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1 C-ring-substituted pregn-4-ene-21,17-carbolactones, and pharmaceutical
products comprising the same  The present invention relates to
C-ring-substituted pregn-4-ene-21,17-carbolactones of 5the general formula |
in which Formula | R6,7 is an a- or B-methylene and 10R9 is a hydrogen
eteimpasehBdiliscrREnines saloNiner i ftuerintgces) or RS aphattiateaatbar
are a bond. The hydrogen atom R9 is preferably located in the ot position.

The halogen atom R1PIOPYEtsSHYRISEdNR BT position. 15 A fluorine

or chlorine atom are preferred as halogen atom R11; a fluorine atom is
articularly preferred. The ¢ oun%sS ntioned below gre. particularl

e EES 5 R Rm B SO O R B9 T A pA g Tones of

theg pengirakitielel 3-oxo-17-preg n-4-ene-21 ,1713-carbolactone 613,713;
1513,1 613-dimethylene-3-o0xo-1 7-pregna-4,9(1o
1)-diene-21,1713-carbolactone 613,713;13813:¢613-dimethylene-1 1
13-fluoro-3-oxo-1 7-pregn-4-ene-21,1 ‘Fl3-carbolactone 6a,7a;1 513,1
613-dimethylene-1 1 13-flubro=3- _reBi-4-ene-21,1 713-carbolactone

/)

Formula |

in which

R® is an a- or B-methylene and
R? is a hydrogen atom and R*" is a bromine, chlorine or fluorine atom or

R® and R* together are a bond.

The hydrogen atom R? is preferably located in the a position.

The halogen atom R is preferably located in the B position.

A fluorine or chlorine atom are preferred as halogen atom R'*; a fluorine atom is

particularly preferred.

The compounds mentioned below are particularly preferred according to the invention:

11B-chloro-68,78;158,16B-dimethylene-3-oxo-17-pregn-4-ene-21,17B-carbolactone
6B,7B;15pB,16B-dimethylene-3-oxo-17-pregna-4,9(11)-diene-21,17B-carbolactone
6B,7B;15pB,16B-dimethylene-113-fluoro-3-oxo-17-pregn-4-ene-21,17B-carbolactone
60,7a;153,16B3-dimethylene-113-fluoro-3-oxo-17-pregn-4-ene-21,17(3-carbolactone
drospirenone (6[3,73-15p3,16pB-dimethylene-3-oxo-17-pregn-4-ene-21,17(3-carbolactone)
is a new progestogen which is present for example in the oral contraceptive YASMIN®

and the product ANGELIQ" for the treatment of postmenopausal symptoms. Owing to its
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25 drospirenone (613,713-1513,1 613-dimethylene-3-o0xo-1
7-pregn-4-ene-21,1 713-carbolactone).js a new progestogen which is present
for example in the oral contraceptive YASMIN(r) and the product ANGELIQ(r)
for the treatment of postmenopausal symptoms. Owing to its 2

coﬁwﬁmwiy%wlaw?ﬁimt%ﬁ@ rpﬁ’@dgﬁmg@ﬁtta@pt&%ﬁrmé 30 ,ii@rgmm gaf@%r\l/ely
Ion-innibitory dose, drospirenone.Is In the
oA TGRS AR RE A S o BIGET A Ao No ~ RN iy
dosedifi@mt@ the progestational effect, an aldosterone-antagonistic
(antimineralocorticoid) and antiandrogenic effect. These two properties make
drospirenone very similar to the natural progestogen progesterone in its
10pharmacological profile but, unlike drgspi ne, the latter has insufficient
oral bloavallablllty It |s therefore an @ ject fthe present invention to provide
afgher progestational potency than
\ntended to be manifested by a
tlve compound substance
requirement. The compou ed by the present |nvent|on are

20It is further intended that the cOmpounds of thBrios@rdimméave a weaker
antiandrogenic activity than drospirenone.
Drospirenone is notable for having, in addition to the progestational effect, an
aldosterone-antagonistic (antimineralocorticoid) and antiandrogenic effect. These two
properties make drospirenone very similar to the natural progestogen progesterone in its
pharmacological profile but, unlike drospirenone, the latter has insufficient oral

bioavailability.

It is therefore an object of the present invention to provide compounds which are
intended to have a higher progestational potency than drospirenone in vivo. This is
ultimately intended to be manifested by a lower daily dosage and to lead to a lower
active compound substance requirement.

The compounds to be provided by the present invention are intended additionally to
have an antimineralocorticoid effect in vivo which at most is as high as that of
drospirenone but preferably is less than the latter.

It is further intended that the compounds of the invention have a weaker antiandrogenic
activity than drospirenone.

Finally, the compounds of the invention are intended to have high metabolic stability.

WO 2006072467 discloses compounds which show an activity in the pregnancy
maintenance test on rats which is much higher than that of drospirenone and show an
activity on the mineralocorticoid receptor from rat kidney homogenate which is
comparable to that of drospirenone. These compounds are 18-methyl-19-nor-17-pregn-

4-ene-21,17-carbolactones.
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Finally, the compounds of the invention are intended to have high metabolic
stability. WO 2006072467 discloses compounds which show an activity in the
pregnancy 25maintenance test on rats which is much higher than that of
drospirenone and show an activity on the mineralocorticoid receptor from rat
kidney homogenate which is comparable to that of drospirenone. These
Cofpt u%‘égci'a%%e 18 ety onondpreantene el Il cabolacioness 3
c&andompoun S heto{/lng VIO & fees dissoc a?ecfproﬁle A cprospirenone in
theglatisiingtthidie birdrsietonRapidgy BsIaiope! intilTRneptdst ere cisiscriestors
wayestRrpized IfHME OPBE0RAGL reT IR ARIPRHBHE RI®st-4-ene-17,17-spiro

18-methyl-19-nor-androst-4-ene-17,17-spiro 5ethers. A process for preparing
et -6§<opregn-4-ene-21,17-carbolactones by metal-free oxidation of
17-(3-hydroxypropyl)-3,17-dihydroxyandrostanes is described in EP 1 746

A /Egﬁb}c@ésh PP ﬁﬁ%@%&%r@%‘-’i{yei?e%, SPRerBYM VRSN, TR & de (54 RN

or these 10 carbolactones. The only specific compound mentlonec? IS
of §7 3T ¥HRYP P Arh etk dndasiapreyn degrithed In AR 41834 tbhe
phalraapiiegeacacivitylislaqarekldhdeliydne feompeundsamio spadbicahiésaot

shown. The apject of the present invention is achie h he prqvision
co R R LN e OB ML 0 PR er e e QR
3-forivigptetpsérdred?icréircarhelatnmpoiinaspoé tiveg)e hdrdhforand|g, 1 {eswhydro
co‘ﬁ?‘;?(ﬁﬁﬁgyam%%é?fi&ﬂﬁ?'ﬁ‘&ﬂ@ﬂo\%ﬂq 2) are distinguished by an improved profile

of effects. The compounds of the invention are notable for a surprisingly
strong progestational 20activity and have high activity in the pregnancy

THeainianaetpsisentraigafier BLhitasea o aghmiigiratieion ldieheompognds
f the invention, of th eral formula | haye a greater progestational activit
U AT Tl R AT g A i,
Thesenowevedseéthe general formula | (and especially those of Example 1 and 2) are

distinguished by an improved profile of effects.

The compounds of the invention are notable for a surprisingly strong progestational
activity and have high activity in the pregnancy maintenance test on rats after

subcutaneous administration.

The compounds of the invention of the general formula | have a greater progestational
activity with, at the same time, weaker binding to the androgen receptor than

drospirenone.

It has additionally been found that the compounds of the invention show a potassium-

retaining natriuretic (antimineralocorticoid) effect in adrenalectomized rats.
Owing to their progestational activity, the novel compounds of the general formula | can
be used alone or in combination with oestrogen in pharmaceutical products for

contraception.

Thus, the compounds of the invention of the general formula can be used alone, i.e.
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It has additionally been found that the compounds of the invention show a
potassium-retaining natriuretic (antimineralocorticoid) effect in
adrenalectomized rats. 300wing to their progestational activity, the novel
compounds of the general formula | can be used alone or in combination with

wmﬁﬁtreeeiad@eahﬂfﬂpﬁ@@wiﬁglsi@t@awdsvbpeqi%gee@l@ﬁe énwigh mutsgeﬁm@%

bas dD cr)cr)id"fﬁm%sr% Coahl}ie é) rosgelsg%r n?tl%? hay b%gcialPC 0S (?Eilor example
er compounds wit prog St |ona activity geen disciosed,

baeﬁampléieambemhe leraestegtial ievipadogesiféhenpitod dot iiofolbtRpi2tidety
dU A 4B Pfgﬂﬁ%ﬁrﬂ&so‘?‘i’&;bﬁ sing 30 mg of levonorgestrel). 5

Because of their favourable profile of eftects, the compounds of the invention
are particularly suitable for the treatment of premenstrual symptoms such as
Bdwzadadiaiseid epumgsivie profidsfwtitery ctentiongnohasastodyinicention kee

pa?ﬁéﬂ%?@%o‘?ir l hi%#‘fi\’eeﬂ%%{inaerrﬁ iB%%éﬂS%(i g?ﬁéiﬁiﬁé' U@h%%ti‘(é%aches

suit er possible uses a are genera own for progestogens,
defeiessmpleotie YalRinmeisnEPR @AErBaMedAg-disorders, for example of
menorrhagias and metrorrhagias, treatment of corpus luteum insufficiency,

T eeCtreatm c%totf hreretgn ed al?ortionﬁ tre h ent ofd nglpuf gy table for
Fe A R SR iONS Wﬁicﬁ Make &oges repa eméht' aﬁlp’)'ear

furm::aoedlbimespﬁeeeﬁtem@mi@wmfofer @meetawsisofphexma@leuﬁeal
treRAAHR IS WBIRRONBURiIRE AL SPRSORE G%Prﬂfi’élBﬂrﬁéﬁ%ﬁ%?&‘@ri&’iﬂ&i@rihagias,

together with a pharmaceutically acceptable carrier. 20Pharmaceutical

reARARL ST SRR Y SHRINGHBAETRE W B EIHD ARRIY B Fearmgnt
of bR el BrihenythytbmeaBrexn-df Zepriipra-d/9th make progestogen replacement
apngli N§2dad713-carbolactone or 613,713;1 513,1 6I3-dimethylene-1
-fluoro-3-oxo-17-pregn-4-ene-21,1713-carbolactone as active ingredient.
The present invention also relates to pharmaceutical combination products
Thelpeksetbhesiiesatroeipeusoiiare g enphakiniteutlgsddhas Which comprise

harmaceuticall able carr er, c rise,an oestrogen, The e of
a A SRR AT Sl RIS SRR LS e RSO
ackepted!e £ayisrmg, preferably 0.01 to 2 mg, per day. 30The daily dose for the

PRERAERENE Q] BFEMRRS iR S¥IREHGiHR AP PhetRicdPdiOhose comprising
6B,7B;15pB,16B-dimethylene-3-oxo-17-pregna-4,9(11)-diene-21,173-carbolactone or
6B,7B;15pB,16B-dimethylene-113-fluoro-3-oxo-17-pregn-4-ene-21,17p-carbolactone as
active ingredient.

The present invention also relates to pharmaceutical combination products which,
besides a compound of the general formula | and the pharmaceutically acceptable

carrier, comprise an oestrogen.

The dosage of the compounds of the invention in contraceptive products is intended to
be from 0.01 to 5 mg, preferably 0.01 to 2 mg, per day.

The daily dose for the treatment of premenstrual symptoms is about 0.1 to 20 mg.

The progestational and oestrogenic active ingredient components are preferably
administered orally together in contraceptive products. The daily dose is preferably

administered all at once.
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The progestational and oestrogenic active ingredient components are
preferably administered orally together_in contraceptive products. The daily
dose is preferably administered all at once. 5 Suitable oestrogens in the
combination products of the invention for contraception are oestradiol and
synthetic oestrogens, preferably ethinylestradiol, but also mestranol. It is

S atd%iltionaly ossi.blﬁqto usebesters of o s%radfi I, and o{. these in particylar
ulitaple %e Q\BGPS 1n tine CCim matlpn (5‘1“1 UCLS O %e vaeI’l 10N Tor coritraceptuon are
oestradiol 5valerate or else oestradiol benzoate. Thé oestrogén is

oestiafifkendayinthetiane sirnoens, cuaiesplyiéihiitert aiistrogealkodtiesraoahat

It @fewamo%ﬂy i 8sfiferng Rlatbion %?%@Qil%ld ﬂ,@m‘%ﬂ%&@ﬁﬁ%ﬁﬁi& 33t ol
Vaiiﬁagg\éqamount of from 0,01 to 0.04 mg in such contraceptive products. 10 The

bR ARHLASIAHEEMRIR formula | can also be employed in

pharmaceutical products for treating pre-, perk and post-menopausal

THY BURASGE A RERELIEE P4 RIS SRPLRARIYSIHARG AR Gd&Tdgenic effect

Oestrogens used in products of this type for hormone réplacement therapy
to dhatsyitreg- 95 had 6’@5@?6@'&'ﬁ¥!eég'ﬁéablﬁﬁ@@£ﬁéﬁﬂ?&"ﬁﬁtﬁ§'fe@té?:?,dfﬁ‘ra daily
areyannpigroestradia) vaenatpiosetsecontiugpied pesiegaens (CEEs =

conjugated equine estrogens) as are present for example in the product

PREMARIN(r). There have also been descriptions recently of incorporating
THe IR® ¥Rl WO WIS 3G asnere! fofutal GUISYIe ha IRTaRETHELE BRI BREEYEAl

pritpaieilgednacatelu peaalief SosteidrdRuba) ptiptasaiptiGasigducts for
SMetaIIinO' WO 2006/1200§§§i£t0 products for contraception or hormone

hq gﬂ)?ggéﬁ%%ﬁﬁ'gﬂgﬁ “é8% ding stable formulations of tetrahydrofolates
Oggitiogepsogrest dy proaistred s typarticuiamvite sepfacrmentdretany withpaimarily
nRESII086FBEN SesTie N WY (A 4BP80Q3434s, for example oestradiol valerate or

else conjugated oestrogens (CEEs = conjugated equine estrogens) as are present for
example in the product PREMARIN®.

There have also been descriptions recently of incorporating folic acid (WO 99/53910) or
5-methyl-6-(S)-tetrahydrofolate, and of these in particular the calcium salt of 5-methyl-6-
(S)-tetrahydrofolic acid (Metafolin®; WO 2006/120035), into products for contraception
or hormone replacement therapy.

Corresponding stable formulations of tetrahydrofolates with a progestogen alone and in
particular with a progestogen and with an oestrogen are described in WO 2008/003432.
In the case of products for contraception, folic acid or the tetrahydrofolate component
serves to prevent malformation of the maturing foetus. The priority in this connection is

to prevent NTDs (Neural Tube Defects) in the neonate, a serious physical malformation.

It is within the scope of the present invention to employ the novel progestogens of the
invention in analogy to the description in the above publications for previously known

progestogens.

The pharmaceutical products based on the novel compounds are formulated in a

manner known per se by processing the active ingredient, where appropriate in
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25 In the case of products for contraception, folic acid or the tetrahydrofolate
component serves to prevent malformation of the maturing foetus. The
priority in this connection is to prevent NTDs (Neural Tube Defects) in the
neonate, a serious physical malformation. It is within the scope of the

coPiBRRIb MWRRtINJSseBYyRIOWie theelrpepgaptegas AilenB)wHerdiappidpriate

aq(alo to the description in the above pub i{:a ions for reviouslé/ kraov¥n
maskKin avours ., common in alfmaceultic cnno Ogl){, nd converted into th
progéstogens. THe pharmaceutical products base the nével compounds

desteefordioiaigidiioafaianner known per se by processing the active ingredient,

I m@g&tﬁ/@mmgqé%%rm@ Epﬁéhﬁ@aapadﬁtiéfbafb %ﬁgﬂﬂ’éﬁi%%é@ﬂﬁ%mtly with
substances, diluents, where appropriate masking flavours etc., common in
ol BT 2L A RIS A VR Rt FG e ARG IR i oo
préoiumed kit swibeldciompeuiods ake tavb @ugedicaleneiotiie gdiher pulbiications.
oestrogen, jointly with 5folic acid or with a 5-methyl-6-(S)-tetrahydrofolate,
corresponding formulations can be produced as described for previousl
SN

rBYeRigERE MIhRIANBIFE HlnNiRaRibrRAEeHab BN e piRtdAdE S ral
capdunrigtitsiausyensiprrticstantiahtets, coated tablets, capsules, pills,
suspensions or solutions. 10 Suitable for parenteral administration are in
particular oily solutions such as, for example, solutions in sesame oil, castor
Suiralkd¥aesaEsd siMiTSHUKKIGIEEtH AatiSdRIMIY SR EIRS a4Chotekameprinple,

SRR herzasie o basey! lepaldadhsseas tnesssibey d Blkisalimeers

ssible to incorpqrate the substances o invention in a transderm.

S A LGRS R PRI LAY CLETERUAR TESATR e Bt
for the novel compounds to be incorporated, alone or jointly with an

It REFHOHEEIHMAR M AHPURIRITRICN BYRIRER YT IR TRIRASEA S BckadNaRdiRMm

or active ingredients over a i)rolonge_d period, for example an intrauterine

and _ReMINSIsEINeR BasearagiNANAFYYVR) or into a system which is implanted
It isnittentbe sbénibisoior e clotheyoarpogiratiual lyer gleapedhsdtt minaertiopithigreah an

oeigﬁ%gsgﬁ, li“%lé% %ﬁmg}?a%r%%mm@mﬂﬂ%lg%@ 'ﬂ?@ﬁlﬁb& iﬁb%dient or active
ingredients over a prolonged period, for example an intrauterine system (IUS), an
intravaginal ring (IVR) or into a system which is implanted under the skin, from which
they are gradually released after insertion thereof into the uterus or vagina or the

implantation underneath the skin.
Pharmacology

Progestational effect in ovariectomized rats:

The progestational effect was determined as described by Muhn et al. (Muhn, P.,
Krattenmacher, R., Beier, S., Elger, W., and Schillinger, E. (1995). Drospirenone: a novel
progestogen with antimineralocorticoid and antiandrogenic activity. Pharmacological
characterization in animal models. Contraception 51, 99-110).

This entails investigating the ability of the compounds to compensate for the lack of
progesterone in ovariectomized animals which no longer have their own progesterone

synthesis and to maintain pregnancy (“pregnancy maintenance”).
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Pharmacology 25 Proidestational effect in ovariectomized rats: The
progestational effect was determined as described by Muhn et al. (Muhn, P.,
Krattenmacher, R., Beier, S., Eiger, W., and Schillinger, E. (1995).
Drospirenone: a novel 30progestogen with antimineralocorticoid and

FendiRndinganivaghmgy2dthasngeriegicatsnane @iirrionéncayaralonaciads: on
dac%”%as?%gﬁc’r'}‘] ?ti*p%'%&%a[@cis Al %;V%%g&‘r'é‘r%Fhr%&%'AﬁY oL 1o b

é/o poun SutO ompensate 1or 'Eﬁe lack’o gprogesterone in ovaﬁectomlzeoe
tesiniinEdsagiven moviyinys dangentiatioow (Bpilog SStareise/dyitradisemuves started

o RN EPHIP RN I BB Rgysmaintenance”). 7 Female animals weighing
200-230 g were mated. The animals were ovariectomized on day 8 post

EVailiAN(p.c.) and treated with 5 pg/kg/d oestrone. The compounds to be
Onestey averaigivaest ineadrens tt@rmﬂptaﬂiwaee(&uﬂ;@s@ﬂ.mg&g@)eémmmmncy
m¥ASSALENQD SR BRE b7 U AN THEALIAL S dRYFe PEYEINAPHRNMBEYof

after the last treatment, the animals were autopsied. The degree of
detpemEYRAIAtORaTIES W8S PrcaRERA R Qﬁ@ﬁﬂﬂé‘%ﬁ@ MamBerigi Ve fetuses
asegdbiagufener af detectabigemifitmnabpnaitapnidieplosanagdahiadieaingls)
W &e&&i(%abs a%e@}griﬁ%é gﬁgs%,?igi&% %ﬁ%%us as alive. No identifiable implantation
1zed ¢ S

sites (ovariecto onitro §Was defined as 0% pregnancy

ThadRehareeThal D80\t h deptativhaxtraHicAlieR pettiRbwRe defefdged as a

mESSLISHINAS pIRigEBIMBHADRdRe@AsSUre of the progestational potency. It
was found that the compounds of the invention have a progestational potency

which is 15up to four times higher than the progestational effect of
It Vya@gpiueddrm_the compounds of the invention have a progestational potency which is

up to four times higher than the progestational effect of drospirenone.

EDsg

Drospirenone 10 mg/kg/d
Compound of Ex. 1 | 2.9 mg/kg/d
Compound of Ex. 2 | 3.4 mg/kg/d

Table 1: Progestational effect of the compounds in the pregnancy maintenance test.

Progestational effect in ovariectomized rats, correlation of pharmacokinetic values and

pharmacodynamic effects

In order to describe the difference in their progestational potency more precisely, in a
modified pregnancy maintenance experiment blood samples were additionally taken at
various times to determine pharmacokinetic parameters. The rats were pretreated in this
case as described in the preceding experiment. A physiologically based pharmacokinetic
model was developed using the programmes PK-SIM, version 4.0.1 (Bayer Technology
Services, Leverkusen, Germany), GastroPlus version 5.2 (Simulations Plus, Inc.,
Lancaster, CA, USA) and WinNonlin® Professional (version 5.2, Pharsight Corp.,
Mountain View, CA, USA).
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ED5o0 Drospirenone 10 mg/kg/d Compound of Ex. 1 2.9 mg/kg/d Compound
of Ex. 2 3.4 mg/kg/d Table 1: Progestational effect of the compounds in the
pregnancy maintenance test. 20Proidestational effect in ovariectomized rats,
correlation of pharmacokinetic values and pharmacodynamic effects In order

THe eeswibedbeoditerencedn thekpoogesialinnal thetancy Bigke precisely, in a
modified pregnancy maintenance experiment blood,samples wer .
C Ay A B e S A e Mg fermacological
efiegtairretbesprtnpanay Merdgnanreactisnatid baseodsdedsmestiiiedestimation of

APEESosingsexperiment. A physiologically based pharmacokinetic model was

developed using the programmes PK-SIM, version 4.0.1 (Bayer Technology
A Bl A EARLAT ARG SR R RIC U HofVE BHSTHERHENE R s,
drispirdrameastelr e Ap SéunascoMtha Noeliti(n Resféasidnatif\Vedsieyval2es more

thgrhérm Ig\%? fo?%%%ﬁghy&@’&f fﬁ@"irlnjléﬁ?on?é%%d%ﬂm@ rWI%ﬁJH %@lgmeen

between the AUG (area under the curve of the time-concentration profile)
SYRIGIRHCBAORMG B! EliseHie dd RO RIEAREREAPHAATADYB J0Y BiferanY.
miegpragireinayidaainietencaschigveediitesealel thus permitted estimation
of AUCS50 values.

AUC (blood, calculated) in rats necessary
for 80% pregnancy maintenance
Drospirenone 1346 (ug*h/L)

Compound of Ex. 1 210 (ug*h/L)

Table 2: Exposure necessary to achieve pregnancy maintenance (calculated)

Antimineralocorticoid effect of the compounds in adrenalectomized rats (diuresis

experiments):

The antimineralocorticoid effect of the compounds was determined as described by
Losert et al. (Losert, W., Casals-Stenzel, J., and Buse, M. (1985). Progestogens with
antimineralocorticoid activity. Arzneimittelforschung 35, 459-471).

Male animals weighing 180-200 g were adrenalectomized 5 days before the experiment
and received replacement with glucocorticoids. A diuresis experiment was carried out on
day 5 after the adrenalectomy. A continuous infusion of isotonic NaCl solution plus 5%
glucose was administered i.v. to the animals. Simultaneous administration of 1 pg/kg/h
d-aldosterone achieved a constant mineralocorticoid effect, identifiable from sodium
retention and kaliuresis. The test compounds were administered s.c. in various dosages
(3, 10 and 30 mg/kg), and the abolition of the aldosterone-induced sodium retention

indicates an antimineralocorticoid effect.

Evaluation:

The animals were kept in metabolism cages and urine fractions were collected each
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5A statistically significant difference in the progestational in vivo potencies

between drospirenone and the compoynds of the invention was found with
AUCH50 values more than 6 times lower for the compounds of the invention.
Based on the relation between systemic exposure and effect, the AUG in

hddoquh@ eearmRBNEPpRENEN PGB CCBFRENRBGINTIRIAtENANCR/A- Hé@efrﬁiiﬁé@ld@ a

was

flagb%

ym

adren%?ctomlzed
MeFIE

(l;lalculatted rgi:hbl %Pn d’LQI

the BBHAHBE

(gedcalgisd) el

aln enancegyosplrenone
wqrezmtot@pg*aqamsram@ anEsoviae unsies sha gutsed iG] evprcdpiamaiped.

THB@DE?'@@&R%&%M?@MW MtRINRTRIRAARY cRieLEFESHSf e cRBRARES A

rats

CIHS UL RIR

S
T o

diuresis 15ex rﬁerlments) The antimineralocorticoid
&d as described by Losert et al.

(Losert, W., Casals-Stenzel, J., and Buse, M. (1985). Progestogens with

it AU TINGIRIRE ARGl OBGL}H&¥ RO HOUHRIP RN St R bl o IRy

were adrenalectomized 5 days before the

animals Welghln

WRICH &HiRfoHt AR
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experiment was carried out on day 5 after the adrenalectomy. A continuous

infusion of isotoni¢Nactsotutionplus5%

the animals. Simu
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on of 1 pg/kag/h d-ald
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ke3R8 P4htimin

istered s.c. in

ralocorticoid

and the abolition anhe

effect. Evaluation:

Table 3: Antimineralocorticoid effect of the compounds in the diuresis experiment.

Antiandrogenic effect of the compounds in vitro in the antiandrogen transactivation

assay:

The antiandrogenic effect was carried out as described in Schneider et al. (Schneider K.,
Graf E., Irran E., Nicholson G., Stainsby F.M., Goodfellow M., Borden S.A., Keller S.,
Siussmuth R.D. and Fiedler H.P. (2008) Bendigoles A~C, New Steroids from Gordonia
australis Acta 2299, J. Antibiotics (Tokyo) 61 (6), 356-364).

The culture medium used for culturing cells used for the assay was RPMI (PAA, #E15-
49) with 10% FCS, 200 mM L-glutamine, 100 U/100 pg/ml penicillin/streptomycin.
Reporter cell lines (PC3 cells stably transfected with human androgen receptor (hAR)
and a reporter construct which comprises luciferase under the control of an androgen-
responsive promoter (MMTV)) were grown at a density of 4 x 10* cells per well in white,
opaque tissue culture plates with 96 wells in each (Perkin Elmer, #P12-106-017) and
maintained in culture medium with 3% DCC-FCS (serum treated with activated carbon to
remove interfering components present in the serum). The compounds to be
investigated were added eight hours later, and the cells were incubated with the
compounds for 16 hours. The experiments were carried out in triplicate. At the end of the

incubation, the effector-containing medium was removed and replaced by lysis buffer.
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30The animals were kept in metabolism cages and urine fractions were
collected each 9 hour. The sodium and potassium ion concentration in the
urine was determined by a flame-photometry method, and the Na/K ratio was
calculated therefrom. The Na/K ratios were plotted against time and the area

Aftirdesifbrasiineedpblibbuwas gaigraipegelbelFRPadHsaneaob@tian plawiidith the

he half-maximum effect occurs) was determined. as,a,5measu h
o A e Ry TRV N IVAT o (R R o)
andveationinesee aerivisdreatidaib ditealéiivplwesonete fiyelvateds ugingiemigvase for

ca@%ﬁ@ﬂé@%tﬁﬁt}h@l&%ﬁéﬁ ir %@’Lﬁfic%ﬁﬁ%ﬁwiﬂ%‘ BER B9k
f’Found of Ex. 1 5.9. mg/k dfCom ound of Ex. 2 12.3 %/kg{/Zd' 10 Table

Com m
MmaxIR ﬂ?wﬁﬁ%?&ﬁ%%‘?ﬂb%}asé’ﬁé% A& ESImbEY ARG L alAE aRpaPIHRgSD

(hydroxyflutamide).

It was found that the compounds of the invention have weaker antiandrogenic activity

than drospirenone in vitro.

ICso [MM] Efficacy
Drospirenone 0.12 40.3
Compound of Ex. 1 | 0.24 19.3
Compound of Ex. 2 | 0.16 31.9

Table 4: Antiandrogenic effect of the compounds in the transactivation assay.

Antiandrogenic effect of the compounds in orchidectomized rats (Hershberger):

The antiandrogenic effect of the compounds was determined as described in Muhn et al.
(Muhn, P., Krattenmacher, R., Beier, S., Elger, W., and Schillinger, E. (1995).
Drospirenone: a novel progestogen with antimineralocorticoid and antiandrogenic
activity. Pharmacological characterization in animal models. Contraception 51, 99-110).
This entails testing the suitability of the compounds for inhibiting the androgen-
dependent growth of prostate, seminal vesicle and levator ani muscle in young, male,
castrated rats receiving androgen replacement.

For this purpose, young rats are initially castrated. Eight days after the orchidectomy, the
animals receive 1 mg/kg/day testosterone propionate (TP) s.c. alone or in combination
with the test substances (10 mg/kg/day) for seven days.

On day 15 after the orchidectomy, the animals are sacrificed, and prostate, seminal
vesicle and levator ani muscle are dissected out, and the relative wet weight is
determined. The inhibited androgen-induced growth serves as a measure of the
antiandrogenic effect of the test substance. The antiandrogenic effect was converted into

per cent inhibition, with full effect (100% inhibition) when the prostate weight
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Antiandroidenic effect of the compounds in vitro in the antiandroiden
transactivation assay: 15 The antiandiggenic effect was carried out as
described in Schneider et al. (Schneidér K., Graf E., Man E., Nicholson G.,
Stainsby F.M., Goodfellow M., Borden S.A., Keller S., Sussmuth R.D. and

conegiendbi i AT Beadigales anl oMannhibigsaidm&ivmcrodenéamishialis

Coﬁ%tsa 2,%8& L fﬁgﬂﬁ;otiggt I(n'l;aokyo) 61(6), 356-364). 20The culture medium
(ISe6 90 U uring ce}s use %or the assay was RPM! (PAA, #E15- 49) with
10% FCS, 200 mM L-glutamine, 100 U/100 pg/ml penicillin/streptomycin.
Reporter cellfines (PC3 cells stably,{Exasigere rdeumanamsioen
receptor (hAR)-and a reporter construct which comprises luciferase under the
control of anHREPY§EAYR sponsivérdtoter (MMTV)) were grown |at a
density of 4 cafbaalls greravell [nvebite, 250paque tissue culture plates with
96 wells in pach-{Perkin-Elme; #B12-106-6 ane-maintainedHa-culture
medium with (Serum treated with activated carbon tp remove
interfering corvpEieioRept 1n7fhé%erum). The compounds to be
investigated were added eight hours fater, and the cetis were incubated with
the compounds for 16 hours. The experiments were carried out in triplicate.

TaRlq e APHPBRHRRC B FEGE LA SRR RIS -LoEIRE YRR S as removed
and replaced by lysis buffer. 10 After luciferase assay substrate (Promega,

|n§'§nﬂe%%ﬁ;%ﬂiﬁ‘ﬁ$&r%ﬂﬂﬁgr P&ifé?ﬁ%ﬂ%ﬁ%ﬁ%@eﬁﬁgﬁﬁ ﬁ%%'fhl@%%ﬁg ito

icroplate luminometer (Pherastar, BMG la 1d the luminescence
StipAg ARdaRArREETheest GNARIESRIFERE RS Al 6RMRIELRIN §ISBRGY ARdiIagHrogenic

efRRICW LRI SORETAEHNtFASElRdiIRRS MBS thE G BificacysibeieatRsdhtopeseanhof
tthe gmaximu e[fect by comparison with the maximum effect of a reference
antiandro qfﬁ?/

ah |anc§]r%%]“<:er(1e droxyflutamide). It was found that the compounds of the

invention have weaker antiandrogenic activity than drospirenone in vitro. 10
AlfRRIFRARIE @AY of the compounds in orchidectomized rats, investigation of gene

expression

As a modification of the Hershberger assay described above, in addition animals were
sacrificed 24 hours after the first treatment (1 mg/kg TP, 10 mg/kg test substance), and
prostate tissue was shock-frozen immediately after the autopsy and then employed for
MRNA isolation. A quantitative PCR method (TagMan) was used to investigate the
induction (x-fold induction factor) of androgen-stimulated genes, inter alia of steroid
biosynthesis (e.g. IDI1, NM 004508.2) as a measure of the androgenic effect of TP and
the inhibition thereof by the compounds of the invention. The inhibition was converted
into % inhibition, with complete inhibition (100%) when the induction factor is 1, and 0%

inhibition when the induction factor is that of TP.

x-fold induction factor of Antiandrogenic effect
IDI1 mRNA after TP (% inhibition)

administration

Control (TP) 7.07 0%




Drospirenone 0.12 40.3 Compound of Ex. 1 0.24 19.3 Compound of Ex. 2
0.16 31.9 Table 4: Antiandrogenic effegt of the compounds in the
transactivation assay. Antiandroidenic effect of the compounds in
orchidectomized rats (Hershbender): 15 The antiandrogenic effect of the
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receiving androgen replacement. For this purpose, young rats are initially
castrated. Eight days.after the.orchidectomy, the animals receive .1
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levator ﬁnl musc#?ﬁ are dissected out, and the relative wet weight is

MO RN hE" Hibited androgen-induced growth serves as a measure of
the antiandrogenic effect of the test substance. The antiandrogenic effect

TH%%QQ%%HHQ of the general formula | are prepared according to the invention
as described below. The synthesis route for the novel C-ring-substituted pregn-4-ene-
21,17-carbolactones shown in Scheme 1 starts for example from the known compound 1
[CAS: 95218-07-8, Nickisch et al. J. Med. Chem. 1985, 546-550].

Introduction of a A*** double bond for example by mesylation and elimination
[Chamberlin et al. J. Org. Chem. 1960, 295] affords compound 2 (Example 1).

Scheme 1




10

30per cent inhibition, with full effect (100% inhibition) when the prostate
weight 11 corresponded to the vehicle gcontrol, and 0% inhibition when the
prostate weight corresponded to the treatment. Antiandrogenic effect (%
inhibition) Drospirenone 22.5% Compound of Ex. 1 <0% Compound of Ex. 2

MeO

MeO
12

13

Scheme 2

Conditions: a) Aspergillus ochraceus; b) CH3;SO,Cl, pyridine, DMAP; c) NaOAc, AcOH,
Ac,0; d) dibromodimethylhydantoin, HF-pyridine (70%), dichloromethane; e) BusSnH /
AIBN / benzene; f) 2,2-dimethoxypropane, pyridinium-pTsOH,;

g) CH,=CHCH,OPO(NMe,),, n-BuLi, THF; h) 1. N-methylpyrrolidone, NaOAc / H,0O,
dibromodimethylhydantoin, 2. LiBr / Li,COg; i) (CH3)3SO-I, DMSO, NaH.

Another process for preparing the compound of the invention is shown in Scheme 2.
(5) is obtained from the known 153,163-methyleneandrost-4-ene-3,17-dione [Wiechert et

al. Chem. Ber. 106, 1973, 888] (4) by microbiological hydroxylation in a fermentor with

microorganisms which bring about hydroxylation of the steroid in the 11 position, in



10

15

20

25

30

Antiandrogenic effect of the compounds in orchidectomized rats, investigation
of gene expression 15As a modificatign of the Hershberger assay described
above, in addition animals were sacrificed 24 hours after the first treatment (1
mg/kg TP, 10 mg/kg test substance), and prostate tissue was shock-frozen

pafkNRMlinels aflerpbstantangyriktbesRDAIONEE By MBRIMdaRIAISN, A
uantitative PCR method (Ta lxlan% was used to investigate the induction

AR R cASPRERUILT) B AR BB nPsRANEE e BOTHR R 6t Steroid

CdObiosyyitbe sis (EagoieditiaNM, MIBA8 R as spmdéasvrdachthe, dnciaoganisp.,

cBiERIASH avbHBINRIRILON MGIRRLRY 45 ERBIRGHALS OHARISYGRIIgRThe

inhibition was converted into % inhibition, with complete inhibition (100%
HelRRFHNE AR RN FHBRSPR MR- A6 HRTBIMBHSh MYERE SR DU RS Q0TS
Rlil@bat Ep., Splolstriohuection, fagterphdREiumRINA aftewbinadiminspiration

Antiandrogenic effect (% inhibition) Control (TP) 7.07 0% 12 TP + DRSP

5.3927% TP + Ex. 1 7.89
Use is made in particular of Absidia orchidis, Absidia coerulea, Acremonium strictum,

Ascochyta clematidina, Aspergillus alliaceus, Aspergillus awamori, Aspergillus fischeri,
Aspergillus flavus, Aspergillus malignus, Aspergillus melleus, Aspergillus nidulans,
Aspergillus niger, Aspergillus ochraceus, Aspergillus variecolor, Bacillus megaterium,
Beauveria bassiana, Beauveria tenella, Botryodiplodia malorum, Caldariomyces fumago,
Calonectria decora, Colletotrichum phomoides, Curvularia lunata, Fusarium oxysporium,
Fusarium solani, Gibberella zeae, Glomerella cingulata, Gloeosporium fructigenum,
Gloeosporium higgensianum, Gloeosporium kaki, Gloeosporium lacticolor,
Gloeosporium olivarum, Glomerella fusaroides, Gnomonia cingulata, Haplosporella
hesperedica, Helminthosporium sp., Helicostylum piriforme, Metarhizium anisopliae,
Mucor plumbeus, Mucor spinosus, Nigrospora sphaerica, Rhizopus arrhizus, Rhizopus
cohnii, Rhizopus delemar, Rhizopus japonicus, Rhizopus kazaensis, Rhizopus
microsporus, Rhizopus oryzae, Rhizopus shanghaiensis, Rhizopus stolonifer, Rhizopus
tritici, Sporotrichum sulfurescens, Syncephalastrum racemosum, Wojnowicia graminis

and Wojnowicia hirta.

Those particularly employed are Absidia orchidis (ATCC 6647), Acremonium strictum
(NRRL 5759), Ascochyta clematidina (CBS), Aspergillus alliaceus (ATCC 10060),
Aspergillus awamori (CBS), Aspergillus fischeri (ATCC 1020), Aspergillus malignus

(IMI 16061), Aspergillus melleus (CBS), Aspergillus nidulans (ATCC 11267), Aspergillus
niger (ATCC 9142, ATCC 11394), Aspergillus ochraceus (NRRL 405, NRRL 410,

CBS 13252, ATCC 46504), Aspergillus variecolor (ATCC 10067), Bacillus megaterium
(ATCC 13368), Beauveria bassiana (IFO 5838, ATCC 13144, IFO 4848, CBS 11025,
CBS 12736, ATCC 7159), Botryodiplodia malorum (CBS 13450), Caldariomyces fumago
(ATCC 16373), Calonectria decora (ATCC 14767), Curvularia lunata (IX 3, NRRL 2380),
Fusarium solani (ATCC 12823), Fusarium oxysporum (ATCC 7808), Gibberella zeae
(CBS 4474), Glomerella cingulata (ATCC 12097, ATCC 10534, CBS 23849, CBS 23749,
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<0% TP + CPA 1.53 91% TP = testosterone propionate; DRSP =
drospirenone; CPA = cyproterone acei%te Table 6: Antiandrogenic effect of
the compounds: alteration in gene expression In agreement with their clinical
profile it was found that cyproterone acetate shows a 5strong antiandrogenic

Ardecterad draspisp o spRliOBAISNNCRNSeosragetc oHest HOES 7,
in co t the compoungd of invention show

A R A AT, TR RS Eor ARSI L ot T

(Chepardd attandisnpielithbasenedma (0BS @888rbddehedsiyluThpidipntie sis

(ATEEEEdOs 1)) gHRRVRH oY FBnH R R Pregn /ARy ididh-SARRYIREIQNRS 5940),

shown in Scheme 1 star'§ for example from the known com&ound 1 [éZAS:

MRS PPN CRISCAP b3, RSO P 0 vl SR ER B zus

(ATEI11dd4b)e Riondpics enaaep(& DYCHEESFand & arki &0iPniG Btosdiia Riberdipust
sté\brﬂfe@(ﬂ’reaefgﬁ'ﬂ?gyggépl@F&’gﬁﬁrﬁ(}'g&@m&gra é%@%@?) ]a)ndlﬁloj rqowicia

graminis (CBS 89168).

The 11-hydroxysteroid 5 is then converted for example by mesylation and basic
elimination of the methanesulphonic acid into the A**? derivative 7. The latter can be
converted for example by a bromofluorination of the A*™® double bond by known
processes, e.g. with Olah’s reagent/N-bromosuccinimide [Olah et al. Synthesis 1973,
780] into the dione 8, and converted by reduction debromination, e.g. with tributyltin
hydride, into the fluoro dione 9. After protection of the 4-en-3-one system (9) as dienol
ether 10, the spirolactone is established for example by the method of Sturtz [Synthesis
1980, 289] or alternatively by known processes [Bittler Angew. i.e. 21 1982, 696; Laurent
J. Steroid Biochem. 19 1983, 771]. Compound 11 can be converted for example by
dienol ether bromination in analogy to the method of [J.A. Zderic, Humberto Carpio, A.
Bowers and Carl Djerassi Steroids 1 1963, 233] and hydrogen bromide elimination by
heating the 6-bromo compound with basic reagents such as, for example, LiBr or Li,CO;
in aprotic solvents such as, for example, dimethylformamide or 1-methyl-2-pyrrolidone at
temperatures of 50—-120C or else by heating the 6-b romo compounds in a solvent such
as collidine or lutidine, into the 4,6-dien-3-one 12. Compound 12 is then converted by
methenylation of the A°® double bond by known processes, e.g. with
dimethylsulphoxonium methylide [see, for example, DE-A 11 83 500, DE-A 29 22 500,
EP-A 0 019 690, US-A 4,291,029; E. J. Corey und M. Chaykovsky, J.Am.Chem.Soc. 84
1962, 867] into a compound 13, resulting in a mixture of the a and 8 isomers (the ratio
depends on the substrates used, with the 3 isomer usually distinctly predominating),
which can be separated into the individual isomers for example by chromatography.
Introduction of an 11-fluoro group can also take place as shown in Scheme 3 for
example starting from an 11-hydroxy 4-enedione 5 by reaction with nonaflyl fluoride and
DBU in an organic solvent, e.g. tetrahydrofuran [see, for example, Bennua-Skalmowski,

Tet. Lett. 1995, 2611] to form a mixture of the abovementioned 11-fluorosteroide 9 and



213 456 789
16

of the likewise abovementioned A’ derivative 7, which can be separated into the

individual compounds by chromatography, and subsequently be reacted further as

described above.

13

Scheme 3

Conditions: ¢’/ ") NfF, DBU, THF; d - i ) see Scheme 2.
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101112 13 Scheme 2 Conditions: a) Aspergillus ochraceus; b)
CH3S02C1, pyridine, DMAP; c) NaOA¢, AcOH, 5AC20; d)
dibromodimethylhydantoin, HE-pyridine (70%), dichloromethane; €) Bu3SnH
/ AIBN / benzene; f) 2,2-dimethoxypropane, pyridinium-pTsOH; g)
CH2=CHCH20OPO(NMe2)2, n-BuLi, THE; h) 1. N-methylpyrrolidone, NaOAc /
HZOHOdlbrmdimethylhyd%ntoin o LiBr / Li2CO3; (C 350 1, DMSO, NaH.
ocess for prepa MNpvention is shown in
026 is obtainet s
537463 methyleneg * g~
106 51973 888] (4) by midrobiological h%’roxylﬁtlon in a fermentor with
microorganisms which bring about hydroxylaUc?n of the steroid in the 11
positign, in 14 particular in the 11ot position, e.g. of the species Absidia sp.,
Acre on|u sp., Ascochyta sp., Aspergillus sp., Bac@lizsp Beauveria sp.,
es gp., Calonectria olletotrichum sp.,
.,«
m sp., Glomerella

minthosporium

Scheme 4

See Scheme 2 (R = methyl, tolyl) for all reaction conditions

Starting from 11-hydroxysteroid 5 it is possible in 5 stages to prepare the 4,6-dien-3-one

18 by methods described above, from which the compound 2 of the invention is

subsequently obtained by methenylation of the 6,7 double bond (see above).
The 4,6-dien-3-one 18 can also be obtained starting from the 4-en-3-one 7 in three

stages by methods described above.

The intermediate compounds of the formulae 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 17, 18,

19 and 20 are all new compounds. The present invention therefore relates to all of them.

The present invention additionally relates to the use thereof as starting compounds and

intermediates for the preparation of the compounds of the invention of the general



Rhizopus sp., Sporotrichum sp., Syncephalastrum sp., and Wojnowicia sp..
Use is made in particular of Absidia orghidis, Absidia coerulea, Acremonium
strictum, Ascochyta clematidina, Aspergillus alliaceus, Aspergillus awamori,
Aspergillus fischeri, 10Aspergillus flavus, Aspergillus malignus, Aspergillus

formelleus, Aspergillus nidulans, Aspergillus niger, Aspergillus ochraceus,
Aspergillus variecolor, Bacillus megaterium, Beauveria bassiana, Beauveria
tenella, Botryodiplodia malorum, Caldariomyces fumago, Calonectria decora,

TrednbestingreranpiviesrrsitestoGunlalatike linveriioPus Anere dsteiporium,
Fusarium solani, Gibberella zeae, Glomerella cingulata, Gloeosporium
fructigenum, 15Gloeosporium higgensianum, Gloeosporium kaki,
Gloeosporium lacticolor, Gloeosporium olivarum, Glomerella fusaroides,
Gnomonia cingulata, Haplosporella hesperedica, Helminthosporium sp.,
Helicostylum piriforme, Metarhizium anisopliae, Mucor plumbeus, Mucor
spinosus, Nigrospora sphaerica, Rhizopus arrhizus, Rhizopus cohnii,
Rhizopus delemar, Rhizopus japonicus, Rhizopus kazaensis, Rhizopus
20microsporus, Rhizopus oryzae, Rhizopus shanghaiensis, Rhizopus
stolonifer, Rhizopus tritici, Sporotrichum sulfurescens, Syncephalastrum
racemosum, Wojnowicia graminis and Wojnowicia hirta. Those particularly
employed are Absidia orchidis (ATCC 6647), Acremonium strictum 25(NRRL
5759), Ascochyta clematidina (CBS), Aspergillus alliaceus (ATCC 10060),
Aspergillus awamori (CBS), Aspergillus fischeri (ATCC 1020), Aspergillus
malignus (IMI 16061), Aspergillus melleus (CBS), Aspergillus nidulans
(ATCC 11267), Aspergillus niger (ATCC 9142, ATCC 11394), Aspergillus
ochraceus (NRRL 405, NRRL 410, CBS 13252, ATCC 46504), Aspergillus
variecolor (ATCC 10067), Bacillus megaterium 30(ATCC 13368), Beauveria
bassiana (IFO 5838, ATCC 13144, IFO 4848, CBS 11025, CBS 12736,
ATCC 7159), Botryodiplodia malorum (CBS 13450), Caldariomyces fumago
(ATCC 16373), Calonectria decora (ATCC 14767), Curvularia lunata (IX 3,
NRRL 2380), Fusarium solani (ATCC 12823), Fusarium oxysporum (ATCC
7808), Gibberella zeae (CBS 4474), Glomerella cingulata (ATCC 12097,
ATCC 10534, CBS 23849, CBS 23749,
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15 ATCC 16646, IFO 6459, IFO 6425, IFO 6470, ATCC 15093, ATCC 10529,
IFO 5257, ATCC 56596, ATCC 646822 Glomerella fusaroides (ATCC 9552),
Gnomonia cingulata (CBS 15226), Hap?osporella hesperedica (CBS 20837),
Helicostylum piriforme (ATCC 8992), Helminthosporium sp. (NRRL 4671),
Metarhizium anisopliae (IFO 5940gxaMplecr plumbeus (CBS 29563),

o AR R AR 755 o

stolonifer (ATCC 15441), Syncephalastrum racemosum (IFO 4827) and
2) BRI iga spaniRisHfRe- 89 Rl dMhlesldbudrprygtelcid & s therg.
converted for example by mesylation and basic elimination of the
CahRIASR88 uIphonic acid into the A9(11) derivative 7. The latter can be
converted for example by a bromofluorination of the ell) double bond by
known processes, e.g. with Olah's reagent/N-Qgomosuccinimide [Olah et al.
Synthesis 1973, 780] into the dione| 8, and converted by reduction
debromination, e.g. with tributylha:l;ih@dride,ci) tothe fluoro dione 9. After
protection of the 4-en-3-one system (9) as djenol ether 10, the spirolactone is
established for example by the methdg [Synthesis 1980, 289] or
B e. 211982, 696; Laurent J
an be converted for example
he method of [J.A. Zderic,
' jerassi Steroids 1 1963, 233] and
hydrogen bromide elimination by heating the 6-bromo compound with basic
reagents such as, for example, LiBr or Li2CO3 in aprotic solvents such as, for
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with the_p isomer usually distinctly. predominating), 30which can be separate
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16 of the likewise abovementioned a,9(n) derivative 7, which can be
separated into the individual compoungs by chromatography, and
subsequently be reacted further as described above. Scheme 3 Conditions: ¢
/ ") NfF, DBU, THE; d - i) see Scheme 2. 2 Scheme 4 See Scheme 2 (R =

b)BRINE!1 6PVIOF Wik tpaschie3-oxBditigie nSiading)fmsnel i-hydrgxysisspictdnd
is possible in 5 stages to prepare the 4,6-dien-3-one 18 by methods
described above, from which the compound 2 of the invention is

0.5 ml of acetic anhydride was added to a solution of 18.5 g of 63,73;1583,16-
dimethylene-11a-mesyloxy-3-oxo-17-pregn-4-ene-21,17B-carbolactone in 50 ml of acetic
acid at 25T, and the mixture was stirred at a bath temperature of 100C for 8 hours. It
was then added to water, extracted three times with ethyl acetate, washed with water
and brine until neutral, dried over sodium sulphate, and concentrated in vacuo at 40C.
15.2 g of crude 6f3,78;15B,16B-dimethylene-3-oxo-17-pregna-4,9(11)-diene-21,174-
carbolactone were obtained. Chromatrography on silica gel with hexane/ethyl acetate
resulted in 7.5 g of pure product as solid.

MS (El): m/z = 364 (M");

'H-NMR (400 MHz, CDCI3): & = 6.07 (s, 1H), 4.96 (m, 1H), 2.97 (s, 3H), 2.75-2.51 (m,
3H), 2.47-2.31 (m, 3H), 2.22-1.84 (m, 5H), 1.77-1.41 (m, 8H), 1.32-1.23 (m, 2H),1.03 (s,
3H), 0.84 (m, 1H).

Example 2
6B,78;158,16B-Dimethylene-11 B-fluoro-3-oxo-17-pregn-4-ene-21,17 B-carbolactone

a) 11a-Hydroxy-15 B,16B-methyleneandrost-4-ene-3,17-dione

O
HO,,,
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The following examples serve to explain the invention in more detail: 19
Example 1 613,713;

1513,16p-Dimethylene-3-o0x0-17- pregna -4,9(11)-diene-21,17p-carbolactone
a) 613,713;

A 15E?Léﬁﬁe@@mﬂﬁbylwﬂamagmewlammcsdlaﬁaregmérﬂw%béﬂmfbalm
a0l S IEPUIRIRR UPS AGIaEe AREIS dPcfs A e eLiaeg ©f
llqmgmﬁxa%hszl@crlmnlmatwdﬂy&%%ﬁ@smpiégﬁqugénmsnﬁq@f@ZHmmgmlum

hyl%g%n%?o%%r%?e8omm§faaa§§@kn~k%ﬁaecd@% KB MaRMARS0 Ml of
he@\/ﬁ? ine at 0C, and the mixt re was shrred at 25C for 2 hOéJI‘S It wa then

8@&&?8%91088&8&{8”(1} SHEGARRSUANIN ViR 0bIREGE Cohldi ‘Br‘? Water

in@ndartheitmé | 2nel DM SAried ovitursatithe suhphAspeagituvcauteatate (NRRL 405)
antPGhaéah %p%"é%ﬁfr{&%ﬁ/ @ﬁa&%ﬂaﬁ%ﬁ&m%%% ﬂrﬂﬁhte for 71.5 hours. This

15mesyloxy-3-0x0-17-pregn-4-ene-21,17[3-carbolactone were obtained as a

pr%’ﬂlﬁwfl*f"?\ﬁ\h'ﬁefti@dq\ﬂﬂ%a BEf) fegme@t@iv@ oPHyas @AVt | of sterile
médafinZobih&sartd firhbéordpésifion egcabdmtolthp Breésul@er)inlddyition, before

& SRR, P40t RS af £ b e et b G 48
adglerd ShisHgrpesgeryvasHncapatEg pndarsastperatmospheric pressure of 0.7 bar, at a
teipraikfd S2Betiie Aeraionxils tp@aant.o ddd wWikne stilrihd ba<es beasion

e .. ,
revolutions per minute for 47.5 hours.

2.5 | of preculture were removed from this 20 | fermenter in order to inoculate a 50 |
fermenter which was charged with 47.5 | of sterile medium of the same final composition
as described for the preculture. Before the sterilization, 2.5 ml of silicone oil and 2.5 ml of
Synperonic were added. After an initial growth phase of 10 hours under a
superatmospheric pressure of 0.7 bar, at a temperature of 28C, with aeration at 10 | per
minute and with a stirring speed of 350 revolutions per minute, a solution of 10.0 g of
15B,16B-methyleneandrost-4-ene-3,17-dione in 200 ml of DMF was added. Stirring was

continued with aeration. The culture broth was harvested after 26 hours.

5.0 | of preculture were removed from the 20 | fermenter in order to inoculate a 100 |
fermenter which was charged with 95.0 | of sterile medium of the same final composition
as described for the preculture. Before the sterilization, 5.0 ml of silicone oil and 5.0 ml of
Synperonic were added. After an initial growth phase of 10 hours under a
superatmospheric pressure of 0.7 bar, at a temperature of 28C, with aeration at 20 | per
minute and with a stirring speed of 350 revolutions per minute, a solution of 20.0 g of
1583,16B-methyleneandrost-4-ene-3,17-dione in 400 ml of DMF was added. Stirring was

continued with aeration. The culture broth was harvested after 26.25 hours.

The two culture broths were combined and extracted with 60 | of methyl isobutyl ketone

for 19.75 hours. The combined organic phases were concentrated to dryness. The
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50.5 ml of acetic anhydride was added to a solution of 18.59 of 613,713;
1513,1613- 2
dimethylene-11a-mesyloxy-3-0xo0-17-pregn-4-ene-21,1713-carbolactone in
50 ml of acetic acid at 25C, and the mixture was stirred at a bath temperature

regﬁh&?Qﬁéwa%MVﬁtHd&wgﬁq@madd t_@m@@;r@&tr@@mgoyh;ﬂaetmwi%s

ethyl acetate, washed with wat ine until neutral, dried, over

g A O Ao Tmad e TS o b R AP

mathyRnEIBlgishétayR:3c B-droelveprdsplatedo(11)-diene-21,1713-
carbolactone were obtained. Chromatrography on silica gel with hexane/ethyl
acetate resulted in 7.5g of pure product as solid. MS (El): m/z = 364 éMlA'Z/;v

10RINQ MBI A IAeDY @ I HEY7 (UKFAYB (TS 49 Ks 1Ry Water-

ac2{obid|8 T QraQ LEBHNIMi-2.31 (m, 3H), 2.22-1.84 (m, 5H), 1.77-1.41 (m,
8H), 1.32-1.23 (m, 2H),1.03 (s, 3H), 0.84 (m, 1H). Example 2 613,713,
1513,1613-Dimethylene-11

M-P3-faeiet 8850 7-pregn-4-ene-21,1713-carbolactone 20 a)
1la-Hydroxy-1513,1613-methyleneandrost-4-ene-3,17-dione 21 A 2|

rle yer flask containing 11 of a nutrient solution, which had been
[agéﬁ%z@éd ﬁq’:'é’gféufo_clg\éeg@lﬂc for 30 minutes, of 3% glucose

monohydrate, 1% corn steep liquor, 0.2% sodium nitrate, 0.1% potassium

www@&%‘m%ﬂ@%&;05%"/1.%’9&,&?!5159'?f!1@9@9 ,%‘Fﬂ?@@%d@ﬂ%g%gza}.m

potassium chloride, 0.05% magnesium sulphate Sheptahydrate and

(Mr@hthylAAutr e Ry atenAifstedled- B B10fWad 05 (M. 1H), 5.78 (s, 1H).

b) 11a-Mesyloxy-15 B,16B-methyleneandrost-4-ene-3,17-dione

23 ml of mesyl chloride were added dropwise to a solution of 22 g of 11a-hydroxy-
15pB,16B-methyleneandrost-4-ene-3,17-dione in 220 ml of pyridine at 0C, and the
mixture was stirred at 25 for 2 hours. It was the n diluted with ethyl acetate, washed
with sodium bicarbonate solution, water and brine until neutral, dried over sodium
sulphate and concentrated in vacuo at 40C. 24.7 g of 11a-mesyloxy-153,1683-
methyleneandrost-4-ene-3,17-dione were obtained.

'H-NMR (600 MHz, CDCI3): 8 = 5.81(m, 1H), 5.09(m, 1H), 1.39 (s, 3H), 1.21 (m,1H)
1.06 (s, 3H).
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inoculated with a 2 ml DMSO-ice culture of the strain Aspergillus ochraceus
(NRRL 405) and shaken at 27C on a rgary shaker at 165 revolutions per
minute for 71.5 hours. This preculture was used to inoculate a 20 | fermenter
which was charged with 19 | of sterile medium of the same final composition
c)as gaspibrehinsibenarestdture1n-anaisa) befere 10the sterilization, 1.0 ml
silicone oil and 1.0 ml of Synperonic for foam control were also added. This
fermenter was incubated under a superatmospheric pressure of 0.7 bar, at a
temperature of 28C, with aeration at 8 | per gninte and with a stirring speed

of 350 revolutions per minute for 47.5 hoors .5 | of preculture were
removed from this 20 | fermenter in @ ate a 50 | fermenter which
He~geditig of th A e final composition as
described for the preculture erilization, 2.5 ml of silicone oil and
2.5 ml of Synperonic were adtieg-Afteran initial growth phase of 10 hours
under a superatmospheric pressure of 0.7 bar, at a temperature of 28C, with
aeration at 101 per 20minute and with a stirring speed of 350 revolutions per
0. Q?”'rNt@ﬁ Acaplubion afidOvig 8hded & %ﬁéémrﬂgﬁ‘d@%%qm&n%@néxﬁﬁgfpﬂ@ﬁ

in 200 ml of DMF was ad(i%d Stirring was continued with aeratio

M FReB RS Sias s destetiClRdP 58 Mb IS PGt éaiturd e PEKIURas
stifrethathe [20H femperatiererobt@6fdand twlate d 1i60va2 Sddomedtey aduitorwas
w&@ﬁrgﬁﬁa\éﬂﬂh 30! b SLENHR @%ﬁ%‘ﬂ%ﬁiéhﬁﬁiﬂﬁ {RA SRR ES ntil

described for the preculture. Before the sterilization, 5.0 ml of silicone oil and
”%"@%P'Bf"Eg)/ﬂb%ré?ﬁ@w&@%%oamﬁﬂﬁﬂ%]gg%mﬁ”ﬁiﬁf@ﬁ foysrlization
framderyh eparatosonpbenic Qres i s PG A lnathvt retanstatare of ) 2@enevih 7-
gleéatlon at 20 | per minute and with a stirring speed of 350 revolutions per
minute, a solution of 20.0 g of

%NW@@Q@IMHﬁe@@@ﬁéaﬁwa fpdRUreAEL3 3. 750t th 1601 BIDMES(asH).
1.8rdedHPtirrng veagmantinyedowits agrmtion. The culture broth was harvested
after 26.25 hours. 22 residue was washed with hexane in order to remove
the silicone oil. The product was then crystallized from acetone, and 19.29
d)(@a%rommddrfobidashpdieiyres s/ e6sanstiopleheandidstdiosre-3,17-dione

were isolated.

24.5 ml of 70% strength HF/pyridine were slowly added to a suspension of 8.76 g of
dibromohydantoin in 250 ml of dichloromethane. 16.3 g of 158,163-methyleneandrosta-
4,9(11)-diene-3,17-dione were introduced into the resulting solution and stirred at room
temperature for 30 min. This was followed by pouring into a mixture of 200 ml of
aqueous ammonia (25%) and 300 ml of ice, extracting three times with ethyl acetate,
washing with water and brine until neutral, drying over sodium sulphate and
concentrating in vacuo at 40C. Crystallization of the residue from ethyl acetate resulted
in 15.2 g of 9a-bromo-11B-fluoro-158,16B-methyleneandrost-4-ene-3,17-dione.
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5100 mg were purified by preparative HPLC (250 x 40 mm, Luna C18, 10 II,
100 A, water- acetonitrile 70:30, 100 ml/min). M.p.: 225/247-249C 10[a]D=
+48.6 (CHCI3, ¢ =1.0700) 1H-NMR (400 MHz, CDCI3): S = 1.04 (s, 3H),
1.13-1.37 (m, 8H), 1.62 (dt, 1H), 1.77-1.91 (m, 2H), 1.99(m, 1H), 2.03-2.21

THORMVRB 0D 342, TH0I3pH) 4.8 1 L by 5.28(8¢, 1H), 189b(d, 3H), 1.175 (d, 3H).
11a-Mesyloxy-1513,1613-methyleneandrost-4-ene-3,17-dione 23 ml of
mesyl chloride were added dropwise to a solution of 22 g of 11a-hydroxy-

e) 20858 u® 8- kel fBnmatiteseandinstatienetidde-MaE0 ml of pyridine at OC,
and the mixture was stirred at 25C for 2 hours. It was then diluted with ethyl
acetate, washed with sodium bicarbonate solutin, water and brine until
neutral, dried over sodium sulphate and congenifated in vacuo at 40C. 24.79

anhydride was added to a0 5.69 of 11a-mesyloxy-153,163-
methyleneandrost-4-ene-3,17-dione in 80 ml of acetic acid at 25C, and the
mixture was

A solution of 33.5 g of 9a-bromo-11B-fluoro-15p3,163-methyleneandrost-4-ene-3,17-

dione in 480 ml of benzene was stirred with 42 ml of tributyltin hydride and 416 mg of
azobisisobutyronitrile at 80T for 30 min. The mixt ure was concentrated in vacuo, and
the residue was chromatographed on silica gel 60. Crystallization from ethyl acetate
resulted in 18.7 g of 11p-fluoro-15@3,16B-methyleneandrost-4-ene-3,17-dione.

'H-NMR (600 MHz, CDCI3): & = 5.73(m, 1H), 5.28(dq, 1H), 1.395(d, 3H), 1.175 (d, 3H).

f) 11B-Fluoro-3-methoxy-15 B,16B-methyleneandrosta-3,5-diene-17-one

1.3 g of pyridine tosylate were introduced into a suspension of 10.79 g of 113-fluoro-
15B,16B-methyleneandrost-4-ene-3,17-dione in 220 ml of 2,2-dimethoxypropane. It was
then stirred at a bath temperature of 100C for 3 h. After cooling to room temperature,
2.5 ml of triethylamine were added, and the mixture was concentrated to dryness in
vacuo. The residue was stirred with 30 ml of methanol and filtered off with suction. 9.6 g
of 11B-fluoro-3-methoxy-15p,16(3-methyleneandrosta-3,5-diene-17-one were obtained.
'H-NMR (600 MHz, CDCI3): & = 5.27-5.19 (m, 1.5H), 5.14 (m, 1H), 5.08(q, 0.5 H),
3.60(s, 3H), 1.17 (m, 6H).
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stirred at a bath temperature of 100C for 8 hours. This was followed by
addition to water, extraction three times with ethyl acetate, washing with
water and brine until neutral, drying over sodium sulphate, and concentrating
in vacuo at 40C. Crystallization 10from ethyl acetate resulted in 16.49 of
0) 19 Hgoroeghyieneandsogaspatbinyiaser3,3régdioBS-dieh BRI (608 MHzZ,
. %Dg% - 6 = 5.79(m, 1H), 5.55(m, 1H), 1.85(m,1H), 1.65(m,1H), 1.37(s, 3H),
APPATUS (2m, 2H), 1.00(s, 3H). 15d)
9a-Bromo-1113-fluoro-1513,1613-methyleneandrost-4-ene-3,17-dione 24.5
ml of 70% strength HE/pyridine were slowly add@d to a suspension of 8.76 ¢

and brine until neutral, drying o
vacuo at 40C. Crystalllzar@n 0
15.2 g of
9a-bromo-1113-fluoro-1513,163-methyleneandrost-4-ene-3,17-dione. 24
1H-NMR (600 MHz, CDCI3): 6 = 5.81(m, 1H) 5.28(dt, 1H), 1.695(d, 3H),
1499157ty W'@?@I@@‘ﬁ%?ﬁ"i@%dfﬁ@%ﬁ@ﬁ%ﬂé% Qﬁa'refsfe&raéw@@fwa@%@

acdoled dropwise to 91 ml of 1.6 M butyllithium solution (in hexane) at -50<C. After stirring
at -20C for 30 min, 22 ml of N,N,N,N-tetramethylet hanediamine were introduced, and
the mixture was allowed to warm to room temperature. A solution of 15 g of 11p-fluoro-3-
methoxy-158,163-methyleneandrosta-3,5-diene-17-one in 80 ml of tetrahydrofuran was
added, and the mixture was stirred at room temperature for 4 hours. This was followed
by adding saturated aqueous ammonium chloride solution, and pouring into water,
extracting three times with ethyl acetate, washing with water and brine until neutral,
drying over sodium sulphate, and concentrating in vacuo at 40C. Crystallization from
ethyl acetate resulted in 15.8 g of 113-fluoro-3-methoxy-15@3,16p3-methylene-17-pregna-
3,5-diene-21,17B-carbolactone.

'H-NMR (300 MHz, CDCI3): & = 5.28-5.22 (m, 1.5H) 5.17 (m, 1H), 5.09 (g, 0.5 H), 3.63
(s, 3H), 1.20 (m, 6H), 0.53 (m, 1H)

h) 11B-Fluoro-15 B,16B-methylene-3-oxo-17-pregna-4,6-diene-21,17 B-carbolactone
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A solution of 33.5 g of
9a-bromo-1113-fluoro-1513,1613-methyleneandrost-4-ene-3,17- dione in 480
ml of benzene was stirred with 42 ml of tributyltin hydride and 416 mg of
azobisisobutyronitrile at 80C for 30 min. The mixture was concentrated in

14/5¢MQ)f%mb@zQﬁﬁ|%mgﬁideﬁlwasaﬁbf&@@bﬂﬂr@mﬁd onsiied g8ldiromo-5,5-
on from eth

tallizati | acetate r Ited in i
A BaRTL IR e ey dae  3ddond A8lc o o suspersinn e 35 0
oferﬂizﬂmw)mms’ﬁéﬁﬂeﬂﬂyeﬁazm,limyegr@%wd@m,ZI;L;LLTB(damqbam)one
in 1@5@9%’1:84qr%énﬁ@ﬁﬁl%oluééﬁelﬁfﬂaém%h%m@mﬁ%’d %ﬁ%‘gcﬂj&m 5P0.5

ol S SHA 15 Al A LR o Fr i IMBD crtpte

stlﬁraal(ﬁmeblaﬁxwmterdtof\/a@oszneﬁ Sthoedsattanbatthéamperedurtoatd00C
wa(ﬂ!r%éb GHIhRRRING LA (RORLICMRREANIE fitero LRI EiFURYLA5I 1§N¥%ﬁ silica gel

added, and the mixture was concentrated to dréness in vacuo. The residue

60, jgL e iR aRiAIn ArstRimbIAResHiterdn Br With SLR-HY bRrY8 bEk-
mdthy@ikiarox3-nrepheyyald b3kt 3 metRytansaactiosia-3,5-diene-17-one

R A R P R T A € 1,
1.3% {3-Phliofo?3 (thetiib /60518, 16).:3-methylene-17-pregna-3,5-diene-21,173ca

rbolactone 5 14 g of allyl tetramethylphosphorodiamidate dissolved in 30 ml

) B R e RS A s L et 5 L 43 i roolactone

N,N,N,N-tetramethylethanediamine were mtroduced and the mixture was
allowed to warm to room temperature. A solutign of 15 g of 1113-fluoro-3-

O

2.39 g of sodium hydride (60% in mineral oil) were added in portions to a solution of
13.41 g of trimethylsulphoxonium iodide in 250 ml of dry DMSO at room temperature
and, after addition was complete, the mixture was stirred at room temperature for 3
hours. Then 8.38 g of 11B-fluoro-158,16p3-methylene-3-oxo-17-pregna-4,6-diene-21,1743-
carbolactone were introduced, and the mixture was stirred at room temperature for 6
hours. This was followed by pouring into water, extracting three times with ethyl acetate,
washing with water and brine until neutral, drying over sodium sulphate and
concentrating in vacuo at 40C. Purification was by chromatography on silica gel 60
(elution with hexane ethyl acetate 1:4). 2.6 g of 683,783;158,16p-dimethylene-113-fluoro-3-
0x0-17-pregn-4-ene-21,17B-carbolactone were obtained as fraction A.

MS (El): m/z = 384 (M"), 349, 273, 260;

'H-NMR (600 MHz, CDCI3): & = 5.99 (s, 1H), 5.07 (d(br), 1H), 2.69-2.61 (m, 2H), 2.53
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10methoxy-153,163-methyleneandrosta-3,5-diene-17-one in 80 ml of
tetrahydrofuran was added, and the mixture was stirred at room temperature
for 4 hours. This was followed by adding saturated aqueous ammonium
chloride solution, and pouring into water, extracting three times with ethyl

(mRagtRte, 4838 [RY WishsE emand)bring7umti| neyteal 7drviogrever sediem . 95 (m,
ulphate, and congcentrafing in ya t 40C. Crystalljzation fr ethy

2H), gg?f%ﬂﬂ%ﬁ%ﬁ@% (it 2H), 43 3 89 RO P A,

1.29 ¢ifldbo-B-2hdthokiy) 151311613 Methytie ié-3)pregadm, 1H), 0.59 (m, 1H)
3,5-diene-21,1713-carbolactone. 1H-NMR (300 MHz, CDCI3): 6 = 5.28-5.22
(1T|’) 12'&'?)) S L7 el S b i niies ARy kit 6H), 0.53 (m,

C 18R Fapdvieth:BcbObB st thPldie-Beored 1I7-piegaant @-Jierid -1 lor ¢ 3-carb
15?61 fﬂﬁett%@e%a%&%é’[f Ad% strepgil sodium acetate solution and 5.11 g of
,3-dibromo-5,5- dimethylhydantoin were successively added in portions at

OC to a suspension of 13.5 g of
1113-f|uoro-3-methoxy-1513,1613@nethylene-17-pregn§1—3,5-«:Ijene-21,1713-c

was filtered offChrematography on silicage gn with hexane/ethyl
acetate 1:1) Pesulted in 9.1 g of 1113-fILR>ro-1513,1613-
methylene-3-oxo-17-pregna-4,6-diene-21,1713-carbolactone. 101H-NMR

0 Cl3): 6 =64 ), 6. 1H), 5.68(s, 11 (dg, 1.
o 4508 123 SRR B4 LA 22 Y VB S il P
of §89, mRafshiptwdmpirhef fbnacthisoRasesostuk 8 NE7SpkéwtnacdAd @ Mhgf1 3-
teafalBaiRICa BT in such a way that the inter nal temperature did not exceed 5.

The mixture was then stirred at 0 for 30 min., 0. 55 ml of perfluorobutane-1-sulphonyl
fluoride was added dropwise in such a way that the internal temperature did not exceed
5¢C, and the mixture was stirred at 0C for a furth er 1.5 hours. It was then diluted with
ethyl acetate, washed with 2M sulphuric acid, saturated sodium bicarbonate solution and
water, dried over sodium sulphate and concentrated in vacuo at 40C. Chromatography
on silica gel resulted after elution with hexane/ethyl acetate (1:1) in 15p,16B3-methylene-
androsta-4,9(11)-diene-3,17-dione as fraction 1.

1H-NMR (600 MHz, CDCI3): & = 5.79(m, 1H), 5.55(m, 1H), 1.85(m,1H), 1.65(m,1H),
1.37(s, 3H), 1.12-1.33 (2m, 2H), 1.00 (s, 3H)

11B-Fluoro-15B,16B-methyleneandrost-4-ene-3,17-dione is isolated as fraction 2.
'H-NMR (600 MHz, CDCI3): & = 5.73(m, 1H), 5.28(dq, 1H), 1.395(d, 3H), 1.175 (d, 3H).



10

15

20

2.39 g of sodium hydride (60% in mineral oil) were added in portions to a
solution of 13.41 g of trimethylsulphoxgnium iodide in 250 ml of dry DMSO at
room temperature and, after addition was complete, the mixture was stirred
at room temperature for 3 20hours. Then 8.38 g of
1113-fluoro-1513,1613-methylenessmxetel3-pregna-4,6-diene-21,1713-
carbplactane were intro and the mixture was, stirre ogm
oo T R B BT T TG By SU e Wt eatbgasiaye
three times with ethyl acetate, washing with water and brine until neutral,
drying over sodium sulphate and concentratingyin vacuo at 40C. Purification
was by chromatography on silica gel 60 25(elutjpn with hexane ethyl acetate
1:4). 2.6 g of 613,713;1513,1613-dimethylen% 1T8
0xo-17-pregn-4-ene-21,1713-carbglactone Weke abtained as fraction A. MS

) 7, 1H), 2.43 (d(br), 1H),
), 2.07°1.95 (m, 2H), 1.83(m, 1H),

1H), 5.07 (d(br), 1H), 2.69-2.61 (I,
2.35 (m, 1H), 2.27(m, 1H), 2. 0(m, 3
1.68-1.62 (m, 2H), 1.61-1.52( )(m, 1H), 1.40(m, 1H), 1.29 (d, 3H),
1.25 (m, 1H), 1.21 (m, 1HR1.15¢, 3AY;.£.04 (m, 1H), 0.59 (m, 1H)
5Alternative method for synthesizing Example 2: ¢")
1513,1613-Methyleneandrosta-4,9(11)-diene-3,17-dione and e')

0.3143flserRtpdS dépl anmatarcandioshs Lo 3 1 Hraigng-ckHe &4 { 7pl of

1,8-diazabicyclo[5.4.0Jundec-7-ene (1.5-5) was added dropwise to a solution
cagP ARG ngf AV§ORy 183198 5. Al KHARNE fhdrost-4-ene-3,17-dione in 16
M&(Et) tetraky@Boididn qt OCinsuch a way that the internal tgmperature did
HAQREEESAG, CISRMLENAS N, SUERAGHNC 1), 30 8818 855 18,

perfluorobutane- nyl
1H), 1.21 (m, 1H), 1.20 (%, 3H¥, 1.00 (m, 1H), 0.76 (ddd, 1H), 0.54 (m, 1H) 0.48 (m,

1H)

Alternative methods for synthesizing Example 1:

1st variant

a. 11la-Hydroxy-3-methoxy-15 [3,16B-methyleneandrost-3,5-dien-17-one

)

0
3.2 g of pyridine tosylate were introduced into a suspension of 27 g of 11a-hydroxy-
15[3,16B3-methyleneandrost-4-ene-3,17-dione in 422 ml of 2,2-dimethoxypropane. The
mixture was then stirred at a bath temperature of 100C for 18 h. Cooling to room
temperature was followed by addition of 10 ml of triethylamine and concentration to
dryness in vacuo. The residue was stirred with 60 ml of methanol and filtered off with
suction. 14.3 g of 11a-hydroxy-3-methoxy-153,16[3-methyleneandrost-3,5-dien-17-one

were obtained.
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15fluoride was added dropwise in such a way that the internal temperature
did not exceed 5C, and the mixture w gstirred at OC for a further 1.5 hours. It
was then diluted with ethyl acetate, washed with 2M sulphuric acid, saturated
sodium bicarbonate solution and water, dried over sodium sulphate and
concentrated in vacuo at 40C. Chromatography on silica gel resulted after

1, elution with hexane/ethyl acetate (1:1) in 153,163-methylene-

R e s ST e kB L MR B . 407

(MCDDID:58 £s53F (72K, 385 (] 3 £3), 3HBS(1RI(EL) 38)65(m, 1H), 1.37(s, 3H),
1.12-1.33 (2m, 2H), 1.00(s, 3H)
1113-Fluoro-1513,163-methyleneandrost-4-ene-3,17-dione is isolated as

b) Ao ors BHORNAXE80 R GE; mesiisnes < -gregir 3ayienedlad’ 1P,

catnditdnadH), 1.175(d, 3H). 28 Example 3 6a,7al
513,1613-Dimethylene-1113-fluoro-3-oxo-17-pregn-4-ene-21,1713-carbolact
one: 50.37 g of 6a,7a; Q
1513,1613-dimethylene-1113-fluoro-3-ox0-17-p

ga-4-ene-21,1713-
¢ 2. MS (El): miz = 384
(Mr); 1H-NMR (600 MHz, CDCI3)* A 1H), 5.08 (d(br), 1H), 1.35
(s, 3H), 1.25 (m, 101H), 1.21 (m, #\L.00 (m, 1H), 0.76 (ddd,
1H), 0.54 (m, 1H) 0.48 (m, 1H) Al ethods for synthesizing Example
1: 1st variant 15 ~0
10.24 g of allyl tetramethylphosphorodiamidate, dissolved in 13 ml of tetrahydrofuran,
were added dropwise to 66.6 ml of 1.6M butyllithium solution (in hexane) at -50C. After
stirring at -20<C for 30 min. 16 ml of N,N,N’,N’-te tramethylethanediamine were
introduced, and then a solution of 5 g of 11a-hydroxy-3-methoxy-153,163-methylene-
androst-3,5-dien-17-one in 33.5 ml of tetrahydrofuran was added dropwise. The mixture
was warmed to room temperature and then stirred for 30 minutes. This was followed by
adding 25 ml of saturated agueous ammonium chloride solution, and pouring into water,
extracting three times with ethyl acetate, washing with water and brine until neutral,
drying over sodium sulphate, and concentrating in vacuo. Crystallization from diisopropyl
ether resulted in 2.85 g of 11a-hydroxy-3-methoxy-1503,16(3-methylene-17-pregna-3,5-

diene-21,1703-carbolactone.

'H-NMR (400 MHz, CDCI3): & = 5.31 (d, broad, J=4.0Hz, 1H), 5.14 (s, broad, 1H), 4.06
(m, 1H), 3.58 (s, 3H), 1.14 (s, 3H), 1.02 (s, 3H), 0.46 (m, 1H)

) 11a-Hydroxy-15 B,16B-methylene-3-oxo-17-pregna-4,6-diene-21,17 -carbolactone

o
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a. 11a-Hydroxy-3-methoxy-1513,1613-methyleneandrost-3,5-dien-17-one
3.2 g of pyridine tosylate were introduged into a suspension of 27 g of
1lor-hydroxy1513,1613-methyleneandrost-4-ene-3,17-dione in 422 ml of
2,2-dimethoxypropane. The 20mixture was then stirred at a bath temperature
1408 mtb@atqowéﬂeﬁgmlmw@@md%amu renwasyfetl o\seidpynasiaiBomméthil-
ml of triethylamine and concentration to dryness, in vacuo. The residue w
S SN A PRt o I 5 § g5 0 o Lio-
hytiiaxykrdretho:3H1eRbAAEh3|died-3 Ipetioyladcs a rostrig e dien-A¥ caneoiaectene
. CD © S = Q =3.8 ,
R e G e
0.9 Iy 20t sy 2UHIPR AFhGSVARRbKTL promade srdmcthgehdthium carbonate,
stifrell %ﬁﬂs&bﬁ)tdiﬁﬁ@rﬁ&ré drlsbcan @ aciaae 1thlad4Repf @Med into ice-cold
etram th hos h rod| m|d solved in .13 ml of tetr dro uran, w,
S e L D 7 S S S STkt o
orgach mbggerw@avagmy M;rtlgqyatﬁn ang salwated aqueous sodium chlorlde solution,

drlﬂd\b%rNoEﬁHrﬁrQ@BHdﬁé%'aqmé\'Wﬁﬁ’&F% trREUGES caREEHBRA SO MYABRSS
143 of 11or-hydroxy-3-methoxy-1513,1613-methyleneandrost-3,5-dien-17-one

e W@ﬂéﬁ%&%mﬁ}%%éd’ﬁ?oﬁ/ﬁ@%é ket abel Brarmed

caibdlRreiempery atitttnatéheoddipredfor BGanipldegas Ehigsovrscgépved &y silica
I of rat ' Alor lution, and pouring
o e A SRR T PSRRI it woter
and brine until neutral, drying over sodium sulphate, and concentrating in

1FNRW@(£€T()’%H@JEZ@W1§I08”—CB'§Q EPFBYb%hgl’-@Qﬁli&teﬂ—l'ﬁ @2%3(9 ®road, J=9.6Hz,
1lor-hydroxy-3- methoé}/ 1513 1 13- meth)ilene 17

1iiemd12tE; Preade o ORpHB: k- R Gidb ivﬁi?z gt& 3}:-@ i 325 5,

3H)rdadl Js;488HD. THMS1H) (s, broad, 1H), 4.06 (m, 1H), 3.58 (s, 3H), 1.14(s,
3H), 1.02(s, 3H), 0.46 (m, 1H)

d) 11a-Mesyloxy-15 3,16B-methylene-3-oxo-17-pregna-4,6-diene-21,17 [3-

carbolactone

12.8 g of 11a-hydroxy-15f3,163-methylene-3-oxo-17-pregna-4,6-diene-21,17[3-
carbolactone were dissolved in 113 ml of pyridine. 10.91 ml of methanesulphonyl
chloride were then added dropwise. The mixture was stirred at room temperature for
90 minutes and poured into 1.5 | of ice-water. Stirring for two hours was followed by
filtration with suction, and the filter cake was dried and chromatographed on silica gel
with a mixture of hexane and ethyl acetate. 5.4 g of 11a-mesyloxy-15f3,163-methylene-

3-ox0-17-pregna-4,6-diene-21,1703-carbolactone were obtained.
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c) 11 a-Hydroxy-1 513,1
613-methylene-3-oxo-17-pregna-4,6-diene-21,1713-carbolactone 30 14.8
ml of a 10% strength sodium acetate solution and 4 g of
1,3-dibromo-5,5-dimethylhydantoin were successively added in portions at

1@?\)1? @4@@39%3@,8@!3@@%5?5 1%91& (flébroa%, \|]=9.6Ii|§, 1H), 6.23:; (gl,gb&olad, J=9.622,
orhydroxy-3-methoxy- -methylene-17-pregna-3, -triene-21,
1)y S e BB B 3Pl 3By STl e A Trd e
3Htirtelal g, BEI)i©@=594th) 16t) 50.5 hours and, after addition of 4.88 g of lithium
bromide and 4.31 g of lithium carbonate, stirred at a bath temperature of 80C
for 3 hours. It was then poured into ice-cold saturated aqueous sodium
€) dmBrGe-SitmdenantARrkt R WRH AR ALE8RS- 2hd thé sRyARiRGISe was
washed with water and saturated agueous sodium chloride solution, dried
over sodium sulphate and filtered, and the fiItra was concentrated to
dryness. 1012.8 g of
11or-hydroxy-1513,1613-methylene-3-oxo-1
carbolactone were obtained as crude pr
chromatographed on silica gel with-a i of fexane and ethyl acetate for
analytical purposes. 1H-N Hz, CDCI3): S = 6.34 (d, broad,
J=9.6Hz, 1H), 6.20 (d, broad, 2 a2
1H), 1.95 (m, 1H), 1.85(m, 1H), 1.29(m, 1H), 1.25(s, 3H), 1.09 (s, 3H), 0.57
14(.,$,mi|qf) Qf)elig; gciqég%w_ggqgljc anhydride and 2.44 g of sodium acetate were
stif@dne By AP 1R S orf e@Rad Az el Ly 133 gasbPlacies B8 - 158 wp-
of 11or-hydroxy-1513,1613-methylene-3-oxo-17-pregna-4,6-diene-21,1713-
metpisnge 'W&’Vi@f@%%ﬂxédﬂﬁ”ﬂ%%ﬁ?%ﬁ&ﬁ&l onR) A Gridsted to this solution.
Stimgidanesoiphony hehicy idasvis ienibe byapilatingrdpwise whner arKtexeagdsn three
. sfirred a t 0 mj oured into 1. f ice-water.
T A e SR e e
aosigaeI RS dTe BNAQTIIR ISRIMIATH GYah HBENE 1P SATCRAEIORIIN 5 WIRAT FVT B ditveed
byeRll@E1Y haaeiaiee SuhibRof the filtrate. Chromatography on silica gel with a mixture

f110r-m%?lo%|1513,1613-n?etgylene3-ox]9-17-9regna-#,I6-diene-2111713-car
0 ngé?&S &ﬁgﬁﬁtgdesu tedin 2.12 g of 15[3,16p3-methylene-3-oxo-17-pregna-

4,6,9(11)-triene-21,17B-carbolactone.

'H-NMR (300 MHz, CDCI3): & = 6.36 (d, broad, J=9.6Hz, 1H), 6.24 (d, broad, J=9.6Hz,
1H), 5.72 (s, broad, 1H), 5.48 (m, 1H), 3.09 (d, broad, J=11.7Hz, 1H), 1.84 (m, 1H), 1.47
(m, 1H), 1.38 (m, 1H), 1.32 (s, 3H), 1.03 (s, 3H), 0.59 (m, 1H)

f) 6B3,7B;15p,16B-Dimethylene-3-oxo-17-pregna-4,9(11)-diene-21,17 B-carbolactone

]

o)

0

0.09 g of sodium hydride (60% in mineral oil) was added in portions to a solution of
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31 1H-NMR (400 MHz, CDCI3): S = 6.33 (d, broad, J=9.6Hz, 1H), 6.23 (d,
broad, J=9.6Hz, 1H), 5.74(s, broad, 1I—3|%5 10 (m, 1H), 3.01 (s, 3H), 1.56(m,
1H), 1.45(m, 1H), 1.30 (s, 3H), 1.14 (s, 3H), 0.59 (m, 1H) 5e)
1513,1613-Methylene-3-oxo0-17-pregna-4,6,9(11)-triene-21,1713-carbolacton
0.82% ot%ﬁthylfsawb&@q'm (etiRienhof atetiagniydiiatapeh? éADarbaaditAy,
af Cetgéei yere stirred a # % lrJnr}>t<|t|utrrg:ewsaosdsI rrea %‘?tr%tc?mh e%dlésrsa lIJ\Fg(?or 2‘?}1ours
186 mesyi’c\ﬁxy Clqﬂ@ P

Theethy e B2axof 13-prifnael6Adiena-00 117! Bregnbetahe) wismeeatldado
caibSRABHORaL Fribaine AL &&Pfﬁé%.%M%yvaﬁrgalaw%mm@w@%r

ice-water and extraction three times with ethyl acetate. Washing of the
2. 3ak PRasEXiHiR W%ﬁél“%'hat%ﬁﬁHH@&%U&BB%&'&HH&WJ@&@%&%”&QM
voandajmm@wemm@nﬁﬁmm ac@ditatermmg@iiowadd@yﬁdﬁrmmmccess|ve|y

wi OR/%?&” R 'é%’i?m%ﬁfc? ﬁ@%ﬁgﬁ%&i 58 BN BN g

exane and ethyl acetate resu te
flltfggig, @gmgem@ym@ﬁgwgr@cbf@@ﬁg)graphy on silica gel with an eluent

@e%(éﬂétFﬁﬁﬁ@e?a%é&ﬂ&@%%&%@d 1sbIMR 4869 M HEe G B dihethilene-
636 d, broad, J=9.6Hz, 1H), 6.24 (d, broad, J=9.6Hz, 1H), 572(s broad,

3-9x9y 13- REeaRe-f1 9 13) s8R Biokf §af:PP"’f‘PIE”§H) 1.84(m, 1H), 1.47 (m, 1H),
1.38 (M, 1H), 1.32(s, 3H) 1.03(s, 3H), 0.59(m, 1H) 20 f) 613,713:

SRR B e preana 4 O

lene- car .09 g of sodium hydride (60% in mineral oil)
was added in portions to a solution of 32

2nd variant

a. 3-Methoxy-15 3,16B-methyleneandrost-3,5,9(11)-triene-17-one
0

~o

0.8 g of pyridine tosylate was introduced into a suspension of 6.4 g of 153,16[3-
methyleneandrost-4,6,9(11)-triene-3,17-dione in 106 ml of 2,2-dimethoxypropane. The
mixture was then stirred at a bath temperature of 100C for 6 h. Cooling to room
temperature was followed by addition of 5 ml of pyridine and, after 5 minutes,
concentration to dryness in vacuo. The residue was stirred with 130 ml of methanol and
filtered off with suction. 4.15 g of 3-methoxy-15f3,16[3-methyleneandrost-3,5,9(11)-triene-

17-one were obtained.
'H-NMR (400 MHz, CDCI3): & = 5.47 (s, broad, 1H), 5.33 (s, broad, 1H), 5.19 (s, broad,
1H), 3.59 (s, 3H), 2.70 (m, 2H), 2.38 (m, 1H), 1.83 (m, 1H), 1.66 (m, 1H), 1.15 (s, 3H),

0.99 (s, 3H)

b) 3-Methoxy-15 3,16B-methylene-17-pregna-3,5,9(11)-triene-21,17 B-carbolactone
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0.52 g of trimethylsulphoxonium iodide in 4 ml of dry DMSO at room
temperature and, after addition was cqmplete, the mixture was stirred at
room temperature for 2 hours. Then, at 0C, 0.2 g of
1513,1613-methylene-3-oxo-17-pregna-4,6,9(11)-triene-21,1713-
carbolactone was introduced, and the mixture was stirred at room
temperature for 52.5 hours. The mixture was thgn stirred into 100 ml of
sulphuric acid (8 per cent by volume) and extggictef with ethyl acetate. The
organic phase was washed successivelywith Water and saturated sodium
chloride solution, dried over sodium gulg @- filtered. Concentration in
vacuo and chromatography on s S Wit 2 A ent composed of ethyl

2 ] 0

T

acetate and hexane result@l in 13,713;1513,1613-dimethylene-

103-ox0-17-pregna-4,9(11)-diene=21 3-carbolactone. For spectroscopic
6.8 ochlxempirlbyigRospatatidhidate: Miedomed InSth341m| of tetrahydrofuran,

613-methyleneandrost:-3,5 -trienex1 7-one 0.8 g of pyridine t e
A BTS2 S REER DR SRR RAEF P ater
stifiethgleAGBNOra3-aie, 9A. 21-menkhENL - dNortetiamebyrtisinediamine were

in@o%t@é'&?m%%wB%ﬁjt%h%@@.’lﬂ’%%?%étﬁ%??—§§FE§€[§H@H@%E‘%&H&%@IUre
of 100C for 6 h. Cooillgzqﬁ:o room temperature was followed by addition of 5 ml

3%@&%?&?\%‘5?{'&‘%% ey ERbxAIPHIGA vtsaa@%%%%ow&ﬁowémxture
waesidrraatias sivne tewiteraB0eninaf stetoiciooBamiiilitete d laf wakhfsloiiod bg. 15

of 3- . - | -3.5.9(11)-tri -one.

o S Bt A AR L b e sl B Pl o
WHRHa8K1a¢iing ¥ues tigieawitnigihyg. sogsateHyashimg wihwpiey autmringyntl g3
neG.ﬁﬂafLHbyﬁfﬁ\]@ﬂsﬁdﬂ%ﬂéﬁ@%{é?&&lﬁdgﬁtﬁf?gja \F{?ﬂog\fﬂﬁe@ghﬁon

teframet ospharodiamidate, dissolved in 11.4 ml of tetr ofuran, were
cr PR ACE to 2 H B L SR LRSS R Ao
3. M4t rof Berimegaixy2 08B fb B M etlin|eb@ -2 158(1df)-triene-21,17B-carbolactone.

N,N,N',N'-tetramethylethanediamine were

'H-NMR (300 MHz, CDCI3): & = 5.45 (s, broad, 1H), 5.32 (s, broad, 1H), 5.18 (s, broad,
1H), 3.59 (s, 3H), 1.15 (s, 3H), 0.96 (s, 3H)

c) 15B,16B3-Methylene-3-o0xo0-17-pregna-4,6,9(11)-triene-21,17 [B-carbolactone

0

o)

o)
1.7 ml of a 10% strength sodium acetate solution and 0.6 g of 1,3-dibromo-
5,5-dimethylhydantoin were successively added in portions at 0C to a suspension of
2.2 g of 3-methoxy-153,163-methylene-17-pregna-3,5,9(11)-triene-21,173-carbolactone
in 35 ml of 1-methyl-2-pyrrolidone. The mixture was then stirred at 0C (ice bath) for
0.5 hours and, after addition of 0.83 g of lithium bromide and 0.74 g of lithium carbonate,

stirred at a bath temperature of 100<C for 3.5 hour s. It was then poured into ice-



5introduced, and then a solution of 4.14 g of
3-methoxy-1513,1613-methyleneandrg§t- 3,5,9(11)-triene-17-one in 29.4 ml
of tetrahydrofuran was added dropwise. The mixture was warmed to room
temperature and stirred for 30 minutes. This was followed by addition of 21

watﬁrw‘@mﬁmmdrmuaﬁmrﬁrprﬁ@mim de@mni@rﬁalutioorr]ﬁammgrmym wmgrgel
actin ree tim t et tate, w S Ing wit until
o0 T R S S A A e U B e T ene 2 oxo-

17gregaptn, Q(ymafimﬁt@m S Uerteatt b Bldieatian With suctlon to remove remaining
solvent resulted in 3.14 g of
3-methoxy-1513,1613-methylene-3,5,9(11)-triene-21,1713-carbolactone.

FOf ISPREIRSCIIF 12, ©OPCRs: Svariant(§, broad, 1H), 5.32 (s, broad, 1H),
5.18 (s, broad, 151H), 3.59(s, 3H), 1.15 (s, 3H), 0.96(s, 3H) ¢)

oA T SRR e

1,3-dibromo- 205,5-dimethylhydantoin were sygcessively added in portions at
OC to a suspension of 2.2 g of
3-methoxy-1513,1613-methylene-17-pregna §,5
ctone in 35 ml of 1-methyl-2-pyrrolidone g
(ice bath) for 0.5 hours and, after ad|t|
0.74 g of lithium carbonate, stir
hours. It was then poured into i

9(11)-triene-21,1713-carbola
re was then stirred at 0C

3 g of lithium bromide and
AN rature of 100C for 3.5

For procedure and working up, cf. 1st variant f.
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water/sodium chloride, and the precipitate was filtered off. Chromatography
on silica gel 60 (elution with hexane/eréyl acetate 1:1) resulted in 1.2 g of
1513,1613-methylene-3-ox017-pregna-4,6,9(11)-triene-21,1713-carbolactone
. 5For spectroscopic data, compare 1st variant e d) 60,713;

Cl13pds3,160-Dimethylene-3-oxo0-17-pregna-4,9(11)-diene-21,1713-carbolactone
For procedure and working up, cf. 1st variant f. 35 Claims 5in which 1:16'7 is
an a- or 3-methylene and R9 is a hydrogen atom and R11 is a bromine,

1. chlorfrie wr-Atirénelatdrocoh Featand Fof the getiesaldpenatisond. 10 2.
Pregn-4-ene-21,17-carbolactones according to Glaim 1, characterized in that
R9 is located in the or position. 3. Pregn-4-eng<21,17-carbolactones
according to Claim 1, characterized in fn&t R11 15is located in the 13
position. 4. Pregn-4-ene-2R T%carbs oaccording to Claim 1,
characterized in that the haloge R > a fluorine or chlorine atom.
205.Pregn-4-ene-21,17- : A g to Claim 4, characterized in

Formula |

in which

R%" is an a- or B-methylene and
R? is a hydrogen atom and R*! is a bromine, chlorine or fluorine atom or

R® and R together are a bond.

2. Pregn-4-ene-21,17-carbolactones according to Claim 1, characterized in that R®

is located in the a position.

3. Pregn-4-ene-21,17-carbolactones according to Claim 1, characterized in that R

is located in the 3 position.

4, Pregn-4-ene-21,17-carbolactones according to Claim 1, characterized in that the

halogen atom R is a fluorine or chlorine atom.

5. Pregn-4-ene-21,17-carbolactones according to Claim 4, characterized in that the

halogen atom R is a fluorine atom.

6. 63,783;15pB,16B-Dimethylene-3-oxo-17-pregna-4,9(11)-diene-21,173-carbolactone

according to Claim 1.

7. Pregn-4-ene-21,17-carbolactones according to Claim 1, specifically

11B-chloro-68,783;158,16B-dimethylene-3-oxo-17-pregn-4-ene-21,173-carbolactone
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6.613,713;1513,1 613-Dimethylene-3-oxo-1 7-pregna-4,9(1
1)-diene-21,1713-carbolactone accordjpg to Claim 1. 25 7.
Pregn-4-ene-21,17-carbolactones according to Claim 1, specifically 36
613,713;1513,1 613-dimethylene-1 1 13-fluoro-3-oxo-1 7-pregn-4-ene-21,1
667,’7%9567,)%%&5@&@%1ﬁﬁ-ﬁub@&dkﬁﬂM}d%f@fﬁh-%ne-Zl,17B-carbolactone|
13- 0-3-0x0-17-pregn-4-ene-21_1713-carbolactone. 8. Pharmaceutica
O B T A B CE o e SEea L ore
according to Claim 1, and a pharmaceutically acceptable carrier. 9.

8. Pharm@&%ﬁ‘&h@@%@&%%%ﬂﬁ&% Ql%@oﬁ@'&ﬂﬁﬁ%@%?tﬁé%’eneral
1513,1613- dimethylene-3-ox

-1 7-pre na-4’9&| .
fodry il ACSA A SR GRE 1B TOTBRCEHHSR L AESERIASE ERIRcording to
Claim 8, comprising 613,713;1513,1613- dimethylene-1 1 I3-fluoro-3-o0xo-1

9. 7-PregRAeRBifitat Jﬂsaﬁéﬁég&smn%ﬂc?ahtﬂ@%%%&@,%ﬁtfsgo%gding

‘to Claim 8, 9 or 10 additionally comprising at least one oestrogen. 15 12.
d'@ﬁ@%ﬁ@@é@ﬁé&rHﬁﬁ%@'ﬁc@é@ﬂﬁ@@%ﬁ&@%ﬁﬁ%g ethinylestradiol.

13. Pharmaceutical products according to Claim 11, comprising a natural

BRI TR AP IOR R 33 oo

oestradi maceutical prodtcts according
digetivirnet 1 idpe0-3-0xo-17-pregn-4-ene-21,17B-carbolactone.

11. Pharmaceutical products according to Claim 8, 9 or 10 additionally comprising at

least one oestrogen.

12. Pharmaceutical products according to Claim 11, comprising ethinylestradiol.

13. Pharmaceutical products according to Claim 11, comprising a natural oestrogen.
14. Pharmaceutical products according to Claim 13, comprising oestradiol.

15. Pharmaceutical products according to Claim 13, comprising oestradiol valerate.

16. Pharmaceutical products according to Claim 13, comprising at least one

conjugated oestrogen.

17. 1la-Hydroxy-1503,163-methyleneandrost-4-ene-3,17-dione as a starting

compound for preparing the compounds of the general formula .

18. Process for preparing 11a-hydroxy-158,163-methyleneandrost-4-ene-3,17-dione,
characterized in that 158,16B3-methyleneandrost-4-ene-3,17-dione is hydroxylated in a
fermentor with microorganisms of the species Absidia sp., Acremonium sp., Ascochyta
sp., Aspergillus sp., Bacillus sp., Beauveria sp., Botryodipoldia sp., Caldariomyces sp.,

Calonectria sp., Colletotrichum sp., Curvularia sp., Fusarium sp., Gibberella sp.,
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16. Pharmaceutical products according to Claim 13, comprising at least one
25conjugated oestrogen. 17. 1 lot-Hydroxy-1 513,1
613-methyleneandrost-4-ene-3,1 7-dione as a starting compound for
preparing the compounds of the general formula I. 3018.Process for

GIRERRPHAGN. Sk - yeiiarebEsks, trbmarethsenean ospsteliLas; Heilceiayem sp.,
nghaRsietaedn 3 Leta ols melvlepeandiost iene:3 1 igneds
Fﬁydroxyﬁﬁ?eé' T P rermentor with IC?ﬁicroorga'cr)ii’sm oTihe s;g)é’cies RBSld?g'Sp.,
SpReedinowin AP s Ry ResEhetaatiup SAspedgMaisepiciBadiiius sp., Beauveria sp.,
Botryodipoldia sp., Caldariomyces sp., Calonectria sp., Colletotrichum sp.,
Curvularia sp., Fusarium sp., Gibberella sp,, 37 Gloeosporium sp., _
196|onFe“Fé‘iFa§§6§¢é%?ﬂéﬂi§%\5’l KapLpdie L NaliRoLR Aty s carried out
witheminﬁrdlaaspb'rdiiﬂnﬁstmiﬁmmmaameMﬂwﬁpcmgw&/mldﬁmmpas
g@BQ%NAﬁQHE‘ RBoer)MEERNAASH YR R tRCHYARPWIGRiRus flavus,

A 155._ rocess according o Claim 18, charac?_erlzed in that hydroxylation is
ARG D AN AR GHLRiES! I XSSP eisk i fdUd Wars nisErd S tsi SRS,
Adheegittty ecnlatraiidinepehginasgittiscatbamasiiisspetgilbimimyBeaiieria bassiana,
s SRETAILSSCRerl ASRRIGIIR IavHe Aspergile TRianuS. SRR decora,
metieus, Aspergifius nidulans, Aspergifius niger; Aspergilius ochraceus,
Collsarguid PAABTINSS, SAEHINA iR B iaiesi HS B BB OWEPRCHERS EHgargN solani,
GiBsavgrradenelimBetyeriplrstia oRkILEriGAIfatRENGRS &IBREBorium
h.Calonectria cora C.ofie%) ricél}t%m é)homoide%t.Cirvugiriaolurg)ata F sgrrit#nm
IS SHANI, FRegrRAHUB AR GIEPERE YRR ROz g Varum.
Gloherelip frratoitastigonmnonic eadpti itaptiggereimhaspeGidieasporium kaki,
H&mﬁm%eeﬂﬁu%léﬁt!%ﬂ&&i@@msgmﬁfmwwé}wmzi@wg%&a@a@me&%mbeus,

Gnomonia cingulata, Haplosporella hesperedica, 15Helminthosporium sp.,
MK RURIRHS DIRT AR AR RarfR HARRIS A RS SBRNS SRE i RgFoPUS
dedgimans By Mdigure $anmrai aah & UR iz oprssial R H psp ikhidomsp @oknizhizopus
orfBERHB SIS TRl RIS RAOBIICBRIGRR R IBEASO AL REIAB RN,

Icrosporus, Rhizopus oryzae, Rhizopus shanghaiensis, Rhizopus stolonifer,
SURHIOSHANS tRYECSRhSIBRHERU FACSTIRT L dMAINS Y@ BFRIABIF ARC M{QiRRY4aR hirta.

Wojnowicia graminis and Wojnowicia hirta. 20 20.Process according to Claim
2& 9 CB?cgéa:gé(saréz(:%grlcjr}r;[g ?ct) EYéler? )%l,a élr?aﬂall%tgﬁ%gqnotHgt hydroxylation is carried out
with Absidia orchidis (ATCC 6647), Acremonium strictum (NRRL 5759), Ascochyta
clematidina (CBS), Aspergillus alliaceus (ATCC 10060), Aspergillus awamori (CBS),
Aspergillus fischeri (ATCC 1020), Aspergillus malignus (IMI 16061), Aspergillus melleus
(CBS), Aspergillus nidulans (ATCC 11267), Aspergillus niger (ATCC 9142, ATCC
11394), Aspergillus ochraceus (NRRL405, NRRL 410, CBS 13252, ATCC 46504),
Aspergillus variecolor (ATCC 10067), Bacillus megaterium (ATCC 13368), Beauveria
bassiana (IFO 5838, ATCC 13144, IFO 4848, CBS 11025, CBS 12736, ATCC 7159),
Botryodiplodia malorum (CBS 13450), Caldariomyces fumago (ATCC 16373),
Calonectria decora (ATCC 14767), Curvularia lunata (IX 3, NRRL 2380), Fusarium
solani (ATCC 12823), Fusarium oxysporum (ATCC 7808), Gibberella zeae (CBS 4474),
Glomerella cingulata (ATCC 12097, ATCC 10534, CBS 23849, CBS 23749, ATCC
16646, IFO 6459, IFO 6425, IFO 6470, ATCC 15093, ATCC 10529, IFO 5257, ATCC

56596, ATCC 64682), Glomerella fusaroides (ATCC 9552), Ghomonia cingulata (CBS



with Absidia orchidis (ATCC 6647), Acremonium strictum (NRRL 5759),
Ascochyta clematidina (CBS), Asperg%us affiaceus (ATCC 10060),
Aspergillus awamori (CBS), Aspergillus fischeri (ATCC 1020), Aspergillus
ma//gnus (I Ml 16061), Aspergillus melleus 25(CBS), Aspergifius nidulans

15(Z?E§§@Iéﬂ@ﬁ?@r%m&&lm@@CIQSE@@ﬁM—?eIBEﬁﬁuM&Q@mﬁ@W@%L@QZ),
chraceus (NRRL4 R 10, S 13252, ATCC erqillus
MR S et B et Ao e e B

pliyabsikmECBECLERB, NYOEPBL 9 amBal6YB; CBE/ 120 2 BSs B2BBIs (ATCC

1A RARPUER YA (plodie mRaloriTdE BH 43450} SaldnyianyepasunREfer
’(ﬁATCC 16373), 30Calonectria decora (ATCC 14757%, urvularia lunata (IX 3,

ARRLE ) PR LB/ THARTOE TR ERS) AR askr i ()RS aE"S

(CB308Y1a8hberefia zeae (CBS 4474), Glomerella cingulata (ATCC 12097,
ATCC 10534, CBS 23849, CBS 23749, ATCC 16646, IFO 6459, IFO 6425,
IFO 6470, ATCC 15093, ATCC 10529, IFO 5257, ATCC 56596, ATCC
64682), Glomerella fusaroides (ATCC 9552), Gnomonia cingulata (CBS 38
15226), Haplosporella hesperedica (CBS 20837), Helicostylum piriforme
(ATCC 8992), Helminthosporium sp. (NRRL 4671), Metarhizium anisopliae (I
FO 5940), Mucor plumbeus (CBS 29563), Nigrospora sphaerica (ATCC
12772), Rhizopus arrhizus (ATCC 11145), Rhizopus oryzae (ATCC 4858,
ATCC 34102, CBS 32947), Rhizopus stolonifer 5 (ATCC 15441),
Syncephalastrum racemosum (I FO 4827) and Wojnowicia graminis (CBS
89168).



