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CARBOLACTONE, DRSP),
ANDROSTANE-38,5,178-TRIOL (ZK__92836)
ANDROSTANE-21, 17-CARBOLACTONE

(57) Abstract

The invention pertains to 8 process

for producing drospirenone (683,78;
158.164-dimethylene-3-oxo-17a-pregn-
4-en-21,17-carbolactone, DRSP) (I) and
Ta-(3-hydroxy-1-propyl-68,78;158,168-
dimethylene-54-androstane-34,5,178-triol ~ (ZK

92836) and  68,78;158,168-dimethylene-Sp-
hydroxy-3-ox0- 17 -androstane-2 1,17-carbolactone
(ZK 90963) used as intermediates in the process.

(57) Zusammenfassung

Veriahren zur Herstellung von Drospirenon
(68,78; 158,168-dimethylene-3-ox0-17¢-
pregn-4-ene-21,17-carbolactane, DRSP) (D
und Tae-(3-Hydroxy- 1 -propyl)-6/3,78:158,165-
dimethylene-58-androstane-34,5,178-triol  (ZK__ 92836)
carbolactone (ZK_90965) als Zwischenprodukte des Verfahrens.

0

(54) Bezelchnung: VERFAHREN ZUR HERSTELLUNG VON DROSPIRENON (65,74;
PREGN-4-ENE-21,17-CARBOLACTONE, DRSP)
DIMETHYLENE-58-ANDROSTANE-34,5,176-TRIOL (ZK_92836) UND 68,78;158,165-DIMETHYLENE

(54) Title: PROCESS FOR PRODUCING DROSPIRENONE (68,78;158,168-DIMETHYLENE-3-0X0-17a-PREGN-4-EN-21,17-
AS WELL AS 7«-(3-HYDROXY-1-PROPYL)-68,78;158,168-DIMETHYLENE-58-
AND 68,78;158,168-DIMETHYLENE-S8 HYDROXY-5-0X0-17«-

154,16f-DIMETHYLENE-3-0XO0-{7a-

SOWIE  7o-(3-HYDROXY-1-PROPYL)-648.74;158.168-

o

{0

DRSP

und 683,78;158,163-Dimethylenc-58-hydroxy-3-oxo- 17a-androstane-21,17-
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10 als Zwischenprodukte des Verfahrens.

Die Erfindung betrifft Verfahren zur Herstellung von Drospirenon (68,78; 158,16
p-Dimethylene-3-0xo0-17a-pregn-4-ene-21,17-carbolactone, DRSP), sowie

15 7a-(3-Hydroxy-1-propy!)-68,78;158,16p-dimethylene-5p-androstane-38,5,17p-
triol (ZK 92836) und 68,78;158,168-Dimethylene-58-hydroxy-3-oxo-1 7;1.-
androstane-21,17-carbolactone (ZK 90965) als Zwischenprodukte des

Verfahrens.

Drospirenon (68,78: 158,168-dimethylene-3-oxo-17a-pregn-4-ene-21,17-
carbolactone, DRSP, INN) ist als steroidaler Wirkstoff seit l&ngerem bekannt
(DE 26 52 761 C2 ﬁnd DE 30 22 337 A1) und die Herstellung der letzten 4
Schritte erfolgt im Eintopiverfahren; bei dem nach der Hydrierung von

25 Dimethylenpropinol
ZK 34508 keine der durchiaufenen Zwischenstufen Dimethylenpropanol und
5-8-OH-DRSP isoliert werden (siehe nachfolgendes Schema).



Wth international search réport. (54) Title: PROCESS FOR THE
. PRODUCTI ON OF DROSPI RENONE ( 6B, 7B;
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Das Dimethylenpropinol ZK 34506 wird in Tetrahydrofuran mit Wasserstoff an
Palladium-Kohie zum Dimethylenpropanol ZK 92836 hydriert. Die so erhaltene

5 Hydrieridsung, die das Propanol ZK 92836 als Hauptprodukt und schwankende
Anteile an Lactol enthélt, wird ohne Isolierung und Zwischenaufarbeitung zum
Drospiroenon ZK 30595 (DRSP) umgesetzt.

Hierzu wird zuerst ein Lésungsmittelwechsel von Tetrahydrofuran zu
10 Dimethylformamid vollzagen und anschlieBend das Propanol bei 40° C mit
einem UberschuB von 3,7 Equivalenten Pyridiniumdichromat (PDC) zu einem
Gemisch von DASP und 5-8-OH-DRSP oxidiert. Die 5-p-OH-Funktion im
Oxidationsprodukt ist labil gegentiber Séuren, Lewissduren und basischen
Bedingungen bei erhéhten Temperaturen, da in allen Féllen mit der Ausbildung
15 des A-4,5-ungeséttigten Ketons im Drospirenon ein thermodynamisch stabileres

Produld”erhalten wird. Die Eliminierung der B-OH-Funktion im 5-8-OH-DRSP




androstane-3B, 5, 17B-tri ol (ZK 92836) and 6B, 7B; 15B, 16B-

-di et hyl ene- 5B- hydr oxy- 3- oxo- 17a- andr ost ane- 21, 17- car bol actone (ZK 90965)
as internedi ate products of the process. [err]
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on the head WwO806738f t he publications of _international apROTERITRA
according to the PCT. AL Al bania AM ArifBhi a AT Austria

verlauft zum thermodynamisch stabileren Drospirenon und konnte nicht

unterdriickt werden konnte.

Die Mischung enthélt in der Regel wechseinde Anteile der beiden

Komponenten, wobei das 5-3-OH-DRSP im aligemeinen als Hauptkomponente
5 im Verhdltnis von

2-3:1 vorliegt. In der letzten Stufe der Eintopfsequenz wird das

Zweikomponenten-Gemisch durch Zugabe von halbkonzentrierter SalzsZure in

das DRSP, roh Uberfilhrt.

10  In der nachstebenden Tabelle sind die letzten vier Betricbsansitze zusammengefaBt.

Anzatz Ausbeute, roh (%) Reinbeit (100%-Methode)
537201 572 08,9

202 63,7 99,09

203 46,5 99,18

204 58,3 98,81
Gesamt mittlere Ausheute: 56,4 mittlere Reinheit: 98,9

Im Mittel aller Betriebsansétze wird ausgehend vom Dimethylenpropinol sine
theoretische Ausbeute von 56% DRSP, roh in einer HPLC-Reinheit von 98,9%

15 erzielt.

Aufgabe der Erfindung ist die Bereitstellung eines neuen
Herstellungsverfahrens fiir Drospirenon, welches selektiver und einfacher in der
20 Durchfiihrung ist, als jenes aus dem Stand der Technik und auBerdem

okologischer ist; (Einsparung einer Chromtrioxid-Oxidation).
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Die Erfindung beinhaltet ein Verfahren zur Herstellung von Drospirenon

(68.,78: 15p,168-dimethylene-3-oxo-17a-pregn-4-ene-21,17-carbolactone,
DRSP)

. ‘\‘\

DRSP

durch katalytische Hydrierung von 17a-(3-hydroxy-1-propynyl)-68,78;158,16p-
dimethylene-5g-androstane-38,5,178-triol (ZK 34506)

OH “\/'\ OH

Ny

ZK 34506

HO

10 OH

in das 7a-(3-hydroxy-1-propyl)-6,78; 158,16p-dimethylene-58-androstane-
3p,5,17p-triol (ZK 92836)
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OH

OHl

3 ZK 92836
H OH

anschlieBende Oxidation mittels k&uflicher Rutheniumsalze wie RuClg, RuO»,
KRuO4, KoRuOy4, vorzugsweise jedoch in Gegenwart katalytischer Mengen von
s RuClg (1mol%), und herkdmmlichen, einfachen Oxidationsmitteln wie
tButylhydroperoxyd, N-Methyl-morpholin-N-oxid, M2S50g (M=Na, K), MXOy
(M=Li, Na, K ; X=B, ClI, Br, |; y=1-4), vorzugsweise jedoch 1-3 Equivalenten
NaBrOg, in Lésungsmitteln wie Acetonitril, Chloroform, Methylenchiorid,
Tetrachlorkohlenstoff, Wasser, Tetrahydrofuran, tert-Butanol, Ethylacetat oder
10 Kombinationen hiervon, vorzugsweise jedoch in einem Acetonitril-Wasser-
Gemisch in der Zusammensetzung Acetonitril: Wasser = 1:1, in das 6p,7p,15p
,16p-dimethylene-5p-hydroxy-3-oxo-17a-androstane-21,17-carbolactone (ZK

90965)
@

!“\\

0 ZK 90965
OH

15 und anschlieBende Wasserabspaltung.
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Die Erfindung beinhaltet als eine Schliisselreaktion die Ruthenium katalysierte
Oxidation von Dimethylenpropanol ZK 92836 zum S$-8-OH-DRSP ZK 90965 und
die anschlieBende Wassereliminierung zum Drospirenon ZK 30595 in einem

Zweistufigen Verfahren.

Analog zum bekannten Verfahren aus dem Stand der Technik wird im
erfindungsgeméBen Verfahren Dimethylenprapinol ZK 34506 in
Tetrahydrofuran mit Wasserstoff an Palladium-Kohle hydriert. Die
Hydrierlosung wird anschlieBend einem Lésungsmittelwechsel von

10 Tetrahydrofuran auf Acetonitril unterworfen. Die Acetonitril-L&sung wird mit
einer katalytischen Menge Rutheniumtrichlorid (1mol%) und 3 Equivalenten
Natriumbromat bei 40°-60° C gezielt zum 5-8-OH-DRSP oxidiert. Trotz der
groBen Labilitit des 5-8-OH-DRSP gegenlber Séuren, Lewissiuren wie
beispielsweise der Chromverbindungen im alten Betriebsverfahren, starken

15 Basen oder hohen Temperaturen, die in allen Fallen auf die hohe Triebkraft zur
Bildung des thermodynamisch stabileren A-4,5-ungeséttigten Ketons
zurlickzuflhren ist, gelingt unter den gewéhiten Reaktionsbedingungen die
selektive Synthese des
5-8-OH-DRSP, chne das eine Drospiroenonbildung zu beobachten ist. Das

20 5-p-OH-DRSP kann durch eine (betrieblich) einfach durchzufihrende

Wasserfillung aus der Reaktionslésung isoliert werden.

Die Ausbeuten liegen im Bereich von 68% bis 75% Liber die beiden Stufen

Hydrieren und anschlieBende Oxidation.

Aus eigenen Versuchen ist bekannt, daB das Drospircenon bei

Saureeinwirkung nach zwei Reaktionswegen zersetzt werden kann. Einmal wird



D net hyl ene- 3- oxo- 17a- pregn- 4- ene- 21, 17- car bol act one, DRSP)

-and 7a- ( 3- Hydr oxy- 1- propyl ) - 6B, 7B; 15B, 16B- di net hyl ene-

5B- androst ane- 3B, 5, 17B-triol (ZK 92836) and 6B, 7B; 15B, 16B-

Di net hyl ene- 5B- hydr oxy- 3- oxo- 17a- andr ost ane- 21 , 17- car bol act one.

(90965) wo 9806738 as Internediate Products of the Procagfyeporeazsz The
invention relates to a process for the pfbduction of drospirenone (6B, 7B;
15B, 16B- di et hyl ene- 3- oxo- 17a- pregn-4-ene- 21, 17-carbol actone, DRSP) and
7a- (3- hydroxy-1-propyl)-6B, 7B: . sy .

155, 168 di o108 BRSBERATAT St spen Bedingynorn jeisht iy es oBmre dsplactan 2k
15B, 16B- di mtﬁﬁdg%’tﬂ:‘e?@hﬂ%'dr oXy- 3- oxo- 17a- androst ane-21, 17- carbol actone
(ZK 90965) as=trter medi at e products of the process. Dr ospi renone
(6B, 7B; 15B, 16B- di net hyl ene- 3- oxo- 17a- pr egn- 4-

(+]

wio

5
ZK 35096
Das zweite Nebenprodukt entsteht durch einen HCl-Angriff auf die
6,7-Methylengruppe, der zu dem Ringéffnungsprodukt ZK 95673 fihrt.
10

o}

O)H
wh

cl
ZK 95673

15 Beide Nebenprodukte werden unter den Reaktionsbedingungen des neuen
Verfahrens soweit zuriickgedrangt, daB sie nur noch in einer GréB8enordnung

von <0,2% zu beobachten sind.

Bei der Eliminierung wird eine Ausbeute von 96% d.Th. erzielt. Die
20 Gesamtausbeute des neuen Verfahrens liegt damit im Bereich von 65% bis
72% d. Theorie.



ene-21, 17-car bol actone, DRSP, INN) has been known for sone tine as a

st er oi dal

active ingredient (DE 26 52 761 C2 and DE 30 22 337 Al),
production of the last 4 steps is carried out in a single-pot reaction;

whi ch after dinethyl ene propinol ZK 34506 is hydrogenated, none of the

i ntermedi at e MAMOEM8 di net hyl ene propanol gnd 5- B- OH DRSP trﬁ%T’Fd’PE‘“ﬁ‘é?ssed

t hrough are

OH

10

15

| sol ated (see di agram bel ow).

Ein weiterer sehr wesentlicher Vorteil des erfindungsgeméBen Verfahrens
gegentiber dem Stand der Technik liegt im Bereich der Okologie. Es ist
gelungen, die bisher verwendeten toxischen Chromverbindungen, die in Form
der Pyridiniumdichromat -Salze bislang zur Oxidation verwendet wurden und
hinterher in Form ihrer Lésungen entsorgt werden miissen, durch katalytische
Mengen eines Metalls zu ersetzen. Zudem ist es méglich, daB eingesetzte
Acetonitril-Wasser-Gemisch durch azeotrope Destillation zu recycien, so daB

auch keine Gefahr fiir die Umwsit zu erwarten ist.

Weiter beinhaltet die Erfindung die Zwischenprodukte, 7a-(3-Hydroxy-1-propyl)-
6p,7p,15B,16p-dimethylene-5g-androstane-3,5,17p-tricl (ZK 92836) und
6p,7p:15p.16p-Dimethylene-58-hydroxy-3-oxo-17a-androstane-21,17-
carbolactone (90965).

and t he

in



10

15

WO 98/06738 PCT/EP97/04342

-10-

Beispiele:

6p,78;15p,168-dimethylene-58-hydroxy-3-oxo-17a-androstane-21,17-

carbolactone

50 g 17a-(3-Hydroxy-1-propynyl)-68,7p; 158,16p-dimethylene-5p-androstane-
38,5,17p-triol wird in 1000 m! THF in der Gegenwart von 10 g Palladium auf
Kohle (10%) und 3 ml Pyridin hydriert bis 2 Equivalente Wasserstoff
aufgenommen werden. AnschlieBend wird der Katalysator abfiltriert und die
Lésung bis zur Trockne eingeengt, wobei 52,7 g 7a-(3-hydroxy-1-propyl)-68,7p;
158,16@-dimethylene-

5@-androstane-38,5,17p-triol erhalten werden, die ohne Reinigung weiter

umgesetzt werden.

50, 2 g 7a-(3-hydroxy-1-propyl)-68,78; 158,16g-dimethylene-5p-androstane-
3B,5,17p-tricl werden in 250 mi Acetonitril suspendiert und auf 45° C erwarmt.
Hierzu werden 0,52g Rutheniumtrichlorid geldst in 10 ml Wasser und 62,46 g
Natriumbromat geldst in 250 ml Wasser getropft. Es wird 2 Stunden bei 50° C
nachgerihrt und die Lsung anschlieBend durch Zugabe von 1000 ml Wasser
gequencht. Es werden 200 mi Ethylacetat zugesetzt, die Phasen getrennt und
anschlieBend die waBrige Phase mit 600 ml Ethylacetat extrahiert. Die
vereinigten organischen Phasen werden Gber Natriumsulfat getrocknet und
anschlieBend bis zur Trockne eingeengt. Hierbei werden 43,44 g 68,78,158,16p
-Dimethylene-58-hydroxy-3-oxo-17a-androstane-21,17-carbolactone als
Rohprodukt erhalten. Durch Umkristallisieren aus Aceton-lsoether erhalt man

35,79 6B,7p;15p, 16-Dimethylene-5p-hydroxy-3-oxo-17a-androstane-21,17-



[err] The di net hyl ene propi nol ZK 34506 is hydrogenated in
-tetrahydrofuran with hydrogen on pall adi umcarbon into dinethylene
propanol ZK 92836. The hydrogenating solution that is thus obtained, which
contai ns propanol ZK 92836 as the main product and varying proportions of
lactol, is reWews@s™s t hout PCT/ERI74342

I sol ation and i nternedi ate working-up to "dr“ospi renone ZK 30595 (DRSP).

For this purpose, a change of solvent fromtetrahydrofuran

carbolactone mit einem Schmelzpunkt von 216°-218°C. Der Drehwert liegt bei -
65,6°
(Natriumlinie, ¢=1,02 in CHCI3).

5
6p,7p; 158,16p-Dimethylene-3-0x0-17a-pregn-4-ene-21,17-carbolactone
28 g 6p,7p,15p,16p-dimethylene-5p-hydroxy-3-oxo-17a-androstane-21,17-
carbo-lactone werden in 280 ml THF suspendiert und anschlieBend mit 10
10 mol%,

1,5g p-Toluolsulfonsdure versetzt. Nach 30 Minuten werden 125 ml ges. NaCl-

Lésung und 8,2 ml 1n NaOH-Ldsung zugegeben. Nach Phasentrennung wird

die organische Phase {ber Natriumsulfat getrocknet und bis zur Trockne

eingengt, wobei 25,679 6p,7f; 158,16p-dimethylene-3-0x0-17a-pregn-4-ene-
15 21,17-carbolactone als Rohprodukt erhalten, dessen Reinheit nach HPLC-

Bestimmung bei 93% liegt.
Die weitere Aufreinigung kann durch Chromatographie erfoigen.

20 Der Schmelzpunkt der chromatographierten Substanz liegt bei 197,5° -200° C,



to dinethyl formam de first tak and then the propanol is oxidized
-at 40[err]C with an exwummjﬂmﬁjmgl ents of pyridinium dichromate
(PDC) to a m xture of ¢ arn X SP. The 5-B- OH group in the

oxi dation product is |labile conpared to acids, Lewi s acids and basic
condi tions Wwosnlenst ed tenperatures, since in all cases, FCIRMWR04342

t her nodynani cal |y stable product is obtdPned with the formation of the
[err]-4,5-unsaturated ketone in the drospirenone. The elimnation of the
B-OH group in the 5-B-OH DRSP r i t hernodynami cal ly stable
drospirenone, and it was not posg?#%ﬁdég%%ss it. The m xture
generally contains differing proportions of the two conponents, whereby
5-B-OH DRSP is generally present as a main conponent at a ratio of 2-3:1.
In the |ast $})WfagfeﬁmHgismmgpahan, t he two-conponent mxture is

converted by
(68,78; 15p,16p-dimethylene-3-oxo-17a-pregn-4-ene-21,17-carbolactone,

5 DASH)

DRSP

durch katalytische Hydrierung von 17a-(3-hydroxy-1-propynyl)-68,78;158,168-
10 dimethylene-5p-androstane-3p,5,17p-triol (ZK 34506)

OH /\ OH

t‘\

ZK 34506

HO OH



hloric acidtinto the DRSP, crude.

addi ng sem -concentr at edgm” ”
w4 In the table b J‘ﬂi
L

’”W{lﬂur operating preparations are
sumari zed. Pr epar at | . d, crude (% Purity (100%
Met hod) 537201 S 57.2 98.9

202 WO 98/0673%:3. 7 %% 09 203 PCT/EP97/04342

46. 5 99. 18- 204 TV 58.3

98. 81 Tot al Mean Yield: 56.4 Mean Purity: 98.9

in das 7a-(3-hydroxy-1-propyl)-68,78, 158,16p-dimethylene-58-androstane-
3p,5,17p-triol 92836),

OH

o

. “\\

ZK 92836
. HO OH

Oxidation in Gegenwart eines Rutheniumsalzes in das 6p,7p;158,16p-

dimethylene-
5p-hydroxy-3-oxo-17a-androstane-21,17-carbolactone (ZK 90965)

_ 0 ZK 90965
10 OH

und anschiieBende Wasserabspaitung.



By the neans of all m ratlons starting from dinethylene
- propinol, a theoretica ﬂmz@mq)ﬁ#ﬁ crude at an HPLC purity of
98.9% is achieved. e 0 the invention is the provision of a
new production process for drospirenone, which is nore selective and

sinpler in woeasws?®N than that fromthe prior art and in pEgghobiosadz 1S

ecol ogi cal (savings of a chrom umtrioxi-8#4- oxidation). Thi s obj ect
i s achi eved according to t he teaching of the clains. The invention
contains a p (6B, 7B

158, 26m-d me?ﬁ g e(’:'ig[ ???%-éﬁ?ﬁ,g%@gﬁ AiRbth§leRaSe SRirdSane- 5

3p,5,17p-triol (zi_maga_J

OH

OHI_

ZK 92836

HO OH

3.) 68,78;158,168-Dimethylene-58-hydroxy-3-oxo-17a-androstane-

21,17-carbolactone (ZK 90965)
0

.v‘\\

O ZK 90965
OH



21, 17- carbol actone, DRSP) ~ . ) ‘ DRSP
by :cat al yti c-hydrogenation of 17a-(3-hydroxy-1-propynyl)-6B, 7B;
15B, 16B- di net hyl ene- 5- andr ost ane- 3B, 5, 17B-tri ol (ZK 34506)
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terr] |nto 7a- (3- hydroxy-1-propyl )-6B, 7B; 15B, 16B—d|nethylene 5B-

“androstane-3B, 5, 17B-triol (ZK 92836) [err]
6 then oxidation with use of commercially available ruthenium salts,

such as RuC [err], RuJerr], KRuerr], K err]RuQerr], but preferably in
the presence of catalytlc anount s of RuCI[err] (1 nnl@@ and conventional ,
si npl e oxi dP4) nBitdent SPROCESSSFORUTHE PRODUCTION | OF DROBPIRENONE (68,78;

nDrphollne N- oxi de, NLerr &errLO[err] (M= Na, K}, MXOy (M= Li, Na, K
158,16 -DIMETHYL NE-3-OXO-;?&*PRBGN—‘-ENE-:1,17-

CARBOLACTONE, DRSP) AND 7a-(3-HYDROXY=-1-PROPYL)=-68,78;

153,15B-DIMETH!LBNE-SB-ANDROSTANE-38,S,17B-TRIOﬁ (ZK

[CENTRAL CATALOG) 92836) AND 68,78; 158,168-DIMETHYLENE
(57) Abstract

- Process for the production of drospirenone (68,78; 158,168~

dimethylehe-s-oxo-l?a-pregn-4-ene-21,17-carbolactone, DRSP) (1)
and 7a-(3-hydroxy-l1-propyl)-68,78; 158,168-dimethylene-58-
androstane-38,5,178-triol (ZK 92836) and 68,78; 158,168~
diﬁethylene-SB-hydroxy—a-oxo-l?d-androstane-z1,17-carbolactone
(ZK_90965) as intermediate prdducts of the process.

o“‘\

DRSP



B, Cl,~Br, 1: y = 1-4), but preferably 1-3 equival ents of NaBrQ3, in

'sol vents such as acetonitrile, chloroform nethylene chloride, carbon
tetrachl oride, water, tetrahydrofuran, tert-butanol, ethyl acetate or
conbi nati ons thereof, but preferably in an acetonitrile water mxture in
t he conposition of acetonltrlle wat er = I n 6B, 7B;

15B, 16B- di et hyl ene- 5B- hydroxyF§RO%HF9?HA$ﬁ9No§N&Ke 21, 17- car bol act one
(ZK 90965)
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sheets of the publications of international applications
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JP Japan
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[err] * and subsequent dehydration. - As a key reaction, the invention
‘contains the-ruthenium catal yzed oxi dati on of dinethyl ene propanol ZK
92836 t0.5-B-OH DRSP ZK 90965 and the subsequent elinmination of water to
drospi renone ZK 30595 in a two-stage process. _ _

7 Anal ogously to the known process fromthe prior art, in the
process acKBrdingmoor§hﬁcimmém,Reb\m1rqlma§¢n‘w| nol ZK 34506 is

hydr ogenat €8 wi Republitiogefi Koreal | adi um carbon into tetrahydrofuran. The

hydr ogenat K&g sKaza¢batan then subjected to
LC™ Sst. Lucia
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NZ New Zealand
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Sh Sudan
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SK Slovakian Republic
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T3 Tajikistan

TM Turkmenistan

TR Turkey

TT Trinidad and Tobago
UA The Ukraine

UG Uganda

US United States of America
UZ Uzbekistan

VN Vietnam

YU Yugoslavia

ZW Zimbabwe



a change of solvent, fromtetrahydrofuran to acetonitrile. The
acetonitrile solution is oxidized wwth a catalytic anmount of ruthenium
trichloride (1 nol% and 3 equivalents of sodium bromate at :
40[err]-60[err]C, specifically to 5-B-OH DRSP. Despite the significant
lability of 5 B- OH DRSP conpared to acids, Lewis acids, such as, for

exanpl e, ounds in old operating processe or
RETEY o5 ReH A oS

hi gh tenperatures ch in all cases can be attribut hi gh
driving force to formthe nore thernodynamcally stable [err]-4,
5-unsaturated ketone, the selective synthesis of 5-B-OH DRSP can be

acconpl i shed ppdeeskheogetnét plodaeBiohoOf COPOspipenonet (e8] 78; f DSAPL6BA Of
dr ospi renone being observed. The 5-B-OH DRSP can be isolated fromthe

reacti on Bihethylens~3rqredTn-ragnr4sfenaai2dr, Ii7 aarbo lsctone ,t PRSB)| enent
(operationally). The yields are iniﬁ:;range_of 68%to 75% via the two
7a=(3-Hydroxy-1-propyl)-68,78; 155,168—dimethy1ene-
58-androstane-38,5,178-triol (2K _92836) and 68,78; 158,168~
Dimethylene-58-hydroxy-3-oxo-17a~androstane-21,17~carbolactone
(20965) |

as Intermediate Products of the Process.

The invention relates to a process for the production of
drospirenone (68,78; 158,168-dimethylene-3-oxo-17a-pregn-4-ene-
21,17~carbolactone, DRSP) and 7a-(3-hydroxy-l-propyl)-68,78;
155,168-dimethy1ehe-53-androstane-38,5,17B-triol (ZK_92836) and
68,78; 153,16B-dimethylene-sb-hydroxy—3—oxo-l?a-androstane—Z1,17-
carbolactone (2K_90965) as intermediate products of the process.

- Drospirenone (68,78; 158,16R-dimethylene-3-oxo-17a-pregn-4-
ene-21,17-carbolactone, DRSP, INN) has been known for some time
as a steroidal active ingredient (DE 26 52 761 C2 and DE 30 22
337 Al), and the production of the last 4 steps is carried out in
a'single-pot reaction; in which after dimethylene propinol 2K
34506 is hydrogenated, none of the intermediate stages
gige;gylege propanol and 5-£-OH-DRSP that are passed through are

isolated (see diagram below).



st ages: hydrogenation and then Qxida'tion.2 From sone tests, it is known
‘that in the.case of acidic action, drospirenone can be deconposed with
acidic action via two reaction routes. For one thing, under acidic

conditions, the 8 - drospirenone is easily
converted into epineric isolactone ZK 35096.
' OH _ — OH
OH [”’l !
N HoPd |
—
HO OH HO
- Dimethylenpropinol Dimethylenpropanol
ZK 34506 ' n ZK 92836 _
Dimethylene propinol _ . Dimethylene propanol
ZK 34506 _ - 2K 92836
l PDC/OMF
0 — Q =
o e o)
i .
DMF
o 0" ~oH
DRSP 5-8-OH-DRSP
ZK 30585 _ B 7K 90965 ]
DRSP _ 5-8-0OH-DRSP
ZK 30595 ZK 90965

The dimethylene propinol 2K 34506 is hydrogenated in
tetrahydrofurén with hydrogen on palladium~carbon into
dimethylene propanol ZK_92836. The hydrogenating solution that
is thus obtained, which contains propanol ZK 92836 as the main

product and varying proportions of lactol, is reacted without



[erf]-' | The second by-product is ﬁroducgd by an HCO attack on the
- 6, 7-nmet hyl ene group, which results in ring opening product ZK 95673.
[err] . Both by-products are pushed back under the reaction

isolation and intermediate working-up to drospirenone ZK 30595
(DRSP) .
' For this purpose, a change of solvent from tetrahydrofuran
to dimethylformamide first takeé place and then the propanol is
oxidized af 40°C with an excess of 3.7 eqﬁivalents of pyridinium
dichromate (PDC) to‘a mixture of DRSP and 5=8-OH-DRSP. The 5-8-
OH group in the oxidation product is labile compared to acids;
Lewis acids and basic conditions at elevated temperatures, since
in all cases, a more thermodynamically stable product is obtained
with the formation of the a-4,5-unsaturated ketone in the
drospirenone. The elimination of the B-OH group in the 5-8-OH-
DRSP fesults in more thermodynamically stable drospirenone, and
it was not possible to suppress it.

The mixture generally contains differing proportions of the
two components, whereby 5-B-OH-DRSP is generally present as a
main component at a ratio of 2-3:1. In the last stage of the
single-pot segquence, the two-component mixture is converted by

adding semi-concentrated hydrochloric acid into the DRSP, crude.



condi ti ons of the new process to‘the'extena that they can be observed only
on.an order of magnitude of < 0.2% 9

In the el.imnation, a yield of 96% of theory is achieved. The total yield
of the new process thus lies in the range of 65% to 72%of theory.

‘Anot her very basi c advantage of the process according to the invention
conpared to theIpr ithe &ablbib&lbﬂ,thﬁeriagelQBu?CBbéﬁitinbtpPéﬁaPﬁﬁﬂ ns are
possible to replace the previously used toxic chrom um cdonpounds, I ch so
far have beammazddedn the formof pyridiniumdichromate salts for

oxi dation and nust subsequent| be di sposed of in the formof their
sol uti ons, |[by C%r%p%rh%ion

Yield, crude (%) Purity (100%
Method)

537201 57.2 '98.9

202  63.7 : 99.09
203 46.5 99.18
. 98.81

204 ' 58.3

Total Mean Yield: 56.4

By the means of all operational preparations, starting from
dimethylene propinol, a theoretical yield of 56% DRSP, crude at
an HPLC purity of 98.9%, is achieved.

The object of the.invéntion is the provision of a new
production process for drospirenone, which is more selective and
simpler in execution than ;hat from the prior art and; in
addition, is ecological (savings of a chromium trioxide

oxidation).

This object is achieved according to the teaching of the
claims. |

The invention contains a process for the production of

drospirenone (68,78; 153,165-dimethy1ene-3-oxo-l?a-pregn-4-ene-



anounts of a netal. In addition, it is possible to recycle the used

. acetonitrile-water mxture by azeotropic @& stillation, so that also no
danger to the environnent is |ikely. The invention al so contains the
i ntermedi ate products 7a-(3- hydroxy-1-propyl)-6B,7B;,

-15B, 16B- di net hyl ene- 5B- androstane- 3B, 5,17B-triol (ZK 92836) and 6B, 7B;

15B, 16B- di gethyl - 5B- dr spa- 0X0- 17a- andr ost ane- 21, 17- car bol act one
(90965) . ET'{LY §%£Ctme' %ﬁ) 10 WO 98/ 06738

PCT/ EP97/ 04342 Exanpl es: 6B, 7B;:
15B, 16B- Di et hyl ene- 5B- hydr oxy- 3- oxo- 17a- andrg@st ane- 2| , 17-

o)

n“\\

DRSP

by catalytic hydrogenation of 17a~-(3-hydroxy-l-propynyl)-68,78;
158,168~dimethylene~5~androstane-38,5,178~-triol (ZK_34506)

OH \\/\ OH

ZK 34506

HO OH

into 7a-(3-hydroxy-1-propyl)-68,78; 158,168~-dimethylene~58-
androstane-38,5,178-triol (2K 92836)

OH

OH l
“‘\\ .

»

HE ZK 92836

OH



car bol-act one 50 g of 17a-(3-hydroxy-@-propynyl)-6B, 7B; 15B, 16B-

di net hyl ene- 5B- andr ost ane-3B, 5, 17B-triol is hydrogenated into 1000 m of
THF in the presence of 10 g of palladiumon carbon (1099 and 3 m of
pyridine until, 2 equivalents of hydrogen are taken up. Then, the catal yst
is filtered,of f, and the splution is evaporated to the dry state, whereby
52.7 g of 9?39539?5i99 wg@br%ﬁ?l?fGEQ ,rcially available ruthenium

15B, 16B- di | epe-5B- andrqst ane-3B, 5, 17B-tyiol is_obtaiped ighis
further r egg}gé'wgﬁﬁgu?gggpgii'cgﬁocn. ER"&“ tléb?‘b‘g byt pref'eréb]\.@ in the
7a- ( 3- hydr 2dnREOR¥! ks gl %ﬁéﬁ ' .
dinethyleng¥é§§g§%r§gtgﬁgggégg?léﬁb r|oI°$§R%%%bé&dgg¥ﬁ* ﬁﬁg fonvsptional,
acetoni tri kempnd BRIAEHihg 4GEREE] Such- a8 " diyerYpPoxidel -
di ssol ved in %0 m  of matgr?éand 62.%@ g 5?“@%31u b ong?g?edissoeggg% n
250 m of wekpholihe-Reegilae) ﬂ;sgo; 0 < Va, 300V Moy (M =i, e, 1oy 2 =
nore hours at 50[err]C, and the Solution
B, Cl1, Br, 1: Y = 1-4), but preferably 1-3 equivalents of NaBroy,
in solvents such as acetonitrile, chloroform, methylene chloride,
carbon tetrachloride, water, tetrahydrofuran, tert-butanol, ethyl
acetate or combinations thereof, but preferably in an
acetonitrile-water mixture in the composition of
acetonitrile:water = 1:1, in 68,78; 158,16B-dimethylene-58-

hydroxy-3-oxo-17a-androstane-21,17-carbolactone (ZK 90965)

0\
ot

OH . 2K 90965

and subsequent dehydration.

As a key reacﬁion, the invention contains the rutheﬁium-
catalyzed oxidation of dimethylene propanol ZK 92836 to 5-f-QH-
DRSP ZK 90965 and the subsequent elimination of water to
drospirenone ZK 30595 in a two-stage process.



i s then quenched by adding 1000 M of water. 200 m of ethyl acetate is

“added, the phases are separated and then the aqueous phase is extracted
with 600 ml of ethyl acetate. The combined organic phases . are dried on

'sodium sul fate and then evaporated to the dry state. In this case, 43.44
g of 6B, 7B; 15B, 16B-

di et hyl ene- 5B- mgig‘}gﬁglg?e% Blé%%%@%tl : d%énse g{;;/ "0l AL RS dsse, O alned

as crude product. 3577 ¢ ene-

5B- hydr oxypBoo¥s8s 1d8cerdingt €5etKre iﬂv&ﬁé%?fémiéh&méiﬁm ZK. 34506

point of 216[err]-218[err]C is obtained by recr | zation Trom
acet one-i sdst hpdrodénatedavith hydrepenxomtpLl Vad Himbt¥bdi {1wesli um i ne,

c = 1.02 in CHC13).

tetrahydrofuran. The hydrogenating solution is then subjected to
a change of solvent, from tetrahydrofuran to acetonitrile. The
acetoﬁitrile solution is oxidized with a catalytic amount of
ruthenium trichloride (1 mol%) and 3 equivalents of sodium
bromate at 40°-60°C, specifically to 5-8-OH-DRSP. Despite the
significant lability of 5-B-OH-DRSP compared to acids, Lewis
acids, such as, for examplg, chromium compounds.in old operating
processes, strong bases or high temperatures, which in all cases
can be attributed to the high driving force to form the more
-thermodynamidally stable a-4,5-unsaturated ketohe, the selective
synthesis of 5-8-OH-DRSP can be accomplished under the selected
reaction conditions without a formation of drospirenone being
observed. The 5-8-OH-DRSP can be isolated from the reaction
solution by a precipitation of water that is simple to implement
- (operationally). -

Tﬁe yields are in the range of 68% to 75% via the two
stages: hydrogenation and then oxidation.

From some tests, it is known that in the case of acidic

action, drospirenone can be decomposed with acidic action via two

reaction routes. For one thing, under acidic conditions, the



6B, 7B 15B, 16B- Di met hyl ene- 3- oxo- 17a- pr egg- 4- ene-21, 17- car bol act one
28 g of 6B, 7B; 15B, 16B- di net hyl ene- 5B- hydr oxy- 3- oxo- 17a-
andr ost ane- 21, 17-car bol actone is suspended in 280 m of THF and then m xed
with 10 nol % of 1.5 g of p-toluenesulfonic acid. After 30 m nutes, 125 m
of saturated NaCl solution and 8.2 ml of 1N NaOH solution are added. After
phase sepafXPFBArenppeoiganasilphagnvertedi tutonepinenicsisélactane 2K
evapor at ed the dry state, whereby 25.67 g of 6B, 7B;
15B, 16B- di I*ene- 3- oxo- 17a- pregn-4- ene-21, 17-carbol actone i s obtai ned
as crude product, whose purity is approximately 93% according to HPLC
det erm nati on. Further purification can be done by chromatography.
The nmelting point of the chromatographed substance is

o

Gl el

ZK 35096

The second by-product is produced by an HCl attack on the
6,7-methylene group, which results in ring opening product 2K
95673.

0

o)\j
1“‘

cl

ZK 95673
Both by-products are pushed back under the reaction
conditions of the new process to the extent that.they can be

observed only on an order of magnitude of < 0.2%.



9

‘apprioxi mately 197.5[err]-200[err]C. ° VO 98/ 06738

"PCT/ EP97/ 04342 ' C ai s 1. Process for the
production of drospirenone (6B, 7B; 15B, 16B-di net hyl ene- 3- oxo-

17a- pregn-4-ene-21 ,17-carbol act one, DRSP)

In the elimination, a yield of 96% of theory is achieved.
The total yield of the new process thus lies in the range of 65%
to 72% of theory. )
| Another very basic advantage of the process according to the
invention compared to the prior art lies in the range of ecology.
It has been possible to replace:the previously used toxic
chromium compounds, which so far have been used in the form of
pyridinium dich:omate salts for oxidation and must subsequently
be disposed of in the form of their solutions, by catalytic
amounts of a metal. 1In addition, it is possible to recycle the
used aéetonitrile-water mixtgre by azeotropic distillation, so
that also no danger to the environment is likely.

The invention also contains the intermediate products 7a-(3-
hydroxy-1-propyl)-68,78; 158,16B8-dimethylene-58-androstane-
38,5,178-triol (ZK 92836) and 68,78; 158,168-dimethylene-58~

hydroxy-3-oxo-17a-androstane-21, 17-carbolactone (20965).



DRSP by catal ytic hydrogenation of 17 -of 3- hydroxy- 1- propynyl ) - 6B, 7B;

15B, 16B- di et hyl ene- 5- andr ost ane- 3B, 5, 17B-tri ol (ZK 34506) [err]
WO 98/06738 - _ PCT/EP97/04342
Examples:

68,78; 158,16B8~Dimethylene-58-hydroxy~3-oxo-17a-androstane-21,17~
carbolactone _

50 g of 17a-(3-hydroxy-l1-propynyl)=-68,78; 158,168~
dimethylene-58-androstane~38,5,178-triol is hydrogenated into
1000 ml of THF in the presence of 10 g of palladium on ca:bon
(10%) and 3 ml of pyridine until 2 equivalents of hydrogen are
taken up. Then, the catalyst is filtered off, and the solution
is evaporated to the dry state, whereby 52.7 g of 7a-(3-hydroxy-
l-propyl)-68,78; 158,16B-dimethylene~58-androstane-38,5,178-triol
is obtained, which is further reacted without purification.

50.2 g df 7a=-(3-hydroxy-1-propyl)-68,78; 158,168~
dimethylene-58-androstane-38,5,178-triol is suspended in 250 ml
of acetonitrile and heated to 45°C. 0.52 g of ruthenium
trichloride, dissoived in 10 ml of water, and 62.46 g of sodium
bromaﬁe,'diésolved in 250 ml of water, are added in drops to the
above. It is stirred for 2 more hours at 50°C, and the solution
is then quenched by adding 1000 ml of water. 200 ml of ethyl
acetate is added, the phases are separated and then the aqueous
phase is extracted with 600 ml of ethyl acetate. The combined
organic phases are dried on sodium sulfate and then evaporated to
the dry state. In this case, 43.44 g of 6B,78; 158,168~
dimethylene-58-hydroxy-3-oxo-17a-androstane~21,17~carbolactone is
obtained as crude product. 35.7 g of 6B8,78; 158,16B8-dimethylene~-

58-hydroxy-3-oxo-l17a-androstane-21,17-carbolactone with a melting



i nto Ta;(3-hydroxy-l-p(opyr)-6BLYB; 15B, 188- di net hyl ene- 5B-
andr ost ane-3B, 5, 17B-triol (ZK 92836), 13
[err] '

point of 216°-218°C is obtained by recrystallization from
acetone-isoether. The rotation is approximately -65.6°C (sodium

line, ¢ = 1.02 in CHC13).

68,78; 158,163-Dimethylene-3-oxo-l?a-pregn-4-ene-z1,17-
carbolactone
28 g of 68,78; 158,16B-dimethylene~-58~hydroxy~3-oxo-17a~-
- androstane-21,17-carbolactone is suspended in 280 ml of THF and
then mixed with 10 mol% of 1.5 g of p-toluenesulfonic adid.
After 30 minutes, 125 ml of saturated NaCl solution and 8.2 ml of
1N NaOH solution are added. After phase separatidn, the organic
phase is dried on sodium sulfate and evaporated to the dry state,
whereby 25.67 g of 68,78; 158,168-dimethylene-3-oxo-17a-pregn-4-
| ene-21,17-carbolact§ne is obtained as crude product, whose purity
is approximately 93% according to HPLC determination.
Further purification can be done by chromatography.
The melting point of the chromatographed substance is
approximately 197.5°-200°C.
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. Claims
- 1. Process for the production of drospirenone (68,78;
158,168-dimethylene-3~-oxo-17a-pregn-4-ene-21,17-carbolactone,
DRSP)

DRSP

by catalytic hydrogenation of 17a-(3-hydroxy-l-propynyl)-68,78;
153,1GB-dimethylene-S-androstane-3B,5,17B-triol (ZK_34506)

Sz om

“\\

HO ZK 34508

OH

into 7a-(3-hydroxy-1-propy1)-63;73; 158,168-dimethylene-58-
androstane-38,5,178-triol (2K 92836),



and' subsequent “denydr ation: : 13 14 2

. 6B, 7B, 15B, 16B- di net hyl ene- 5B-
mll Ham l HI (ZK 92836) [err]
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oxidation in the presence of a ruthenium salt into 68,78;
158,16B-dimethylene~5a-hydroxy-3-oxo~l17a-androstane-21,17-
carbolactone (ZK_90965)
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and subsequent dehydration.
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2. 7a=(3-Hydroxy-l-propyl)-68,78; 158,16B~dimethylene-58~
androstane-38,5,178-triol (ZK_92836) "
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3. 68,78; 153,16B-Dimethylene-SB-hydroxy-3?oxo-17a-

androstane-21,17-carbolactone (2K _90965)
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