1 15,16-Methylene-17-(1'-propenyl)-17-3'-oxidoestra-4-en-3-one Derivative, Use Thereof and Drug
Containing the Derivative Description 5 The invention relates to novel 15,16-methylene-
17-(1'-propenyl)-17-3'-oxidoestra-4-en- 3-one derivatives with progestational action, the use thereof and
drugs containing the derivatives, for example for the traatment of pre-, peri- and postmenopausal and
also premenstrual problems. 10 From the literature, compounds with progestational, antimineralcorticoid,
anti- androgenic ot>aHtidstiotRad 46HoNPBesRl b3 QteRsii 8Kk letBR IPRR RUNAHYPE MEfinple derived from
19-nor-androst-4-gheBeoinen o Daug ez oradivien ghbecmdrithevaumbering of the steroid skeleton can for example
be taken from Fresenius/Gorlitzer 3rd Edn. 1991 15 "Organic Chemistry Nomenclature” p. 60 ff.) are
known. Thus WO 2006/072467 Al discloses the compound with progestational action 6(3,7(3-
15(3,16(3-dimethyEReBY8%0-17-pregn-4-en-21,17(3-carbolactone (drospirenone), which has for example
been used in an oral contraceptive and in a preparation for the 20 treatment of postmenopausal

problems. HowevehOw(iagtith e L0 aGHY k1o caifiBiy.- for thebrRaastogerokeRRtRL £BH. its
comparatively hiaf gyulation inhitilers, dasedrasaitanons I conianed n he.contiaceptive at the
relatively high daily cposage o¥%smg. oreover, drospirénone is also charactérized in tha , In addition to

the progestationalMAIMESt WIsB* ARSI Q6 Lt MHFNENLR) BfistRE(aAfifhAE AR MR GIR) RA RIS
antiandrogenic acti@mehkesa pnblpnaperties make drospirenone very similar in its pharmacological profile
to the natura] progestogen progesterone, which however, unlike drospirenone, is orally of insufficient
bioavailability. In order to decrease the dosage to be administered, in WO 2006/072467 Al an
18-methyl-19-nor-17Brag H Lo A o9 OF P U oA B Rl B AT R R T LFOR e 4885 ns containing these,
which have 30 a HgHiegphrsgestatiraabpoteadiptHasetrospi erorss katetprogose drepaexamontethis, for
example US-A 3, ¥k 4%6isaleses stereits-vhirbndaye @btivative thereof (the numbering of the

steroid skeleton can for example be taken from Fresenius/Gérlitzer 3 Edn. 1991
15  *“Organic Chemistry Nomenclature* p. 60 ff.) are known.

Thus WO 2006/072467 Al discloses the compound with progestational action 6[3,7f-
1583,16B-dimethylene-3-oxo-17-pregn-4-en-21,17f3-carbolactone (drospirenone), which
has for example been used in an oral contraceptive and in a preparation for the

20 treatment of postmenopausal problems. However, owing to its comparatively low
affinity for the progestogen receptor and its comparatively high ovulation inhibitory
dose, drospirenone is contained in the contraceptive at the relatively high daily dosage
of 3 mg. Moreover, drospirenone is also characterized in that, in addition to the
progestational action, it also has aldosterone-antagonistic (antimineralcorticoid) and

25 antiandrogenic action. These two properties make drospirenone very similar in its
pharmacological profile to the natural progestogen progesterone, which however,
unlike drospirenone, is orally of insufficient bioavailability. In order to decrease the
dosage to be administered, in WO 2006/072467 Al an 18-methyl-19-nor-17-pregn-4-
en-21,17-carbolactone and pharmaceutical preparations containing these, which have

30 a higher progestational potency than drospirenone, are proposed.

Apart from this, for example US-A 3,705,179 discloses steroids which have anti-
androgenic activity and are suitable for the treatment of diseases which are connected
with androgens.

35
Further, in EP 0 245 170 Al steroid compounds are disclosed, in which an unsaturated

spiro ether is contained in the 17 position and an aromatic residue in the 11 position.



androgenic activity and are suitable for the treatment of diseases which are connected with androgens.
35 Further, in EP 0 245 170 Al steroid compounds are disclosed, in which an unsaturated spiro ether is
contained in the 17 position and an aromatic residue in the 11 position. 2 The action of these compounds
is stated to be progestomimetic or anti-progesto- mimetic, androgenic or anti-androgenic and
anti-glucocorticoid. 5 The objective of the present invention is to provide compounds which exhibit strong
binding to the prodB8t&¢HoR PEEMSRHFOIPPAHIEAR SHEISRP ARIGSISRBTII PrEATLPIYISRS  have an
antimineralcorticoidiaetigraaddgeeistcaldatis ight gerilr ag e pidiaptia edidoicegard to the androgen receptor. A
further substantial target of the present invention also consists in achieving a balanced activity profile of
the progestational action to the 10 antimineralcorticoid action such that the ratio of the progestational to
the antimineralcorticoid action is lower than with drospirenone. This problem is solved by the
15,16-methylene-Ie(dbjprtpe plAhel MeSeokidvansion id te mrovBig eomepderizativies exubitdingneo the invention
according to claimyhdthe td $eeqirbaestdgéiy adbepsonarigtingarbe dmpRnHes Mecrr giegishlalss 12 and a
drug according to, dlaim) L4, Geniaining atleast ene et ve agrerding o ihe nyeriion, n particular for
oral contraception and 1oFthe treatment o pre-, peri- and’ posstrﬂenopa al problems. Eavantageous
embodiments of tietiRaMHiescAE SRR dAiuhesaRTEmTal BIetd hapiserrigueien@lsReleton of the

derivatives accordingstaidireacivevitign wdtimtied agevigraldtieeonbal fagastaiohallasisrtietheimbering of a
steroid skelefgn, TorEXAMRIG HLRFHPRS K EHGS8 S IR ofille JoRS MM aRaer- The numbering of the

residues stated in the claims corresponds analogously to their binding position on the C skeleton 25 of
the derivatives, in88¥F SR YIG 851 r 1R AR ME RIS PRI or example the residue R is bound to

the C position of the derivative according to the invention. With regard to the groups defined as Z, the
groups NOR' and NNHSOZ2R' each bind with a double bond via N to the C skeleton of the derivative as to
=NOR"or This problem is solved by the 15,16-methylene-17-(1’-propenyl)-17-3’-oxidoestra-4-en-
15  3-one derivatives according to the invention according to claim 1, the use of the
derivatives according to the invention according to claim 12 and a drug according to
claim 14 containing at least one derivative according to the invention, in particular for
oral contraception and for the treatment of pre-, peri- and postmenopausal problems.
Advantageous embodiments of the invention are stated in the subclaims.
20
The numbering of the C skeleton of the derivatives according to the invention with the
general chemical formula I follows the numbering of a steroid skeleton, for example
described in Fresenius, loc. cit., in the usual manner. The numbering of the residues
stated in the claims corresponds analogously to their binding position on the C skeleton
25  of the derivatives, insofar as this relates to R*, R®, R” and R'®. Thus for example the

residue R* is bound to the C* position of the derivative according to the invention.

With regard to the groups defined as Z, the groups NOR’ and NNHSO,R’ each bind
with a double bond via N to the C skeleton of the derivative as to =NOR’ or
30 =NNH-SO,R’ respectively. OR’ in NOR’ and NHSO,R’ in NNHSO,R’ can be in the syn

or anti position.

Alkyl in R, R®® R® R’, R™® R', R?, R?*? R?™ and R* and in other cases should be

understood to mean linear or branched-chain alkyl groups with the stated number of
35 carbon atoms or optionally 1-10 carbon atoms, such as for example methyl, ethyl,

propyl, isopropyl, butyl, isobutyl, tert.-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl or

decyl. Alkyl in R*® should in particular be understood to mean methyl, ethyl, propyl or



30 =NNH-SO2R' respectively. OR' in NOR' and NHSO2R' in NNHSO2R' can be in the syn or anti
position. Alkyl in R', R6a R6b, R7, R18, R19, R20, R21a, Rem and R22 and in other cases should be
understood to mean linear or branched-chain alkyl groups with the stated number of 35 carbon atoms or
optionally 1-10 carbon atoms, such as for example metByl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert.-butyl, pentyl, isopentyl, negpentyl, hexyl, heptyl or decyl. Alkyl in R18 should in particular be
understood to meﬁmﬂe{ﬁ%ﬁ]ylﬁ“ﬁ BYI3PIRRrISEY U R, IHRIHY, BikyPUploPSMsopropyl, butyl,
isobutyl, tert.-butyisqrentyl, nisgeentydr heopehtyher, exakyFgrdhes Rhed)igP group's, R RE1R6b R', R18,
R19, R20, R21a, 2lpand RE2 can RibIRIRRISH K SHESH WA b haleRen GRS, hydroxy

groups, C1-C4 alkoxy groups or C6 C12 aryl groups (which in turn can be substituted 5 with 1-3 halogen
atom). In particulliP ik S HERBR IS Stetnt 750 FOLPS YRR GIBECHRS Wistroxysthylene
(HO-C2H4), Hydroxyptophidene(HOMS)3 Hepeitd iy diokganutdeater¢ioo G@R8Joand isomers thereof.
Alkenyl in R6a R6kyarsyhshmtd peouodsrsinpskiriaae ineac o1, P saekhsdrebaime kP @lkenyl groups

with 2-10 carbon s, spch as for example viny|,.propenyl, butenyl, pentenyl, isobutenyl or isopentenyl.
Alkynyl in R6a RG%I%TG}G& E&djgﬁ%rg q %g?ﬁﬁ%?@cgﬁg r%nea'ﬁoin%gtrtlhc?rr%%nched-chain alkynyl groups with

2-10 carbon atoms, such as for example ethynyl, propynyl, butynyl, 15 pentynyl, isobutynyl or
isopentynyl. The alkenyl arrfaikrylgRdspsukiGe R anRicoandpdisedstithitat vathcAai halogen atoms,

hydroxy groups, Cl.- ) Y. ich o juted with 1-3
halogen ato%%ss). %&%ﬁ%ﬁ%ﬂ%ﬁ%ﬁ?@%ﬁ%}égfﬁf rﬁ%%ﬁéﬁ@gkﬁrﬁﬁkﬁﬁ%-a carbon
p

atoms, for exampR°8 Ry SO BRANEMopentyl and cyclohexyl. The cycloalkyl groups R' can be
substituted with halogen, OH, O-alkyl, CO2H, C02 alkyl, NH2, NO2, N,, CN, C1-C10 alkyl, C1-C10 acy!

or C1-C10 acyloxy@yauns R28 R® and R’ should be understood to mean linear or branched-chain
alkynyl groups with 2-10 carbon atoms, such as for example ethynyl, propynyl, butynyl,
15  pentynyl, isobutynyl or isopentynyl.

The alkenyl and alkynyl groups R®, R®® and R’ can be substituted with 1-5 halogen
atoms, hydroxy groups, C;-C3 alkoxy groups or C¢-Cy, aryl groups (which in turn can be
substituted with 1-3 halogen atoms).

20
Cycloalkyl in R’ should be understood to mean cycloalkyl groups with 3-6 carbon
atoms, for example cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. The cycloalkyl
groups R’ can be substituted with halogen, OH, O-alkyl, CO,H, CO,-alkyl, NH,, NO,,
N3, CN, C;-Cyg alkyl, C;1-Cyg acyl or C;-C; acyloxy groups.

25

Aryl in R and in other cases should be understood to mean substituted and
unsubstituted carbocyclic or heterocyclic residues with one or more hetero atoms, such
as for example phenyl, naphthyl, furyl, thienyl, pyridyl, pyrazolyl, pyrimidinyl, oxazolyl,
pyridazinyl, pyrazinyl, quinolyl or thiazolyl, which can be singly or multiply substituted

30 with halogen, OH, O-alkyl, CO,H, CO,-alkyl, NH,, NO,, N3, CN, C;-Cy, alkyl, C;-Cyp
acyl or C;-Cy acyloxy groups. Insofar as aryl is otherwise mentioned as a substituent
on alkyl, alkenyl or alkynyl, these are in particular aryl groups with 6-12 ring carbon

atoms.

35 Aralkyl in R’ should be understood to mean aralkyl groups which can contain up to
14 carbon atoms, preferably 6 to 10 C atoms, in the ring, and 1 to 8, preferably 1 to 4,

carbon atoms, in the alkyl chain. Possible aralkyl residues are for example benzyl,



Arylin R" and in other cases should be understood to mean substituted and unsubstituted carbocyclic or
heterocyclic residues with one or more hetero atoms, such as for example phenyl, naphthyl, furyl, thienyl,
pyridyl, pyrazolyl, pyrimidinyl, oxazolyl, pyridazinyl, pyrazinyl, quinolyl or thiazolyl, which can be singly or
multiply substituted 30 with halogen, OH, O-alkyl, CO2H, C02 alkyl, NH2, NO2, N,, CN, C1-C10 alkyl,
C1-C10 acyl or C1-C10 acyloxy groups. Insofar as aryl is otherwise mentioned as a substituent on alkyl,
alkenyl or aIkynyI,Pt*Fﬁé‘é/ée@ PP A REEYRWithislmothr liapis At ME I d3ipTapdiky| in R' should
be understood to meaingsakkybgreingg svinchigasutsritaien withchalé e ion, ateiky, pderaldy 6 to 10 C
atoms, in the ring,aﬁggl,g N9 ﬁb’%ﬁf,%ii_@% ;"gg 4 @2{%@? g,t@rp&ﬂr&&g@lbyd%g@in. Possible aralkyl
residues are for example Eenzyl, 4 phenylethyll, naphthylmethyl, naphthylethyl, furylmethyl, thienylethyl or
pyridylpropyl. The rings can be singly or multiply substituted with halogen, OH, O-alkyl, CO2H, CO, alkyl,
NO2, N,, CN,<,-Obeptkes, dkoRz(Oeaky bisOedtianed e groapoxs drpiawis atkoxp¢o-alkyl) is
mentioned, these atenal kYGRS et dizf S& &R0 LS B §3dkyn particular be methoxy, ethoxy
and propoxy. Insofar as acyl (CO-alkyl) is mentioned, these are acyl groups with 1-20 carbon atoms. Acyl
can in particular be formyl, acetyl, propionyl and butyryl. 10 Insofar as acyloxy (O-CO-alkyl) is mentioned,
these are acyloxy'§6{@ssaty {5 akyPid M asAns IARIRSE & aAVIIIPHRTCUIRr e reRRYTLRY Mg etyloxy,
propionyloxy and Amytymsdoxpaitfsdtalbg ennmgeanstfluaopenghdodbetaybromine. Among these, chlorine is
preferable. The present invention relates to 15,16-methylene-17-(1'-propenyl)-17-3'-oxidoestra-4-

en-3-one derivatives with the general chemical formula l;isO HZ 49" _
Insofar as acyloxy (O-CO-alkyl) is mentioned, these are acyloxy groups with 1-20

carbon atoms. Acyloxy can in particular be formyloxy, acetyloxy, propionyloxy and

butyryloxy.
15 Halogen means fluorine, chlorine or bromine. Among these, chlorine is preferable.

The present invention relates to 15,16-methylene-17-(1’-propenyl)-17-3’-oxidoestra-4-

en-3-one derivatives with the general chemical formula I

I
20
in which
z is selected from the group comprising oxygen, two hydrogen atoms,
25 NOR’ and NNHSO,R’, where R’ is hydrogen, C;-Cy, alkyl, aryl or C;-Cy
aralkyl,
R* is selected from the group comprising hydrogen and halogen,

and further, either:



20 R6a R6b R in which Z is selected from the group comprising oxygen, two hydrogen atoms, 25 NOR'
and NNHSO2R', where R' is hydrogen, C,-C,o alkyl, aryl or C7-C20 aralkyl, R is selected from the group
comprising hydrogen and halogen, and further, either: 5 R6a R6b are each mutually independently
selected from the group comprising hydrogen, C1-C10 alkyl, C,C,0 alkenyl and C2-C10 alkynyl, or
together form methylene or 1,2-ethanediyl and R7 is selected from the group comprising hydrogen,
C1-C10 alkyl, C3-C6 Fcydfoafk§icesh oy alldnderaidendycatralryfigmane eedr romMsisai%er comprise
oxygen or a methylene group oyaigyemdated, yatkythe,-fsralktion afacdabkdpoyidobetyesien C6 and C7 and

10 R6b is selected from the greyip, %mré%@grﬁyﬂﬁ?%%dgﬂa%w alkyl, C2-C,0 alkenyl and C2-C10
alkynyl, and R18 is selected from the %%%Elcorﬁ rising h %ﬁ%en and C1-C3 alkl%' 15 Further, the

d
invention also relates t&the sofvSF&S! e 8“?6{?@%1" Q198605 SeedRIngiG the invention,
including all cbystal modificatiosislapliyhlCstere isemienddtBeskdutivatives. According to a preferred
embodiment of the invention, Z is selected from the group 20 comprising oxygen, NOR' and NNHSO2R'.
According to a further preferred embodiment of the invention, Z stands for oxygen. According to a further

preferred embodiment ofathe7 invention, R is selected from the 25 group comprising hydrogen and
chlorine. According to &furthe e ReFreRMaRSRIVEER o R MEIMRIS B AURE LRSS Wtelter form
1,2-ethanediyl or are each hydi@geiion of a double bond between C° and C’ and

10 RSP is selected from the group comprising hydrogen, C;-Cj, alkyl, C,-Cyo
alkenyl and C,-C4, alkynyl, and

R™® is selected from the group comprising hydrogen and C;-C; alkyl.

15  Further, the invention also relates to the solvates, hydrates and salts of the derivatives
according to the invention, including all crystal modifications and all stereoisomers of

these derivatives.

According to a preferred embodiment of the invention, Z is selected from the group
20  comprising oxygen, NOR’ and NNHSO;R’.

According to a further preferred embodiment of the invention, Z stands for oxygen.

According to a further preferred embodiment of the invention, R* is selected from the

25  group comprising hydrogen and chlorine.

According to a further preferred embodiment of the invention, R®** and R® together form

1,2-ethanediyl or are each hydrogen.

30  According to a further preferred embodiment of the invention, R’ is selected from the

group comprising hydrogen, methyl, ethyl and vinyl.

According to a further preferred embodiment of the invention, R®** and R’ together
comprise a methylene group.

35
According to a further preferred embodiment of the invention, R** and R’ are omitted

with the formation of a double bond between C® and C’.



30 According to a further preferred embodiment of the invention, R7 is selected from the group
comprising hydrogen, methyl, ethyl and vinyl. According to a further preferred embodiment of the
invention, R6a and R7 together comprise a methylene group. 35 According to a further preferred
embodiment of the invention, R6a and R7 are omitted ®ith the formation of a double bond between C6
and C7. 6 According to a further preferred embodiment of the invention, R'$ is selected from the group
comprising hydrogen and methyl. 5 Particularly preferred are compounds with the general chemical
formula I, in whichAc@igioxygefuahdl Piafe ndaere o dits bydsbiye mve a6 Rikid salgdted €orCth2 aralkyl, R is
hydrogen or haloggﬁg ]c%rﬁﬂﬁjs w%mign%m R6b are each mutually independently selected from the
group comprising “hydrogen, C1-C6 alkyl, CI -C6 alkenyl and CI -C6 alkynyl, or together form methylene
or 1,2-ethanediyl and 15 R7 is hydrogen, C1-C6 alkyl, C3-C6 cycloalkyl, C2 -C6 alkenyl or C2 -C6
alkynyl, or: Rba, Rartiogetlyarrefergsiize eompooylsneityribapercakcoenitaetfovitiuithke ifowimation of a double
bond between C6 and C7 and 20 R6b is hydrogen, C1-C6 alkyl, C2-C6 alkenyl or C2-C6 alkynyl and R'$
is hydrogen or C1-C2 alkyl, Where in this 0 th{._\a5 solv tes hy Its oféhe derivatives
according to 25 the invention, mcﬂﬁ%eng a@gﬁ/‘s\fvﬁ modlfsc |on % ¥é0|§omer75 of these
derivatives, are included. Also §altiularly preferred are compounds with the general chemical formula I,
in which 30 Z is axygen or NORhybgee &' tialbyeisogen or C1-C3 alkyl,

10

and further, either:

R®, R® are each mutually independently selected from the group comprising
hydrogen, C;-Cg alkyl, C,-Cq alkenyl and C,-Cg alkynyl, or together form
methylene or 1,2-ethanediyl and

15 R’ is hydrogen, C;-Cg alkyl, C3-Cq cycloalkyl, C,-Cg alkenyl or C,-Cg alkynyl,
or:

R% R’ together comprise a methylene group or are omitted with the formation
of a double bond between C° and C’ and

20 R is hydrogen, C;-Cs alkyl, C,-Cs alkenyl or C,-Cg alkynyl and

R™® is hydrogen or C;-C, alkyl,

where in this case also the solvates, hydrates and salts of the derivatives according to
25 the invention, including all crystal modifications and all stereoisomers of these

derivatives, are included.

Also particularly preferred are compounds with the general chemical formula I, in which

30 Z is oxygen or NOR’, where R’ is hydrogen or C;-C; alkyl,

R* is hydrogen, chlorine or bromine,

and further, either:
R®, R® are each mutually independently selected from the group comprising
35 hydrogen, C;-C; alkyl and C,-C, alkenyl, or together form methylene or
1,2-ethanediyl and
R’ is hydrogen, C,-C, alkyl, Cs-C, cycloalkyl or C,-C, alkenyl,



R is hydrogen, chlorine or bromine, and further, either: R6a, R6b are each mutually independently
selected from the group comprising 35 hydrogen, C1-C3 alkyl and C2 -C4 alkenyl, or together form
methylene or 1,2-ethanediyl and R7 is hydrogen, C1-C4 alkyl, C3-C4 cycloalkyl or C2-C4 alkenyl, 7 or:
R6a, R7 together comprise a methylene group or are omitted with the formation of a double bond
between C6 and C7 and 5 R6b is hydrogen, C1-C3 alkyl or C,-C, alkenyl and R'$ is hydrogen or methyl,
where in this case also the solvates, hydrates and salts of the derivatives according to 10 the invention,
including all crystalrmodifications and all sterecisomers of these derivatives, are included. Herewith, all

possible stereoiso&agrgand i5%B@{h'g?i5%6%4%%@&}%@@%?&%@%@éﬂ%t%ﬂ%ﬂﬁr%‘ﬁ'&{he general

chemical formula | are also expressl}fI included. Eac stated substituents on the basic steroid
skeleton can be present both ifl &3 RELIEEHEERN SodfiB s A dddition, the substituents on the basic
steroid skeletdn wWRith contairisshidrabks Hondsafidlian@hichakendbatsle bond bears at least one
substituent which is not hydrogen at each carbon atom can be present in the E and also in the Z

configuration. Grngs bound t(l)StMvo adjacent carbon atoms of the skeleton, for example 20 an oxygen

atom, methylene or 1,2-ethaned|3)f, &re bound efther in the a,a position or in the (3,(3 position. Also
expressly included are all crystal modifications of the compound with the general chemical formula I. 25
Also expressly inchingesliarsiterseadive thacotvd g Hgdthe srareindion of tieedkoivatioé ssalvatisg to particular of

hydrates, whgye the GRORINIRIAGRYTAING L R IVERBAY 2RSSRl GRRIRIN BRIgL solvents, in

particular water, as a structural element of'the
derivatives, are included.

Herewith, all possible stereocisomers and isomer mixtures, including racemates, of the
compounds with the general chemical formula I are also expressly included. Each of
15 the stated substituents on the basic steroid skeleton can be present both in an a and
also in a B position. In addition, the substituents on the basic steroid skeleton which
contain a double bond and in which the double bond bears at least one substituent
which is not hydrogen at each carbon atom can be present in the E and also in the Z
configuration. Groups bound to two adjacent carbon atoms of the skeleton, for example
20 an oxygen atom, methylene or 1,2-ethanediyl, are bound either in the a,a position or in

the 3,8 position.

Also expressly included are all crystal modifications of the compound with the general
chemical formula L.

25
Also expressly included are derivatives according to the invention in the form of
solvates, in particular of hydrates, where the compounds according to the invention
accordingly contain polar solvents, in particular water, as a structural element of the
crystal lattice of the compounds according to the invention. The polar solvent, in

30 particular water, can be present in a stoichiometric or also nonstoichiometric ratio.
Stoichiometric solvates and hydrates are also referred to as hemi-, (semi-), mono-,

sesqui-, di-, tri-, tetra-, penta-, etc. solvates or hydrates.

If an acidic group is present, the physiologically compatible salts of organic and
35 inorganic bases are suitable as salts, such as for example the readily soluble alkali
metal and alkaline earth salts, and the salts of N-methyl-glucamine, D-methyl-

glucamine, ethyl-glucamine, lysine, 1,6-hexadiamine, ethanolamine, glucosamine,



crystal lattice of the compounds according to the invention. The polar solvent, in 30 particular water, can
be present in a stoichiometric or also nonstoichiometric ratio. Stoichiometric solvates and hydrates are
also referred to as hemi-, (semi-), mono-, sesqui-, di-, tri-, tetra-, penta-, etc. solvates or hydrates. If an
acidic group is present, the physiologically compatible salts of organic and 35 inorganic bases are
suitable as salts, such as for example the readily soluble alkali metal and alkaline earth salts, and the
salts of N-methy|-§RieaHmSerthdty 1Y YrRIvARTHY -8TH)RGRIBaRI RSN RRRPaneslifle RAURKIARATE,
ethanolamine, gluassarainiap2, Farcasieeridelindlaiistmgdoaxy presthyampinsiohaiicaine,
aminopropanediol,fuakIbast: afdldAing RorAruaneldotnibe Raslo PR pLEReN, he

physiologically compatible salts of organic and inorganic acids, such as those of hydrochloric acid,
sulfuric acid, phos Hﬁ%%é‘?dpEﬁ?Rpgé‘fc?cfgrﬁWE 8?%8 BHAhackag e litpie sa! tﬁ%%[s been found that

the compounds and derivatives according to the invention have good progestational activity. In addition,

some interesting qplﬁﬁ@%@ﬂﬁ)aﬁ@@mﬂﬁlﬂafébih\ﬁ)dﬁé@aﬂ@ﬂémaf 64 \A&H@rﬁi@g%ﬁi@é%@@ﬁﬂ@ﬁiﬁbﬁceptor and
are capable of mediat 48?10 agon stlc 'C}ﬁté%ﬂ Further, the com n%ounds. ac ordln% ttht-%- invention
sli

t t ter
exhibit neutral 10 T andre rogenic &act ivity Wit horésgrp 0 fhe & ?861 Rur%(fc'e% or. 9urther property of

the vast majority d*Yﬁ@'EBﬂHWd@t*&W&W[ﬁ'?HﬁFﬂ‘%rﬁﬁ?ﬂiﬁb%ﬂﬁ@é@%ﬁﬁﬁﬁm@%ﬁ@ progesterone
receptor and to thenmtisticciticoid-reteptoreisamptualy setativiatytdxataingedjdreesiighnihatavith them the

ratio of the bi’@)d'”%%Bﬁ?é%%é%ﬁoq&%%ﬁﬁﬂ'F@ga(%ct%%%réﬁdmseh'@S\&&aﬂmeF%mﬁeFWB?ra'cort'co'd

receptor is lower than with 15 irenone. Thus the antimineralcorticoid action of these compounds with

a given progestafish¥i YAy @é%ﬁ%‘%ﬂﬁ%r&%'ﬁﬁ%@a iiRLpdag QL 1BrE GRIBRCEBHHBUNd
according to the inbeptigedtcestalsicstnte andiivetirasiseshiterficogastatitnat acticnly tietativethe

antimineralcorticoich@ation é thisicHRRatNeat Eh&rﬁ%&gﬂé%lw&ﬁ@hwifbtﬂgﬁﬂjé@m 20 The
compounds named Bl oN At R Gy ALa RS 18 R &GS RES ™ 8RB 5P A58 1 with
15 drospirenone. Thus the antimineralcorticoid action of these compounds with a given
progestational action is less than with drospirenone. If the dosage of a given compound
according to the invention is established on the basis of its progestational action, then
the antimineralcorticoid action of this compound at this dosage is lower than with
drospirenone.
20
The compounds named below are particularly preferable (reference is also made to the

synthetic examples described later below):

17a-(1'-propenyl)-15a,16a-methylene-173-3’-oxidoestra-4-en-3-one
(Example 12)
17a-(1'-propenyl)-150,16B-methylene-17(3-3’-oxidoestra-4-en-3-one
(Example 8)

7a-methyl-15a,16a-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-

en-3-one (Example 14)

A

7a-methyl-153,163-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-

en-3-one

7B-methyl-15a,16a-methylene-17a-(1’-propenyl)-173-3’-oxidoestra-4-
en-3-one
7B-methyl-15B,16p3-methylene-17a-(1'-propenyl)-17(3-3’-oxidoestra-4-

en-3-one




synthetic examples described later below): 17a-(1'-propenyl)-1
5a,16a-methylene-17(3-3'-oxidoestra-4-en-3-one (Example 12) 17a-(1'-propenyl)-153,163-methyl
ene-17(3-3'-oxidoestra-4-en-3-one (Example 8) 7a-methyl-15a,16a-methyl
ene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4- en-3-one (Bxample 14) 7a-methyl-15(3,16(3-methylene-
17a-(1'-propenyl)-17(3-3'-oxidoestra-4- en-3-one 7(3-methyl-15a,16a-methylene-
17a-(1'-propenyl -17(3-;'@%doe@ra”%d'éﬁd?ﬂ-@h@ethylene-170(-(1’-IOYOpenyl)-178-3’-0xidoestra-4-

7(3-methyl-15(3,[16(3+ lene=A-8aobd (es@ppmyhshy (3-3'-oxidoestra-4- en-3-one 9
7a-ethyl-15a,164a- ene-1/7a-(1- H-l? 3-3'-oxidoestra-4- en-3- ample 15A)
7a-ethyl-15(3,16 3-methylene-.L?giah%(rigggéy)ﬁ?gf‘éﬁé&xi g(\efé (At ﬁiﬁ?gﬁeé&“ S aeh:
7(3-ethyl-15a,16a-methylene-17&q2e-propenyl)-17(3-3'-oxidoestra-4-en- 3-one (Example 15B)
7(3-ethyl-15B,16(3-methylene-17gdhyP1oRaBMlnkliAchcoxidqeshiaperil)-13 B xidoestra-4-en-
7a—vinyl-15a,16a-methylene-1‘a%_(ol'- [I(:J aeﬁqlé/lg-#%s-3'-0xidoestra—4-en- 3-one (Example 16A)
7a-vinyl-15(3,16(3-methylene- L 7a-(1-propenyl)- )7(3-3'-oxidoestra-4-en- 3-one
7(3-vinyl-15a,16a-methylene- 17&-gthyhiFe Sy metBlenakidodsperaenyl)- B Brie PEoea i 168
7(3-vinyl-15(3,163-methyl ene-13ard '-propenyl)-17(3-3'-oxidoestra-4-en- 3-one

ol 7a-vinyl-15a,16a-methylene-17a-(1’-propenyl)-173-3'-oxidoestra-4-en-

Q@ 3-one (Example 16A)

7a-vinyl-153,163-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-

3-one

7B-vinyl-150,16a-methylene-17a-(1’-propenyl)-173-3’-oxidoestra-4-en-
3-one (Example 16B)
7B-vinyl-153,163-methylene-17a-(1’-propenyl)-17(3-3’-oxidoestra-4-en-

3-one

7a-cyclopropyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'-

J
Lj:?ik oxidoestra-4-en-3-one (Example 17A)

7a-cyclopropyl-153,163-methylene-17a-(1'-propenyl)-173-3'-

oxidoestra-4-en-3-one

7B-cyclopropyl-15a,16a-methylene-17a-(1'-propenyl)-173-3'-
oxidoestra-4-en-3-one (Example 17B)
7B-cyclopropyl-153,16p3-methylene-17a-(1’-propenyl)-173-3'-

oxidoestra-4-en-3-one

6-methylene-15a,16a-methylene-17a-(1'-propenyl)-173-3'-oxidoestra-

s
L;Hg?fk 4-en-3-one
()

6-methylene-1503,16p3-methylene-17a-(1’-propenyl)-173-3’-oxidoestra-
4-en-3-one

60-hydroxymethylene-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'-
oxidoestra-4-en-3-one

60-hydroxymethylene-15f3,163-methylene-17a-(1'-propenyl)-17(3-3'-

oxidoestra-4-en-3-one




7a-cyclopropyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'- oxidoestra-4-en-3-one (Example 17A)
7a-cyclopropyl-15(3,16(3-methylene- 17a-(1'-propenyl)-17(3-3'- oxi doestra-4-en-3-0 ne
7(3-cyclopropyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'- oxidoestra-4-en-3-one (Example 17B)
7(3-cyclopropyl-15(3,16(3-methylene-17a-(1'-propenyld 7(3-3'- oxi doestra-4-en-3-0 ne g~

6-methylene-15a,

16a-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra- 4-en-3-one

6-methylene-15(
6a-hydroxymethy
6a-hydroxymethy
6(3-hydroxymeth
6(3-hydroxymeth

3,16(3-methylé
lene-15a,16a
lene-15(3,16(
ylene-15a,163
ylene-15(3,16

2188=yrHOKMRIB e nsAISEr  8cameiivieast k40 4 leArgremd) 4 76-3'-

rogtvlanes-dda-chepropenyl)-17(3-3'- oxidoestra-4-en-3-one O
3- t Iene 1' 3 doestra -0 ne
1—%&% ?L‘l‘%?ée %)%r p?gé%%i%?é (7)Oc>x<| %loesPra ?ﬂ% ‘o ne
Blﬂﬁ@ﬂﬁyﬂaﬁ@f!ﬁ@(& -propenyl)-17(3-3'- oxi doestra-4-en-3-0 ne

6,6-(1,2-ethaned
,2-ethanediyl)-15

ismethylene-17at

15a,16a-bismeth
153,16(3-bismet

Iyl)-15a,d8a-m

(3, thy
( penyl)-L7{
ylene-17a-(1'-
nylene-17a-(1'

QﬂM@Qeethlﬁe@yt})i@aa_f@sﬂm%%e@#tﬂ@ﬁ%f@pén@lﬁlﬁ@t?e 6,6-
Iengki?S é pr pen I) 17(3-3'- oxi doestra-4-en-3-0 ne 6a,7a;1
208

oes ra— -'r~rdYh en-3-one 6(3,7(3;
pPShEm3AsthaeddlobaBdéBtreethyenesl dndl6argeenyl)-17p6-3*

s RRRWD-4- éBsrxidoestra-4-

&)

60,70;15a,16a-bismethylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-
en-3-one
6B3,7B3;15a,16a-bismethylene-17a-(1’-propenyl)-173-3’-oxidoestra-4-
en-3-one
60,70;153,16B-bismethylene-17a-(1’-propenyl)-173-3’-oxidoestra-4-
en-3-one
6[3,7B3;15B,16B-bismethylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-

3-one

o

17a-(1'-propenyl)-15a,16a-methylene-173-3'-oxidoestra-4,6-dien-3-
one (Example 13)
17a-(1'-propenyl)-153,163-methylene-17(3-3-oxidoestra-4,6-dien-3-

one (Example 11)

H

10

5a,16a-b



en-3-one 6(3,7(3;15(3,16(3-bismethylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en- 3-one 0
17a-(1'-propenyl)-15a,16a-methylene-17(3-3'-oxidoestra-4,6-dien-3- '~ one (Example 13) 1 7a-(1 '-pro

penyl)-15(3,16p-methylene-1 7P-3'-oxidoestra-4,6-d i en-3- one (Example 11) 11 m_

ql

(E/Z)-3-(hydroxyimino)-17a-(1'-propenyl)-15a,16a-methylene-17(3-3'- oxidoestra-4-ene HO.
(E/Z)-3-(hydroxyimino)-17a-(1'-propenyl)-15(3,16(3-methylene-17(3-3'- oxidoestra-4-ene

mino)-7a-methyl-15a,16a-methylene-17a-(1'-

praopenyl)-17(3-3'-oxidoestra-4-

(E/Z)-3-(hydroxyi
(E/Z)-3-(hydroxy
(E/Z)-3-(hydroxy
(E/Z)-3-(hydroxy
(E/Z)-3-(hydroxy
HO.N (E/Z)-3-(hy

mlno) -7aifget|
min el
MItio)- (3-me1

mino)-7a-ethy|
droxyimino)-7

19@@5@@&@%&!’?9?&&137&”&99%ﬂéﬁﬂ?%?{@@%ﬁd@@ﬁm 4
hodiddeatibadenethylene-17a-(1'- propenyl)-17(3-3'- oxidoestra—4-

/ tra-
I%Sﬁ?g%r%e m)é%?ﬁ% S#rﬂi gﬁy %H‘%‘@?’% o%esstra
aoé‘f?%ﬂstrS(@‘i"@(B -methylene-17a-(1'-propenyl)- 17(3- 3 -ox idoes

ne Ho,N
-ene

ene
4-ene
+4-ene
stra-4-ene

(E/Z)-3-(hydroxy

mino)-?(?:@th

/(d/2pd Gadnsiimieaerdfaetdyiamsp esynetifens-origpestra-4-¢
propenyl)-17(3-3’-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-7a-methyl-153,16[3-methylene-17a-(1'-
propenyl)-173-3’-oxidoestra-4-ene

ne

(E/2)-3-(hydroxyimino)-7p-methyl-15a,16a-methylene-17a-(1'-
propenyl)-17[3-3’-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-7-methyl-153,16(3-methylene-17a-(1'-
propenyl)-173-3’-oxidoestra-4-ene

(E/2)-3-(hydroxyimino)-7a-ethyl-15a,16a-methylene-17a-(1'-propenyl)-
17B-3-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-7a-ethyl-153,16[3-methylene-17a-(1'-propenyl)-

17B-3’-oxidoestra-4-ene

(E/Z)-3-(hydroxyimino)-7p-ethyl-15a,16a-methylene-17a-(1'-propenyl)-
17B-3’-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-7p-ethyl-153,16B-methylene-17a-(1'-propenyl)-

17B-3’-oxidoestra-4-ene

(E/2)-3-(hydroxyimino)-7a-vinyl-15a,16a-methylene-17a-(1'-propenyl)-
17B-3-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-7a-vinyl-153,16[3-methylene-17a-(1'-propenyl)-

17B-3’-oxidoestra-4-ene

(E/2)-3-(hydroxyimino)-7B-vinyl-15a,16a-methylene-17a-(1-propenyl)-
17B-3-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-7(3-vinyl-153,16[3-methylene-17a-(1'-propenyl)-

17B-3'-oxidoestra-4-ene

(E/2)-3-(hydroxyimino)-7a-cyclopropyl-15a,16a-methylene-17a-(1'-
propenyl)-173-3’-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-7a-cyclopropyl-1503,163-methylene-17a-(1'-

propenyl)-173-3’-oxidoestra-4-ene




(E/Z)-3-(hydroxyimino)-7(3-ethyl-15(3,16(3-methylene-17a-(1'-propenyl)- 17(3-3'-ox idoestra-4-ene
(E/Z)-3-(hydroxyimino)-7a-vinyl-15a,16a-methylene-17a-(1'-propenyl)- 17(3-3'-ox idoestra-4-ene
(E/Z)-3-(hydroxyimino)-7a-vinyl-15(3,16(3-methylene-17a-(1'-propenyl)- 17(3-3'-ox idoestra-4-ene
(E/Z)-3-(hydroxyimino)-7(3-vinyl-15a,16a-methylene-17a-(1'-propenyl)- 17(3-3'-ox idoestra-4-ene

(E/Z)-3-(hydroxyi

mino)-7(3-vin

[-15(3,16(3-methylene-17a-(1'-propenyl)- 17(3-3'-ox idoestra-4-

ene

(E/Z)-3-(hydroxy
Ho,N (E/Z)-3-(hy
propenyl)-17(3-3
(E/Z)-3-(hydroxy
(E/Z)-3-(hydroxy

mino)-7a-cycl
droxyimino)-7¢

-oxidoestra-44en

mino)-7(3-cyc
mino) 7(3- cyc

ofrep =B arosdnemdsiielopTeryt Lop, Haresipyere(3784dkidoe
ISEIOIODY-3A ARGk netdene 1721

65?6%%(*13@5%@3"‘Pr?ém%vﬁ@pf?ayki%p%SB'é*h‘i}By??&ﬂ%“z{%iaoesu
cmoopwl)lsw 36(8dm&tlw4eﬁeel7a (1'- propenyl)- 17(3 -3' OX|doe

(E/Z)-3-(hydroxy
HO.N (E/Z)-3-(hy
methylene-17(3-
15a,16a-methyle

MTNOo)-6- msB
6

droxyi

é’(ﬂy&i’r VI
Ieneol :';1- -propenyl)- 153 1 (3-

}@(%M@S@?Ffﬁlﬂc?ﬁ%a -hydroxymethylene- 17a-(1'-pr

>me

stra-4-ene

ra-4-ene
stra-4-ene
ra-4-ene

openyl)- H

310 stra-4-@REY
ne-17(3-3"-oxid@esjra-{Ayersxyimino)-6-methylene-17a-(1'-propenyl)-15p,160-
methylene-173-3’-oxidoestra-4-ene
o 1 | (E/Z)-3-(hydroxyimino)-6a-hydroxymethylene-17a-(1’-propenyl)-

H
HO, 7

OH

15a,16a-methylene-17[3-3'-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-6a-hydroxymethylene-17a-(1’-propenyl)-
15p3,16B-methylene-17(3-3-oxidoestra-4-ene

(E/2)-3-(hydroxyimino)-63-hydroxymethylene-17a-(1’-propenyl)-
15a,16a-methylene-17[3-3'-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-63-hydroxymethylene-17a-(1’-propenyl)-
15p3,16B-methylene-17(3-3’-oxidoestra-4-ene

(E/Z)-3-(hydroxyimino)-6,6-(1,2-ethandiyl)-17a-(1'-propenyl)-15a,160-
methylene-173-3’-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-6,6-(1,2-ethandiyl)-17a-(1'-propenyl)-15[3,16[3-

methylene-17[3-3’-oxidoestra-4-ene

(E/Z)-3-(hydroxyimino)-6a,7a;15a,16a-bismethylene-17a-(1'-
propenyl)-17(3-3’-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-6[3,703;15a,16a-bismethylene-17a-(1'-
propenyl)-17[3-3’-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-6a,7a;153,163-bismethylene-17a-(1'-
propenyl)-173-3’-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-6[3,73;1503,163-bismethylene-17a-(1’-propenyl)-

17B-3'-oxidoestra-4-ene

(E/2)-3-(hydroxyimino)-17a-(1'-propenyl)-15a,16a-methylene-17(3-3'-
oxidoestra-4,6-diene
(E/2)-3-(hydroxyimino)-17a-(1'-propenyl)-153,163-methylene-17[3-3'-

oxidoestra-4,6-diene




HO.N OH (E/Z)-3-(hydroxyimino)-6a-hydroxymethylene- 17a-(1'-propenyl)-
15(3,16(3-methylene-17(3-3'-oxidoestra-4-ene (E/Z)-3-(hydroxyim ino)-63-hydroxymethylene-
17a-(1'-propenyl)- 15a,16a-methylene-17(3-3'-oxidoestra-4-ene (E/Z)-3-(hydroxyim
in0)-63-hydroxymethylene- 17a-(1'-propenyl)- 15(3,16(8methylene-17(3-3'-oxidoestra-4-ene g~

(E/Z)-3-(hydroxyi

methylene-17(3-
(E/Z)-3-(hydroxy
methylene-17(3-
~'1'rdY propenyl
16a-bismethylen
15(3,16(3-bisme
15(3,16(3-bisme
(E/Z2)-3-(hydroxy
(E/Z)-3-(hydroxy
17a-(1'-propenyl
17a-(1'-propenyl

mino)-6,6-(1,2-ethandiyl)-17a-(1'-propenyl)-15a,16a- "~ H Yr~" ",

3-oxidagstra-4
migi@(l 2
3¥oxidoestra-4
-17(3-3"-oxid¢
p-17a-(1'- proy

1-bise(Hrapenyl)-18-methyl-15a,16a-methylene-173-3'-oxidoestra-4-
-eth@pAdyl)-17a-(1'-propenyl)-153,16(3-

l-ene E/Z -3- in % ethylene-
efs{t]ra 45 [é)z])%; | rc%%m mo?]fE@é 3 FSREA
)@ﬁ;ﬁ)OD?(B 3 OX|doestra 4-ene (E/2)-3- (hydroxylmlno) -6a,7a;

1(1-0

A

h

ylene<17a-(T
hyl a-(y
niepe e
mino)-17a-(1'
-18-methyl-15

7ropamyétnd i {33 reudidensiEad 1288 1 (BdheAy Iy AEyImIno)-6
Rrapen )- 17(? -3'- LOX idoestra-4-ene
62

propeny?/ 15ea A methylene 17(3-3'- H oxidoestra-4, 6-d iene
pfeg8riimetn (3L 3B Ereetpiene-17q313rrorfiubsira-4; 6-diene 1
%%6&%@M%ﬁ®o$ZQ&ﬁnwwm@stra -4- rV en-3-one

3,7(3;

HON
3 Ig~

12 _maethyvl-1
L0 |||Cllly| -

“/B 18\“6|r'r'1ecthyr fﬁa i \me‘fh)\lfene O (1 propenyl) 17B-3"-oxido-
estra-4-en-3-one
7B,18-dimethyl-1503,16[3-methylene-17a-(1'-propenyl)-17[3-3'-

oxidoestra-4-en-3-one

70-ethyl-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-173-3'-
oxido-estra-4-en-3-one
7a-ethyl-18-methyl-15B,163-methylene-17a-(1'-propenyl)-173-3'-

oxido-estra-4-en-3-one (Example 5A)

7B-ethyl-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-173-3'-
oxido-estra-4-en-3-one
7B-ethyl-18-methyl-153,16[3-methylene-17a-(1'-propenyl)-17(3-3’-oxido-

estra-4-en-3-one (Example 5B)

7a-vinyl-18-methyl-15a,16a-methylene-17a-(1’-propenyl)-173-3'-
oxido-estra-4-en-3-one
7a0-vinyl-18-methyl-153,163-methylene-17a-(1’-propenyl)-173-3’-oxido-

estra-4-en-3-one (Example 6A)

7B-vinyl-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-173-3’-oxido-
estra-4-en-3-one
7B-vinyl-18-methyl-1503,16p3-methylene-17a-(1'-propenyl)-17(3-3’-oxido-
estra-4-en-3-one

7a-cyclopropyl-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-173-
3’-oxidoestra-4-en-3-one

7a-cyclopropyl-18-methyl-15(3,163-methylene-17a-(1'-propenyl)-17(3-

3’-oxidoestra-4-en-3-one (Example 7A)




en-3-one Ilg~ 7a,18-dimethyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'- oxidoestra-4-en-3-one
7a,18-dimethyl-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'- oxidoestra-4-en-3-one (Example 4A)
7(3,18-dimethyl-15a,16a-methyl ene-17a-(1'-propenyl)-17(3-3'-oxido- estra-4-en-3-one
7(3,18-dimethyl-15(3,16(3-methylene-17a-(1'-propenyl}47(3-3'- oxi doestra-4-en-3-0 ne Ig~

7a-ethyl-18-meth

vl-15a,16a-m

thylene- 17a-(1'-propenyl)-17(3-3'- oxi do-estra-4-en-3-one

7a-ethyl-18-meth
7(3-ethyl-18-met
7(3-ethyl-18-met
7a-vinyl-18-meth
7a-vinyl-18-meth

yl-15(3,16(3-n
hyl-15a,16a-m
hyl-15(3,16(3-
yl-15a,16a-me
yl-15(3,16(3-n

nébrsrelararA 1@ ninibpelha) 187 (Bshyisted@stiaMopAr3ohd(Ex
Q;hymslram@frgr@,ﬁ@nyl) 17(3-3'- oxi do-estra-4-en-3-one

bk

1&?9%'@?!%3&% eM-pfAgenyl)-17(3-3'-oxido- estra- 4 -en-3-one (EX

OXId
en

ne 17

‘1“?83’

?70( ra 4 en-
o- est

prop Eg}% t%/ ﬁ-?ﬂ? (E

7(3-vinyl-18-met
7P-vinyl-18-meth

7a-cyclopropyl-18s
7a-cyclopropyl-18-

(Example 7A)

e@h?]ilﬁlﬁﬁelazarélh&mmw N6kl feethyRKila7 @3ir g brinyd-2ne 3 -
net d¥) e

16&@%@@&@%%@%@@;@1@%@31@ Exieoremd)-47833-0

g _en_(% Hropenyl) 17(3-3'-oxido- estra-4-en-3-one
6a-me ylene 7a(1'-propenyl)-17(3- 3'-oxi doestra-4-en-3-0 1

oxidoestra-4-en-3-one

ample 5A)
xample 5B)
ample 6A)

e 0
he

6a-hydroxymethylene-18-methyl-15a,16a-methylene-17a-(1'-
propenyl)-17(3-3’-oxidoestra-4-en-3-one
6a-hydroxymethylene-18-methyl-153,163-methylene-17a-(1'-
propenyl)-173-3’-oxidoestra-4-en-3-one

6B-hydroxymethylene-18-methyl-15a,16a-methylene-17a-(1'-
propenyl)-17(3-3’-oxidoestra-4-en-3-one
6B-hydroxymethylene-18-methyl-153,163-methylene-17a-(1'-
propenyl)-17p3-3’-oxidoestra-4-en-3-one (Example 9)

6,6-(1,2-ethanediyl)-18-methyl-15a,16a-methylene-17a-(1’-propenyl)-
17B-3'-oxidoestra-4-en-3-one
6,6-(1,2-ethanediyl)-18-methyl-153,16[3-methylene-17a-(1'-propenyl)-
17B-3-oxidoestra-4-en-3-one (Example 10)

60,70;15a,16a-bismethylene-18-methyl-17a-(1'-propenyl)-17(3-3'-
oxido-estra-4-en-3-one
6B,7B;150,16a-bismethylene-18-methyl-17a-(1'-propenyl)-17(3-3'-
oxido-estra-4-en-3-one
60,70a;15p3,16B-bismethylene-18-methyl-17a-(1'-propenyl)-17(3-3'-
oxido-estra-4-en-3-one (Example 2)
6[3,7B3;15B,16B-bismethylene-18-methyl-17a-(1’-propenyl)-173-3'-

oxido-estra-4-en-3-one (Example 1)

17a-(1'-propenyl)-18-methyl-15a,16a-methylene-173-3-oxidoestra-
4,6-dien-3-one
17a-(1’-propenyl)-18-methyl-153,16[3-methylene-173-3"-oxidoestra-4,6-

dien-3-one (Example 3)




14 7(3-cyclopropyl-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-17(3- 3'-oxidoestra-4-en-3-one
7(3-cyclopropyl-1 8-methyl-15(3,16(3-methylene-17a-(1'-propenyl)-17(3- 3'-oxidoestra-4-en-3-one 1Q
6-methylene-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'- oxidoestra-4-en-3-one
6-methylene-18-methyl-15(3,16(3-methylene-17a-(1'-ptspenyl)-17(3-3'- oxi doestra-4-en-3-0 ne
6a-hydroxymethylene-1 8-methyl-15a,16a-methylene-17a-(1'- pro penyl)-17(3-3'-oxidoestra-4-en-3-one

OH 6a-hydroxymethylenexs B-m&tayi31bydrosBimdth§imedAg g1 prepenyl)-15a,16a-

penyl)-17(3-3'-oxido N-
penyl)-17(3-3'-oxidoéstra-4-en-
propenyl)-17(3-3/-oxidoestra-4
6,6-(1,2-ethaned)yl)-18-methyl-
6,6-(i ,2-ethaned|yt)-18- -

O,

(Example 10) 19+ 6a,7a ",13a-bi2=,met

do-estra-4-en-3-one, 3;19
do-estra-4-en-3-one 6a,7a;153

3rien I HR-nyel9pLmeihyienand 8-methyl-15a,16a-methylene-17
zﬁ?g’% r'?@h drox.ng gz%t%lygmey-l_%%pe{e,_t&)gbé%ﬁ_, 11553 %%rg_ethylene-_
I5ethGzenbipndenad0§arii4-prepenyl)- A~'~r' 17(3-3'-oxidoestra
1 (3, IO (S S T 25 (i TR I 16 ‘_‘gv.ug-.,.l,, Ao

e-1 8-méthyl-17a-(1'-propenyl)-17(3-3'- oxi
LIRSSy RSB eRRTI-17a-(1'-propenyl)-17(3-3'- oXi
,16(3-bigmadnylienes)L B mebiyhdifia-{ Spamerdnd 3-Rx-(1-

oxido-estra-4-ent3-one (Examplgé%ﬁg%_,?{&_@_fs 3.16(3-bjsmethylene-1

8-methyl-17a-(1'tpropenyl)-17(B-

O -
0-estra-4-en-3-one ?Example 1) lg~

‘a-(1'- pro
| 7a-(1'-

4-en-3-one
1-3-0ne

17a-(1'-propenyl)-18-methyl-15

dA/@a epensing(3R3t folicoesiial 5a, 16a-methylene-170-(1-
propenyl)-17(3-3’-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-7[3,18-bismethyl-153,163-methylene-17a-(1'-
propenyl)-17p3-3’-oxidoestra-4-ene

(E/2)-3-(hydroxyimino)-7a-ethyl-18-methyl-15a,16a-methylene-17a-
(1’-propenyl)-17(3-3'-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-7a-ethyl-18-methyl-153,163-methylene-17a-
(1’-propenyl)-173-3’-oxidoestra-4-ene

(E/Z)-3-(hydroxyimino)-7(-ethyl-18-methyl-15a,16a-methylene-17a-
(1’-propenyl)-17(3-3'-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-73-ethyl-18-methyl-1503,163-methylene-17a-(1'-
propenyl)-17p3-3’-oxidoestra-4-ene

(E/2)-3-(hydroxyimino)-7a-vinyl-18-methyl-15a,16a-methylene-17a-
(1’-propenyl)-17(3-3'-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-7a-vinyl-18-methyl-153,163-methylene-17a-(1'-
propenyl)-173-3’-oxidoestra-4-ene

(E/Z)-3-(hydroxyimino)-7p-vinyl-18-methyl-15a,16a-methylene-17a-(1'-
propenyl)-173-3’-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-7B-vinyl-18-methyl-153,163-methylene-17a-(1'-
propenyl)-17(3-3’-oxidoestra-4-ene

(E/Z)-3-(hydroxyimino)-7a-cyclopropyl-18-methyl-15a,16a-methylene-
17a-(1’-propenyl)-17p3-3’-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-7a-cyclopropyl-18-methyl-153,163-methylene-
17a-(1'-propenyl)-17(3-3'-oxidoestra-4-ene




4,6-dien-3-one 17a-(1'-propenyl)-18-methyl-15(3,16(3-methylene-17(3-3'-oxidoestra-4,6- dien-3-one
(Example 3) 15 Iq | (E/Z)-3-(hydroxyimino)-18-methyl-17a-(1'-propenyl)-15a,16a- H HO.N r"
methylene-17(3-3'-oxidoestra-4-ene (E/Z)-3-(hydroxyimino)-18-methyl-17a-(1'-propenyl)-153,16(3-

methylene-17(3-3'-oxidoestra-4-ene (E/Z)-3-(hydroxyin®ino)-7a,18-bismethyl-15a,16a-methylene-17a-(1'

" N propenyl)-17

3-3'-oxidoestra-

4-ene (E/Z)-3-(hydroxyim

in0)-7a,18-bisme
in0)-7(3,18-bism
in0)-7(3,18-bism
(E/Z)-3-(hydroxy
(1'-propenyl)-17(

thyl-15(3,16(3
ethyl-15a,16a-
ethyl-15(3,16(1
mino)-7a-ethy
3-3'-oxidoestra

- PHEME O PATTTO) S ei9Prory 3B meku b st A64-B1edhyiIe/B-3
r@@&nyjempl%%(l' opeiditle Beies0xidoestra-4-ene (E/Z)-3-

B- (rfn/g; rgéﬁwef 17a—%é% e‘gfﬁﬁﬁg?é’yi%s -0Xi oe tra-4-ene I(leﬂel-

m|_?thy 15 16[3-methy
-UeE- pmp@@)ﬂ{{@ydmﬁqammé)eﬂa ethyl-1

8-methyl-15(3,16¢
ino)-7(3-ethyl-l 8;
(E/Z2)-3-(hydroxy
propenyl)-17(3-3
(1'-propenyl)-17(

(3-meth u—:ﬂe
-methyl , 16
ety
-oxido stra-44

3-3'-oxidoestra

NG (ﬁwﬁa? D ?néii‘é ﬁmeﬂ%&lPé’ﬁ?é{ AT (I édroﬁpgwgroxyl

ba- methy ene- -propenyl)-17(3-3'-oxidoestra-4-ene
/L2oRLRRErRINYISNS; i@%ﬁ n%‘ti%ﬂétﬁae“l%e(r
qaez{ B aydrdhyishiaxy rB-inewl syl dhenetiyi- 1raptagymethy

_fs_[?,[fgﬁ-methylene-17B-3’-oxidoestra—4-ene

o

OH

(E/2)-3-(hydroxyimino)-6a-hydroxymethylene-17a-(1'-propenyl)-18-
methyl-15a,16a-methylene-173-3-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-6a-hydroxymethylene-17a-(1'-propenyl)-18-
methyl-1503,16p3-methylene-17(3-3-oxidoestra-4-ene

(E/2)-3-(hydroxyimino)-6B-hydroxymethylene-17a-(1'-propenyl)-18-
methyl-15a,16a-methylene-173-3-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-6B-hydroxymethylene-17a-(1'-propenyl)-18-
methyl-1503,16p3-methylene-17(3-3-oxidoestra-4-ene

(E/Z)-3-(hydroxyimino)-6,6-(1,2-ethandiyl)-17a-(1'-propenyl)-18-
methyl-15a,16a-methylene-173-3’-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-6,6-(1,2-ethandiyl)-17a-(1-propenyl)-18-
methyl-1503,163-methylene-17(3-3’-oxidoestra-4-ene

(E/Z)-3-(hydroxyimino)-6a,7a;15a,16a-bismethylene-18-methyl-17a-
(1’-propenyl)-173-3’-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-6[3,703;15a,16a-bismethylene-18-methyl-17a-
(1’-propenyl)-173-3’-oxidoestra-4-ene
(E/2)-3-(hydroxyimino)-6a,7a;153,163-bismethylene-18-methyl-17a-
(1’-propenyl)-17(3-3'-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-6[3,73;1503,163-bismethylene-18-methyl-17a-
(1’-propenyl)-173-3’-oxidoestra-4-ene

(E/2)-3-(hydroxyimino)-17a-(1'-propenyl)-18-methyl-15a,16a-
methylene-17(3-3’-oxidoestra-4,6-diene
(E/Z)-3-(hydroxyimino)-17a-(1’-propenyl)-18-methyl-1503,163-

methylene-17(3-3’-oxidoestra-4,6-diene

-(hydroxyim

hydroxyim

ene-17a- H




"N (E/Z)-3-(hydroxyimino)-7a-vinyl-1 8-methyl-15(3,16(3-methylene-17a-(1'-
propenyl)-17(3-3'-oxidoestra-4-ene (E/Z)-3-(hydroxyim ino)-7(3-vinyl-|
8-methyl-15a,16a-methylene-17a-(1'- propenyl)-17(3-3'-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-7(3-vinyl-1 8-methyl-15(3,16(3-n7ethylene-17a-(1'-

propenyl)-17(3-3'-oxidoestra-4-ene (E/Z)-3-(hydroxg\mino)-?a-cyclocf)rop [-18-methyl-15a,16a-methylene-
SW

H "~"Yry4" 17a-(P¥Wredet)t Pregestayenibasivavat

BOVR| compoun ith the general chemical

(E/Z)-3-(hydroxyirfinagtd aczycheprayiidfermetnybrbiGid( dith edndgsnen tifagé ¥or pomtparyptioh 7 (3-3'-0X
idoest ra-4-ene 16 (E/Z)-3-(hydroxyimino)-7(3-cyclopropyl-18-methyl-15a,16u-methylene- 17u-(I'- pro
penyl)-17(3-3'-oxidoestra-4-ene (E/ZCR-3-(k3droxyimino)-7 3-cyclopropyl-1 8-methyl-15(3,16p-methylene-

17u-(I- pro penyl) TR@eEVIVBRH AR

Weifdhe RYERyon dedPUR RS 11 @3rcH R 18T HEthy lene-1

7a-(1'-propengl)- Hradaidechrethiddoresdy (8+3 sorwlioe stnd -4+ eimetrebonie {EI ) S~ (bsriirenyim
ino)-18-methyl-6-melwyiappal i1 Froprne wbladd 3dbiBprap s ne rdriemiorxidprelidetnene 4

(E/Z)-3-(hydroxyir’mno -

methyl-15a,16a-me

HhoRe

g

roxymethylene-1 7a-(1'-propenyl)-18- H HO.N
(3-3'-oxidoestra-4-ene OH (E/Z)-3-(hydroxyimino)-6a-hydroxymethylene-1

7a-(1'-propenyl)-18- methyl-15(3,16(3-methylene-17(3-3'-oxidoestra-4-ene (E/Z)-3-(hydroxyim

in0)-6(3-hydroxynmsitylieneflifer farpreameat )it Srofile, the derivatives according to the invention are
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25

30

35

also particularly well suited for the treatment of premenstrual problems, such as

headaches, depressive moods, water retention and mastodynia.

Particularly preferable is the use of the derivatives according to the invention for the
production of a drug with progestational, and preferably also antimineralcorticoid and

neutral to slight androgenic action.

Treatment with the derivatives according to the invention preferably takes place in
humans, but can also be performed in related mammalian species, such as for

example in the dog and the cat.

For the use of the derivatives according to the invention as drugs, these are combined
with least one suitable pharmaceutically harmless additive, for example a carrier. The
additive is for example suitable for parenteral, preferably oral, administration. These
are pharmaceutically suitable organic or inorganic additives, such as for example,
water, gelatine, gum arabic, lactose, starch, magnesium stearate, talc, plant oils,
polyalkylene glycols and the like. The drugs can be in solid form, for example as
tablets, coated tablets, suppositories or capsules or in liquid form, for example as
solutions, suspensions or emulsions. In addition, they optionally contain additives such
as preservatives, stabilisers, wetting agents or emulsifiers, salts for modification of the
osmotic pressure or buffers. For parenteral administration, oily solutions, such as for
example solutions in sesame oil, castor oil and cottonseed oil, are particularly suitable.
To increase the solubility, solubilizers, such as for example benzyl benzoate or benzyl
alcohol, can be added. It is also possible to incorporate the derivatives according to the
invention into a transdermal system and thereby to administer them transdermally. For
oral administration, in particular tablets, coated tablets, capsules, pills, suspensions or

solutions are options.



methyl-15a,16a-methylene-17(3-3'-oxidoestra-4-ene (E/Z)-3-(hydroxyim
in0)-6(3-hydroxymethylene-I7a-(1'-propenyl)-18- methyl-15(3,16(3-methylene-17(3-3'-oxidoestra-4-ene
lg~ (E/Z)-3-(hydroxyimino)-6,6-(1,2-ethandiyl)-17a-(1'-propenyl)-18- H "N"~ H'Yr~""}
methyl-15a,16a-methylene-17(3-3'-oxidoestra-4-ene (E32)-3-(hydroxyim ino)-6,
6-(1,2-ethandiyl)-17a-(1'-propenyl)-18- methyl-15(3,16(3-methylene-17(3-3'-oxidoestra-4-ene Iq
(E/Z)-3-(hydroxyirhiB)}e6exaales of GHIyEpHAatN I EMEes FhitARdnakorantraytegye administra-
(1'-propenyl)-17(3t3hoxittoie sivasibie matH 3 iddbivaproenaterb3ab(Boré3sddeaas, for example, an
Lea-bismethylene:gely AK@séﬂat.aﬁ%wW&@u%@%m.z%%na.sg% & dpakagfimino)-6a. 7
153,16(3- blsmeth%éene 1 8- met a- (1'- ro [P(% 3'-oxidoestra-4-e %ﬁﬂ%ﬁl? éhydroxylm
in0)-6(3,7(3;15(3, TEtA BIRMAL MY ‘é%ﬁ StH?/i" 50' 1‘30;5 ERYH1 735 AT [
(E/2)-3-(hydréxyirméiestia7 is- oy noropsenylies8atedtigitda, 16a- H methylene-17(3-3'-oxidoestra-4,6-diene
"N (E/2)-3-(hydrosgpiial v drpirpesnii-ddrnaihatlchads sdssimmaivtenged Gk enikloasira-4, 6-diene

17 Owingto thelrﬁproige§tat|onal act|V| the novel com ds with theteqeneral ch aI formula | can
ravaginal S n Irln %g} Or an intrau 3@%
be used alone or in comrblna on WI¥ est o en ﬁ1 grug ‘for contraception. erl es accordlng to

the invention are tIffSSYIRABIEIS PREEORE FotRIeSRbAVRIHAN HPA ér{‘?é%Pt'Sl%\’leéé‘rﬂF‘él(%@%%ﬁ)n and for the
treatment of pre-, petoddad. posim)anopawsad)problems, including use in preparations for hormone

replacement, gnerany (B BECaURHIATH R HRYERRIE S Raiic,yFBe AeHYSibes according to the

invention are
MIRENAUO. This is a T-shaped, levonorgestrel-releasing intrauterine system from Bayer

Schering Pharma AG.

Administration is further possible via an implanted depot system composed of an inert

carrier material such as, for example, a biodegradable polymer or a synthetic silicone
15 polymer. These depot systems release the active ingredient in a controlled manner

over a prolonged period (e.g. 3 months to 3 years) and are implanted subcutaneously.

The dosage of the derivatives according to the invention in contraceptive preparations
should be 0.01 to 10 mg per day. The daily dosage in the treatment of premenstrual

20 problems is about 0.1 to 20 mg. The progestational preparations according to the in-
vention in contraceptive preparations and in the drugs for the treatment of premenstrual
problems are preferably administered orally. The daily dosage is preferably adminis-
tered in a single dose. The aforementioned dosages relate to oral administration forms.
On use of a depot formulation, the appropriate dosage, equivalent to the aforemen-

25 tioned oral dosages, is released continuously each day from the depot systems de-

scribed above and employed in the long term.

A depot formulation, for example an IUS, releases per day an amount of 0.005 to 10
mg of a compound of general formula 1.

30
The progestational and estrogenic active substance components in contraceptive
preparations are preferably orally administered together. The daily dosage is preferably

administered in a single dose.

35  As estrogens, synthetic estrogens, preferably ethynylestradiol, but also Mestranol, and

natural estrogens, including phytestrogens are options.



10 also particularly well suited for the treatment of premenstrual problems, such as headaches,
depressive moods, water retention and mastodynia. Particularly preferable is the use of the derivatives
according to the invention for the production of a drug with progestational, and preferably also
antimineralcorticoid and 15 neutral to slight androgeniceaction. Treatment with the derivatives according

to the invention preferably takes place in humans, but can also be performed in related mammalian
species, such as D¢ ERHAUSIRIFPENANRIE 2hih therbuPOBOY IS GeBesPaREIarifatives according to the
invention as drugsghidsrese dogicambineds Mithttea st onged eitgplgeshadiviaTeisticatlynnsstatkess additive, for

example a carrier 1y, adgitvG: i dATGHARBIBIRMALIA RN QAR S5ale R it @RY. R Rfimipistration.

These are pharmaceutically suitable organic or inorganic additives, such as for example, 25 water,
gelatine, gum araBREAAT AR LB AL IR G HO sgLRRcr Sa395ile Oy s lene glycols and the

like. The drugs can be in solid form, for example as tablets, coated tablets, suppositories or capsules or

in liquid form, for exasBPlgaS inehdtiRNSs BISRERSIANS NeplSIRNSaka pestitensghesanntiplally contain
additives such as ggﬁehvatives, st?biliserﬁ, wetting.agents, or emlfllsigier% sfalts for modifigation of the 30
a 8 . t g{ s%an atural estr

. ormane-replaceme hera Ir Qremo ogens are use . .
osmotic pressure or ers. EOI’ pg en%eraﬂ ademlpﬁ/é ration, 0|[y SO?U 10Nns, suchgas ?or exarﬁple solutions in

sesame oil, castoPBAVArfY egitrstRleRd Bitodhe pHfiealaRy difaMecxaRlceeirdane st iity, solubilizers,
such as for examplieebenminyd dneth zembg enis lje AEg| —atoojughteaEdenaddadgéing.also possible to incorporate
the derivativeg according to the invention into a transdermal system and thereby to administer them
transdermally. For 35 oral administration, in féartjcular tablets, coated tablets, capsules, pills, suspensions

or solutions are o ORQIE8 N A IR RS LT AN AR Ko Rl 8Lt PRAIFEVS SHA S intrauterine
administra- tion. Thisdenpsssidseacrordayisitile divalijoroleaate}e sidattory suctelayvifgrnesthndsle, an
aqueous or oily solution with or without suitable solubilizers, dispersants or emulsifiers. Examples of

suitable oils are pﬁglgruotgggslte(;,g%te%gggp Ocr)lllgi r?(%ﬁéaFer'tlz or sesame oil. The

15
Using cytosol from progesterone receptor-expressing insect cells (Hi5), the competitive
binding capacity to the progesterone receptor was determined via the ability to displace
*H-progesterone as the reference substance from the receptor. If a compound has an
affinity corresponding to progesterone, this corresponds to the competition factor (CF)
20 of 1. CF values greater than 1 are characterized by a lower affinity, and CF values less
than 1 by a higher affinity, to the progesterone receptor.

2. Mineralocorticoid Receptor Binding Test:

25  The test was performed analogously to 1., with the following modifications: cytosol from
mineralocorticoid receptor-expressing insect cells (Hi5) were used, and the reference

substance was *H-aldosterone.

3. Androgen Receptor Binding Test:

30
The test was performed analogously to 1., with the following modifications: cytosol from
androgen receptor-expressing insect cells (Hi5) were used, and the reference

substance was *H-testosterone.

35 The results of the binding test and the ratio of the competition factors CF(PR) and
CR(MR) are reproduced in Table 1, in which receptor binding values of drospirenone

as reference substance A are also stated for comparison.



5 selection is by no means restricted thereto. For intravaginal or intrauterine administration it is possible to
use special systems such as an intravaginal system (e.g. vaginal ring, VRS) or an intrauterine system
(IUS) which release an active substance of the present invention from a reservoir over a prolonged
period (e.g. 1, 2, 3, 4 or 5 years). 10 A representative egample of an intrauterine system which may be
mentioned is MIRENA(r). This is a T-shaped, levonorgestrel-releasing intrauterine system from Bayer
Schering Pharma AG. Administration is further possible via an implanted depot system composed of an
inert carrier matedabstetiniastidonexerrplge stdiimde graidableNpelyme moaasyivthieticrsgdisone 15 polymer.
These depot systems release the active ingredient in a controlled manner over a prolonged period (e.g. 3

months to 3 years) and are implanted subcutaneously. The dosage of the derivatives according to the
invention in contrackytt & PHEEHER SCLKTHR e b1 BV o ey nerlisHaGe in the

treatment of premiiedivonl420 el rplodesebBAAOHE 16-009igthTHE pr6§<Biativnal. fidardi®dns according

to the in- vention insgeBjracaptive IpeRREi CApanelin/the fsHgsifon thg/thealneah@brraganstrual
problems are preferab%administer;d ﬁgl%l The da'lllymdosage is preferably adminis- tered in a single

uro Cln was used as ture me " . .
dose. The aforemBntioned dosages relate to oral administration forms. On use of a depot formulation, the

appropriate dosage, equivalent to the aforemen 25 tioned oral dosages, is released continuously each
day from the depargystemslidees¢ibexkabmiie stablyeinapkiyeddwithe losigrigmeiA fdapaid@mrulation, for

example an I¢S, iRSAPERREYS %A HNEhPHEA-A0a:18:HR dBdAl aeemeyid Qagngral formula 1. 30

The progestational and estro%emc active substance components in contraceptive preparations are

] p g
preferably orally a6 ISP R RL e gL oS BT TE RO "SRR SIS H5'S single dose. 35
As estrogens, synthittiedstrodensity mieterabiyaithpeneitimudiote benasise tvkestcatiole airteneadhal estrogens,

including phytestrogrs MmaPPIIKBEHr, #P12-106-017) and kept in culture medium containing 3%

DCC-FCS (activated charcoal-treated serum, for removal of interfering components

15 contained in the serum). The compounds to be tested were added eight hours later and
the cells were incubated with the compounds for 16 hours. The experiments were
performed three times. At the end of the incubation, the effector-containing medium
was removed and replaced by lysis buffer. After addition of luciferase assay substrate
(Promega, #E1501), the plates with the 96 wells were then introduced into a microplate

20  luminometer (Pherastar, BMG labtech), and the luminescence was measured. The I1Cs
values were evaluated using software for the calculation of dose-response relation-
ships. Experimental results and corresponding results for drospirenone as reference

substance A are reproduced in Table 2 for comparison.
25 5. Determination of the Antimineralocorticoid Action by Means of Transactivation Tests:

The determination of the antimineralocorticoid activity of the test substances was

performed analogously to the transactivation tests described above.

30 The following modifications were made: here reporter cell lines were used (MDCK
cells) which express the human mineralocorticoid receptor, and transiently contain a
reporter construct which contains luciferase under the control of a steroid hormone-

responsive promoter.

35  For culturing the cells used for the assay, DMEM EARLE'S MEM (PAA, Cat.: E15-025)
stocked with 100U penicillin / 0.1mg/ml streptomycin (PAA, Cat: P11-010), 4mM



The estrogen is administered in a daily quantity which corresponds to the pharmacological action of 0.01
to 0.04 mg of ethynylestradiol. This amount relates to an oral administration form. If a different
administration route is chosen, an appropriate dosage amount equivalent to the aforementioned oral
dosage is to be used. 5 As estrogens in the drugs for the treatment of pre-, peri- and postmenopausal
problems and for hormone replacement therapy, first and foremost natural estrogens are used, above all
estradiol, but also'ti# 618 GrésradibIl WX anre b rlbRsT Wal &4ieV i akRie C¥nRig &9 E3trogens
(CEEs = Conjugatesk beetres Estrogershetiirhhe progestational, antimineralcorticoid and androgenic or
anti-androgenic action of the compounds according to the invention was investigated by the following
methods: 1. Progesterone Receptor Binding Test: 15 Us_in%hcyt_osol from pl)(i?ré)gesterone

receptor-expressing'ifSeX EENLEAB P e 8%%%‘?@{?@06\?% Ui 8 e TGS YA e ceptor was

determined via thé&Gaslitpt82H4pR¢ avagddrsifedteroells msoter tefacbinre dutostaneeniedm the receptor. If a

compound has anstfiRits £ of ies PaHBOIN OrRgaFBIMNIEeIHE SRscerRRAtS 9 iherpdRRbioN factor (CF)
20 of 1. CF values greater.than.1 arﬁﬁehgurgctterizqu%\qaiower affini(% an(flué:F values.less than 1 by a
ra

higher affinity, to e T %ndset'sctg%%réoreceptor? 3 Min ce)cdr(f%gap&réce%ygr Fn@{nd%gg?:nggeThe test was

performed analogBM<Bf f8MPaNSMthe following modifications: cytosol from mineralocorticoid
receptor-expressing insect cells (Hi5) were used, and the reference substance was 3H-aldosterone. 3.

Androgen Rggepter Sipdingaligitor 4R XH&S%@BM’?‘%M%H{%B@H@K@M elthd ofWith the following

modifications: cytosol from andr%%en receptor-expressing insect cells (Hi5) were used, and the reference
substance was 3H-RISEANE 38 The results of the binding test and the ratio of the competition factors
CF(PR) and

The determination of the androgenic / antiandrogenic activity of the test substances
was performed analogously to the transactivation tests described above.

15
The following modifications were made: here reporter cell lines which express the
androgen receptor (PC3 cells) and a reporter construct which contains luciferase

under the control of a steroid hormone-responsive promoter were used.

20  For culturing the cells used for the assay, culture medium RPMI medium without phenol red
(PAA, #E15-49), stocked with 100U penicillin / 0.2mg/ml streptomycin (PAA, Cat: P11-010),
4 mM L-glutamine (PAA, Cat: M11-004) and foetal calf serum (BIO Witthaker, Cat: DE14-
801F) was used.

25 For the determination of the antiandrogenic activity, 0.05 nM R1881 was added to the
cells in order to achieve almost maximal stimulation of the reporter gene. An inhibition
of the effect indicated an androgen-antagonistic action of the substances (Table 2;

corresponding values for drospirenone (A) for comparison).

30 Insofar as the preparation of the starting compounds is not described, these are known
to the person skilled in the art, or preparable analogously to known compounds or
processes described here. The isomer mixtures can be separated into the individual
compounds by normal methods, such as for example crystallisation, chromatography
or salt formation. The preparation of the salts is effected in a normal way, by treating a

35  solution of the compounds with the general chemical formula I with the equivalent
quantity or an excess of a base or acid, which is optionally in solution, if necessary

separating the precipitate or working up the solution in a normal way.



CR(MR) are reproduced in Table 1, in which receptor binding values of drospirenone as reference
substance A are also stated for comparison. 20 4. Determination of the Progestational Action by Means
of Transactivation Tests: For the culturing of the cells used for the assay, DMEM (Dulbecco's Modified
Eagle 5 Medium: 4500 mg/ml glucose; PAA, #E15-0092awith 10% FCS (Biochrom, S0115, Lot #615B), 4
mM L-glutamine, 1 % penicillin/streptomycin, 1 mg/ml G418 and 0.5 pg/ml puromycin was used as the
culture medium. Reporter cell lines (CHO K1 cells stably transfected with a fusion protein from the PR 10
ligand binding dormpépespdratioadbaieassaciiviedtonitlanaajsnar eneapetemeanstyseitindiaimcontained

luciferase under t'@Srﬁ&&IB‘&E%@ ﬁéﬁéﬂe‘?ﬁP&%ﬁY@aﬁB‘Pﬁlﬂﬁ)@é‘ﬁ%&g‘j;%%ﬂe%'i& ‘%%%ty of 4 x 10 cells per

well in white, opaque tissue culture plates each with 96 we Imer, #P12-106-017) and kept in

Ils (Perki
culture medium cHR&RTHF SB¥eHE Echene hidpv4ten %hé?gogféfrgeétgd 8B ARG REARIEFE interfering
components b comtamegsiarttie serum). The compounds to be tested were added eight hours later and
the cells were incubated with the compounds for 16 hours. The experiments were performed three times.
At the end of the iBgulQation, the E§ffegt¢){-co[1tainin medium was rer‘qlgvled and replaced by lysis buffer.
After addition of luciferase assgfy SUBstrate” ? 6 dg,e#?éﬁg%'bfs,atﬂ]ee pPé?re]g WRthe 96 wells were then
introduced into a Microplate 20slasygrowierealPhessstas, BN G aktech) adnigneddionescsnce was

measured. The ICso values Wgkg g ¥alsi e asiBibaaitnaralieurthe calculation of dose-response relation-
ships. Experimental results and gqrresponding results for drospirenone as reference substance A are
reproduced i%HTabkzaOZ for com%arlsst(a)lﬁagz%)%a r@e&%?r%l}( 5?65hdr%?’the Antimineralocorticoid Action by Means
of TransactivationRests: The Beétémfimatlon §F & antimineralocorticoid activity of the test substances
was performed axalogously tasthe KafisREtigadigrotestaldescoioed abéyve. 30 The following modifications

were made: here ggphgﬂalb cell El?é3§a‘€’ﬁFﬁuH§;ﬁ19 iﬂﬁ'&%eﬁﬁy%@/&@f@ﬁpfﬁé@rﬁl@ @ngﬁ@ineralocorticoid
receptor, and transiently contain a reporter construct which contains luciferase under the control of a
steroid hormone- responsive p%gﬁceﬂ%?_and C;,-Cyp alkyl, or together form a C4-Cy a,w-alkylene group,
15 which can be linear or branched and

R is a C;3-Cy alkyl residue.

The compounds 2 and 3 in Scheme 1 each bear a double bond between C® and C° or
between C® and C'° and a further double bond between C? and C® or between C* and
20 C*

The compounds 7 to 9 in Scheme 1 each bear a double bond between C* and C° or
between C® and C° or between C° and C'°.

25 To the person skilled in the art, it is obvious that in the descriptions of the synthetic
transformations it is always assumed that if necessary other functional groups present

on the steroid skeleton are protected in suitable form.

The introduction of a 6,7 double bond with the formation of compounds with the general

30 chemical formulae 4, 13 or 18 is effected via bromination of the respective 3,5 dienol
ether 3, 12 or 17 followed by removal of hydrogen bromide (see for example J. Fried,
J.A. Edwards, Organic Reactions in Steroid Chemistry, von Nostrand Reinhold
Company 1972, S. 265-374).

35 The dienol ether bromination of the compounds 3, 12 or 17 can for example be effected
analogously to the procedure from Steroids 1, 233 (1963). The hydrogen bromide



35 For culturing the cells used for the assay, DMEM EARLE'S MEM (PAA, Cat.: E15-025) stocked with 1
000 penicillin / 0.1 mg/m1 streptomycin (PAA, Cat: P11-010), 4mM 21 L-glutamine (PAA, Cat: M11-004)
and foetal calf serum (BIO Witthaker, Cat: DE14-801 F) was used as the culture medium. For the
determination of the antimineralocorticoid activity, 1 nMaldosterone (SIGMA A- 5 6628, Lot 22H4033)
was added to the cells in order to achieve almost maximal stimulation of the reporter gene. An inhibition

of the effect indicdfSeP¥amifBIARBHien arfystiarndsidindhereReBSeaREES| PaBas; . dfesponding
values for drospirenasés ¢fgdiet tymiaitgahd. 6Lbr&mb edetpoimatioith diathie réaudiragenich/a8mbiandrogenic

Activity by Means gf, Transarivetien Tirsisof O SRR HiRAURN ARG BRALAGGNIE (Apiandrogenic activity

of the test substances was performed analogously to the transactivation tests described above. 15 The
following modificallor bE RS HeTeP  DEORE b CEAMM SRR S AR SRS GaN B eptor (PC3

cells) and a répor@rigshiztruct which contains luciferase under the control of a steroid
hormone-responsive promoter were used. 20 For culturing the cells used for the assay, culture medium

RPMI medium withput phenol red. (PAA, #E15-49). stocked with 1000 penijcillin /.0.1 mg/ml streptomycin
(PAn, Cat: Pro-018) oA E oA T B BT S I vk, Cat
DE14- 801 F) wast8eaunbv b s et isatic iofveastiahdrdgeh te4Ethdt)y Bro5idaicR 2881 was

added to the _ cellsha 4;mmmammmgmémﬂhsﬂrmﬂaﬁmalioét«tmd&iposten@maetidkm’fn_hibition of
the effect indigated a8 ARAAERRDRAPATIC.AFPR oL ibe HRFRArFSHIBNERE; wWhRrasPeRing values for

drospirenone (A) for comﬁfi%nson). 30 Insofar as the %l]retparatlon of the startlng compounds is not

described, these a¥ekNIRIE Bk HEFLERLLIMANR I ARG Bre PN aN Al ERPHI %hEwn

compounds or protéssBshdesbeibeiitiegdrThindsmménr eNtpesemeerteharetaudsistie individual
compounds by nogrigh metagdss fchiag fosexanialm snsialisalien-chomaiossapiitetate in
dimethylformamide in the presence of copper(I) iodide. Alternatively, starting from a
15 compound with the general chemical formulae 6, 11, 13, 14, 16 or 18, halogen can be
introduced directly by reaction with sulfuryl chloride or sulfuryl bromide in the presence

of a suitable base, such as for example pyridine, with R* meaning chlorine or bromine.

Compound 4 is converted by methenylation of the 6,7 double bond by known

20  processes, for example with dimethylsulfoxonium methylide (see for example DE-A 11
83 500, DE-A 29 22 500, EP-A 0 019 690, US-A 4,291,029; J. Am. Chem. Soc. 84, 867
(1962)) into a compound 5 (R®, R’ together a methylene group), whereby a mixture of
the a and B isomers is obtained, which can for example be separated into the individual
isomers by chromatography.

25
Compounds of the type 5 can be obtained, as described in the examples or
analogously to these procedures, with the use of reagents analogous to those
described there.

30 The synthesis of the spirocyclic compound 18 (R®?, R® together comprise 1,2-ethane-
diyl) starts from compound 11 or 14, which is first converted into a 3-amino-3,5-diene
derivative 15 (X = NR?'?R?'%). By reaction with formalin in alcoholic solution, the
6-hydroxymethylene derivative 16 (R° = hydroxymethylene) is obtained. After
conversion of the hydroxy group into a leaving group, such as for example a mesylate,

35 tosylate or even benzoate, compound 18 can be prepared by reaction with

trimethylsulfoxonium iodide with the use of bases such as for example alkali metal



or salt formation. The preparation of the salts is effected in a normal way, by treating a 35 solution of the
compounds with the general chemical formula | with the equivalent quantity or an excess of a base or
acid, which is optionally in solution, if necessary separating the precipitate or working up the solution in a
normal way. 22 The preparation of the compounds wittuthe general chemical formula I, starting from
compounds with the general chemical formula 1 (Scheme 2), is effected by the processes stated in
Scheme 1, in whi¢#RKIIRE L FEE! RPIFRFIGORARIZHAFH iRl TOIMESE SUS hASARIFYAMARIRI R6, R7 in 5 and 6
together comprisedoxygersafexideethylene group, U is oxygen, two alkoxy groups OR19 or a C2-C10
alkylen-a,w-dioxy group, which can be linear or branched, where 10 R19 stands for a C1-C20 alky!l

residue, R20is a C1-C20 alkyl residue, X is an NR21aR21b group or an alkoxgygtr]eoup OR22, R21a,

R21b are each mitldll§ IRRSSHARTR SOIEHMEE SR YRR b MG Rsim §Y HYSYBSEV SR C 1-C 10 alkyl,
or together fobm ac@b€ (@hydraiky lienexgrapip wittbhydiiethloan aidlingérxen/brieicitemasehR2? is a C1-C20

alkyl residue. TheempousEanéaney kheherrdRanhdeeMe AR SRAREhEaYNRRD Gréugnd C6 or

between C5 and CJfO apd a further douple lPond between C 6}”0[ C' or between C' and 20 C4. The
[p]{e] al 0S

compounds 7 to 9'in cheme ar%lg)éﬁ%gdarsaocrlgﬁ%rpéo Sond between %S'Z %ﬁae(\f?obrerbzg?vtvee SR C5 and C6 or
between C5 and CF 34 ¥ 3k BBrédhiskiled: iH3te B4t bvitiss HisgMnthe tRSEHSHdINs of the

synthetic transformations it is always assumed that if necessary other functional groups present on the

steroid skelejgn aerpipleciedifisHRle IRMcdoETAaGHoR o6 AR hAoRISA0d Wit the formation of

compounds with the %eneral 30 chemical formulae 4, 13 or 18 is effected via bromination of the
respective 3,5 dieATCEIRRT'S PHIT 1P ENBHEGRY FEHBVE SHAY AroTerPBrEMIGd Tsée for example J.

Fried, hydrogen), with acetals of formaldehyde in the presence of sodium acetate for example
with phosphorus oxychloride or phosphorus pentachloride in suitable solvents, such as
chloroform (see for example K. Annen, H. Hofmeister, H. Laurent and R. Wiechert,

15  Synthesis 34 (1982)).

The 6-methylene compounds can be used for the preparation of compounds with the
general chemical formula 18, in which R®® equals methyl and R® and R’ are omitted
with the formation of a double bond between C°® and C’.

20
For this, for example a process described in Tetrahedron 21, 1619 (1965) can be used,
in which an isomerization of the double bond is achieved heating of the 6-methylene
compounds in ethanol with 5% palladium-charcoal catalyst, which has been pretreated
either with hydrogen or by heating with a small quantity of cyclohexene. The

25 isomerization can also be effected with a non-pretreated catalyst if a small quantity of
cyclohexene is added to the reaction mixture. The formation of small proportions of

hydrogenated products can be prevented by addition of an excess of sodium acetate.

Alternatively, the compound 17 (X= OR?) can be used as a preliminary stage. The
30 direct preparation of 6-methyl-4,6-dien-3-one derivatives has been described (see K.
Annen, H. Hofmeister, H. Laurent and R. Wiechert, Lieb. Ann. 712 (1983)).

Compounds 18, in which R® represents an a-methyl function, can under suitable
conditions be prepared from the 6-methylene compounds (18: R%, R® together

35 methylene) by hydrogenation. The best results (selective hydrogenation of the exo-
methylene group) are achieved by transfer hydrogenation (J. Chem. Soc. 3578 (1954)).

If the 6-methylene derivatives 18 are heated in a suitable solvent, such as for example



J.A. Edwards, Organic Reactions in Steroid Chemistry, von Nostrand Reinhold Company 1972, S.
265-374). 35 The dienol ether bromination of the compounds 3, 12 or 17 can for example be effected
analogously to the procedure from Steroids 1, 233 (1963). The hydrogen bromide 23 removal with the
formation of the compounds with the general chemicaldermulae 4, 13 or 18 is effected by heating the
6-bromo compound with basic reagents, such as for example LiBr or Li2CO3 in aprotic solvents such as
dimethylformamid@tianenipEIaRiresnest Y@ MBSk B healitiFIRE RGBSR TS in a solvent
such as collidine &can it ideriviteeindrodociicsd of aesybstitiudt SR $raaih fapexanypde dpenaffiegdted starting

from a compoundcgw'{gbm 9&@8&8&&&%&}%&@{%&%&@44&9 ilfgégg_or 18 by epoxidation of the 4,5

double bond with hydrogen peroxide under alkaline conditions and reaction of 10 the epoxides formed
with acids with the general chemical formula H-R4, where R 4 can be a halogen atom, preferably chlorine
or bromine, irba sdiallelibeigieritrcBaiatjponi@§-nethyliconRaunds thalsneastiipbironiis terfer-example be

converted to compasdssith\Whieh &x4nkiAs @ ppaaniecafiesiveidhoneiRitresponding 3-ketals
2,2-difluoro-2-(flugrosulfon IX? etate in _dimethylformamide in the presence of co er(lggi dide.
Atematively. st e 0 e GBI PP HER SO RRRAL L B T o1 15

halogen can be imiSEIEBA SRENHF 19y 3eEEEdH AR SuiRISIERRRIBECBIEsaRYNBiHid [Héhe presence
of a suitable basetrssikétaizfisre xamipleh pywithc @, thvithddiam eaning ehlesinesolebicamipexidaampound 4 is

converted by ethepylatign Bi-'B6-0:i¢ GeMbla RPRIMLKNQNRAR PR GRS i TPIe With
dimethylsulfoxonium methylide (see for example DE-A 11" 83 500, DE-A 29 22 500, EP-A 0 019 690,

US-A 4,291,029; FARPICHSHOSBDSHZ%6 2Cieh 53 b sselyBoticd 8SHe %I MEHaN5er a methylene
group), whereby adtsisctatrectfiaiieisa thadriRXideoarsais atsidie etiestgv otite Ardfopex aaiptaid o deparated into
the individual isomeezhne EexaRiNecHMaXadotRRHRHECIBafitorifMBR AcerRpHRAHamed,ap described in
the examples or anAINAAUSI R NGSRAIBEBALER IR DS 6 SEAGRENR A0 alRgians fdhgse
15 halides or alkyllithium compounds. In this way, 5a-hydroxy-68-alkyl compounds are
obtained. The cleavage of the 3-keto protecting group can be effected while retaining
the 5a-hydroxy function through treatment under mild acidic conditions (acetic acid or
4N hydrochloric acid at 0C). Basic elimination of the 5a-hydroxy function for example
with dilute aqueous sodium hydroxide gives the 3-keto-4-ene compounds with a 6-alkyl
20  group in the B position. Alternatively to this, the ketal cleavage under more drastic
conditions (with aqueous hydrochloric acid or another strong acid) yields the

corresponding 6a alkyl compounds.

The introduction of a 7-alkyl, 7-alkenyl or 7-alkynyl group with the formation of

25  compounds with the general chemical formula 14 is effected by 1,6-addition of a
corresponding organometallic compound to the preliminary stage with the general
chemical formula 13 under the action of copper salts. Divalent metals such as
magnesium and zinc are preferred, and chlorine, bromine and iodine are preferred as
the counter-ion. Mono- or divalent copper compounds, such as for example copper

30 chloride, copper bromide or copper acetate are suitable as copper salts. The reaction
takes place in an inert solvent, such as for example tetrahydrofuran, diethyl ether or

dichloromethane.

The compounds 6, 11, 13, 14, 16, 18 or 20 obtained, in which Z stands for an oxygen
35 atom, can be converted into their corresponding E/Z-configured oximes or sulfonyl-
hydrazones by reaction with hydroxylamine hydrochloride, alkyloxyamine

hydrochlorides or sulfonylhydrazines in the presence of a tertiary amine at



described there. 30 The synthesis of the spirocyclic compound 18 (R6a R6b together comprise
1,2-ethane- diyl) starts from compound 11 or 14, which is first converted into a 3-amino-3,5-diene
derivative 15 (X = NR21aR21b). By reaction with formalin in alcoholic solution, the 6-hydroxymethylene
derivative 16 (R6 = hydroxymethylene) is obtained. Afte¢ conversion of the hydroxy group into a leaving
group, such as for example a mesylate, 35 tosylate or even benzoate, compound 18 can be prepared by
reaction with trimtERPRIBHERSARINVERIdIAR J0Rh AR sensraixey suEW B4 a1eaRis PIeRiIRAl metal 24
hydroxides or alkaliNnetajrRjcebiriate seifi:syitatie selverisasprivandayexapieetaymeihy] sulfoxide. For

the introduction OprrFa'H%?mW%e%ﬁlﬂgR’i Wq%%g}’ E@y%gggg@@@gqbéﬁ%obe dehydrated for

example with hydroch'_orlc aci oxan/water. Compound 18 (F together methylene) can also
be made after convaiSRARREHAIPIHIRIGTiRH CifeS D1 LAUHRE HOUp PEIRIUE 17 BXAIBHS a mesylate,
tosylate or evén bprnzestés(HeexDipd BHOR PO, WP 9%8/04880 A 5 therkpiyB8dn288; J. Med. Chem. 34,

2464 (1991)). 10 Adwethenfrssiiiiar theiniediddienrehirsRagtnylene compounds 18 consists in the
direct reaction of the 4(5) unsaturated 3-ketones, such as compound 16 (R6 = hydrogen), with acetals of

formaldehyde in the presence of sodium acetate for example with phosphorus oxychloride or phosphorus
pentachloride in shitate rsebasaiion ofieh el pieidvofoiin tiegefsraxampkakormehvin Hofmeister, H.

Laurent and R. Wigehy Mn RyirdisiaidhEl 982 bxbhpdpratiienanprpewadseanpmesed for the
preparation gf,cor o%%ﬁ?r%‘é‘{'%l‘eéﬁr‘? D%@R?aa!%&'lsbq‘é?ﬁarkﬁ%v”'%|%§véé‘%v%¥‘5‘;l?&§7@%a§%{ﬁ'e5ﬂ8§9y' and Réb
and R7 are omitted with the formation of a double ‘bond between C6 an . or this, for example a
process describe M Te{R4HEABY{!BH!e PEIO BB SIPEENSHENASHAT GrAIRIRRTERTRMIRIT 4HBANSS the double
bond is achieved beatng odrthenemietifytentaeccompors)dg, incetteamatavith 5% palladium-charcoal catalyst,
which has been pretreated either with hydrogen or by heating with a small quantity of cyclohexene. The
The formation of spiro ethers of compounds with one of the general chemical formulae
15 6 or 11 is effected, starting from the corresponding 17-hydroxypropenyl compounds 5
or 10, by conversion of the primary hydroxy group to a leaving group, followed by
intramolecular substitution. Halogen atoms, such as for example chlorine, bromine or
iodine, and also alkyl-, aryl- or aralkylsulfonates, such as for example methane-
sulfonate, phenylsulfonate, tolylsulfonate, trifluoromethanesulfonate and
20 nonafluorobutanesulfonate are suitable as the leaving group. The intramolecular
cyclization to the spiro ether can be effected by deprotonation of the tertiary hydroxy
group with suitable bases, such as for example triethylamine, diethylamine,
diisopropylethylamine, pyridine, dimethylaminopyridine, sodium hydride, sodium
hexamethyldisilazane, potassium hexamethyldisilazane, potassium tert.-butanolate or
25  n-butyllithium. Those methods and conditions which enable the introduction of the

leaving group with direct intramolecular cyclization in one reaction vessel are preferred.

Scheme 1



25 isomerization can also be effected with a non-pretreated catalyst if a small quantity of cyclohexene is
added to the reaction mixture. The formation of small proportions of hydrogenated products can be
prevented by addition of an excess of sodium acetate. Alternatively, the compound 17 (X= OR22) can be
used as a preliminary stage. The 30 direct preparation2yf 6-methyl-4,6-dien-3-one derivatives has been
described (see K. Annen, H. Hofmeister, H. Laurent and R. Wiechert, Lieb. Ann. 712 (1983)).

Compounds 18, in which R6b represents an gmmethyl function, can under swtabl condltlons be prepared

S nsfelehyérogenatlon (J.

able solvent, such as for

example 25 ethanol, in the presend“’eQ)f a hyrlde donor, such as tQ; xample C)éclohexene then

6a-methyl derivatives are obtained in very good yields. Small proportlohs of 6(3-methyl compound can be

acid-isomerized (Tetrahedron 1619 (1965)). 5 The deliberate preparation of 6(3-methyl compounds is

also possible. For this, the 4-en- 3-ones such as for example cog']'pound 16 are converted to the

corresponding 3-ketals for example wi ethylene glycol and tr| ethyl orthoformatesm giﬁhloromethane in
A 21!

this

ketalization, the double bond in t ion_(.:5.tsomen,z| Iect.ue_epomdatto this 5 double
bond is effected for exampl of organic pe example m- enzoic acid, in a
suitable solvent, such as d ethane. AlterngfivetyNo this, the epoxidatioff can also be effected with

hydrogen peroxide in the® presence fpr example of hexadiloroacetone or 3-nitrotrffluorgacetophenone.
The 5,6a epoxides formed can then be opened axially by the use of appropriate alkylmagnesium 15
halides or alkyllithium compounds. In this way, 5a-hydroxy-6(3-alkyl compounds are obtained. The
cleavage of the 3-keto protecting group can be effected while retaining the 5a-hydroxy function through
treatment under mild acidic conditions (acetic acid or 4N hydrochloric acid at 0C). Basic elimination of the
5a-hydroxy function for example with dilute agueous sodium hydroxide gives the 3-keto-4-ene
compounds with a 6-alkyl



20 group in the R position. Alternatively to this, the ketal cleavage under more drastic conditions (with
aqueous hydrochloric acid or another strong acid) yields the corresponding 6a alkyl compounds. The
introduction of a 7-alkyl, 7-alkenyl or 7-alkynyl group with the formation of 25 compounds with the general
chemical formula 14 is effected by 1,6-addition of a cargesponding organometallic compound to the
preliminary stage with the general chemical formula 13 under the action of copper salts. Divalent metals
such as magnesium and zinc are preferred, aRtleRBAAEIBIBIPMHe and iodine are preferred as the
counter-ion. Mono- or divalent copper compounds, such as for example copper 30 chloride, copper
bromide or copper acetate are swtable as copper. salts. The reactlon takes place in an ingft solvent, such

20 obtained, in which Z stands for 3
E/Z-configured oximes or sulfo @@A

alkyloxyamine hydro_ﬁlb' ide ony ydraZi @@

tertiary bases are for example trlmethylamlne trlethylamne gpyridine, N,N- dlmethylammopyndme
1,5-diazabicyclo[4.3.0]non-5-ene (DBN and 1,5- dlazablcyclo[S 4.0Jundec-5-ene (DBU), pyrldlne being
preferable. An analogous 5 procegs is I )

corresponding 3-oxyimino derivatiyeg ,o eparatlon of an end -a déict with the
general chemical formura | wi @ @ﬁ example be

removed by the 10 procedu d , hioketal of the 3-keto
compound to a suitable pr€liminafy stage, such a®for'example of compoun%ls with"one of the general
chemical formulae 6, 11, 13, 14, 16, 18 or 20. The formation ofispiro ethers of compoungs with one of the
general chemical formulae 15 6 or 11 is effected, starting from the corresponding 17-hydroxypropenyl
compounds 5

11, 14 ——»




or 10, by conversion of the primary hydroxy group to a leaving group, followed by intramolecular
substitution. Halogen atoms, such as for example chlorine, bromine or iodine, and also alkyl-, aryl- or
aralkylsulfonates, such as for example methane- sulfonate, phenylsulfonate, tolylsulfonate,
trifluoromethanesulfonate and 20 nonafluorobutanesulftenate are suitable as the leaving group. The
intramolecular cyclization to the spiro ether can be effected by deprotonation of the tertiary hydroxy
group with suitable bases, such as for exampl€HTf/ldEIREUBthylamine, diisopropylethylamine,
pyridine, dimethylaminopyridine, sodium hydride, sodium hexamethyldisilazane, potassium
hexamethyldisilazane, potassium tert.-butrgnola or 25 n-butyllithium. Those methods and conditions
which enable the introduction of the leaving group with direct intramolecular cyclization in one reaction
@ﬂ} OH R OHI | (Scheme 2) 10 R200zL5Z 10456 2R
040463 OHOH Rie OHLRis H R 8]0 }

(continued) z

R6a Rsb R (o) /
19

6, 11, 13,
14, 16, 18

5  The compound 1 in Scheme 2 in each case bears a double bond between C° and C° or
between C°® and C*° and a further double bond between C? and C* or between C® and
C4.



OHH OCRaORisHOaol U,101010110 456U456U456789 OHRisRIRieORieO O
R'LO\\101112 88RO/R10 0/01314ieRie RisROOO 11,214 X\\R7ORX\R RcR 1516
/17 Ris R'"Rea R55 18 29 Scheme 1 (continued) Ra O

30

Scheme 2

18 18 18

R OH R OH R 0

20, 20

R (6]
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5  The following examples serve for the more detailed explanation of the invention,

without limiting this to the examples presented:

Example 1: (Spiro ether formation)
6[3,7B3;15B,16B3-Bismethylene-18-methyl-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-3-

one
OH
Jeo\! A
OH
o o

The solution of 88.5 mg of the compound A prepared according to Example 1la

10

in 4.76 ml dichloromethane is treated at 3C with 3 46 pl of triethylamine, 120 mg of

p-toluenesulfonyl chloride, allowed to warm to 23T and stirred for 15 hours. This is
15  poured into saturated sodium hydrogen carbonate solution, extracted several times

with ethyl acetate, and the combined organic extracts are washed with water and

saturated sodium chloride solution and dried over sodium sulfate. The residue obtained



zReaReeRRaO1l 196,11,13, 14,16,18 zR8R Ol R'Rea Ree O R'R Rea Ree 20 5 The
compound 1 in Scheme 2 in each case bears a double bond between C5 and C6 or between C5 and
C10 and a further double bond between C2 and C' or between C' and C4. 30 Scheme 2R 8 OH R18 R
OHO 2020/ R021 RO /22RO 23 IReORis0/R®z00Z HO456241 1118 R8ROHROHO
0/Rz00/R z00 R O 25 26 27
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15

20

25

30

after filtration and solvent removal is purified by chromatography. 41.1 g of the title
compound are isolated.

'H-NMR (CDCls): = 0.44 (1H), 0.57 (1H), 0.84 (3H), 0.89-1.02 (3H), 1.17-1.79 (12H),
1.87 (1H), 2.02-2.19 (2H), 2.29 (1H), 2.42 (1H), 4.55 (1H), 4.71 (1H), 5.81 (1H), 5.90
(1H), 6.11 (1H) ppm.

Example la: (Corey Cyclopropanation)
6[3,73;15B,16B-Bismethylene-17a(Z)-(3'-hydroxypropen-1'-yl)-18-methyl-173-
hydroxyestra-4-en-3-one (A) and 6a,7a;1503,16B-bismethylene-17a(2)-(3'-
hydroxypropen-1'-yl)-18-methyl-173-hydroxyestra-4-en-3-one (B)

oH OH OH
"N\ U\ "N\
Jo 5\ IS o\ ISV o\
OH OH OH
fo) O O

A solution of 16.8 g of sulfoxonium iodide in 373 ml dimethyl sulfoxide is treated
portionwise at 23T with 3.33 g of a 55% suspension of sodium hydride in white oil.
This is stirred for a further 2 hours, treated with 10.6 g of the compound prepared
according to Example 1b and allowed to react for a further 2.5 hours. This is poured
into water, extracted several times with ethyl acetate, and the combined organic
extracts are washed with saturated sodium chloride solution and dried over sodium
sulfate. The residue obtained after filtration and solvent removal is purified and
separated by chromatography. 1.51 g of the title compound A and 1.01 g of the title

compound B are isolated.

Example 1b: (Dienone Formation)
17a(2)-(3'-hydroxypropen-1'-yl)-18-methyl-153,16[3-methylene-17p3-hydroxyestra-4,6-

dien-3-one

OH OH
N N
H H
o o

The solution of 10.4 of the compound prepared according to Example 1c in 125 ml
dimethylformamide is treated at 3C with 1.03 g of sodium acetate, 10 ml of water and
portionwise with a total of 4.23 g of dibromohydantoin. After 30 minutes, this is treated
with 3.91 g of lithium bromide and 3.42 g of lithium carbonate and heated for 3 hours at
a bath temperature of 100<C. This is poured into water and extracted several times with
ethyl acetate. The combined organic extracts are washed with saturated sodium
chloride solution and dried over sodium sulfate. The residue obtained after filtration and



5 The following examples serve for the more detailed explanation of the invention, without limiting this to
the examples presented: Example 1: (Spiro ether formation) 6(3,7(3;
15(3,16(3-Bismethylene-18-methyl-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3- 10 one 0 0 The solution
of 88.5 mg of the compound A prepared according to Bgample 1a in 4.76 ml dichloromethane is treated at
3C with 346 pl of triethylamine, 120 mg of p-toluenesulfonyl chloride, allowed to warm to 23C and stirred
for 15 hours. ThisS8!VEB 0P IRRy SBR0 SR eBaiaaRdrBgary CAHHR AU CYBRAMA dtracted several
times with ethyl a¢etiated.and the combined organic extracts are washed with water and saturated sodium
chloride solution and dried over sodium sulfate. The residue obtained 31 after filtration and solvent
removal is purified by chromato ra[r)h .41.1 g of the title compound are isolated. 'H-NMR (CDCI3): 6=
0.44 (1 H), 0.57 (£ TB'.%&C(éH';‘J,d é&iﬁ%ﬁf 5M1.17-1.79 (12H), 1.87 (1 H), 2.02-2.19 (2H), 2.29 (1 H),
2.42 (1 H), 4.55 (L H)Z-@LHdiaxybr&de(11H)) B-o@tHHKI- @by H{I5H) §iometBptemlédl a: (Corey
Cyclopropanation}]y@(@(%gt;rja%mBismethylene-17a(Z)-(3'-hydroxypropen-1'-y|)-18-methyl-17(3-
hydroxyestra-4-en-3-one_(A) and 6a,7a;15(3,16(3-bismethylene- 17a(Z)-(3' 10
hydroxypropen-1'-ylgwm91ﬂ§-hdé@§tra-4-en-3-one (B)OHOH ~/~f~OH~HKk, HH.gOHA
solution of 16.8 g of xonium iodidg 3 nit dimethyl sulfoxide is treated portionwise at 23C with

3.33 g of a 55% su(%%:an ion of sodiu%’n hydride in white oll Thisdjis stirred for a further 2 hours, treated

with 10.6 g of the & %’ ety %frgggr%c}%g@&?% Br?(? %?(%ﬁ?ﬁ?é 'ng tzgr{‘_a(%'ﬂ]&lﬁel {8 +&4ct for a further 2.5
hours. This is pouieithhvitoiveeis xatadtethskEdrlof meidingtandthl eideitadummh thrsiedralfaed organic

extracts are washgaowihrsgdnsaie disodidim eipeideng@blion ahglidfiggdaverssaditeand after
concentration 75.7 g of the title compound are isolated, which are further reacted
without purification.

Example 1d: (Hydroxypropyne Addition)
15  17a(2)-(3-hydroxypropyn-1’-yl)-3-methoxy-18-methyl-153,16(3-methylene-17[3-
hydroxyestra-3,5-diene

o oH
o on
H » H
o o

The solution of 83 ml of 2-propyn-1-ol in 1 | tetrahydrofuran is treated at -78C with 1 |
of a 2.5 molar solution of butyllithium in hexane. After 30 minutes, the solution of 90 g

20  of 3-methoxy-18-methyl-153,163-methylene-estra-3,5-dien-17-on in 0.5 | tetrahydro-
furan is added dropwise, the mixture is allowed to warm to 23 and stirred for a
further 3 hours. This is poured into saturated, ice-cold ammonium chloride solution,
extracted several times with ethyl acetate, and the combined organic extracts are
washed with saturated sodium chloride solution and dried over sodium sulfate. The

25 residue obtained after filtration and solvent removal is purified by crystallisation. 90.3 g

of the title compound are isolated.

Example 2:
60,70;15p3,163-Bismethylene-18-methyl-17a-(1'-propenyl)-173-3-oxidoestra-4-en-3-
30



sulfate. The residue obtained after filtration and solvent removal is purified and separated by
chromatography. 1.51 g of the title compound A and 1.01 g of the title 20 compound B are isolated.
Example 1b: (Dienone Formation) 1 7a(Z)-(3'-hydroxypropen-1
-yl)-18-methyl-15(3,16(3-methylene-17(3-hyd roxyestraz4, 6- dien-3-one .H OH.. H ROH ~H .1o0H 25
The solution of 10.4 of the compound prepared according to Example 1 ¢ in 125 ml dimethylformamide is
treated at 3C withANBIRYY'ssBdRAI R atel 4IDIRI BIeFateR ol EobiRRATGHSERIENE %Fdiaé‘I‘Qi/‘?ZS g of
dibromohydantoin1 e 3t rdruie aftthisdetreate g uvifitatt® 2 pnad bthiheritbramiseiandrd.42 g of lithium
carbonate and heatgdfgr 3 hours at 30 a bath temperature of 100C. This is poured into water and
extracted several fimes with ethyl acetate. The combined organic extracts are washed with saturated

sodium chloride s6NMYR KridwrelT Qv €bPi At e 58 b dStthe it 28 fkratioh and 32
solvent removal islilrifsed), bhysetirom@td) fagthg. 16. 851y 22t itile dorfipdundafEH)iselardtiHExample 1c:

(Lindlar Hydrogenagion) 19 15/864)1(3 dyal{exyppapen- I-yl)-3-methoxy-|
8-methyl-15(3,16(3-methylene-17(3- hydroxyestra-3,5-diene The solution of 75 g of the compound
prepared according to Example 1d in 1.5 | tetrahydrofuran is treated with 100 ml of pyridine and 5 g of

palladium on barilmegiiaf 10 and hydrogenated at one atmosphere hydrogen. This is filtered over
Celite and after canrcretrgtiosp ABa BctiyiBeetittncampeptigipieisplairdewhidhcir fLther reacted without

purification. Example 1d; (Hydroxypropyne Addition) 15
17a(2)-(3'-hydroxypra ' \j—yl)-_&,m(j;ggg(ﬂ&methyl-ﬁ(&16(3-methylene-17(3- hydroxyestra-3,5-diene

10 o
Analogously to Example 1, 4.67 g of the compound prepared according to Example 1la
are reacted, and after workup and purification 3.66 g of the title compound are isolated.
'H-NMR (CDCls): 8= 0.51 (1H), 0.93 (3H), 1.01 (1H), 1.09-1.35 (4H), 1.42-1.64 (3H),
1.72-1.86 (3H), 2.00 (1H), 2.23-2.63 (5H), 4.21 (1H), 4.75 (1H), 5.84 (2H), 5.95 (1H),
15  6.30 (1H), 6.53 (1H) ppm.

Example 4: (1,6-Addition)
70,18-Bismethyl-153,163-methylene-17a-(1-propenyl)-17(3-3’-oxidoestra-4-en-3-one
(A) and 7p3,18-bismethyl-1503,16p3-methylene-17a-(1’-propenyl)-173-3’-oxidoestra-4-en-
20 3-one (B)
o oJ

H — H

1.24 ml of a 3 molar solution of methylmagnesium chloride in tetrahydrofuran are
added dropwise to the suspension of 30 mg of copper-(I) chloride in 5 ml
tetrahydrofuran cooled to -30T and the mixture stirred a further 10 minutes. It is

25  cooled to -25T and the solution is added dropwise to 500 mg of the compound
prepared according to Example 3 in 5 ml tetrahydrofuran. After 1 minute, this is poured
into 1N hydrochloric acid, extracted several times with ethyl acetate, and the combined
organic extracts are washed with saturated sodium chloride solution and dried over
sodium sulfate. The residue obtained after filtration and solvent removal is purified by

30 chromatography. 267 mg of the title compound A are isolated as well as a still

unpurified mixture, which contains quantities of the title compound B.



The solution of 83 ml of 2-propyn-I-ol in 1 | tetrahydrofuran is treated at -78C with 1 1 of a 2.5 molar
solution of butyllithium in hexane. After 30 minutes, the solution of 90 g 20 of
3-methoxy-18-methyl-15(3,163-methyl ene-estra-3,5-dien-17-on in 0.5 | tetrahydro furan is added
dropwise, the mixture is allowed to warm to 23C and sBared for a further 3 hours. This is poured into
saturated, ice-cold ammonium chloride solution, extracted several times with ethyl acetate, and the
combined organic BEXRYBGRE LT With Ghbu 88 XDARPA ECHdride3daItkidr- tAcBaId over sodium
sulfate. The 25 residea sbi@npc efterHitration angssylvesy ramavab ig p)Efied by)csystaliigation. 90.3 g of
the title compoun%%%ed%@%g. E_yrl)awme 2: 6a,7a;15(3,163-Bismethylene-18-methyl-
17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3- 30 one 'H. H 0 0 33 Analogously to Example 1, 114 mg of
the compound B prepared according to Example 1 a are reacted and after workup and purification 43 mg

of the title coripoum@rape $solated. 'H-NMR (CDCI3): 6= 0.42 (1 H), 0.74-1.01 (5H), 0.86 (3H), 1.19 (1 H),

1.26 (1 H), 1.35- 5,4.50\c -1:92 (BEN o h 98215, (@H), LHH.a2¢ AS6 L4711
280, 5 Sy B BRI 18 bl 47

pp , v
18-Methyl-15(3,16(3-MEtHyRAY-1F et lobet imergeneoliddd sorare b iiei-3-onEosRi 1™ 0
Analogously to Exan®pted (B).67 g of the compound prepared according to Example 1 a are reacted, and

after workup and purificatign 3.66 g of the;title compound are isolated. 'H-NMR (CDCI3): 6= 0.51 (1 H),
0.93 (3H), 1.01 (1 H),, "'&(W-L& \1.72-1.86 (3H), 2.00 (1 H), 2.23-2.63 (5H), 4.21 (1

H), 4.75 (1 H), 5.8 . 5.95 (1 6.30 53 (1 H) ppm.

10  Analogously to Example 4, 300 mg of the compound prepared according to Example 3
are reacted using ethylmagnesium chloride, and after workup and purification 26 mg of
the title compound A and 26 mg of the title compound B are isolated.

'H-NMR (CDCl5) of A: 3= 0.40 (1H), 0.87 (3H), 0.90 (1H), 0.93 (3H), 1.01 (1H), 1.06-
1.17 (3H), 1.20-1.26 (2H), 1.42-1.54 (3H), 1.66 (1H), 1.71 (1H), 1.79 (1H), 1.86 (1H),

15  1.90 (1H), 1.95 (1H), 2.06 (1H), 2.22-2.29 (2H), 2.35-2.43 (2H), 2.60 (1H), 4.56 (1H),
4.70 (1H), 5.81 (1H), 5.86 (1H), 5.89 (1H) ppm.

'"H-NMR (CDCls) of B: 8= 0.45 (1H), 0.89 (3H), 0.93-1.24 (5H), 0.98 (3H), 1.33-1.89
(9H), 1.96 (1H), 2.02-2.38 (6H), 2.64 (1H), 4.56 (1H), 4.67 (1H), 5.81 (1H), 5.84 (1H),
5.91 (1H) ppm.

20
Example 6:
70-Vinyl-18-methyl-1503,16[3-methylene-17a-(1’-propenyl)-173-3’-oxidoestra-4-en-3-one
(A) and 7B-vinyl-18-methyl-153,163-methylene-17a-(1’-propenyl)-17(3-3’-oxidoestra-4-

en-3-one (B)

25 o NS

Analogously to Example 4, 200 mg of the compound prepared according to Example 3
are reacted using vinylmagnesium chloride, and after workup and purification 32 mg of
the title compound A are isolated, as well as a still unpurified mixture which contains
quantities of the title compound B.

30 H-NMR (CDCls) of A: 3= 0.39 (1H), 0.89 (3H), 0.98 (1H), 1.04-1.33 (4H), 1.37-1.61
(3H), 1.65-1.99 (5H), 2.10-2.43 (4H), 2.54 (1H), 2.69 (1H), 2.85 (1H), 4.55 (1H), 4.67
(1H), 5.17 (1H), 5.22 (1H), 5.81-6.01 (4H) ppm.



Example 4: (1,6-Addition)
7a,18-Bismethyl-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3-one (A) and
7(3,18-bismethyl-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en- 20 3-one (B) o~0 1.24
ml of a 3 molar solution of methylmagnesium chloride igetetrahydrofuran are added dropwise to the
suspension of 30 mg of copper-(I) chloride in 5 ml tetrahydrofuran cooled to -30C and the mixture stirred
a further 10 minutE$2RA® 75 cooled to -25C and the solution is added dropwise to 500 mg of the
compound prepamdcamwdmie E&&mmes&mﬁweﬁweﬁﬁahydrojupmpeﬁﬁpnﬂominut@dhieis poured into 1
N hydrochloric ac:| xtra raI imes wi the cq ed arg xtracts are
washed with satura e§d sog %ﬁg & Solh V(};r%gan mé)ﬁ%eéd tg% sogg lhemnesu?%t@ TheT ?d% g obtained
after filtration and %&V@ﬁ?%?ﬂﬁ\?ﬁﬁsoﬂﬁﬁﬁbd by 30 chromatography. 267 mg of the title compound A are
isolated as well as a stilk gppurified mixige, which contains quantltles of the title compound B. 34
'H-NMR (CDCI3) of
2.05 (1 H), 2.20-24 .
Example 5: 7a-Ethyl-18-methyl- 15(3 163- methylene 17a- (1' propenyl) 17(3 -3- OX|doestra 4-en-3-one (A)
and 7(3-ethyl-18-riiBHRHO ‘f@(éol%@'ﬂ%%rﬁ/lz(?ﬂé”%’é“(‘f PO REPEECS ARBEGHA A8 Jne (B) 10
Analogously to Examisiacttd360hangy dbphepgoragrmsionjrepade deadcdieting rtoExethmoldiGatare reacted using
ethylmagnesium ciorigles e RitmMenkE R Rl igysiaationefagg @il ipuktlecamprRURE A and 26 mg of
the title compound B are |58In&%e (}g hlr\/h| ((%DCI?,?%&) A: 6= 0.40 (1 H), 0.87 (3H), 0.90 (1 H), 0.93 (3H),
1.01 (1 H), 1.06- T473R"4"9051 é&% PCAPAEAT3H), 1.66 (1 H), 1.71 (1 H), 1.79 (1 H), 1.86 (1 H),
15 1.90 (1 H}01.95HNMR (EDE!ELoHA: 52012 PidHIoM31D.36-5HB §29)3H)60.96-H54%8, (1:39), 4.70 (1 H),
5.81 (1 H), 5.86 (IH7,(B8r891(84-D.09MH), 2.11-2.57 (6H), 4.57 (1H), 4.69 (1H), 5.84-5.97 (3H) ppm.

Example 8:

15p3,16[3-Methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-3-one

OH
N o/]
oH™ * H
o
o

Analogously to Example 1, 5 g of the compound prepared according to Example 8a are

15

reacted, and after workup and purification 3.37 g of the title compound are isolated.

'H-NMR (CD2CI2): 5= 0.31 (1H), 0.84 (1H), 0.97 (3H), 1.05-1.32 (7H), 1.58 (2H), 1.65

(1H), 1.76 (1H), 2.03-2.41 (6H), 2.52 (1H), 4.52 (1H), 4.61 (1H), 5.77 (1H), 5.81 (1H),
20  5.89 (1H) ppm.

Example 8a: (Enone Formation from Dienol Ethers with Oxalic Acid)

17a(2)-(3'-hydroxypropen-1'-yl)-153,16[3-methylene-17(3-hydroxyestra-4-en-3-one

oH oH
NG AL
H H
o o

25  The suspension of 5.0 g of the compound prepared according to Example 8b in 30 ml
acetone and 30 ml water is treated with 50 ml of a saturated aqueous solution of oxalic
acid, 30 ml of methanol and 50 ml of tetrahydrofuran are added and the mixture stirred
for 5 hours at 23<C. This is poured into saturated sodium hydrogen carbonate solution,
extracted several times with ethyl acetate, and the combined organic extracts are

30 washed with saturated sodium chloride solution and dried over sodium sulfate. The
residue obtained after filtration and solvent removal is purified by chromatography.

4.26 g of the title compound are isolated.



'H-NMR (CDCI3) of B: 6= 0.45 (1 H), 0.89 (3H), 0.93-1.24 (5H), 0.98 (3H), 1.33-1.89 (9H), 1.96 (1 H),
2.02-2.38 (6H), 2.64 (1 H), 4.56 (1 H), 4.67 (1 H), 5.81 (1 H), 5.84 (1 H), 5.91 (1 H) ppm. 20 Example 6:
7a-Vinyl-18-methyl-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3-one (A) and
7(3-vinyl-18-methyl- 15(3,163-methylene- 17a-(1'-propséyl)-17(3-3'-oxidoestra-4- en-3-one (B) 25
Analogously to Example 4, 200 mg of the compound prepared according to Example 3 are reacted using
vinylmagnesium chloride, and after workup and purification 32 mg of the title compound A are isolated,
as well as a still uepaiicd mggture whigh @onjaiosysiopeHitieg)d-thetitle-coprBpindtBis-HNMR (CDCI3)

of A1 6=0.39 (1 H), %rgg/é %E;e (L H), 1.04-1.33 (4H), 1.37-1.61 (3H), 1.65-1.99 (5H), 2.10-2.43 (4H),
254(1H)269(Y—| 85 455(1H)467 (1 H), 5.17 (1 H), 5.22 (1 H), 5.81-6.01 (4H) ppm. 35
Example 7: 7a-Cyclopy, eth [-15(3 3365 methylene 17a-(1'-propenyl)-17(3-3'-oxidoestra-4-
en-3-one (A) and ( opropyl 18 @i@ 1 8,16(3-methylene-17a-(1'-propenyl)-17(3-

3'-oxidoestra-4-en-3-one (B) 5 Analo% usly to Example 4, 200 mg of the compoun Iaprepared according to

Example 3 art reARRRPUSHY LHEME A intasheeling BPBIRHRY RHPARE ARRSH 9 S BiMiREtion 17 mg
of the title compoanel rAaaredisuic adter aorkel sl awtiltatimpui¥ied ohikeutideghichowshisgrisotpethtities of the
title compound B. 10 'H-NMR (CDCI3) of A: 6= 0.11 (1 H) 0.31-0.75 (5H), 0.90 (3H), 0.96-1.25 (4H),

1.38- 1.77 (8H 3 (2H), 2.11- 7 H), 4.57 469 (1 7(3 Example 8:
15(3,16(3- I\(/Ietzlyl 9?8 ( ggropéﬂﬁ% (% a??ﬁé?’c% éf?a A ﬂg tﬁgxy 1B DR TGN dPRI g xample

hydroxyestra—3 5-diene

¢ O.ﬁ'é/\OH
H - W
10 o o

Analogously to Example 1d, 38 g of 3-methoxy-15[3,163-methylene-estra-3,5-dien-17-
one are reacted, and after workup and purification 39.2 g of the title compound are

isolated.

15 Example 9: (6-Hydroxymethyl Addition)
6B-Hydroxymethylene-18-methyl-153,16[3-methylene-17a-(1'-propenyl)-17(3-3'-
oxidoestra-4-en-3-one

!oﬁ ol
The solution of 322 mg of the compound prepared according to Example 9a in a

20  mixture of 3 ml toluene and 7 ml ethanol is treated with 323 pl of a 37% aqueous
formaldehyde solution and stirred for 15 hours at 23<C. This is concentrated and the
residue purified by chromatography. 80 mg of the title compound are isolated.
'H-NMR (CDCl5): 8= 0.38 (1H), 0.89 (3H), 0.92-1.23 (5H), 1.33 (1H), 1.40-1.85 (9H),
2.13 (1H), 2.18-2.33 (3H), 2.40 (1H), 2.71 (1H), 3.75 (2H), 4.56 (1H), 4.68 (1H), 5.85

25  (1H), 5.91 (1H), 5.92 (1H) ppm.



OH OHS 15 Analogously to Example 1, 5 g of the compound prepared according to Example 8a are
reacted, and after workup and purification 3.37 g of the title compound are isolated. 'H-NMR (CD2CI2):
6=0.31 (1 H), 0.84 (1 H), 0.97 (3H), 1.05-1.32 (7H), 1.58 (2H), 1.65 (1 H), 1.76 (1 H), 2.03-2.41 (6H),
2.52 (1 H),4.52 (1 H),4.61 (1 H),5.77 (1 H), 5.81 (1 H37 20 5.89 (1 H) ppm. Example 8a: (Enone
Formation from Dienol Ethers with Oxalic Acid

17a(Z)-(3'-hydroxyprspris e Blamming e matkAeAeL 17(3-hydroxyestra-4-en-3-one OH OH OOH | OOH
25 The suspensionsaiibuby/ig ef Hes costyrmac i pmtel lecre(dingote iyyaple-8kidoedt 418, sacetone and 30
ml water is treate%i\éﬂ@ 50 ml of a saturated aqueous solution of oxalic acid, 30 ml of methanol and 50 ml
of tetrahydrofuran are added and the mixture stirred for 5 hours at 23C. This is poured into saturated
sodium hydrogen carborgte solution, e rtted several times with ethyl acetate, and the combined
organic extracts are hed Wwith d sodium chloride solution and dried over sodium sulfate.
The residue obtai fter filtration and solvent removal is purified by chromatography. 4.26 g of the title

compound ar§ isojr%ted.l% E>?%§|6)Ie 8t¥:h _ £ g |

17a(2)-(3'-hy roxypreo?)oeLrﬂtl m—f})- -mme(%k?o§<3/e-fgr("srﬁ%r@-prheé)tar‘{ﬁieﬁ%q%?@q ﬁgfyd(r"il)q(1 s r'g-g,rg-diene OH OH
OH O~OH_ O~ 5%iA6g/dei §KAtedEy BBkl & PeB Bdinefatthesiap Urchpreprpeer seitording to Example
8c are reacted, arc-adlen Wy leesriphattilticaiiaaitBe/pgrof thedilaseapavadiasatiolated. Example 8c:

i1e7162§§1'%'?3|’f;°i‘1%ﬁ£98¥8r%{ﬁéf % S TRy R Gkt R EIYsfdd Griby 8L by esstira-3, 5-d
without additional purification.
10
Example 10: (6-Spirocyclopropanation)
6,6-(1,2-Ethanediyl)-18-methyl-153,163-methylene-17a-(1'-propenyl)-17(3-3'-

oxidoestra-4-en-3-one

53? iﬁ

15 98 mg of trimethylsulfoxonium iodide are dissolved in 1.9 ml of dimethyl sulfoxide,
treated with 17.8 mg of a 60% sodium hydride dispersion and stirred for 2 hours at
23T. Next, the solution of 58 mg of the compound p repared according to Example 10a
is added dropwise to 0.76 ml of dimethyl sulfoxide and stirred for a further 2 hours at
23T. This is poured into water, extracted several times with ethyl acetate, and the

20  combined organic extracts are washed with water and saturated sodium chloride
solution and dried over sodium sulfate. The residue obtained after filtration and solvent
removal is purified by chromatography. 15 mg of the title compound are isolated.
'H-NMR (CDCls): 3= 0.35 (1H), 0.45 (1H), 0.62 (1H), 0.83 (1H), 0.91 (3H), 0.95-1.35
(8H), 1.43-1.88 (7H), 1.95 (1H), 2.15-2.42 (4H), 4.56 (1H), 4.67 (1H), 5.68 (1H), 5.86

25  (1H), 5.92 (1H) ppm.

Example 10a: (6-Tosyloxymethyl)
18-Methyl-15f3,163-methylene-6[3-(p-tolylsulfonyloxymethyl)-17a-(1'-propenyl)-173-3'-

oxidoestra-4-en-3-one

iﬁ ﬂ%ﬁ

30 HO TsO



SOH 'VV y~VV/ 10 'O 10 Analogously to Example 1d, 38 g of
3-methoxy-15(3,16(3-methylene-estra-3,5-dien-17- one are reacted, and after workup and purification
39.2 g of the title compound are isolated. 15 Example 9: (6-Hydroxymethyl Addition)
63-Hydroxymethylene- 18-methyl-15(3,16(3-methylenesd 7a-(1'-propenyl)-17(3-3'- ox idoestra-4-en-3-0 ne
H GN O HO The solution of 322 mg of the compound prepared according to Example 9a in a 20 mixture
of 3 ml toluene ant? $RI\WALFIA4S e LidBafrAB2EY prepaPdRacRidndsFSraRIR Aydéd SBlution and stirred
for 15 hours at 23@chitriemgthancanteated witd thenresidetayumifie driny3ssronn atpgraymguiB-mg of the title

compound are iso&}ﬁéhﬁ'ﬁh&'%ﬁéﬁ?@@@i@ﬁ&ﬁ%&%d@: i Rols 2drkrddsdamih (L H), 1.40-1.85
(9H), 2.13 (1 H), 2.18-2 H&), 4.56 (1 H). .68 (1 H), 5.85 25 (1 H),
|

.BB%BH_), 2.40 (L H), 2.71 (1 H%, 3.72&2
5.91 (1 H), 5.92 (FHYHEIR SHIBR TG S REh AT S5 4RSIy the combined

18-Methyl-15§8,16(Zanietexilenis-3pyasiitmjibivaiefla)st oparabdsp@-8-oiitideswhiidBaciene o GN 5 The

solution of 500 mgdhesaaHaHRdiRtePaebaaceshRinte BXampigidn Al JYveretaaohisstreated with
282 pl of pyrrolidine qln(a1 Qeaﬁed for 2 h ur%gnder r%ﬂLgﬁ This_is c(é)oled Oﬁgtee&)recipitate filtered off at the

pump, then washéd wit 3’|ﬁtf8"8%‘%9rﬁf’2‘%anorp%ﬁat ) %%Og]fot e iﬁreeé%mpOUnd are obtained, which is
reacted further without additional purification. 10
Example 11:

10  15B,16B-Methylene-17a-(1’-propenyl)-173-3’-oxidoestra-4,6-dien-3-one

} loiﬁ ] loiﬁ

Analogously to Example 1b, 2.5 g of the compound prepared according to Example
11a are reacted, and after workup and purification 884 mg of the title compound are
isolated.

15  'H-NMR (CDCls): 3= 0.44 (1H), 1.04 (3H), 1.11-1.61 (8H), 1.74-1.88 (2H), 2.22-2.55
(5H), 4.57 (1H), 4.67 (1H), 5.78 (1H), 5.86 (1H), 5.95 (1H), 6.30 (1H), 6.53 (1H) ppm.

Example 11a: (Dienol Ether Formation)

15p3,16[3-Methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4,6-dien-3-one

; Eﬁ A
20 o QKS

The solution of 2.5 g of the compound prepared according to Example 8 in 35 ml
2,2-dimethoxypropane is treated with 290 mg of pyridinium p-toluenesulfonate and
heated for 3 hours under reflux. This is poured into saturated sodium hydrogen
carbonate solution, extracted several times with ethyl acetate, and the combined

25  organic extracts are washed with saturated sodium chloride solution and dried over
sodium sulfate. The residue obtained after filtration and solvent removal is further
reacted without purification. 2.6 g of the title compound are isolated.



Example 10: (6-Spirocyclopropanation)
6,6-(1,2-Ethanediyl)-18-methyl-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'- oxidoestra-4-en-3-0 ne H
0 H ,.0 15 98 mg of trimethylsulfoxonium iodide are dissolved in 1.9 ml of dimethyl sulfoxide, treated with
17.8 mg of a 60% sodium hydride dispersion and stirregbfor 2 hours at 23C. Next, the solution of 58 mg
of the compound prepared according to Example 1 Oa is added dropwise to 0.76 ml of dimethyl sulfoxide
and stirred for a fUR@BPEABurs at 23C. This is poured into water, extracted several times with ethyl
acetate, and the 2(reqmipingen9ngeBricl exthagtsylane-wasBeskvidsiatesapdsaturated sodium chloride
solution and dried over sodium sulfate. The residue obtained after filtration and solvent removal is
purified by chromatogr '}JJBmg of thel itle compound are isolated. 'H-NMR (CDCI3): 6= 0.35 (1 H),
0.45 (1 H), 0.62 (14)..0.83 (1 H), 0 Y, 0.95-1.35 (8H), 1.43-1.88 (7H), 1.95 (1 H), 2.15-2.42 (4H),
4.56 (1 H), 4.67 (1 H), 5.68 (1 H), 5.86 25 (1 H), 5.92 (1 H) ppm. Example 1 Oa: (6-Tosyloxymethyl)

18-Methyl-15(3,16Y3{PRIHTIIEERBRIS- fo (913 S A FSEMPEHI RIEPALES F5eaHERg R Exgaogle 12a
oxidoestra-4-6n-3speneatiet] Hadlft@0mbrkup.aB8 plhitcatdutiossaf @4beride @bthgoaodnpe isuwthpid pared

according to Exarapleddnddan. dichlorametaaneys-isaied il L b o aiphylaminaand 395 mg of

p-tolueneulph- onyl chlorid stirred for 15 hours at 23C. This i$'poured into Saturated sodium
carbonate solutiort; Ektr&Btet severat fime U bRl fcetdidat§ it RomAnEd 5°oigy Bt extracts are
washed with wateb.aadishtarasgdHaaionn chloride solution and dried over sodium sulfate. The residue
obtained after filtration and solvent removal is

10 Example 12a:

17a(2)-(3'-hydroxypropen-1'-yl)-15a,16a-methylene-173-hydroxyestra-4-en-3-one

The solution of 300 mg of the compound prepared according to Example 12b in 15 ml
acetone is treated with 0.83 ml of a 4N hydrochloric acid and stirred for 1 hour at 23TC.
15 This is poured into saturated sodium hydrogen carbonate solution, extracted several
times with ethyl acetate, and the combined organic extracts are washed with saturated
sodium chloride solution and dried over sodium sulfate. The residue obtained after
filtration and solvent removal is purified by chromatography. 135 mg of the title
compound are isolated.
20
Example 12b:
17a(2)-(3-hydroxypropen-1'-yl)-15a,16a-methylene-17p3-hydroxyestra-5-en-3-one-3-
ethylene ketal and 17a(2)-(3'-hydroxypropen-1'-yl)-15a,16a-methylene-17[3-
hydroxyestra-5(10)-en-3-one-3-ethylene ketal

25 °
Analogously to Example 1c, 300 mg of the compound prepared according to Example
12c are reacted, and after workup 300 mg of the title compound are isolated, which are

further reacted without purification.



purified by chromatography. 58 mg of the title compound are isolated. Example 11: 10
15(3,16(3-Methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4, 6-dien-3-one Analogously to Example 1 b,
2.5 g of the compound prepared according to Example 11 a are reacted, and after workup and
purification 884 mg of the title compound are isolated.4b5 'H-NMR (CDCI3): 6= 0.44 (1 H), 1.04 (3H),
1.11-1.61 (8H), 1.74-1.88 (2H), 2.22-2.55 (5H), 4.57 (1 H), 4.67 (1 H), 5.78 (1 H), 5.86 (1 H), 5.95 (1 H),
6.30 (1 H), 6.53 (FKA"MinL2Example 11 a: (Dienol Ether Formation)
15(3,16(3-MethylerreZy-gathiagprynl 7 (3 I soxidaestinyfhbre-tmniiangesth Hehlzoselation of 2.5 g of

the compound preeqﬁrf-:-dealg: ordln |0, %ﬁ?}o %ﬁ( g%%jo gnlégﬁ grérfgx ‘f-o H%mqgan? (? treated with 290 mg of

pyridinium p- “toluenesu ona e and he i poured into saturated sodium
hydrogen carbon8v8resyeaba &XEePseveeiIMrie&sidth ethyl acetate, and the combined 25 organic
extracts are washed with saturated sodium,ghioride solution and dried over sodium sulfate. The residue
obtained after filtrat;ﬁoh@nt rem s further reacted without purification. 2.6 g of the title

compound are isoldteds39 Exam@ 17a- -(1'-propenyl)-15a,16a-methyl
ene-17(3-3‘-0§idoestra—4-en-3-one 4)V OH T Analogously to Example 1, 2.5 g of the compound

prepared accordirft'EPEXEMHEX2APS Afe 26251847 KISFARBPYIE N@B%%%ﬁ?ﬁ‘i’@ﬁitﬁ’rﬁ%?@@@ of the title
compound are isoi@iedre tdabtbtiRa{{a R BNotku P BG-th§ 8f (BE)itl8 .domdo iy B Edhtel), it 289 (5H), 1.24

(3H), 1.49-1.68 (3fih - %%&mtgogpparl}gaggﬁ) 256 (1 H),4.61(1H),4.70 (1 H),5.75(1 H), 5.88 (1 H),
5.95 (1 H) ppm. 10 Example 1

10 Example 12d:
150a,16a-Methylene-estra-5-en-3,17-dion-3-ethylene ketal and 15a,16a-methylene-
estra-5(10)-en-3,17-dion-3-ethylene ketal

OH [o}

The solution of 1.06 g of the compound prepared according to Example 12e in 32 ml
15  dichloromethane is treated with one spatula tip of molecular sieve 4A, 700 mg of

N-methylmorpholino-N-oxide and 90 mg of tetrabutylammonium perruthenate and

stirred at 23T for ca. 16 hours. This is concentra ted and the residue purified by

chromatography. 878 mg of the title compounds are isolated.

20 Example 12e:
150a,16a-Methylene-17a-hydroxyestra-5-en-3-one-3-ethylene ketal and 15a,160-
methylene-17a-hydroxyestra-5(10)-en-3-one-3-ethylene ketal

OH OH

The solution of 500 mg of the compound prepared according to Example 12f in 10 ml
25 tetrahydrofuran is treated with 10 ml of ethylene glycol and 4.4 mg of p-toluene-sulfonic
acid hydrate and stirred at 23T for 2 hours. This is poured into saturated sodium
hydrogen carbonate solution, extracted several times with ethyl acetate, and the
combined organic extracts are washed with saturated sodium chloride solution and
dried over sodium sulfate. The residue obtained after filtration and solvent removal is

30 purified by chromatography. 359 mg of the title compound are isolated.



17a(Z2)-(3'-hyd roxypro pen-1 '-yl)-15a,16a-methylene-17(3-hyd roxyestra-4-en-3-one HHH~H The
solution of 300 mg of the compound prepared according to Example 12b in 15 ml acetone is treated with
0.83 ml of a 4N hydrochloric acid and stirred for 1 hour at 23C. 15 This is poured into saturated sodium
hydrogen carbonate solution, extracted several times with ethyl acetate, and the combined organic
extracts are washed with saturated sodium chloride solution and dried over sodium sulfate. The residue

obtained after filtfRtRPPENERE eI PINERAaL B pLRIEE NSy I RrOVRERO -S4 BB ARJ'©f the title compound
are isolated. 20 Exampl : 17a(2)-(3'1hyd roxypro pen-1 '-yl)-15a,16a-methylene-17(3-hyd
roxyestra-5-en-3-0 ylteme @ﬁ 17a(2)-(3'-hydroxypropen-1'-yl)-15a,16a-methylene-17(3-
hydroxyestra-5(10)<en-3-one-3-ethyténe ketal HH ~ L 25 Analogously to Example 1 ¢, 300 mg of the
compound preparegi7asicafraimg dadaanngdesdlRichas @ T gadtittivanat aftst aratkupssAamgfaitbe title

compound are iSOtRg hiEIhRIBrdetae! E%%‘iﬁg WiEbaHRLoRion: 4 FaBlele Rl 72(2)-(3-yd

roxypro pyn-1 '-yl)-15a,16 a-methylene-17 3- estra 5-en-3-one-3- ethylene ketal and
17a(2)-(3'- hyérox;%?%?ﬁ Yitoin4 8%613"%&}5 %@Oﬁ@)ﬂ&%@ﬁ? a%‘(‘f@gr KB thylene ketal
H 5 after 1 hour, and stirred for a further 2 hours. Next, it is treated with 600 ml water,

allowed to warm to 23<T,extracted several times wit h ethyl acetate, and the combined
organic extracts are washed with saturated sodium chloride solution and dried over
sodium sulfate. After filtration and solvent removal, 27.1 g of the title compound is

10 isolated, which is further reacted without purification.

Example 129:
3-Methoxy-15a 16a-methylene-17a-hydroxyestra-1,3,5(10)-triene

OH

P B

15 A suspension of 1.5 g of copper(II) acetate in 900 ml diethyl ether is treated with 86.6 g
of zinc dust and heated for 10 minutes under reflux. Next, this is treated with 11.7 ml of
diiodomethane and heated for a further 30 minutes under reflux. The solution of 37,6 g
of the compound prepared according to Example 12h in 100 ml tetrahydrofuran is
added, as well as a further 35 ml of dilodomethane in total divided over 40 hours. The

20 cooled mixture is filtered over Celite, and the filtrate is washed with saturated sodium
chloride solution and dried over sodium sulfate. The residue obtained after filtration and
solvent removal is purified by recrystallisation. 24.6 g of the title compound are

isolated.

25  Example 12h:
3-Methoxy-17a-hydroxyestra-1,3,5(10),15-tetraene

[o}

LB
OO" )

The solution of 96.3 g of the compound prepared according to Example 12iin 1.1 |

methanol is treated with 75.5 g of potassium carbonate and stirred at 50C for 2 hours.
30 This is concentrated, treated with water, extracted several times with ethyl acetate, and

the combined organic extracts are washed with water and dried over sodium sulfate.



Analogously to Example 1 d, 278 mg of the compound prepared according to Example 12d are reacted,
and after workup 347 mg of the title compound are isolated, which are further reacted without purification.
10 Example 12d: 15a,16a-Methylene-estra-5-en-3,17-dion-3-ethylene ketal and 15a,16a-methylene-
estrra-5(~10)-en-3,17-dion 3-ethylene ketal OH 0 "o lad2- "'01~J+J The solution of 1.06 g of the compound
prepared according to Example 12e in 32 ml 15 dichloromethane is treated with one spatula tip of
molecular sieve 4ANe7S5IAG 8PN/ HBARPIOAAB-RIGIHEBARS PHEISE It EBYSIRFRHBMium
perruthenate and 4stigrefdrat tR8CdopeandLérdzorstedhis is concentrated and the residue purified by
chromatography. 878 mg of the title compounds are isolated. 20 Example 12e:
15a,16a-Methylene-17a-hydroxyestra-5-en-3-one-3-ethylene ketal and 15a,16a-
methylene-17a-hyadf8X)SstA-5(10)-en-3-one-3-ethylene ketal HH The solution of 500 mg of the
compound préparédatitpsdastad Beaple-1faantdy il 42neiteakgaieofuran is treated with 10 ml of

ethylene glycol and 4.4 mEoof p-toluene-sulfonic acid hydrate and stirred at 23C for 2 hours. This is

poured into saturated s drog enea nate solution, extracted several times with ethyl acetate,
and the combined ic extracg washett with saturated sodium chloride solution and dried over
sodium sulfate. The residue obtained after filtration and solvent removal is 30 purified by chromatography.

359 mg of the title"E6AYBIRTPARS RBIgtédnetiorhifipieiioxpestrirbe. 5(10). 15-tetraene in 1.6 |
hoxy-15u,16a-methyktyardfdraiscroaneeisiit: 2 5( § @f-diereyPhd PhinE, 0T gvf af dmobedamcare treated with

9.91 g of lithium a&éMcﬁWérﬂﬂ %%m&@%‘lz@dﬁarboxylate and stirred at 23T for 2 hours. This is

10 treated with saturated sodium chloride solution, extracted with ethyl acetate, and the
combined organic extracts are washed with saturated sodium chloride solution and
dried over sodium sulfate. The residue obtained after filtration and solvent removal is
taken up 1.2 | acetone, treated with 80 ml of a 30% hydrogen peroxide solution with
cooling, and after 20 minutes poured with cooling into 600 ml of a semi-concentrated

15 sodium thiosulfate solution. This is extracted with ethyl acetate, and the combined
organic extracts are washed with saturated sodium chloride solution and dried over
sodium sulfate. The residue obtained after filtration and solvent removal is purified by

recrystallisation. 52.5 g of the title compound are isolated.

20 Example 13:
17a-(1'-Propenyl)-15a,16a-methylene-173-3'-oxidoestra-4,6-dien-3-one

; IQ ] IOQ

Analogously to Example 1b, 1.13 g of the compound prepared according to Example

13a are reacted, and after workup and purification 1.03 g of the title compound are
25 isolated.

'H-NMR (CD,Cl,): 3= 0.60 (1H), 0.75 (1H), 0.90-1.74 (9H), 1.19 (3H), 2.19-2.50 (5H),

4.52 (1H), 4.62 (1H), 5.70 (1H), 5.72 (1H), 5.92 (1H), 6.23 (1H), 6.45 (1H) ppm.



of the compound prepared according to Example 12g in 1.2 | tetrahydrofuran added 5 dropwise within 1
hour. This is treated with 720 ml of ethanol, allowed to warm to -50C after 1 hour, and stirred for a further
2 hours. Next, it is treated with 600 ml water, allowed to warm to 23C,extracted several times with ethyl
acetate, and the combined organic extracts are washets with saturated sodium chloride solution and dried
over sodium sulfate. After filtration and solvent removal, 27.1 g of the title compound is 10 isolated, which
is further reacted WitHBRIE gdffication. Example 12g: 3-Methoxy-15a,16a-methylene-17a-hydroxyestra-1,
3,5(10)-triene OH OH 15(A suspensio qf 1.5 g of copper(ll) acetate in 900 ml diethyl ether is treated

with 86.6 g of zinc rd hetated for 10 minutes under reflux. Next, this is treated with 11.7 ml of
diiodomethane an ed for aa‘ 2r 30 minutes under ref lux. The solution of 37,6 g of the compound

prepared according i ESRRIELA L 198 ThiRy SYETSHRE AEEd a5 WelhasaEialss 35 mi o

diiodomethane in total divided over 40 hours. The 20 cooled mixture is filtered over Celite, and the filtrate
is washed with saﬁ?rﬁfgéeg&%rﬁn ﬁﬁﬁriéﬁvé) %Hﬁ%%ﬁ' Canéleo%P S%H\EH%'%BWQ%’.”? &'fesidue obtained
after filtration and isstiesht removal is purified by recrystallisation. 24.6 g of the title compound are
isolated. 25 Example 12h: 3-Methoxy-17a-hydroxyestra-1,3,5(10),15-tetraene 0 ".O NO, 0 ~0 The
solution of 96.3 g E}‘(éﬂﬁgompound prepared according to Example 12iin 1.1 1 methanol is treated with
75.5 g of potassium carbonate and stirred at 50C for 2 hours. 30 This is concentrated, treated with water,
extracted several fith¥§titt etfcasiavenenty the cURISIMAT P i doaraats-are3waskebaiith water and
dried over sodium7gLifaieyl48aqise-resislieneltainedpdiasfijratps andsaivent sermewmal(is purified by
recrystallisation.

10
Analogously to Example 4, 250 mg of the compound prepared according to Example

13 are reacted, and after workup and purification 130 mg of the title compound A are
isolated, as well as a still unpurified mixture which contains quantities of the title
compound B.

15  *H-NMR (CD,Cl,) of A: 3= 0.59 (1H), 0.74 (1H), 0.87 (3H), 0.92-1.33 (6H), 1.22 (3H),
0.48-1.62 (2H), 1.76-1.88 (2H), 2.08 (1H), 2.23-2.41 (5H), 2.58 (1H), 4.56 (1H), 4.64
(1H), 5.76-5.83 (2H), 5.95 (1H) ppm.

Example 15:
20  70-Ethyl-15a,16a-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-3-one (A) and
7B-ethyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3’-oxidoestra-4-en-3-one (B)

Analogously to Example 4, 250 mg of the compound prepared according to Example
13 are reacted using ethylmagnesium chloride, and after workup and purification 58 mg
25  of the title compound A and 5.7 mg of the title compound B are isolated.
'H-NMR (CDCls) of A: 8= 0.53 (1H), 0.78 (1H), 0.86-1.27 (7H), 0.90 (3H), 1.17 (3H),
1.34-1.56 (3H), 1.72-1.86 (2H), 1.93 (1H), 2.05 (1H), 2.17-2.37 (4H), 2.58 (1H), 4.52
(1H), 4.59 (1H), 5.74 (1H), 5.78 (1H), 5.90 (1H) ppm.
'"H-NMR (CDCls) of B: 8= 0.59 (1H), 0.64 (1H), 0.75 (1H), 0.91 (3H), 0.94 (1H), 1.04
30 (1H),1.17 (3H), 1.19-1.74 (9H), 1.96 (1H), 2.07-2.35 (5H), 2.46 (1H), 4.52 (1H), 4.59
(1H), 5.71 (1H), 5.75 (1H), 5.90 (1H) ppm.



46 g of the title compound are isolated. Example 12i: 5
3-Methoxy-estra-1,3,5(10),15-tetraen-17-yl4-nitrobenzoate No, o 0 O The solution of 43.9 g of
3-methoxy-17(3-hydroxyestra-1,3,5(10),15-tetraene in 1.6 | tetrahydrofuran is treated with 121 g of
triphenylphosphine, 27.1 g of 4-nitrobenzoic acid and 30.9 ml of diisopropyl azodicarboxylate and stirred
at 23C for 2 hours. This is 10 treated with saturated sodium chloride solution, extracted with ethyl acetate,
and the combined¥alfid@xtracts are washed with saturated sodium chloride solution and dried over
sodium sulfate. Thamsgydmmommm@dwﬁﬁﬁé f(btaa(cionraﬂdﬁmlmeremeahi@ﬁakemdnp (hRanacetone, treated

with 80 ml of a 30% h drogen peroxide sol wlth co nd a ) minutes paured with cooling
into 600 ml of a se ¥' L%gen? ated ?I%y E?rclxt enq Et?%)n %Stltsaex raléted‘JJ %tfh ethyl acetate,

and the combined orgagiclextracts W/ashed W|th saturated sodium chloride solution and dried over
sodium sulfate. Thiﬁe Eﬁfajfggﬁer filtration and solvent removal is purified by recrystallisation.
52.5 g of the title cormpound are°isolatéd. 20 Example 13:

17a-(1'-Propenyl)- Aol 6asinet Eykengiel 4, (358 nax il oles trard o 6rd ipre@yedeactofdiadag @xshydie Example 1 b,

1.13 g of the comri@%greagfé%rﬁgr@%%agﬁ&ﬁm%elﬁﬁdagﬁeF%k%g ﬂaqgafﬁeemrkup and
purification 1.03 g _of the title comepound are 25 isolated. 'H-NMR (CD2 6=0.60 {1 H), 0.75 (1 H),

0.90-1.74 (9H), 1.25 1519 OMUSes Ay ndy s ey 804 1, C@"?B"({‘i’—i? ¥R 5 92 (1 H), 6.23
(1 H), 6.45 (1 H) ppNMRB (ERzChpté A% 046018 (joi)sBas EsaAple 11743H)66 Bdf.3ae compound
prepared accordingd® EXAMBIL(4H), 2.11 (1H), 2.19-2.37 (3H), 2.48 (1H), 2.60 (1H), 2.79 (1H), 4.51
10  (1H), 4.58 (1H), 5.09 (1H), 5.18 (1H), 5.32 (1H), 5.67-5.77 (2H), 5.79 (1H), 5.88 (1H)
ppm.
'H-NMR (CD,Cl,) of B: &= 0.47 (1H), 0.66 (1H), 0.73-0.81 (2H), 1.06 (1H), 1.15 (3H),
1.17-1.65 (7H), 1.73 (1H), 2.00-2.37 (6H), 4.51 (1H), 4.58 (1H), 4.92 (1H), 5.06 (1H),
5.70 (1H), 5.76 (1H), 5.86-5.99 (2H) ppm.
15
Example 17:
7a-Cyclopropyl-15a,16a-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-3-one
(A) and 7B-cyclopropyl-15a,16a-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-
3-one (B)

20 4
Analogously to Example 4, 250 mg of the compound prepared according to Example

13 are reacted using cyclopropylmagnesium bromide, and after workup and purification
47 mg of the title compound A and 5.3 mg of the title compound B are isolated.
'H-NMR (CD,Cl,) of A: &= -0.07 (1H), 0.35-0.62 (5H), 0.93-1.30 (8H), 1.17 (3H), 1.48-
25  1.62 (2H), 1.77-1.89 (2H), 2.11 (1H), 2.22-2.38 (3H), 2.44 (1H), 2.53 (1H), 4.51 (1H),
4.60 (1H), 5.77 (1H), 5.82 (1H), 5.91 (1H) ppm.
'H-NMR (CD,Cl,) of B: = 0.02 (1H), 0.40-0.73 (7H), 0.94-1.04 (2H), 1.19 (3H), 1.22-
1.30 (4H), 1.52-1.77 (4H), 2.08-2,30 (5H), 2.58 (1H), 4.52 (1H), 4.60 (1H), 5.71-5.74
(2H), 5.90 (1H) ppm.
30
Example 18:
Inert depot systems amenable to intrauterine implantation and composed of a biode-

gradable polymer or a synthetic silicone polymer consisting of an active ingredient-



12 are reacted, and after workup and purification 1.13 g of the title compound are 5 isolated. Example 14:
7a-Methyl-15a,16a-methylene- 17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3-one (A) and 7P-m (B) O~YV
0 10 Analogously to Example 4, 250 mg of the compound prepared according to Example 13 are
reacted, and after workup and purification 130 mg of thestitle compound A are isolated, as well as a still
unpurified mixture which contains quantities of the titte compound B. 15 'H-NMR (CD2CI2) of A: 6= 0.59
(1 H), 0.74 (1 H), 681A1M9) COIOIL NSRBI 1At POfEPR!-agivg- BN N KiNG [AlggsEpqyndadeyL H),
2.23-2.41 (5H), 2.58qlirhb); devto(and préibihg(thdDeSidd ai83 €RENe talb 4tk M)rpgume Exanise 15: 20

ra Bty 152, 1oagneiulengrat (AL I?F%H‘émé'ﬂa bAeR %@9&%{&%&9r&m4@a@9eated

7(3-ethyl-15a,16a-methylene-17a-(1'-pro 3-3'-oxidoestra-4-en-3-on 00 Analogously to
Evample 4. 250 TS AREUSHS A BHlp e B CFERA ISR CaiTbaba Gelged
ethylmagnesiam chioriier, @ddafermnaerandndbetyifrradienccBlvieysas o tiae titeisonepduitel A and 5.7 mg
of the title compoung&igie iﬁ@l@t@daaagyg@(@@s‘g@@foﬁa@ﬁ&w (e rieAsB8 ek ifyBGidnR7 (7H), 0.90

(3H), 1.17 (3H), 134 ‘13.56 3 2; %72 1a§6(8% gée% H), 2.05 %EH@Z 17 2(%7 4% 2. 58 (1 H), 4.52
(1 H), 4.59 (1 H), S7ATPEY & 78 H BTG5 ¢ ) e HoNMR (EDEI3 0 BHEME'SS PPy, 0.64 (1 H),
0.75 (1 H), 0.91 (3MHB64: (31) Myahpmgegwm)efieiwwps,%ew QWG(QPQ'SPTQB%WW@ .35 (5H),
2.46 (1 H), 4.52 (utdjy<} b8 hidtdttgiball ddtdd)abe/dpihdip) ie@Ot(@nt)nepxprddsidrxaimpplgei -
7a-vinyl-15a df5a-methyiengsdfarkdr fERRS VY- I8P TP Q R RIex A & 8o the

mammary gland on the basis of the expression of progestogen-regulated marker genes

(e.g. RankL), 3) systemic progestational effect on the pituitary on the basis of the LH

level (reduction in the estrogen-induced elevation of the LH level).

The compounds of the present invention show a significant progestational effect in the

15 uterus which is comparable to a corresponding treatment with a levonorgestrel-

containing depot system such as MIRENAO.



7(3-vinyl-15a,16a-methyl ene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3-one (B) 0 0 5

Analogously to Example 4, 250 mg of the compound prepared according to Example 13 are

reacted using vinylmagnesium chloride, and after workup and purification 21.4 mg of the title

compound A and 4.1 mg of the title compound B are isolated.
0.46 (1 H), 0.65 (1 H), 0.88-1.06 (3H), 1.17 (3H), 1.13-1.30 (2H), 1.4445.87 (4H), 2.11 (1 H),

'H-NMR (CD2CI2)

of A: 6=

2.19-2.37 (3H), 2.48 (1 H), 2.60 (1 H), 2.79 (1 H), 4.51 10 (1 H), 4.58 (1 H), 5.09 (1 H), 5.18 (1
H), 5.32T@bk ) RerEFP{EiNg wirgg1 H), 5.88 (1 H) ppm. 'H-NMR (CD2CI2) of B: 6= 0.47 (1
H), 0.66 (1 H), 0.73-0.81 (2H), 1.06 (1 H), 1.15 (3H), 1.17-1.65 (7H), 1.73 (1 H), 2.00-2.37
(6H), 4.51 (1 H), 4.58 (1 H), 4.92 (1 H), 5.06 (1 H), 5.70 (1 H), 5.76 (1 H), 5.86-5.99 (2H)

ppm. 15 Example 17:
7a- Cyclopropyl -15a,16a- methyllene 17a-(1'-propenyl)-17(3-3'-0xédegsirbiatlien-3-one (A) and
7(3-cyclopropyl-154,16a-methylene- 17at % %ropen 6) 17 3-B-oXirleestacen 3-one (B) 8) )
0 '7 Analogously to Example 4] 25099 SR r@Sﬁ?& Gﬁﬁ prepareecaptoidiny to Exampfe “1ogen receptor
are reacted sing cyclgpropym aglna%iw bromidenaeidierfter W@&Hﬂem %ﬂ'&iﬁaﬂ%ség of Competition CFPR/
the title annni ind A and 5.3 mg of the title rnmn({ﬁﬁﬂrR are isolated. 'H-NMR (CD2CI2) of A: factor CE MR
6= -0.07 10.62 (5H),0.93-1.30 (8H), 1.17 (;,H) 1.48 25 1.62 (2H), 1.77+1.89 (2H),
2.11 (1 H)2.22-2.38 (3H), 2.44 (1 H>3.53 (1 H), 4% 1 (1H) 4.60 (1}),5.77 (1 H), 58> (1 1 5.40
H), 5.91F \J. | l) pplll ‘H anC‘Z) of B 6=0.02¢( \J. H |), 6140-6.73 (7H), 6.94-1,04 (ZH),
1.19 (3H), 1.22- 1.3 2-1.77 f4H), 2 08-2,?I(b£5H), 258 (1 H),4,52 (1 H),|4.694] H), 178 0.58
5.71-5.74 (2H), 5.9 1. 30 xample 18: ' ' '
2 470 8.69 3.6 150 16.3 2.41
3 53 2.43 3.4 410 19.3 0.71
4A 1.89 3.8 78 3.2 0.50
5A 140 6.15 2.3 100 5.4 2.67




Inert depot systems amenable to intrauterine implantation and composed of a biode- gradable
polymer or a synthetic silicone polymer consisting of an active ingredient 45 containing core
in the appropriate polymer-active ingredient mixing ratio, surrounded by a polymer membrane
ensuring the desired daily release rate, are introduced into the lumen of the rat uterus. The
female animals are castrated beforehand and pretreated with estradiotfor three days. The
implants of different Iength (5 -20 mm) and a restricted 5 diameter (1.1 to 2 mm) remain for

betweer at uterus in order to investigate the local and systemic
progest ased B#tive ingrediéfi3on the basis oftb&ious paramel@s in 42.8 0.40
different ti glparameters ate measured: 1) local progestational effect on the
uterus an the basis pf the weight of the uterus, the hlstologlcally detectable epithglial height
and the expr@ésion of progestq 10 gé‘ﬁ‘-regulated ratker genes (e.g. F(BSFBP-l); 2) sysrt@mic 31 2.39
progestAtiona! effect on-the mammary-g aland on-the basis of the nvprnccinn of
progestogen-regula ) genes_(e.g. RankL), 3) systgmic progestational effect on the
pituitary on the basis, Ievella ductlon in t‘hé estrogen- inducéd' elevation of tHe’LH 8.4 1.00
|eve|). The €OMmMpPott -presentinvention showa olgll ficant pi’GgeSLaLiGnal ffeetinthe
15 uterus whigh is © rablelto a c Erespondlng irsgtmem with a leygnorgestrel- coptainirlg 4.0 057
depot system such g RENA(r). 46 Table|1: Receptor binding values Receptor binding ' '
Progesteronereceptor (PR Mineralocorticoig-Androgenreceptor receptor (MR)Ex—Structure
IC50 [nM] Cognpetit_o Competition fagdor 1ICb0 [Ny Gompetition CF PR / factor factgysgF 4807 18.14
MR "4,2.7 Q, t7 3752 1.041.816017.80.58 2470 8.69 3.6 150 16.3 2,41 353
2.43 3.441019.30
10 33 1.08 0.8 53 2.8 1.35
11
12 29 0.79 1.0 6 120.0 0.79
13 56 2.04 0.9 2100 74.7 2.27




4A 1.89 3.8 78 3.20.50 ~~I5~wa 5A 140 6.15 2.3 100 5.4 2.67 47 5B 130 6.03 15.0 990
42.80.40 6A 44 4.301.856 3.12.39 ati 7A 1204.424.42408.41.00 8241.031.8724.0
0.57 9 ON 480 19.95 1.1 8600 480.7 18.14 10331.080.8532.81.35 11 A", 12290.791.0
6 120.0 0.79 13 56 2.04 0.9 2100 74.7 2.27 48 14A X 44 1.60 3.1 82 2.9 0.52 15A 56 2.31
3.7853.80.62 15B 16A 40 1.66 10.577 3.7 0.16 16B 17A 13 0.59 24815 1.0 0.24 17B 49
Table 2: In vitro transactivation values In vitro transactivation Progesterone receptor

Mineralocorticoid re ndrogen receptor Ex. Structure Agonism Agonist Antagonism
Antagonist Adbnisn st Aptagorfiém Antagonistt®C50 [nM] activity [%] IC50| [nM$Activity 2.9 0.52
[%] EC30_[nM] activity [9%}C50 [nM] activity [%] A" 88 72.2 33 64.1 112.5 24 26 27 54.58
{71°
15A 56 2.31 3.7 85 3.8 0.62
15B
16A 40 1.66 10.5 77 3.7 0.16
16B
17A 13 0.59 25 15 1.0 0.24
17B




1 Partial Agonist 9 68 11 35.3 2 35118.8 4.8 51.54147.8 3110 71.0 39 60.32 1000 5 4A
0.8 23.2944.53.280.97 1000 5 ~wa 5A 13.0 20.6 140 100.2 4.6 81.2 1000 5 5B 36.0 23.2

130 67.7 100 23.9 130 63.82 . xj~~ 50 6A 7.8 34.6 5123.1 1.9 93.47 10005 mre 7A 7.5

37.1 Partial Agonist 17 82.3 10005 8 1.6 77.5 95 106.2 10 58.71 1000 5 9 ON 1000.0 21.0
90 89.8 1000 19.66 140 48.11 10 0.1 45.2 Partial Agonist 1.2 106.55 26005 110 A", 120.1

71.1 Agonistic 41 62.66 1000 5 13 8.4 62.8 46 86.1 200 10.57 130 81.32 14A 0.7 96.0 72

60.9 4.6788!98: 10008 FANSESiVFIgNRI9eagonistic 9.3 73.74 1000 5 F7 15B cl, 16A 1.0 74.1

Partial /

\gonist 4.4-72.56 10005 16B-17A-4.582.7 110 71.5 11 65.81 1000 5-17B 52

In vitro transactivation

Progesterone receptor

Mineralocorticoid receptor

Androgen receptor

Ex. Structure Agonism A_gc_)nist Antagonism Ant_a_gonist Agonism A_g(_)nist Antagonism An';a_gonist
‘ EC50 [nM] | activity [%0] IC50 [nM] activity [%] EC50 [nM] activity [%] IC50 [nM] activity [%0]
A 88 72.2 3.3 64.1 1125 24.26 27 54.58
1 Partial Agonist 9 68 11 35.3
2 35 118.8 4.8 515 41 47.8
3 110 71.0 39 60.32 1000 5
4A 0.8 23.2 9 445 3.2 80.97 1000 5
5A 13.0 20.6 140 100.2 4.6 81.2 1000 5
5B 36.0 23.2 130 67.7 100 23.9 130 63.82




Claims 1. A 15,16-Methylene-17-(1'-propenyl)-17-3'-oxidoestra-4-en-3-one derivative with 5
the general chemical formula | Ris O HZ R7 4 R6a _s' 6b in which 10 Z is selected from the
group comprising oxygen, two hydrogen atoms, NOR' and NNHSO2R', where R' hydrogen,

C1-C10 alkyl, aryl or C7-C20 aralkyl, and R4 is selected from the group comprising hydrogen
and halogen, 15 and further, either: R6a R6b are each mutually indepsmdently selected from
the group comprising hydrogen, C1-C10 alkyl, C2-C,0 alkenyl and C2-C10 alkynyl, or

together form methylene ar 1,2-ethangdiyl and 20 R7 is selected|from the group comprising
hydrogen, 841-G10 alkyl, C,-C6 “cYcloalkyl, &RC,0 alkenyPand C2-C,0%&kynyl, or: REL R7 93.47 1000 5
together comprise oxygen or a methylene group orlare omitted, with the 25 formation of a
double bond bet ME6 and C7 and R6b is selected from theg_‘%roup comprising hydro7gen,
C1-C10|al¥t, c2-Clolatkenyl ahd C2{C10HiKynyl and R1878"4d88FFrom the|groug 82.3 1000 5
comprising hydrdﬂnn nd- C1-C3-alkyl, 3053
8 1.6 77.5 95 106.2 10 58.71 1000 5
9 1000.0 21.0 90 89.8 1000 19.66 140 48.11
10 0.1 45.2 Partial Agonist 1.2 106.55 1000 5
11
12 0.1 71.1 Agonistic 41 62.66 1000 5
13 8.4 62.8 46 86.1 200 10.57 130 81.32
14A 0.7 96.0 72 60.9 4.6 56.06 1000 5




and solvates, hydrates and salts thereof and including all crystal modifications and all
stereoisomers. 2. The 15,16-Methylene-17-(1'-propenyl)-17-3'-oxidoestra-4-en-3-one
derivative as 5 claimed in claim 1, characterized in that Z is selected from the group
comprising oxygen, NOR' and NNHSO2R'. 3. The
15,16-Methylene-17-(1'-propenyl)-17-3'-oxidoestra-4-en-3-one derivatige as claimed in one of

the previous claims, characterlzed in that Z stands for oxygen. 10 4. The

15,16-Methylen penyl)-17-3'-oxidoestrai4-en-3-one derivative as cla%med in one Ff ‘
the previod84lajin teriZe8 in that R28 selected from AgrNGHSUp comprising /@rogen  73.74 1000 S

and chlorine. 15 6-Methylene-17-(1'-prapenyl)-17-3'-oxidoestra-4-enr3-one

derivative as clai e of the previous claims, characterized in that R6a and R6b

together f&kh 1,2 yl or are each hydrogen. 6. The

15,16-M -17-(3'-propenyl)-17-3'-oxidoestra-4-en-3-one derivative as 20 claimed in

one of the previ characterized in that R7 is selected from the group comprising

hydrogen, thiyl e :ivin§7I07 The Partial Agonist 4.4 L 72.56 1000 5 ‘
15,16-Methylen penryh-17-3-oxidoestra'4-en-3-one-derivative-as—claimed-inoneof

claims 1 - 461;? in that R6a and R7 together form a 25 methylene group. 8. The

15,16-M et?ﬁy ene-17:{ penyl)-17-3'-oxidoestra-4-en-3-one derivative as claimed in one of

claims =4, chat aucf{‘eoLln that R6ajand R7 are pmitted, with the formation of a double

bond betwegn G6 and &'. 30 9. fThe 7 110 715 11 65.81 1000 5
15,16-Methyleng: @-prc penyl)-17-3'-oxidoestra;4-en-3-one defrivative as claimed in one of

the preyious claims, characterized in that R'$ is selected from the group comprising hydrogen

and methy785 10. The 15,16-Methylene-17-(1'-propenyl)-17-3'-oxidoestra-4-en-3-one

derivative as claimed in one of the previous claims, selected from the group comprising 54



17a-(1'-propenyl)-1 5a,16a-methylene-17(3-3'-oxidoestra-4-en-3-one
17a-(1'-propenyl)-15(3,16(3-methylene-17(3-3'-oxidoestra-4-en-3-one 7a-methyl-1
5a,16a-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3-one 7(3-methyl-1
5a,16a-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra&#-en-3-one 5
7a-methyl-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3-one
7(3-methyl-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3-one 7a-ethyl-1
5a,16a-methyleneclafiag1'-propenyl)-17(3-3'-oxidoestra-4-en-3-one 7(3-ethyl-15a,16a-methyl
ene-17a-(1'-propenyl)-17(3-3'- oxidoestra 4-en-3-one

7Ta-ethyl-15(3, 16(3 methylene-17a-(1 - enyl)-17(3-3'-oxidoestra-4-en-3-on
7(3-ethyl-15(3,16(3-metmyieifeVeryiers f&—:- EEPYE- 3 ax st &h-3- %’Ff‘ed%\’ K§ 1B a, 16a-methyl
ene-17a-(1'-pkopenyl)-1K g<dlecdidumrsical-hrenid-one  7(3-vinyl-1
5a,16a-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3-one 7a-vinyl-15(3,16(3-methyl
ene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3-one  7(3-vinyl-15(3,16(3-methyl

ene-17a-(1'- propenyl) 17(3 -3'-oxidoestra-4-en-3-one 1§

7(3-cyclopropyl-15(3,16(3-methylene-17a-(
6-methylene-15a,16a-methylene-17a-(1'-p
6-methylene-15(3,16(3-methylene-17a-(2 X7 (3 %oxidoestra-4-en-3- one
6a-hydroxymethylene-15a,16a-methylene-17axdzpfopghyl)-17(3-3"- ox idoest ra-4-en-3-0 ne
6(3-hydroxymethylene-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'- 30 oxidoestra-4-en-3-one

in which
10

Z is selected from the group comprising oxygen, two hydrogen atoms,
NOR’ and NNHSO,R’, where R’ hydrogen, C;-Cy, alkyl, aryl or C;-Cy
aralkyl, and

R* is selected from the group comprising hydrogen and halogen,

15

and further, either:

R®, R® are each mutually independently selected from the group comprising
hydrogen, C;-Cj alkyl, C,-C44 alkenyl and C,-C,4 alkynyl, or together
form methylene or 1,2-ethanediyl and

20 R’ is selected from the group comprising hydrogen, C;-Cjq alkyl, C5-Cs-
cycloalkyl, C,-Cyo alkenyl and C,-Cyq alkynyl,

or:

R® R’ together comprise oxygen or a methylene group or are omitted, with the

25 formation of a double bond between C°® and C’ and

R®® is selected from the group comprising hydrogen, C;-Cyg alkyl, C,-Cyo

alkenyl and C,-C,, alkynyl and

R'S is selected from the group comprising hydrogen and C;-C; alkyl,
30



6a-hydroxymethylene-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'- ox idoest ra-4-en-3-0 ne
6(3-hydroxymethylene-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'- ox idoest ra-4-en-3-0 ne 35
6,6-(1,2-ethanediyl)-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra- 4-en-3-one 55
6,6-(1,2-ethanediyl)-15(3,16(3-methylene-17a-(1'-propseayl)-17(3-3'-oxidoestra- 4-en-3-one 6a,7a;
15a,16a-bismethylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3-one 6(3,7(3;
15a,16a-bismethylene-AThslvanedaimes A sebxifeesirand aplusling all sryggi7aedifications
15(3,16(3-bismethylenenti7a-§lerpoapereyt)-17(3-3'-oxidoestra-4-en-3-one 6(3,7(3;
15(3,16(3-bismethylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-3-one 17a-(1'-propenyl)-1
5a,16a-methylene-17(3-3'-oxidoestra-4,6-dien-3-one o o
17a-(1'-propenyl)-45(3, I 3HEALNENE 18-S “B0BRAH 2 2Hilarsiigifeen-3-one dervative as
(E/Z)-3-(hydréxyimino)<latagd ifpelape dy DhaBete beedrie thelehis-Sel¢8Ls!-bxid thellasstrarpasieg
(E/Z)-3-(hydroxyimino)gkygetl NesRP&RY N6 F8(3-methylene-17(3-3'-oxido- estra-4-ene
(E/Z2)-3-(hydroxyimino)-7a-methyl-15a,16a-methylene-17a-(1'-propenyl)-17(3- 3'-oxidoestra-4-ene 15
(E/Z)-3-(hydroxyimino)-7(3-methyl-15a,16a-methylene-17a-(1'-propenyl)-17(3- 3'-oxidoestra-4-ene
(E/Z)-3-(hydroxyirdino) T7&-hetAyYaByene i3 -pebrome ) 17 23 (PX|9RSSBAYH T A B 8 I8 IdH¥R fa-4-ene
(E/Z)-3-(hydroxyimino)<Hidranathyhel & Bid f(Srimetbidierse chdeadEripedpe thd)-A (8102 GoB eryadonestra-4-ene
(E/Z)-3-(hydrexyimino)-7a-ethyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'- oxidoestra-4-ene

(E/Z)-3-(hydroxyimino)-7(3-ethgl-15a,16a—methylene-17a- 1'-propenyl)-17(3-3'- o
4. “The 15,16-Methylene-17-(1-propenyl)-17-3’-oxidoestra-4-eh-3-one derivative as

claimed in one of the previous claims, characterized in that R* is selected from

the group comprising hydrogen and chlorine.

15 5. The 15,16-Methylene-17-(1'-propenyl)-17-3’-oxidoestra-4-en-3-one derivative as
claimed in one of the previous claims, characterized in that R*® and R®® together

form 1,2-ethanediyl or are each hydrogen.

6. The 15,16-Methylene-17-(1-propenyl)-17-3’-oxidoestra-4-en-3-one derivative as
20 claimed in one of the previous claims, characterized in that R’ is selected from
the group comprising hydrogen, methyl, ethyl and vinyl.

7.  The 15,16-Methylene-17-(1’-propenyl)-17-3’-oxidoestra-4-en-3-one derivative as
claimed in one of claims 1 — 4, characterized in that R*® and R’ together form a
25 methylene group.

8.  The 15,16-Methylene-17-(1'-propenyl)-17-3’-oxidoestra-4-en-3-one derivative as
claimed in one of claims 1 — 4, characterized in that R*® and R are omitted, with
the formation of a double bond between C® and C’.
30
9. The 15,16-Methylene-17-(1’-propenyl)-17-3’-oxidoestra-4-en-3-one derivative as
claimed in one of the previous claims, characterized in that R is selected from

the group comprising hydrogen and methyl.

35 10. The 15,16-Methylene-17-(1'-propenyl)-17-3’-oxidoestra-4-en-3-one derivative as

claimed in one of the previous claims, selected from the group comprising



oxidoestra-4-ene 25 (E/Z)-3-(hydroxyimino)-7a-ethyl-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'-
oxidoestra-4-ene (E/Z)-3-(hydroxyimino)-7(3-ethyl-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'-
oxidoestra-4-ene (E/Z)-3-(hydroxyimino)-7a-vinyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'- 30
oxidoestra-4-ene (E/Z)-3-(hydroxyimino)-7(3-vinyl-15a46a-methylene-17a-(1'-propenyl)-17(3-3'-
oxidoestra-4-ene (E/Z)-3-(hydroxyimino)-7a-vinyl-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'-
oxidoestra-4-ene 35 (B/Z3:(hyeiapeiviihey- Feg-miginesesl] B(3-mispRAtad-273-CMCpropenyl)-17(3-3-
oxidoestra-4-ene 56 (E/4ys((ihyespeyymirsp)168- mm@yméa&mmwmﬁ%a (1 -propenyl)-
17(3-3'-ox idoestra-4-ene E/Z?hyl q%d{g&(%n% ?gné(% y&lo&r ppxlwﬁ%l? ame %a gl' propenyl)-

17(3-3"-0x idoestra-4-ene
(E/Z)-3-(hydroxyimino)37J&Mﬁﬂoﬁﬂ%@(@?i@@%ﬁﬁ%@q@@?@l@‘ﬂ%ﬁe@?%oeﬂ&?ﬂ%ﬁ'm‘@estraA-ene
(E/Z)-3-(hydfQSXYiminO)'7(%%élﬁﬂ@wllééﬁﬁeh@ﬂgﬁ@@ﬂ&’(@ﬂ@ob%ﬂy()lrm@@ﬂweeéﬂa@ 3nexdewestra-4-ene
(E/Z)-3-(hydroxyimino)-6- ethey{%l P‘fs% 71 (QF@ e(ﬁgy )"_’@? 156%%@1 Yi} q[;?@geox} %} -o>%|doestra -4-ene

(E/Z)-3-(hydroxyimino)- ‘6- penyl) ene- 17 10X idoestra-4-ene

(E/Z)-3-(hydroxyimino): ‘GJWM%ﬁéﬁ?yléﬁ@ym éfﬂdﬂoﬁé?ﬂﬂy;dbh?&&oxmoestra -4-en-3-one
methylene-17(3-3"-oxidoestratiens, - (AR eeayioxyironmy - fudensnatiyenes-one

17a-(1*-propenyl)-15a, 1667 m%wa%%%&g% ﬁw&?@ﬂgcﬂ%ﬂ& %rgrrJ]eenyl) 17B-3-oxidoestra-4-en-3-one
10 » 7B-ethyl-15B,16B-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-3-one
» 7a-vinyl-15a,16a-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-3-one
e 7B-vinyl-15a,16a-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-3-one
e Ta-vinyl-15B,163-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-3-one
e 7B-vinyl-15B,163-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-3-one
15 » 7a-cyclopropyl-15a,16a-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-
3-one
e 7B-cyclopropyl-15a,16a-methylene-17a-(1'-propenyl)-173-3'-oxidoestra-4-en-
3-one
» 7a-cyclopropyl-153,16p-methylene-17a-(1'-propenyl)-173-3'-oxidoestra-4-en-
20 3-one
e 7B-cyclopropyl-153,163-methylene-17a-(1'-propenyl)-173-3'-oxidoestra-4-en-
3-one
» 6-methylene-15a,16a-methylene-17a-(1'-propenyl)-173-3'-oxidoestra-4-en-3-
one
25 » 6-methylene-15p3,16p3-methylene-17a-(1'-propenyl)-173-3'-oxidoestra-4-en-3-
one
» 6a-hydroxymethylene-15a,16a-methylene-17a-(1'-propenyl)-173-3'-
oxidoestra-4-en-3-one
¢ 6B-hydroxymethylene-15a,16a-methylene-17a-(1'-propenyl)-17p-3'-
30 oxidoestra-4-en-3-one
* 6a-hydroxymethylene-1583,16B-methylene-17a-(1'-propenyl)-173-3'-
oxidoestra-4-en-3-one
¢ 6B-hydroxymethylene-1583,16B-methylene-17a-(1'-propenyl)-17p-3'-
oxidoestra-4-en-3-one
35 * 6,6-(1,2-ethanediyl)-15a,16a-methylene-17a-(1'-propenyl)-173-3'-oxidoestra-

4-en-3-one



(E/Z)-3-(hydroxyimino)-6a-hydroxymethylene- 17a-(1'-propenyl)-15(3,16(3-
methylene-17(3-3'-oxidoestra-4-ene (E/Z)-3-(hydroxyimino)-6(3-hydroxymethylene-
17a-(1'-propenyl)-15(3,16(3- 20 methylene-17(3-3'-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-6,6-(1,2-ethandiyl)-17a-(1'-propg&nyl)-15a,16a- methylene-17(3-3'-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-6,6-(1,2-ethandiyl)-17a-(1'-propenyl)-15(3,16(3
methylene-17(3-3"-oxidoe3frd 14L&y 2. 3othmeoxgfih 6)-6a 7 aPesd) 1 5R-Bisieaepiene-
17a-(1'-propenyl)-17(3-3'4a¢idpeséra-4-ene (E/Z)-3-(hydroxyimino)-6(3,7(3;15a,
16a-bismethylene-17a-(1'zpr: =1 7(3-3'- oxidoestrg-4- 1Z)-34F ming)-6a, 7a;15(3,
16(3-bismethylene-17a—(1Q?b?§§§§3%é%%tﬁ%quzgz%tpggﬁeéﬁ%}g%%)%@a%igggga(&?l;
15(3,16(3-bismethylené-15Fal P 13srdparreidese b0 RIPRANNE B-3 -oxidoestra-4-en-3-one
(E/Z)-3-(hydraxyimino)s1 (b -mspnepyishetyiesemrdhy I enepdn($-1/ g Gxickesisadq erdpne: 35
(E/Z)-3-(hydroxyimino)-17a-(l- [)- 3:me - =3'-0Xi ra-4, 6-diene 57
17a-(1'-propeny|)-18-met@f%S%g’ggﬁ)r%tﬁgg%%%%ﬁ@;?gé?%eﬁgﬁe3n-%%%?e? ARl
17a-(1'-propenyl)-18-mietdyR15(8resgRYhedAEhaetyisne-bifdbesiracsienddigipa-3-one
7a,18-dimethyl-15a, 16a-nmethyleneptiy(ismiepenyiylerS 1y paxidoiastard £6-d2roBake
7(3,18-dimethyl-15a,16a- wylene-17a-(1'-propenyl)-17(3-3-pxidoestra-4-en-.3-one ..
T A8-dimethy 150 16 (A e e D S A RS
7(3,18-dimetHyI-15(3, 16 (E5tethye-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-en-

» (E/Z)-3-(hydroxyimino)-17a-(1’-propenyl)-15p,163-methylene-17(3-3’-oxido-

estra-4-ene

* (E/Z)-3-(hydroxyimino)-7a-methyl-15a,16a-methylene-17a-(1'-propenyl)-173-
3’-oxidoestra-4-ene
15 * (E/Z)-3-(hydroxyimino)-7B-methyl-15a,16a-methylene-17a-(1'-propenyl)-1743-
3’-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-7a-methyl-1583,163-methylene-17a-(1'-propenyl)-173-
3’-oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-7p-methyl-158,163-methylene-17a-(1’-propenyl)-173-
20 3’-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-7a-ethyl-15a,16a-methylene-17a-(1'-propenyl)-173-3'-
oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-7B-ethyl-15a,16a-methylene-17a-(1"-propenyl)-173-3-
oxidoestra-4-ene
25 » (E/Z)-3-(hydroxyimino)-7a-ethyl-158,163-methylene-17a-(1"-propenyl)-173-3'-
oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-7B-ethyl-1583,163-methylene-17a-(1"-propenyl)-173-3'-
oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-7a-vinyl-15a,16a-methylene-17a-(1'-propenyl)-1783-3'-
30 oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-7B-vinyl-15a,16a-methylene-17a-(1'-propenyl)-1783-3'-
oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-7a-vinyl-158,163-methylene-17a-(1"-propenyl)-173-3'-
oxidoestra-4-ene
35 » (E/Z)-3-(hydroxyimino)-7B-vinyl-158,163-methylene-17a-(1"-propenyl)-173-3'-

oxidoestra-4-ene



10 3-one 7a-ethyl-I8-methyl -15a,16a-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4- en-3-one
7(3-ethyl-1 8-methyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4- en-3-one 15
7a-ethyl-18-methyl -15(3,16(3-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4- en-3-one 7(3-ethyl-1
8-methyl-15(3,16(3-methylene-17a-(1'-propenyl)-17(3-860oxidoestra-4- en-3-one 7a-vinyl-1
8-methyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4- 20 en-3-one 7(3-vinyl-1
8-methyl-15a,16a-methyl &R 13 ey dropvspenyioiE@eRropxdeestpa-megtylgngrig a-(1-propenyl)-
7a-vinyl-18-methyl-15(3,16{8-3nethlesie-14nd1'-propenyl)-17(3-3'-oxidoestra-4- en-3-one 25 7(3-vinyl-1

8-methyl-15(3,16(3-meth e;lra-(1- 0yl)- -3'-0xi ra-4- en-3-one . 7a- ropyl-1
8-methyl-15a,16a—methylﬁ%@%ﬁ@%?ﬁ%@%ﬁg- r%ﬁ?ﬁﬁériépg%go%(%%%%%%ropyl-l
8-methyl-15a,16a-methyléﬁ@‘-gi"f‘éfléfaﬁf@ﬁ\é‘?ﬂﬁ)&?(3-3'- 30 oxidoestra-4-en-3-one 7a-cyclopropyl-1
8-methyl-15(F16(3-methylerp3l(hgdbpnapersd) it 3pyb 3daegtratdyrne3t3ard - p(3peygiopropyl-1
8-methyl-15(3,16(3-meth)ilge@@_g@ggs'fg_gfpeq@yl)-17(3-3‘- ox idoest ra-4-en-3-0 ne 35 6-methylene-1
8-methyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'-oxido- estra-4-en-3-one 58 6-methylene-1
8-methy|-15(3,16(3-me‘th;9lféﬁ)é31%‘i(?xlﬁ%5@¥ﬁ Y FPRrenYitaB-1 88 R U S y9e(1 -Propenyl)-

17B-3'-oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-6-methylene-17a-(1'-propenyl)-15a,16a-methylene-
10 17B-3'-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-6-methylene-17a-(1’-propenyl)-1583,16B-methylene-
17B-3'-oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-6a-hydroxymethylene-17a-(1'-propenyl)-15a,16a-
methylene-173-3’-oxidoestra-4-ene
15 * (E/Z)-3-(hydroxyimino)-6B-hydroxymethylene-17a-(1’-propenyl)-15a,16a-
methylene-173-3’-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-6a-hydroxymethylene-17a-(1’-propenyl)-153,164-
methylene-173-3’-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-6B-hydroxymethylene-17a-(1’-propenyl)-153,168-
20 methylene-17(3-3'-oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-6,6-(1,2-ethandiyl)-17a-(1'-propenyl)-15a,160-
methylene-17(-3'-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-6,6-(1,2-ethandiyl)-17a-(1'-propenyl)-153,163-
methylene-173-3'-oxidoestra-4-ene
25 » (E/Z)-3-(hydroxyimino)-6a,7a;15a,16a-bismethylene-17a-(1"-propenyl)-173-3'-
oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-683,7B;15a,16a-bismethylene-17a-(1"-propenyl)-173-3'-
oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-6a,7a;153,163-bismethylene-17a-(1’-propenyl)-173-3'-
30 oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-6[,7B;153,16B-bismethylene-17a-(1'-propenyl)-173-3'-
oxidoestra-4-ene
¢ (E/Z)-3-(hydroxyimino)-17a-(1’-propenyl)-15a,16a-methylene-173-3'-
oxidoestra-4,6-diene
35 * (E/Z)-3-(hydroxyimino)-17a-(1'-propenyl)-15p,163-methylene-17(3-3'-

oxidoestra-4,6-diene



6a-hydroxymethylene-1 8-methyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'- ox idoest ra-4-en-3-0 ne
5 6(3-hydroxymethylene-1 8-methyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'- ox idoest ra-4-en-3-0
ne 6a-hydroxymethylene-1 8-methyl-15(3,16(3-methyl ene-17a-(1'-propenyl)-17(3-3'- ox idoest
ra-4-en-3-o ne 6(3-hydroxymethylene-1 8-methyl-15(3%16(3-methyl ene-17a-(1'-propenyl)-17(3-3'- 10
oxidoestra-4-en-3-one 6,6-(1,2-ethanediyl)-18-methyl-15a,16a-methyl ene-17a-(1'-propenyl)-17(3-3'- ox
idoest ra-4-en-3-0 ne 6,61{P-2lewFaprly ARty @B melBimetAyicpertidaesiragtepehyne17(3-3'- ox
idoest ra-4-en-3-0 ne 15 ﬁnﬁ@,};ﬁ@é@@ bg;mgﬂyyjpjpl@mthyganglg Prameiyi-1 dB33omxidoestra-4-

en-3-one 613,713;15a, 167a ?és ﬂ&ii m(%te rI¥)éln7ea1 C§P§€gé&2é§tra§(x(§§§%r 4- en-3-one

6a,7a;15(3,16(3- blsmethylehe- -me penyl)- en- -one 6(3,7(3;
15(3,16(3-bismethylene-138¥fiethyl-17a-(1'-propenyl)-17(3- 3 -oxidoestra-4- en-3-one
17a-(1'-propepyl)-18-methrgl dbairéaymethyenertif(@re -orddaesttpehi-dgsBoaieedia-4-en-
17a-(1'-propenyl)-18- met}gy n]e5(3 16(3-methyl ene-17(3-3'-oxidoestra-4,6-dien-3- one

(E/Z2)-3-(hydroxyimino)-18-methyl-17a-(1'-propenyl)-15a,16a-methylene-17(3- 3'-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino):18" %@ﬁf}ﬂﬁﬂ"é‘-(LP%%WTQ?B@G(@JH@%H@%YfﬁSQXﬂP%SIEﬁ(Iﬂé@;stra 4-ene
(E/Z)-3-(hydroxyimino)-7a&b8dismethyl-15a,16a-methylene-17a-(1'-propenyl)- 17(3-3'-oxidoestra-4-ene

* 7B,18-dimethyl-158,16B-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-en-
10 3-one
e Ta-ethyl-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-
en-3-one
o 7B-ethyl-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-
en-3-one
15 e Ta-ethyl-18-methyl-153,163-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-
en-3-one
» 7B-ethyl-18-methyl-153,16B-methylene-17a-(1’-propenyl)-173-3’-oxidoestra-4-
en-3-one
e Ta-vinyl-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-
20 en-3-one
e 7B-vinyl-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-17(3-3'-oxidoestra-4-
en-3-one
e Ta-vinyl-18-methyl-153,163-methylene-17a-(1'-propenyl)-173-3’-oxidoestra-4-
en-3-one
25 e 7B-vinyl-18-methyl-153,163-methylene-17a-(1'-propenyl)-17(3-3’-oxidoestra-4-
en-3-one
* Ta-cyclopropyl-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-17p3-3'-
oxidoestra-4-en-3-one
» 7B-cyclopropyl-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-173-3'-
30 oxidoestra-4-en-3-one
» 7a-cyclopropyl-18-methyl-158,16p3-methylene-17a-(1"-propenyl)-178-3'-
oxidoestra-4-en-3-one
» 7B-cyclopropyl-18-methyl-1583,163-methylene-17a-(1'-propenyl)-173-3'-
oxidoestra-4-en-3-one
35 * 6-methylene-18-methyl-15a,16a-methylene-17a-(1'-propenyl)-173-3’-oxido-

estra-4-en-3-one



(E/Z)-3-(hydroxyimino)-7(3,18-bismethyl-15a,16a-methylene-17a-(1'-propenyl)- 17(3-3'-oxidoestra-4-ene
35 (E/Z)-3-(hydroxyimino)-7a,18-bismethyl-15(3,16(3-methylene-17a-(1'-propenyl)-
17(3-3'-oxidoestra-4-ene 59
(E/Z)-3-(hydroxyimino)-7(3,18-bismethyl-15(3,16(3-me#dylene-17a-(1'-propenyl)- 17(3-3'-0x
idoestra-4-ene (E/Z)-3-(hydroxyimino)-7a-ethyl-1 8-methyl-15a,16a-methylene-17a-(1'-
propenyl)-17(3-3'-oxiddestranetiyieae s 8methyB IpRdpsxyrriens: {3 ethyhrepenyl)-178-3-oxido-
8-methyl-15a,16a-methyleseali/an(3 q@penyl)-17(3-3'-oxidoestra-4-ene

(E/Z)-3-(hydroxyimino)-7a-ethy]-1 8- -1 543 -methylene-173a-(1- ., P
propenyl)-l?(3-3‘-oxidoe2?r§a— éngﬁﬁgﬁé{éel(%%%ﬁrﬁﬁo?@(g%ﬂ181170( (1-propeny))-175-3
8-methyl-15(3,16(3-meth¥ALT A E2-2PPopenyl)-17(3-3-oxidoestra-4-ene
(E/Z)-3-(hydraxyimino)-7 s&gimyd:dxgrmaeiyiyhd 2aheannethylenerdifgidde-17a-(1'-propenyl)-17B-3'-
propenyl)-17(3-3'-oxidoest(ai4sene 4. L5/<L)53s(hydroxyimino)-7(3-vinyl-1
8-methyl-15a,16a-methylene-17a-(1' propenyl)-17(3-3'-oxidoestra-4-ene _15 ,
(E/Z)-S-(hydroxyimin0)37e?—%'lPXﬂfixgnPﬁEPfFWGi%%‘{ﬁ%@impﬁ%ﬁﬁtﬁyﬂﬁnﬁﬂa'(1 -propenyl)-17-3-
propenyl)-17(3-3'-oxidoestraidestne 4H{&8)Bdhydroxyimino)-7(3-vinyl-1

8'methy|'15(3,16(3_'meIh)@@-%?dH)@Tﬁ%&hﬁHﬁ@—ﬁ@&éﬁ BI85 A% ARAN A AN R:- (1-propenyl)-178-3'-
(E/Z)-3-(hydroxy|mmo)-?a-cgclo%rqul- 8-methyl-15a,16a-methylene-17a-(1'- 20

propenyI)-17J(§-3'-oxidoescf?(é-%?% '(%Vf)'gé]-e(hydroxyimino)-7(3-cyc|opropyl-1

8-methyl-15a,16a-methyl&ifetl, 2 eighd Byl st B (3L I dsidmetyienk diig-(1-propenyl)-173-3'-
(E/Z)-3-(hydroxyimino)-7ayayelaatopdnlzdmaethyl-15(3,16(3-methylene-17a-(1'-
gf‘r’npeim'1157((3?33(’3'igf‘;ﬁ;ﬁf}eﬁfgf;‘ig‘;ﬂ‘;@%fgqﬁ%?fé?’ra@xﬂfi’%%/,'{%‘le?Pe%?éﬁXPl"?Efaﬁé{#a%eny|)-175-31-
oxidoestra-4-en-3-one
15 e 60,7a;15a,16a-bismethylene-18-methyl-17a-(1'-propenyl)-173-3’-oxidoestra-4-
en-3-one
e 6pB,7B;150,16a-bismethylene-18-methyl-17a-(1'-propenyl)-173-3’-oxidoestra-4-
en-3-one
e 60,7a;15pB,16B-bismethylene-18-methyl-17a-(1'-propenyl)-173-3’-oxidoestra-4-
20 en-3-one
* 6B,7B;158,16B-bismethylene-18-methyl-17a-(1'-propenyl)-173-3'-oxidoestra-4-
en-3-one
* 17a-(1'-propenyl)-18-methyl-15a,16a-methylene-173-3'-oxidoestra-4,6-dien-3-
one
25 * 17a-(1'-propenyl)-18-methyl-158,16-methylene-173-3'-oxidoestra-4,6-dien-3-
one
» (E/Z)-3-(hydroxyimino)-18-methyl-17a-(1’-propenyl)-15a,16a-methylene-173-
3’-oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-18-methyl-17a-(1'-propenyl)-153,163-methylene-173-
30 3’-oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-7a,18-bismethyl-15a,16a-methylene-17a-(1'-propenyl)-
17B-3'-oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-7[3,18-bismethyl-15a,16a-methylene-17a-(1'-propenyl)-
17B-3'-oxidoestra-4-ene
35 » (E/Z)-3-(hydroxyimino)-7a,18-bismethyl-153,163-methylene-17a-(1'-propenyl)-

17B-3'-oxidoestra-4-ene



propenyl)-17(3-3'-oxidoestra-4-ene (E/Z)-3-(hydroxyimino)-18-methyl- 6-methyl
ene-17a-(1'-propenyl)-15a,16a methylene-17(3-3'-oxidoestra-4-ene (E/Z)-3-(hydroxyimino)-18-methyl-
6-methyl ene-17a-(1'-propenyl)-15(3,16(3- 30 methylene-17(3-3'-oxidoestra-4-ene
(E/Z)-3-(hydroxyimino)-6a-hydroxymethylene- 17a-(1'-peopenyl)-18-methyl- 15a,16a-methylene-17P-3'-0x
idoestra-4-ene (E/Z)-3-(hydroxyimino)-6(3-hydroxymethylene- 17a-(1'-propenyl)-18-methyl-
15a,16a-methylene-17P-3E&-fd G gtrPayiminy- 35 L8z tiinythdi rilied)yesngnidedty Rieaspidhe-
17a-(1'-propenyl)-18-methyB-35§ddeci-metngdene-17(3-3'-oxidoestra-4-ene 60

(E/ Z)'3'(hydroxyim"‘0)'-6%@%@g&%‘%ﬁﬁl@%&@a%@%8&9¥9§&§'§9-‘?ﬁ@my|ene-17a-(1'-

15(3,16(3-methylene-17(3-3-oxidoestra-4-
(E/Z)-3-(hydroxyimino)-6,B0RemmaRdyD d9esE-Hraenyl)-18-methyl- 15a,16a-methylene-17P-3'-0x
idoestra-4-en6 5 (E/Z)-3-(loAhdyyicnixg)rin6 {13 210inasdnddri7esd i soropenydrd-31aéthyl-
15(3,16(3-methylene-17(i’5-r§b- iQ%g@;&gggstrgg(_@fg-(hydroxyimino)_-6.a,7a;15a,16a—bismethylene-1
8-methyl-17a-(1' propenyl)-17(3-3'-oxidoestra-4-ene (E/Z)-3-(hydroxyimino)-6(3,71;15a,
oa-biemetnylenc.1 8 eI T R RS oA AR mebpne 17c-L1
(E/Z)-3-(hydroxyimino)-6aiagyi); LeEd-disxvetsitedeste8-methyl-17a-(1'-
pfopenyl)-17(3-3'-0><idQE‘}@ bEMSdreimime Y URBIRGIRO(3spLidp R chRheriismetylene-1
8-methyl-17a-(1' propenyl)-17(3-3'-oxidoestra-4-ene 15
(E/2)-3-(hydroxyimino)-1 égef(f}?fﬁéjp@ﬁ%qi' Q&Séliﬁﬁf-el@a,16a-methylene-l7(3- 3'-oxidoestra-4,6-diene
(E/Z)-3-(hydroxyimino)=1 &0 3pitopenyiri®riethipki B3 ed(2-thettfdenetig@:-Boxidoestra-4,6-diene
propenyl)-17p-3’-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-7B-vinyl-18-methyl-15a,16a-methylene-17a-(1'-
propenyl)-173-3’-oxidoestra-4-ene
15 * (E/Z)-3-(hydroxyimino)-7a-vinyl-18-methyl-153,163-methylene-17a-(1'-
propenyl)-173-3’-oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-7B-vinyl-18-methyl-153,163-methylene-17a-(1'"-
propenyl)-173-3’-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-7a-cyclopropyl-18-methyl-15a,16a-methylene-17a-(1'-
20 propenyl)-17p-3’-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-7B-cyclopropyl-18-methyl-15a,16a-methylene-17a-(1'-
propenyl)-17p-3’-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-7a-cyclopropyl-18-methyl-158,163-methylene-17a-(1'-
propenyl)-17p-3’-oxidoestra-4-ene
25 » (E/Z)-3-(hydroxyimino)-7B-cyclopropyl-18-methyl-1583,163-methylene-17a-(1'-
propenyl)-17p-3’-oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-18-methyl-6-methylene-17a-(1'-propenyl)-15a,160-
methylene-173-3’-oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-18-methyl-6-methylene-17a-(1'-propenyl)-1583,163-
30 methylene-173-3’-oxidoestra-4-ene
* (E/Z)-3-(hydroxyimino)-6a-hydroxymethylene-17a-(1'-propenyl)-18-methyl-
15a,16a-methylene-173-3-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-6B-hydroxymethylene-17a-(1'-propenyl)-18-methyl-
15a,16a-methylene-173-3'-oxidoestra-4-ene
35 * (E/Z)-3-(hydroxyimino)-6a-hydroxymethylene-17a-(1'-propenyl)-18-methyl-
15[3,16B-methylene-17p-3-oxidoestra-4-ene



20 11. The 15,16-Methylene-17-(1'-propenyl)-17-3'-oxidoestra-4-en-3-one derivative as claimed in one of
the previous claims for oral contraception and for the treatment of pre-, peri- and postmenopausal
problems. 12. The use of the The 15,16-methylene-17-(1'-propenyl)-17-3'-oxidoestra-4-en-3- 25
one-derivative as claimed in one of claims 1 - 11 for thegroduction of a drug for oral contraception and
for the treatment of pre-, peri- and postmenopausal problems. 13. The use as claimed in claim 12,
characterized in that tht dRi§)B8¥s¥eydatanbABINY I amipHINERsEArticoier eRfmMALLRrBIeYlight androgenic
activity. 14. A drug containspgLegleasgtymie-15p18-onribvdena-2de(1'-propenyl)-17-3'- oxidoestra-4-en-3-one
derivative as claimed in o f.clai = ] tle itabl ' harmless
additive. 35 15. The er.Jg (ahzzzgé;ﬁ]‘é%%ﬁ%é?iﬁ'ﬂaﬁgréﬁﬁéﬂ%’ﬁ.%@%égp %f@-ae%?m%e ,.y61 16. The drug
as claimed in claim 15, cHarAt88r et tRat e ©efr9geAié-@tfynylestradiol. 5 17. The drug as claimed
in claim 15, characterized Eizha{lihdr@sinnigencs-¢satiahdid)arzag 1 1gopde/fagnastglaimed in claim 15,
characterized in that the q#a@?qﬂ'gtﬁy@ﬁg;ia;b_gs_g)g&%;tr;_(hje%eThe drug as claimed in claim 18,

atura

characterized in that the n estrogen is estradiol. 20. The drug as claimed in claim 18, characterized
in that the natural estrogefri® = QEXBHITYAREG% & dgkAST Pt g gl 8-methyl-17a-(1-
15,16-methylene-17-(1'-propemyl)-173-3 -oxidusst#at-41en-3-one deriva- tive as claimed in any of claims 1-9

for the production of a megicnal RIGAUGHRG) IBE 2RI EeHSRerAhylene-18-methyl-17a-(1-
10 propenyl)-173-3’-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-6a,7a;153,163-bismethylene-18-methyl-17a-(1'-
propenyl)-17p-3’-oxidoestra-4-ene
» (E/Z)-3-(hydroxyimino)-683,7B;158,16B-bismethylene-18-methyl-17a-(1'-
propenyl)-173-3’-oxidoestra-4-ene
15 * (E/Z)-3-(hydroxyimino)-17a-(1’-propenyl)-18-methyl-15a,16a-methylene-17f3-
3’-oxidoestra-4,6-diene
* (E/Z)-3-(hydroxyimino)-17a-(1’-propenyl)-18-methyl-153,163-methylene-173-
3’-oxidoestra-4,6-diene

20 11. The 15,16-Methylene-17-(1'-propenyl)-17-3’-oxidoestra-4-en-3-one derivative as
claimed in one of the previous claims for oral contraception and for the treatment

of pre-, peri- and postmenopausal problems.

12. The use of the The 15,16-methylene-17-(1’-propenyl)-17-3’-oxidoestra-4-en-3-
25 one-derivative as claimed in one of claims 1 — 11 for the production of a drug for
oral contraception and for the treatment of pre-, peri- and postmenopausal

problems.

13. The use as claimed in claim 12, characterized in that the drug has progestational,

30 antimineralcorticoid and neutral to slight androgenic activity.

14. A drug containing at least one 15,16-methylene-17-(1'-propenyl)-17-3’-
oxidoestra-4-en-3-one derivative as claimed in one of claims 1 — 11 and at least
one suitable pharmaceutically harmless additive.

35

15. The drug as claimed in claim 14, also containing at least one estrogen.



22. The use as claimed in claim 21 for the production of an intrauterine system (IUS). 23. Medicinal
containing at least one 15,16-methylene- 17-(1'-propenyl)-17-3'- oxidoestra-4-en-3-one derivative
according to one of claims 1 - 9 and at least one 25 suitable pharmaceutically harmless additive,
characterized in that it is designed for intrauterine use624. The medicinal product as claimed in claim 23,
characterized in that it is an intrau- terine system. 30

16. The drug as claimed in claim 15, characterized in that the estrogen is

ethynylestradiol.

5 17. The drug as claimed in claim 15, characterized in that the estrogen is estradiol

valerate.

18. The drug as claimed in claim 15, characterized in that the estrogen is a natural
estrogen.
10
19. The drug as claimed in claim 18, characterized in that the natural estrogen is

estradiol.

20. The drug as claimed in claim 18, characterized in that the natural estrogen is a

15 conjugated estrogen.

21. Use of the 15,16-methylene-17-(1'-propenyl)-17-3’-oxidoestra-4-en-3-one deriva-
tive as claimed in any of claims 1-9 for the production of a medicinal product for
intrauterine use.

20
22. The use as claimed in claim 21 for the production of an intrauterine system (IUS).

23. Medicinal containing at least one 15,16-methylene-17-(1’-propenyl)-17-3'-
oxidoestra-4-en-3-one derivative according to one of claims 1 - 9 and at least one
25 suitable pharmaceutically harmless additive, characterized in that it is designed

for intrauterine use.

24. The medicinal product as claimed in claim 23, characterized in that it is an intrau-
terine system.
30



