in water,
filtered, washed to remove the mother liquor and dried. 17-hydroxy-15¢,16 B~ﬁ1ethylene43~

oxo-170-pre gne-4,6-diene-21-"carb oxylic acid y-lacton of the formula (VIIIa) is obtained which
is reacted with trimethylsulfoxonium methylide prepared in situ to give 17-hydroxy-

'65_,,’7_2’;;15[3,16[3-bismeﬂ1ylene-3-oxo-17a—pregn-4-ene-21-carboxylie acid <y-lactone of the
formula (X), from which the compound of the formula (I) is prepared as described above.
The inventive step of this invention is supported by the following features:
a)  The starting material of the synthesis (15 a—hydIOX}’-andrOSt~4-6Hé-3,17;di(5ﬁe)__
~can easily be prepared from androst-4-ene-3,17-dione by a fermentation process.
b) Our process consists of 8 steps, while the other processes known m the art
consist of 15, 12 and 10 steps, respectively. .
- ¢) According to this inventions intermediates are obtained with very good yields.
In Example 1: the yield is 88 %, in Example 2; 95 %, in Example 3: 76 %, in
Example 4; 95.7 %, Example 5; 83.1 %, in Example 6; 77.2 % in Example.7;
- 94.6 %, and in Example 9; 79.8 %. Processes known in the art have much lower
yields.
dj Contrary to the processes known in the art in our pi:ocess we neither use
feagents already prohibited (e. g. carbon tetrachloride) nor other hazardous
materials (e. g. tert-butyl hydroperoxide, sodium ethylate, sodium hydride, be,tyl
lithium and sodium perchlorate). No special apparatus is -required in“oui* proeess,..
while those using e. g. zinc, need a special stirrer for the reaction carried out -in
heterogenous system.
e) Intermedlates obtained in our process are €asy to purlfy Or can be used in the

néxt reaction step without purification.
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f) Intermediates that are strategically important in our process, are noVei. Such
new compound are of the general formula (VI), (VII), (VIID), (TX) énd (IXa)h.e N
g) Even in the case of preparation of known intermediates we made efforts to-use
simpler methods than those known in the chemical literatdre and to achive b éttér"
yields. E. g. the 15-oracetoxy-androst-4-ene-3,17-dione is prepared in a well
reproducible way which is easy to scale-lip with a yield of 88 %, while in the -
Iiterature a yield of "62 % 1s given. . o
h) In the last synthetic step the product mixture is separated by combined prc%- and .
- fine chromatographya with 45 % yield which is an excellent result compared | a

with the 16 % given in the German patent specification DE 2,652,751.

The invention is illustrated with th following non-limiting Examples.
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Example 1
So-Acetoxy-androst-4-ene-3,7-dione
84.5 of 150-hydroxy-androst-4-ene-3,17-dione is. suspended in 270-ml of. dry

tetrahydrofuran under nitrogen atmosphere with vigorous stirring at room temperature, then -

| 0 50 g of 4-dimethylaminopyridine is -added. To this suspension-42.25 ml of acetlc -anhydride

is added while the temperature is kept below 40°. During the reaction the Imxture becomes

- clear. After addition of the acetic anhydride the reaction mixture is stirred for 30 minutes, then

added slowly to 2700 ml of water and stirred for additional 2 hours until the precipitaté; foﬁned

becomes dense. The precipitate is filtered, washed with portions of water until it is neutral and

dried to constant weight. The title compound so obtained can be us ed in the next reaction step

without further purification.
Yield: 84.5 g (88 %)
Mp: 149-151 °C.

[ ]25 _
&b = 4176° (c=1 %, ethanol).

'H NMR {500 MHz. CDCI3(TMS), 8(ppm)}: 1.00 (3H,s,18-Me); 1.05 (1H,m,H-9); 1.22
(3H,d,19-Me); 1.61 (1HtH-14); 1.94 (1HmH-8); 202 & 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). |

BC NMR {125 MHz, CDCI3(TMS), §(ppm)}: 15.2 (C-18); 17.5 (C-19); 21.2 (- 0-CO- CHg)
"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
 (-0-CO-CHy); 199.0 (C-3); 214.3 (C-17).

Example 2

150~Acetox -androst-3,5~diene-17~one

-3-methox

84.5 g. of 5oc.-aéetoxy~androst-4-ene-3 7-dione is dissolved in 500 m! of dry
tetrahydroﬁlran under nitrogen atmosphere with stirring. The solution is coded to 0 °C and 40 -
ml of trimethyl orthoformiate and 8.5 ml of tetrahydrofurane containing 1 vol % of sulfuric
acid are added in sequence. The reaction mixture is stirred for 5 hours at 0-2 °C, at this time 27
m] of pyridine is added and stirring is continued for additional 20 minutes. The tetrahydtofuian,
is removed by distillation and continuously replaced by acetonitrile until one third. of the

original volume is obtained. The remaining acetonitrile contains a crystal suspension which is

‘cooled to 0 °C, filtered off, washed with acetonitrile cooled to 0 °C to remove the mother -
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| '_liquof and dried in vacuo to constant weight at 40 °C yielding 83.5 g (95 %) of the {:itl‘o

- compound.

Mp. 206-211 °C,
[OL]‘ES =-14° (¢c=1 %, dioxane).

[ ] = -13.5° (c=0. 5 %, chloroform).

' NMR {500 MHz, CDCI 5(TMS). 3ppm)l: 099 (3Hs, 18-Me); 1.00 (1HmH-9) 113

(TH.mH-9Y: 1.66 (LH.t H-14); 2.02 & 3.14 (2H.dd & dd,H-16); 2.05 (1H,m,H-8); 2.07 (3Hs,-
 0-CO-CHa); 3.58 (3H,8,-0-CHs); 5.13 (1H,m,H-4); 5.20 (1H,m,H-6); 5.26 (1H,m,H-15).

3C NMR {125 MHz, CDCL(TMS), §(ppm)}: 15.0 (C-18); 19.0 (C-19); 21 2 (CO-CO-CHa):
316 (C-8); 43.4 (C-16); 48.0 (C-9); 54.3 (-O-CHy); 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-CHs); 214.9 (C 17).

Example 3

-methy lene-3-methoxyandrosta-3,5-diene-17-one

64.8. g of trimethylsulfoxonium iodide is dissolved in 900 ml of dimethyl sulfoxide

under nitrogen atmosphere with stirring and to this solution 27.55 g of potassium hydroxide is

added at 25-30 °C. The reaction mixture is stirred for 1 hour, then 81.1 g of 150-acetoxy-3-

methoxy-androst-3,5-diene-17-one is added and stirring is continued at 25-30 °C untﬂ the

‘reaction 1S fnnshod (about additional 6 hours). The solution is slowly added. to 4500 ml of

water, the prempltate is compacted by stmtlng (30 minutes), fﬂterod Washed with water until it

'is neutral and dried in vacuo to constant weight below 40 °C. The title compound 18

orystalllzed from methanol.
Yield: 53.8 g (76 %)

Mp: 159-161 °C.
[05135 =-177. 6°“(cm1 %, dioxane).

I NMR NMR {500 MHz, CDCIy(TMS), Sgpp_m)} 1.00 (6H,5,18-Me & 19-Me); 1.12 & 1.64 (2Hm
& m,CP(15B, 16B)(CHy); 1.15 (IHmHO); 174 (IHmH-16); 197 (1HmH-15) L 08
(1H,m,H-8); 2.00 (1H,m,H-14); 3.58 (3H,m, -O-CHs); 5.16 (1H,d,H-4); 5.29 (IH,m,H-6).

3C NMR {125 MHz, CDCI3(TMS), 8(ppm)}: 17.1 (CP(15B,16B)(CHy)); 18:9 (C-19):20.1(C-
18); 22.1 (C-15); 25.8 (C-16); 30.4 (C-8); 49.3 (C-9); 524 (C-14); 543 (-O- CH3) 98.4 (c 4;

117.3 (C-6); 141.5 (C-5); 155.5 (C-3); 216.5 (C-17).
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Example 4

°15 16-Meth lene-3-methox -spirolandrosta-3,5-diene-17(32’-oxirane

50 g (0.16 mol) of 15B,16B-methylene- 3-methoxyandrosta—3 S-diene-17-one  1s
dissolved in 500 ml of dry dimethyl sulfoxide under nitrogen atmosPhere with stirring, the
solution is cooled to 18-22 °C, 71.4 g (0.35 mol) of trimethylsulfonium iodide is added, then
50 g (0.446 mol) of potassium tert-butilate is added in portions, while temperature 1s kept at the

same level. The mixture is stirred for 1.5 hour, added slowly to51 of water the prempltate .

- formed is flltered washed 3 times with 200 ml of water until neutral and dried 1n vacuo t0‘
“constant weight below 40 °C yielding 51.86 g of the crude product Wthh is. purlfled in 260 ml

methanol with stirring,
Yield: 50.0 g (95.71 %)

Mp: 163-165 °C.
[o? = -149.18° (c=1 %, cbloroform)

IH NMR {500 MHz, CDCly(TMS). & (ppm)}: 0.48 & 1,25 (2H,m & m,CP(158,168)(CHy));
0.96 (3H,s,18-Me); 0.99 (3H,5,19-Me); 1.04 (1H,m,H-16); 1.10 (1H,m,H-9); 1.47 (1H,m,H-
15): 1.89 (2H,m,H-8 & H-14); 2.84 & 2.95 2H,d & d,oxiran(CHy)); 3.58 (3H,m, -O-CH;);'
5.16 (1H,m,H-4); 5.29 (1H,m,H-6). |

130 NMR {125 MHz, CDCl3(TMS), &(ppm)}: 9.6 (CP(158,168)(CHy)); 17.2 (C-15): 18.7 (C-
16); 18.9 (C-19); 20.4 (C-18); 30.9 (C-8); 49.1 (C-9); 53.1 (oxiran(CHy)); 54.3 (-o-CHg,); 54.6

(C-14); 71.6 (C-17); 98.5 (C-4); 117.9 (C-6); 141.3 (C-5); 1554 (C-3).

Example 5

. 17-Hydroxy-158,168-methylene-3-methoxy-170-pregna-3,5-diene-21,21-dicarboxylic _ acid
- ethyl ester 1—1acton

2 3 g (0.1 mol) of sodium chips are added to 230 ml of ethanol under nitrogen

‘atmosphere with vigorous stirring about over 40 minutes. To this sodium ‘ethylate solution

prepared in situ, 23 ml (0.152 mol) of diethyl malonate is added, the solution is refluxed for 30 .

minuties', then teﬁlpérature is recluced to 55-60 °C and 23 g (70.45 mmol) of 15[3,16[3“-‘ :
iméthyleﬁe—’j -methoxy-spiro[androsta-3,5-diene-17p2’ -oxirane] is added and the mixture 18
refluxed for ‘8 hours until the reaction has been completed. The solution :is cooled to répm
temperature, pH is adjusted to 7 with 6 ml of acetic acid (0.105 mol), 100 ml of water is add"efcl; |

the fine precipitate formed is filtered and washed with water until neutral. The wet precipitate
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"is.purified by stirring in 150 ml of methanol, washed twice with 20 m] of methanol cooled to 0

° C to remove the mother liquer, filtered and dried in vacuo to constant weight at a temperature

below 40 ° C, yleldmg 25.8 g (83.12 %) of the title compound.
Mp: 152-155°C.

[o]® = -109.7° (c=0.5 %, pyridine)

The product contains two 18 omers in about 2:1 molar ratio.

I NMR {500 MHz, CDCL(TMS), & (ppm)[major/minor]}: 0.48 & 1.26 / 0.45 & 1.24 (2H,m

‘& m,CP(15B,16B)(CHy); 0.991 / 1.01 (3Hs,19-Me); 0.994 / 1.06 (3H,s,18-Me); 1.08

© (1HmH-9); 1321 /1322 (3H,t,-O-CH-CHy); 1.34/1.33 (1H,m,H-16); 1.43 / 1:41 (1HmH—~
15): 1.66 / 1.70 (1H,m,H-14); 1.90 / 1.94 (H-1,m,H-8); 2.57 & 2.68 7/ 2.29 & 2.86 QHm.&

- m,H-20); 3. 58 (3H,m, -O-CHz); 3.62 / 3.87 (1H,mH-21); 4.27 (2Hm-O -CH,-CHz); 5.15
 (1H,m,H-4); 5.27 (1H,m,H-6).

BC NMR {125 MHz, CDCl; (TMS), O(ppm)[major/minor]}: 10.0 / 9.1 (CP(15[3 16[3)(CH2)),
14.1 (-O-CH,-CHa): 16.7 / 17.1 (C-15); 18.88 / 18.16 (C-19); 19.7 / 20.1 (C-18); 24.6 / 23.6

(C-16); 30.77 / 30.85 (C-8); 34.9./ 33.9 (C-20); 47.4 / 47.5 (C-21); 48.6 / 48.7 (C-9); 523 /

53.1 (C-14); 54312 / 54.303 (-O-CHj); 62.12 / 62.07 (-0-CHy-CHy); 95.5 / 95.7 (C-17); 98.5
(C-4); 117.5 (C-6); 141.2 / 141.34 (C-5); 155.46 / 155.50 (C-3); 168.05 / 168.06 (-CO-O-CHz-
CHs): 171.5/171.3 (C-22). |

| Example 6 | o
17-Hvdroxv-158.16B-methvlene-3-o0xo0-170-pregna-4,6-diene-21,21-dicarboxylic  acid. etha'l ~

ester :z-lactoné

12 g (27.23 mmol) of 17-hydroxy-15B,168-methylene-3-methoxy-17 @‘Pregna-?), 5.

“diene-21,21-dicarboxylic acid ethyl ester y-lactone is dissolved in 300 ml of ac.etoﬁe under

nitrogen atmosphere with vigorous stirring at.room temperature, 36-ml of water and 72 g
(29.28 mmol) of tetrachlorobenzoquinone are added and the reaction mixture is stirred for 4 .
hours, when .the reaction is complete. The excess of the tetrachlorobenzoquinone.is

decomposed by addition of 16 g of sodium pyrosulfite dissolved n 200 ml of water and the

- mixture is stirred for 0.5 hour. The acetone solvent is removed by distillation under reduced

pressure, o the résidue 240 ml of dichloromethane is added, the ‘prec‘:.ipitated “hydro ql%illo.nﬁ”‘

is removed by filtration and washed by suspending it in 50 ml. dichloroméﬁlane.-- .

Dichloromethane solutions are combined, extracted with 80 ml of 10 % ‘usodium hYdrdk'iQe;' “,
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solution, washed with water to make it neutral, and then the dichloromethane is evaporated. To

the residue 100-100'ml of methanol are added in two repetitions, Which again, are removed by

‘distillation. The residue is stirred with 30 ml of methanol for 30 minutes, the crystallme -

- substance is Washed twice with 10 ml of methanol cooled to 0 °C to remove the mother 1qu.101' -

and is dried in-vacuo to constant welght at a temperature below 40 °C, yielding 8.93 g (77.25 |
%) of the title cbmpound.

Mp:158-161 °C
laZ® = -17.0° (c=1 %, chloroform)

The product contains 2 isomers in about 4:1 molar ratio.

'H NMR {500 MHz, CDCl5(TMS), § (ppm)[major/minor]}: 0.60 & 1 35 /0.56 & 1.34 (2H,m

- & m,CP(15[3,168)(CHy)); 1.06 / 1.12 (3H,s,18-Me); 1.13 / 1. 14 (3H,s 19-Me) 1.26 IHmH- .

9), 1.32 (3H,t,-O-CH,-CHz); 1.35 / 1.42 (1H,m,H-16); 1.58 / 1.56 (1H,m,H-15); 1.82 /-1.85

- (1H,m,H-14); 2.44 /2.50 (H-1,m,H-8): 2.63 / 2.29 & 2.86 (2H.m & m.H-20): 3.60 / 3.88

(1H,m,H-21); 4.27 (2H,m,-O-CH,-CHj); 5.71 (1H,m,H-4); 6.20 (1H,m,H-6); 6.34 (1H,m,H-7).
~C NMR {125 MHz, CDCl; (TMS); 8(ppm)[major/minor]}: 10.4 / 9.5 (CP(15B,16B)(CH,));
14.11/ 1412 (-O-CH,-CHg); 16.23/ 16.6 (C-15); 16.28 / 16.25 (C-19); 19.7/20.1 (C-18); 249
/23.9 (C-16); 34.8 / 33.7 (C-20); 36.39 / 36.37 (C-8); 47.25/ 47.29 (C-21); 49.6 / 50.3 (C-14);

51.0 / 51.1 (C-9); 62.22 / 62.16 (-O-CH,-CHs); 94.8 / 94.9 (C-17); 124.18 / 124.13 (C-4);

128.66 / 128.64 (C-6); 139.4 / 139.7 (C-7); 162.9 / 163.1 (C-5); 167.82 / 167.86 (-CO-O-CHy-
CHs); 171.2/171.0 (C-22): 199.2 / 199.3 (C-3) |

Example 7

* 17-Hydroxy-6€,7€;158,168-bismethylene-3-0x0-170-preg a-4-ene-21,21- dlcarbox lic acid
| ethyl ester y-lactone (crude carbethoxy-drospirenone) " |

20 g (90.88 mol) of trimethylsulfoxonium iodide is dlssolved in 400 ml -of dimethyl

sulfomde - nitrogen atmosphere with vigorous stirring, then 5 g (89.28 mmol) of potassium

hydromde is added at 25-30 °C and the solution is stirred for 10 minutes. 8 g (18.84 mmol) of

' 17-hydroxy-15[,163-methylene-3-ox0-17a-pregna-4,6-diene-21,21-dicarboxylic acid ethyl
| ; ester t‘y-lact-one is added ‘and the mixture is stirred for 24 hours at room temperature, then is

slowy addéd to a mixture of wafter (4 1) and concentrated hydrochloric acid (10 ml). The .

precipitate formed, after 0.5 hour is filtered, washed with portions of water until it is neutral
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and dried in vacuo to constant weight at a temperature below 40 °C to yield 7.82 'g’ (94.67 %)

of the title compound.

* Mp: 125/135-140 °C.
|ou]? = -87.33°.(c=0.5 %, chloroform).

Example 8

| ,17-H° dro: -6 7 3:158.163-bismethylene-3-0x0-170~pregn-4-ene-21,21-dicarboxy hc aCld

ethzl ester 1~lactone (carbethoxy-drospirenone)

3 g of crude carbethoxy-drospirenone is subjected to colum chromatography; 68 g of -
silica gel Si60 (0.040-0.063 mm; manufacturer: Merck) and ethyl acetate/cyclohéxane mixture

of 55:45 volume ratio are used. Fractions having approximately the same compositibn and rich

in carbethoxy-drospirenone are combined and the eluent is removed by distillation. The
column is' regenerated with acetone, conditioned with cyclohexane/ acetone mixture of 3:1

- volume ratio, then 2 g of the residue obtained above is chromatographed in 0.67 g portlons

(using the same eluent as above) by injecting said portions to the column at 90 mmutes

 intervals. Fractlons are monitored by TLC, those containing more than 95 % of carbethoxy— |

drospirenone were combined, evaporated and from the residue ethanol was distilled off and
finally the residue was crystallized from an ethanol/distilled water mixture of 30:70 volume
ratio, yielding 0.76 g solid, containing more than 96 % of carbethoxy-drospirenone (HPLC).
Mp: 106-108 °C |

Since the ethoiycarb onyl group may exist in two different steric arrangements, the product”

contains two isomers at about 3:2 molar ratio.

' NMR {500 MHz, CDCI;(TMS), § (ppm)[major/minor]}: 0.58 & 1.36 / 0.54 & 1.33 (2H,m _
& m,CP(15B,16B)(CH)); 0.87 & 1.20 (2Hm & m,CP(68,7B)(CHz)); 0.98 / 1.04 (3H 5;18-

Q‘Me) 110 / 111 (3H,d,19-Me); 1.12 (IHmH-0); 133 (3Ht-O-CH,CHa); 141 / 143
(IH;mH-16); 149 (IH,mH-7); 1.63 / 161 (IHmH-15); 1.64 (IHmH-6); 1.77 / 1.82
- (IHmH-8); 1.94 / 197 (IHmH-14); 2.64 / 2.32 & 2.87 (2Hm & mH-2); 3.60 / 3.89 :
- (IH,mH-21); 4.28 (2H,m & m,-0-CHy-CHy); 6.03 (1H,m,H-4). ‘

13(: NMR {125 MHz, CDCI(TMS). §(ppm)[major/minor . 10.4 /90.5 (CP(15B, 16[3)(CH2))
14.11 / 14.12° (-O-CH,-CH3); 16.8 / 17.2 (C-15): 17.64 / 17.59 (C-19); 18.76 / 18.78

 (CP(6B,7B)(CHL)); 18.98 / 18.95 (C-6); 19.62 / 19.73 (C-7); 19.62 / 20.0 (C-18); 24.7/ 237

(C-16); 34292 7 34:285 (C-8); 34.8 / 33.7 (C-20); 47.3 / 47.1 (C-21); 51.63 / 51.66 (C-9;
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51,66 / 52.4 (C:14); 62.2 / 62.1 (-O-CH,-CHz); 95.0 /95.1 (C-17); 125.91 / 125.90 (C-4);
- 167.88 / 167.92 (-CO-O-CH,-CH); 170.9 / 171,03 (C-5); 171.2./ 171.04 (C-22); 197.7 / 197.8 ’

(C-3).

FJ;actions with nearly the same quality and rich in 60,70-isomers are combined and

‘evaporated. The residue is.crystallized from ethanol/water 1:10 vol %. |
- ZH NMR {500 MHz, CDCl3(TMS). § (ppm)[major/minor]}: 0.54 & 1.33 /0.51 & 1.30 (2H,m
- & m,CP(15B,16B)(CHy)); 0.56 & 0.94 (2H,m & m,CP(60,70)(CHy)); 0.81 (1H,m,H-9); 1.05/

1.11 (3H,5,18-Me); 1.15 / 1.16 (3H,s,19-Me); 1.32 (3H,t,-O-CH,-CHy); 1.39 / 1.37 (1H,m,H-
16); 1.52 (1IH,m,H-7); 1.58 / 1.56 (IH,m,H-15); 1.71 / 1.73 (1H,m,H-14); 1.82 (1H,m,H-6);

2.23 /2.29 (1H,m,H-8); 2.63 / 2.31 & 2.84 (2H,m & m,H-20): 3.59 / 3.88 (1HmH-21) 427
(2H,m,-0-CH,-CHs); 5.96 (1H,m,H-4)

“°C NMR {125 MHz, CDCl3(TMS), § (ppm)[major/minor]}: 8.56 / 8.52 (CP(60, 706)(CH2))

10.1 /9.2 (CP(15B,16B)(CH)); 14.1 (-0-CHy-CH); 14.5 / 14.6 (C-7); 15.7 (C-6); 16.5 /16,9
(C-15): 17.1 (C-19); 19.9 / 20.4 (C-18); 24.6 / 23.6 (C-16); 30.4 / 30.3 (C-8); 34.9 / 33.7 (C-

20); 41.93 / 41.89 (C-9); 47.28/ 47.34 (C-21); 50.4 / 51.1 (C-14); 62.18 / 62.12 (-O-CH,-CHj);
95.13 /95.23 (C-17); 126.90 / 126.87 (C-4); 167.88 / 167.93 (-CO-O-CH,-CHs); 171.26 /
171.44 (C-5); 171.26 / 171.07 (C-22); 197.77 / 197.85 (C-3)

Example 9
17-Hydroxy-6¢,7¢;1583,16B-bismeth lene-3-0x0-17 o-pregn-4-ene-21,21-carboxylic acid y-lactone
{crude drosglrenonez ‘

4.8 g (10.94 mmol) of 17-hydroxy-6&,7€;15p,16B-bismethylene-3-0xo0- 170L-pregn-4-
ene-21,21-dicarboxylic acid ethyl ester y-lactone is dissolved in dlmethylfonnanude -(15 ml) -

under nitrogen atmosphere with vigorous stirring. To this solution 2 g of sodium: chloride and
0.4 ml of water are added, the mixture is refluxed for 8 hours, then cooled to room temperature

and diluted with 100 ml of water. The sticky product obtained is dissolved in 100 ml of

. dichloromethane; extracted with 15 ml of saturated sodium chloride and the dichlofomethaﬁe is. .
‘removed by distillation. From the residue the rest of the dimethylformamide is removed at

~ 13.33 Pa (0.1 mmHg), then the residue is triturated with 10-ml of water, filtered, washed to =

remove the mother liquor and dried in vacuo to constant weight at a temperature below 40 °C,

yielding 3.2 g (79.8 %) of the compound.
‘Mp: 96-130 °C |
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‘The pﬁrodu(’:t is a mixture of 6,7 and 60,70 isomers (ratio: 69:26)

Example 10

- 17-Hydroxy-608.78:15B8,168-bismethylene-3-0x0-17 0t~ oregr -4-ene-21-carbo vlic acid -lactone

21.5.g-of crude drospirenone prepared accordmg to Example 0, is chromato graphed by:
using 220 g of silica gel Si60 (0.040-0.063 mm; Merck) and ethyl acetate/cyclohexane,nuxme

(1:: 1 volume ratio). Fractions are monitored by TLC, those having the same composition are’ -

combinated and the solvent is removed by distillation. To the residue cyclohexane is added
dropwise, the precipitate. (prechromatographed drospirenone) is filtered and dried in vacuo ata "
temperature below 40 °C. 14.9 g of pre-chronatographed product.is obtained containing s0 %
of drospirenone, which — after regeneration of the silica gel column with acetone and
conditioning with cyclohexane/acetone (73:27 volume ratio) - is injected to the column in 2 g
portions at 90 minutes intervals using cyclohexane/acetone eluent (volume ratio: 73 :27)-

Fractions of the same composition are combined, evaporated and the residue 1s

- crystallized from. dichloromethane/diisopropyl ether mixture (10:90 vol %) to vield 0.7 g (45

%) of pure drospirenone.

Mp: 199-201 °C.

'"H NMR {500 MHz, CDCL(TMS), & (ppm)}: 0.53 & 1,33 (2H m & m,CP(158,168)(CH,));
0.87 & 1.22 (2H,m & m,CP(6B,7B)(CH,)); 1.00 (3H,s,18-Me); 1,10 (3H,d,19-Me); 1.12
(1ELm H-9): 1.36 (1H,m H-16); 1.50 (1E.m,H-7); 1.59 (1H,m:H-15); 1.64 (1H,m,H-6); 1.79
(1H, m JH-8); 1. 95 (1H,m,H-14); .11 & 2.44 (2H,m & m,H-20); 2.53 & 2.64 (2H,m & m;H-

21); 6.03 (1H,m;H-4).

13C NMR {125 MHz, CDCl5(TMS), 8(ppm) }: 10.0 (CP(15B,16B)(CH,)); 16.6 (C-15): 176(c-’ |
19); 18.8 (CP(68,78)(CHa)); 19.0 (C-6); 19.73 (C-18); 19.75 (C-T7); 24.6 (C-16); 29.3 (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). ’

Example 11

- 17-H drox -15 ),16[3-meth lene-3-0x0-17 0l-pregna-4.6-diene-21-carboxylic acid -Jactone
6.8 g (16 48mmol) of 17-hydroxy-15 3,16- methylene—i% oxo~17oc~pregna-4 6- dlene-Zl 21-" ',
| d1carb oxyhc acid ethyl ester y-lactone is dissolved in dlmcthylformamlde (20 -ml) ugder :

nitrogen atmosphere with stirring. To the solution 1.4 g of sodium chloride and 045 ml water ~

are added and the mixture is refluxed for 8 hours. The reaction mixture is cooled to 60 °C and
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30 ml of water is added very slowly. The precipitate is filtered, washed with wator to -rerooye

- the mother lif;[uor and dried to constant weight at 40 °C, to give 4 g (‘7 1.27. %) of the ‘ﬁtlo. °
compound. |
Mp: 164-166 °C.

S [ ] = 36 6° (c=1 %, chloroform)

"H NMR {500 MHz, CDCl3(7.27ppm). 8(ppm)}: 0.54 & 1.30 (2H,m & m,CP(15p, 16B)(CH2))
1.06 (3H,s,18-Me); 1.12 (3H,s,19-Me); 1.25 (1H,m,H-9); 1.35 (1H,m,H-16); 1.52 (1H,m,H-15);
1.81 (1H,m,H-14); 2.08 & 2.40 2H,m & m,H-20); 2.44 (H-1,mH-8); 2.51 & 2.61 QHm &
m,H-21); 5.68 (IH m,H-4); 6.18 (1H m,H-6); 6.34 (1H,m,H-7). |
10 BcNMR {125 MHz, CDCl5(77.03ppm). 8(ppm)}: 9.9 (CP(15, 16B)(CH2)) 16,0 (C- 15) 162
(C-19); 19.7 (C-18); 24.5 (C-16); 29.2 (C-21); 30.6 (C-20); 36.3 (C-8); 49.7 (C-14); 51.0 (C-9);
95.9 (C-17); 124.0 (C-4); 128.5 (C-6); 139.7 (C-7); 163.1 (C-5); 176.4 (C-22); 1992 (C-3).

Example 12
17-Hydroxy-6¢,7¢;158,16B3-bismethylene-3-0x0-170-pregn-4-ene-21-carboxvlic acid +y-laktone

15 gcrude drosplrenon! |
| 60 g of trimethylsulfoxonium iodide is stirred in 1200 ml of dry dlmethyl sulfoxide

under nitrogen atmosphere for 5-10 minutes, then 16 g of potassium hydroxide is added and
stirring is continued for additional 1 hour. Dissolution of the potassium hydroxide is ot
complete. To this reagent 20 g of 17-hydroxy-15B,16B-methylene-3-oxo-17a-pregna-4;6-
20  diene-21-carboxylic acid Y-lactone is added. Stirring is continued under nitrogen atmosphere

~ (the heterogenous mixture become homogenous after 2-4 hours). The reaction is monitored by

-HPLC. After 20-24 hours the reaction mixture is slowly added to 10 1 of water cooled to |
10-12 °C, said mixture is stirred until the precipitate is dense enough to filter, the crystals. are

washed with water to neutral and then dried in vacuo to constant weight at a temperature beiow
25 40°C.

Yield: 19 g (82.97 %) crude drosoirenone
The product is a mixture of 63, 7B¥ and 60,70 isomers (ratio: 68:25)

| | "Example 13 | |
- 17-H: dro y-6B,7B:15B,16B-bismeth lene-3 0x0-170-preg -4-ene-21 carbo hc acid ylactone <

- 30 gdrosplrenonez
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2 g (4.56 mmol) of 17-hydroxy-6[,7 [3;1SB,16[3-bismethy1ene-3-—oio-17ocs-pregn-4-'ef1e-

21,21-dicarboxylic acid ethyl ester ‘y-lactone is dissolved in 6 ml of dimethylformamide under

~nitrogen atmo'sphere with vigorous stirring. To this solution 0.8 g of sodium chloride and 0.15.
- ml of water are added and the solution is refluxed for 8 hours. The reaction mixture‘is cooled to

‘room: temperature, diluted with 40 ml of water. The sticky precipitste is dissolved in 40 ml -

dichloromethane, the solution is extracted with 6 ml of saturated aqueous SOdlllIIl chloride

solution. The dichloromethane is removed by distillation. From the residue the rest of the i

dimethylformamide is removed at 13.33 Pa (0.1 mmHg). The residue is triturated with 120 ml

of water, filtered, washed to remove.the mother liquor and dried in vacuo to constant weight at:

a temperature b.elcw 40 °C. The dry product is recrystallized from acetone/disopropyl ether

(10:90 vol %) to g'iveo 0.95 g (55.02 %) of the title compound.

Mp: 199-201 °C.

"H NMR {500 MHz, CDCI3(TMS), & (ppm)}: 0.53 & 1.33 (2H,m & m CP(15[3 16B)(CH2,))
0.87 & 1.22 (2H,m & m,CP(6PB,78)(CHy)); 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 (2H,m & m H-
- 21); 6.03 (1H,m,H-4).

f wcawm 10.0 (CP(15B, 16[3)(CH2)) 16.6 (C-15): 17.6 (C-

19); 18.8 (CP(683,7B)(CHa));. 19.0 (C-6); 19.73 (C-18); 19.75 (C 7); 24.6 (C-16); 29.3 (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) ; 1765 -~
(C-22) 197.8 (C-3).

Example 14

" 17-Hydroxy-68.78:15B8,16B8-bismethvlene-3-0x0-17 O=preg -4-ene-21-carb0 lic acid y-lactone-

Pre-purification with ,cyclohexane7ethyl acetate/aceton eluent mixture (ratio:64:18:18: vol %) -

A glass column (length: 46 cm, diameter: 2.6 cm) is packed with 120 g of silica gel
(UETICON C-GEL, C-490, particle size: 15-35 pm) by the dry packing technique wetted end
conditioned with cyclohexane/ethyl acetate/acetone eluent mixture (64 18:18 vol %). 4.gof

crude drospirenone is dissolved in 30 ml of ethyl acetate and the solution is loaded to column " .
- by using an eluent pump. Then the eluent is loaded to the column W1th a flow rate of 4.5
.mllmm In the process UV detection-is apphed Fractions contammg the target substance are

. analysed by TLC. Based on the TLC. results fractions contammg the drosplrenone arc
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combined into a so called “pre-purified” and into a “mixed” fraction. Said fractions are
evaporated to .dryness and the solid substances are  crystallized from

dichloromethane/diizopropyl ether (10:90 vol %). The “mixed” fraction contains — b esides the

target substance drospirenon — the 6a, 70- isomer in nearly such amount as it is present in the
- starting matenal (25-30 %), while the “‘pre-punﬂed” fraction contains the dr03p1re.none besides

maximum 2 % of the 60,70~ isomer. From the 4 g of drospirenone loaded approxnnatwely o

1.75 g “pre-purified” drospirenone is obtained. The “mixed” fracton gave 0.95 g of dry sohd

which can be recirculated into the pre-chromatographic procedure.

Fine purification by HPLC
"~ A HPLC column (compacted package length: about 60 cm, diameter: 5 cm) 18 packed B

with 510 g of silica gel (UETICON C-GEL C-490, particle size:15-35 pm) by shurry technique, -

then conditioned with cyclohexane/ethyl acetate/acetone eluent mixture (64:18:18 vol %). 5.1 g

of pre-purified drospirenone (60, 70-isomer content max 2 %) is dissolved in 80 ml of ethyl
acetate and is injected to the column. Elution is carried out at 40 ml/min flow rate. The elute

leaving the column is subjected to UV detection. From the detected break-through of the

drospirenone to the end 80 ml fractions are collected which are qualified by HPLC. Based on

- the HPLC analys1s fractions are combmed into a mrxed” and a “fine chromato graphed”

fraction, said fractions are evaporated and crystallized from dlchloromethane/dus opr0pyl ether -

mixture (10:90 % v/v). The “mixed” crystal substance weighs-0.2-0.3 g and can be recirculated

 into the fine chromatographié process. The “fine chromatographed” fraction gavé 4.4-4.5 g of

drospirenon with a 60, 70-isomer content below 0.1 %. With repeated fine chromatography .2

product with the same purity is obtained.



CA 02585805 2007-04-30
WO 2006/059168 - PCT/HU2005/000111

_78% -

Claims:

1.) A process for the preparation of 17~hydroxy~6[3,7B;15‘[3,i6[3-bismethylenéé3-oxo-
1'7o-pregn-4-ene-21-carboxylic acid y-lactone of the formula (1), | '

()

(i)

| characterized in that

10  the 13 oc—hydroxy-éndrost-—4-ene-3,17-dione of the formula (II)

(1)

i1s acetylated with acetic anhydride in dry tetrahydrofuran in the presence of 4-

15  dimethylaminopyridine catalyst at room temperature to give the 15 oc—acetoxyai;drosty-él-;ene-

13,17-dione of the formula (I11),
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(HI)

~said compound of the formula (II) in dry tetrahydrofuran is reacted with a =trialkoxy |
orthoformiate containing alkyl groups having from 1 to 5 carbon atoms, in the presence:of -

- sulfuric_acid catalyst at 0-10 °C temperature to yield 150-acetoxy-3-alkoxy-androsta-3,5- ;

diene-17-one of the general formula (IV),

wherein R’ stands for an alkyl group having 1-4 carbon atoms,

said compound of the general formula (IV) is reacted with a trimethylsulfoxonium methylide in
| situ prepared in dimethyl sulfoxide from a trimethylsulfoxonium salt with an alkali metal

' hydroxide,f to give the 15B,16B-methylene-3-alkoxy-androsta-3,5-diene-17-one of ..the general
- formula (V), | | | |

(V)

said compound of the general formula (V) — wherein R* stands for an alkyl group having 1-4 -

carbon atoms — in dimethyl sulfoxide is reacted with trimethysulfonium iodide in the presence
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of potas sium tért-butylate at a temperature of 15-25 °C to give the 158, i6[3-methylene;3-
- alkoxy-spiro[androsta-3,5-diene-17B2’-oxirane] of the general formula (VI),

(Vi

‘wherein R' stands for an alkyl group having 1-4 carbon atoms,

said cofnpound of the .of the general formula (V) in ethanol is reacted with a di' (Cy14 alkyl)
malonate in the presence of sodium ethoxide under boiling to yiéld 17-hydroxy-1583,163-

methylene-3-alkoxy-170-pregna-3,5-diene-21,21-dicarboxylic acid alkyl ester y:lactone of the
‘general formula (VID), |

(VII)

wherein R! and R? stand for an alkyl group having 1-4 carbon atoms, and the ~ bqnd represents
o and B configuration, "

said compound of the general formula (VII) is dehydrogenated. with tetrachlorobenzoquinone
in acetone to give ‘17-hydroxy-15 B,16B-methylene-3-0x0-170-pregna-4,6-diene-21,21-

 dicarboxylic acid alkyl ester y-lactone of the general formula (VIII),
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(VI

wherein R stands for an alkyl group having 1-4 carbon atoms and the ~ bond represents e and

: B confi guration,

5 sa1d compound of the formula (VIID) is reacted with tnmethylsulfoxomum methyhde in situ

- prepared in dimethyl sulfoxide from a trimethylsulfoxonium salt and an alkali metal hydroxide

to give 17-hydroxy-6€,7€;15B,16B-bismethylene-3-0x0-170-pregn-4-ene-21,21-dicarboxylic
acid alkyl ester y-lactone of the general formula (IX), ‘

(IX)

10

‘wherein R? is an- alkyl group having 1-4 carbon atoms and the ~ bond represénté- 0. and B

- configuration, | ' ‘
and either from said compound of the general formula (IX) the 7—-hydroxy—6|3 7B:158, 16|3
blsmethylene-3 oxo-170-pregn-4-ene-21,21-dicarboxylic acid alkyl ester y-lactone (an 1somer ,

15 -of the general formula (IXa)) is 1solated by chromatography and recrystallization — in general

- formula (IXa) R* and the ~ bond are as defined above —
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(IXa)

and said isomer of the general formula (IXa) in dimethylformamide is decarboxylated at“é o
: temperature around the boiling point of the reaction mixture to give the 17 -hydrc')x"y—'-
5 6[3,7[3;15B, 16[3-blsmethylene-3 -0X0-170-pregn-4-ene-21-carboxylic acid y—lactone of the

formula (I) which is isolated, |
or the 17-hydroxy-6¢&,7&;1503,16B-bismethylene-3-0x0-17a-pregn-4-ene-21,21-dicarboxylic
acid alkylester y-lactone of the general formula (IX), |

Y : T (IX)
07 ™ i

10 | H

- -Wherein R® stands for an alkyl group having 1-4 carbon atoms and the ~ bond représeﬁts o

~and B conflguratlon in dimethylformamide is decarb oxylated at a temperature around the

boiling point of the reaction mixture to give 17-hydroxy-6€,7€;15B,16B-bismethylene- 3 -0X0-
15 17a-pregn-4-ene-21-carboxylic acid y-lactone of the formula (XD,
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(X)

-wherein the ~ bond represents o and B configuration, - from which the 17-hydroxy-.
6[3,73;15pB,16B-bismethylene-3-0x0-170-pregn-4-ene-21-carboxylic acid %-lactone: of the
formula (I) is separated by chromato graphy and recrystallization; or

-5 the 17-hydroxy-1583,163-methylene-3-oxo-170-pregna-4,6-diene-21,21-dicarboxylic acid alkyl
_ester y-lactone of the general formula (VIII)

(VIH)

10  -wherein R* stands for an alkyl group having 1-4 carbon atoms and ,the ~ bond represents .
and 3 configuration — in dimethylformamide is decarboxylated at a temp erature around the
boiling point of the reaction mixture, to give the 17-hydroxy-158,16B-methylene-3-oxo0-17 o- -
. pregna-4,6-diene-21-carboxylic acid y-lactone of the formula (V1IIa) Whiéh 1S isaolated,

15
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said compound of the formula (VIIIa) is reacted with trimethylsulfoxonium methylide prepared
in.situ in dimethyl sulfoxide from a trimethylsulfoxonium. salt and an g]kali metal hydroxide to
yield 17-hydroxy-6§;7 £:15B,16B-bismethylene-3-oxo-17a-pregn-4-ene-21-carboxylic acid -

lactone of the formula (X),

(X)

-wherein the ~ bond represents o and 3 configuration, - and frorf;f said compound of the

formula (X) the 17-hydroxy-68,7B;15pB,16B-bismethylene-3-0x0-17 a-pregn-4-ene-21-
carboxylic acid fy-lactone of the formula (I) is separated by chromatography” and

recrystallization.

2.) A.process according to claim 1, characterized in that the chromatographic separation of

the isomeric products of the formula (X) — wherein the ~ bond represents « and [

configuration — is carried out on silica gel.

3.) A process according to claim 1, characterized in that the chromatographic separation of

- the isomeric products of the formula (X) -~ wherein the ~ bond represents ¢ and B

" configuration — is carried out on silica gel m two stages usmg a prelnmnary and a. fine

| chromatograph1c step.

- 4) A procéss according to claim 1, characterized in that the chromatographic ~separatiph of

the isofneric products of the formula (X) - wherein ”the ~ bond rcpresents o and B :

conﬁguratibn — is carried out by using a cyclohexane/ethyl acetate/ acetone mixture comp osed |
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of 64:18:18 vol % of the components, or a cyclohexane/ethyl acetate/ acefonitril mixture
composed of 55:35:10 vol % of .the components, or- a cyclohexane/methyl - tert-butyl
ether/acetone mixture composed of 50:30:20 vol % of the components or a

cyclohexane/acetone mixture composed of 73:27 vol % of the 'component-s as eluent.

5.) A process according to claim 1, characterized in that drospirenone of the formula (I)
obtained in the process is crystallized from methanol, ethanol, propanol, 1sopropanol, ethyl

acetate, aqueous mixtures containing up to 10 vol % of water selected from methanol/water:;

ethanol/water, - propanol/water, isopropanol/water or an acetone/ diis opropyl ether mixiurc

containing up to 50 vol % of acetone, cyclohexane/ethyl acetate mixture containing up to 50.

vol % of ethyl acetate, dichloromethane/diisopropyl ether mixture contaming up to 10 vol % of

dichloromethane, or dichloromethane/hexane mixture containing up to 10 vol %. of

dichloromethane.

6.) A process according to claim 1,- characterized in that the chromatography of the 17-

| hydroxy-6§,7§;15B,16B-bismethylene-3-oxo-17a—pregn—4-ene-21,21-dicarboxylic ‘acid alkyl

ester y-lactone isomers of the general formula (IX) — wherein R? stands for an alkyl group

hgving 1-4 carbon atoms, and the ~ bond represents o and p configuration - is carried out with

an ethyl acetate/cyclohexane mixture composed of 55:45 vol % of the components,

7.) 17 ~Hydroxy-6.B,7B; 15[3,16-bismethylene-3-0xo-17a-pregn-4-ene-21,21-dicarboxylic acid

alkyl ester y-lactones of the general formula (IXa)

(lXéﬂ) °
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- wherein R® and the ~ bond are as defined above — used as intermediates- in the process..

according to the invention.

S5 8.) 17-Hydroxy-6&,7 E,;15[3,1._6B-bismethylene-3-oxo-17a-pregn~4-ene-21,2l-dicaljbo::;ylic -acid
alkyl ester y-lactones of the general formula (IX),

(IX)

- -wherein R* stands for an alkyl group having 1-4 carbon atoms and the ~ bond fcpres ents o

‘ 10 andp configuration — used as intermediates in the process according to-the invention.

9.) 17-Hydroxy¥15[3,16B-methylene—3-oxo-17a-pregna—4,6-diene-21,21-dicarboxylic acid alkyl

ester v-lactones of the gene;ral formula (VIII)

(Vill)

15

- -wherein R* stands for an alkyl group having 1-4 carbon atoms and the ~ bond represents 0 '

and  configuration — used as intermediates in the process according to the invention.
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10.) A 15[3,16B-methylene—3-alkOxy-spiro[androsta-3,5-diene-17oxo-17[32’-0xirane] ot the

general formula (VI)

(V)

-wherein Rl stands for an alkyl group° having 1-4 carbon atoms — used as intermediates in the

process according to invention.

11.) 17-Hydroxy-15[3,16B-methylene-3-alkoxy-17a-pregna-3,5-diene-21,21-dicarboxylic acid
10 alkylester y-lactones of general formula (VII), .

COOR?

-wherein Rl and R* stand for an alkyl group having 1-4 carbon atoms and the ~ bond repiesents

o and B configui'atioh. . .'
15 :

12.) The following intermediates used in the process according to the invention:

15 [3,16B-methylene-3-methoxy—-spiro[androsta-3,5~diene—- 17B,2’-oxirane], |

17-hydroxy-15p,16B-methylene-3-methoxy-170-pregna-3,5-diene-21,21-dicarboxylic .  acid

“ethyl ester y-lactone, . | | - T

20 17-hydroxy-15B,16B-methylene-3-0x0-170-pregna-4,6-diene-21,21-dicarboxylic * acid efhyl -~

ester y-lactone,
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. 17-hydr0xy-—6§,7§;15[3,16B-bismethylene—3-oxo-.-17a~pr¢gﬁa;4fene-21,21-dicarboxylic acid
ethyl ester y-lactone,
| 1'7-hydroxy-6p,78;158,16B-bismethylene-3-0xo-170-pregna-4-ene-21,21-dicarboxylic  acid

ethyl ester y-lactone (carbethoxy-drospirenone).
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