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18- Met hyl - 19-nor - 17- pregn- 4- ene- 21, 17- car bol act ones, as Wl |l as
Pharmaceutical Preparations That Contain the Latter This invention relates
to 18-nethyl-19-nor-17-pregn-4-ene-21, 17-carbol actones of general fornmula I

R ~4{ Formula | in which Z neans an oxygen atom two hydrogen atons, a
groupi ng =NOR or =NNHSO2R, whereby R is a hydrogen atomor a strai ght chain
or branched-chain al kyl group with 1 to 4 or 3 to 4 carbon atons, is a

hydr ogen %%0 0 Iggen atom a nethyl group, or a tf,g W&g@tlgydg agroup,

R6 and/ or can be in a- or (3-position, and, independe not her,
mean a straight-chain or branched-chain aI kyl group with 1 to 4 or 3to 4

carbon atons, or R6 nmeans a hydrogen atom and R7 means an a- or a-position,

strai ght-chain or branched-chain alk rou with 1l to 4 or 3 to 4 carbon

at oms, or B-Meshyird-ner- UaBWgHé‘a?Peaz% 945 elactongimag Well as Pharmaceutical

Preparations That Contain the Latter

This invention relates to 18-methyl-19-nor-17-pregn-4-ene-21,17-carbolactones

of general formula I

Formula I
in which
Z means an oxygen atom, two hydrogen atoms, a grouping =NOR or
=NNHSO;R, whereby R is a hydrogen atom or a straight-chain or
branched-chain alkyl group with 1 to 4 or 3 to 4 carbon atoms,
R* is a hydrogen atom, a halogen atom, a methyl group, or a trifluoromethyl

group,

R® and/or R’ can be in a- or B-position, and, independently of one
another, mean a straight-chain or branched-chain alkyl group with 1 to 4
or 3 to 4 carbon atoms, or

R® means a hydrogen atom and R’ means an - or B-position, straight-chain

or branched-chain alkyl group with 1 to 4 or 3 to 4 carbon atoms, or



R6 and R7 together nean an a- or (3-position nethylene group or an
additional bond. Z preferably stands for an oxygen atom If Z stands for a
groupi ng =NOR or =NNHSO2R, R preferably is a hydrogen atom A nethyl,

ethyl, n-propyl or n-butyl group or an isopropyl, iso- or tert-butyl group
can be considered for a straight-chain or branched-chain al kyl group with 1
to 4 or 3to 4 carbon atons. R4 is pr7eferably a hydrogen atom As hal ogen
atom R4, a fluorine, chlorine, brom ne or iodine atomis suitable; chlorine

is preferred ﬁfﬂéﬁgﬁbggﬁf%&ﬁ?ﬁ%@@mﬁpw or R7 is a straight-chain or

br anched- chai roup or 3 to 4 carbon atonms, a nethyl,
s Bonsi der ed R PO 04eEp aten She- arrpeeiog BROVISit o anen sbitarabyar ogen
atom and a net hyl %rﬁ)gup_ or together for a methylene group or a double bond.
Conmpounds that are ét i oned bel ow are especially preferred according to the
hgv:/g% Ih;ln 15( & fuesfedable stagdsdnearBexygen 4®mnor - 17- pr egna- 4, 6- di ene- 21, 17-
car bol act one
18- Met hyl - 6a, 18Z%5nds 106 aFrelipit FVOR e <BANHSO,ROR pesfertalblyfis £Gydrdgeane- 21, 17-
atom.
A methyl, ethyl, n-propyl or n-butyl group or an isopropyl, iso- or tert-butyl groug
can be considered for a straight-chain or branched-chain alkyl group with 1 to 4 or 3 to 4
carbon atoms.
R* is preferably a hydrogen atom.
As halogen atom R*, a fluorine, chlorine, bromine or iodine atom is suitable;
chlorine is preferred among the latter.
If R®and/or R7 is a straight-chain or branched-chain alkyl group with 1 to 4 or 3
to 4 carbon atoms, a methyl, ethyl, n-propyl or n-butyl group or an isopropyl, iso- or tert-
butyl group is considered in this respect.
R® and R” preferably stand for a hydrogen atom and a methyl group or together
for a methylene group or a double bond.
Compounds that are mentioned below are especially preferred according to the
invention:
18-Methyl-15p3,16B-methylene-3-oxo0-19-nor-17-pregna-4,6-diene-21,17-
carbolactone

18-Methyl-6a.,7a-15B,16B-dimethylene-3-oxo-19-nor-17-pregn-4-ene-21,17-

carbolactone



carbol actone 3 18-Methyl-6(3, 7(3-15

(3, 16(3-di net hyl ene- 3- oxo-19-nor-1| 7-pregn-4-ene-21, 17- carbol act one

7a, 18- Di et hyl - 15( 3, 16( 3- net hyl ene- 3- 0x0-19-nor- 17-pregn-4-ene-21,17-

car bol act one

713, 18- Di net hyl - 15(3, 1613- net hyl ene- 3- 0xo- 19-nor -1 7- pregn- 4- ene- 21, 17-

car bol act one 3

3- Hydr oxyl am no- 18- net hyl - 613, 713- 1513, 1613- di net hyl ene- 19-nor-1 7-pregn-4-
ene-21, 17-car

I 0 .
4- Chl or o- 18- rrg]t%ﬁ]g[f%ﬁ%[l]gﬁ’%&és E‘élfgjdi'%eltg}-’lﬁ?eﬁ%’f)mfll gmer-A7-gresnrdoenseq L . pregn- 4- ene
- 21, 17-carbol act one
7a-EthyI-%@mﬂ%¥ﬁyl-1513,1613-nethy|ene-3-oxo-|9-nor-|7-pregn-4-ene-21,17-
carbol actone 713-Ethyl- | 8-nethyl-1513, 1613- net hyl ene- 3- oxo-
9- nor - 17- pr egriyl&Renahyli158, bfrethpleneheoxo-19-nor-17-pregn-4-ene-21,17-
18- Met hyl - 1513, 1613- net hyl ene- 3- oxo- 7a- propyl - 19-nor-17-pregn-4-ene-21, 17-
car bol act @fslactone
18- Met hyl - 1513, 1613- et hyl ene- 3- oxo- 713- propyl -1 9-nor - | 7- pregn- 4- ene- 21, 17-

(613, 715 1513, o130 RAIOP.ACE metiylens 3 oxo-l onory T prees-eps2] 17
carbolactone
3-Hydroxylamino-18-methyl-63,7B-158,16B-dimethylene-19-nor-17-pregn-4-
ene-21,17-carbolactone
4-Chloro-18-methyl-68,73-158,16B-dimethylene-3-0xo0-19-nor-17-pregn-4-ene-
21,17-carbolactone
7a-Ethyl-18-methyl-1583,16B-methylene-3-0x0-19-nor-17-pregn-4-ene-21,17-
carbolactone
7B-Ethyl-18-methyl-1583,16B-methylene-3-0xo0-19-nor-17-pregn-4-ene-21,17-
carbolactone
18-Methyl-158,16B3-methylene-3-oxo-7a-propyl-19-nor-17-pregn-4-ene-21,17-
carbolactone
18-Methyl-15B,16B3-methylene-3-oxo-7B-propyl-19-nor-17-pregn-4-ene-21,17-
carbolactone.

Drospirenone (6B3,73-158,16B-dimethylene-3-oxo-17-pregn-4-ene-21,173-
carbolactone) is a new gestagen, which is contained in, for example, the oral
contraceptive YASMIN® and the preparation ANGELIQ® for treating post-menopausal
symptoms (both SCHERING AG). Based on its comparatively low affinity to the

gestagen receptor and its comparatively high ovulation-inhibiting dose,



carbol actone) is a new gestagen, which is contained in, for exanple, the
oral contraceptive YASM N(r) and the preparation ANGELI Qr) for treating
post - nenopausal synptons (both SCHERI NG AG. Based on its conparatively | ow
affinity to the gestagen receptor and its conparatively high

ovul ation-inhibiting dose, 4 O O Drospirenone drospirenone in YASM N(r) is
contained in the relatively high dailf'dose of 3 nyg. Drospirenone is
characterized in that in addition to the gestagenic action, it has

al dost er one- antagoni stic (anti-mneral-corticoid) as well as antiandrogenic
action. These two properties make the drogpirenone very simlar inits

phar macol ogi cal profile to the natur st agen progesterone, which,
however, unlike drospirenone, is not ysufficiently orally bio-available. It
is therefore the object of this iafedtQOn to make avail abl e conpounds t hat
have a stronger bond to the gqst ecept or than the drospirenone and
thus are to have a higher . C r than the drospirenone. This is
ultimately to be displ ayed wer daily dosage and is to result in a

| ower substance demand i ¥fe conmpound. This object is achieved by
the preparation of the 18-nethyl-19%-nor-17- phaRIPirdnodane- 21, 17- car bol act ones
of general fornmula | that are described here. The conpounds of general

fornul a la6andnd iRAASMI®E SATRRY a3 RelaRRS REPELIRAL 33 AR t) can be

regar ded

Drospirenone is characterized in that in addition to the gestagenic action, it has
aldosterone-antagonistic (anti-mineral-corticoid) as well as antiandrogenic action. These
two properties make the drospirenone very similar in its pharmacological profile to the
natural gestagen progesterone, which, however, unlike drospirenone, is not sufficiently
orally bio-available.

It is therefore the object of this invention to make available compounds that have
a stronger bond to the gestagen receptor than the drospirenone and thus are to have a
higher gestagenic power than the drospirenone. This is ultimately to be displayed in a
lower daily dosage and is to result in a lower substance demand in the active compound.

This object is achieved by the preparation of the 18-methyl-19-nor-17-pregn-4-
ene-21,17-carbolactones of general formula I that are described here. The compounds of
general formula I (and in particular compound 3b, see experimental part) can be regarded
as the constitutional isomers of the drospirenone. The new compounds are distinguished
in the gestagen binding test with use of cytosol from the rabbit uterus homogenate and
3H-progesterone as a reference substance through a higher affinity to the gestagen
receptor than drospirenone and through comparable affinity to the mineral corticoid

receptor from the rat kidney homogenate.



as the constitutional isoners of the drospirenone. The new conpounds are

di stinguished in the gestagen binding test with use of cytosol fromthe
rabbit uterus honbgenate and 3H progesterone as a reference substance
through a higher affinity to the gestagen receptor than drospirenone and

t hrough conparable affinity to the mneral corticoid receptor fromthe rat
ki dney honbgenate. 5 The binding to the gestagen receptor is in this case,
surprisingly enough, up to 5x as strong as that of the drospirenone. The

compounds aceofl e e LUERLLBRSPLS) HLAbogUe SRy SHIIK L5100 enovo
pregnancy- | nt eng%;ﬁg@;%hﬁ#ggr ats after subcutaneous adm ni strati on.

Execut i ngast AR fice Test in Rats: In pregnant rats, renoval

of the corporg_lutea or castration induges abortiaqn. By exogenous supplying
of progesti nsa]fl&éé’fné’ﬁé?@)ac?q{d'ég A ihgdryegHoRgre H‘S&n%‘ﬂg'tegb{“épr gggy grouglyst r ogen,
pregnancy can be nmi ntained. The pregnancy nmai ntenance test in )
ovari ect oy 988 gattagegisragtien angl afe greptly plfecHie indhe prEnyeytmgitanancatesiioi ty of a
conpound. Rats are paired up during the proestrus overnight. Mating is
nmoni t or edratsraftehgubeutangoiun gdroinistiatorf.ol | owi ng day by vagi nal snear inspection.
The presence of spermis considered in this case as day 1 of the beginning
of pregnancy. On day 8 of pregnancy, the aninals are ovariectom zed under
ether anesthesia. Treatnment with the test conpound and exogenous estrogen
(estrone, Efecfikgthe Ryegnircy MiihRhaRe Testhie Ra@neous| y
In pregnant rats, removal of the corpora lutea or castration induces abortion. By
exogenous supplying of progestins (gestagens) in combination with a suitable dose of
estrogen, pregnancy can be maintained. The pregnancy maintenance test in
ovariectomized rats serves to determine peripheral gestagenic activity of a compound.
Rats are paired up during the proestrus overnight. Mating is monitored on the
morning of the following day by vaginal smear inspection. The presence of sperm is
considered in this case as day 1 of the beginning of pregnancy. On day 8 of pregnancy,
the animals are ovariectomized under ether anesthesia. Treatment with the test
compound and exogenous estrogen (estrone, 5 pg/kg/day) is performed subcutaneously

once daily on day 8 to day 15 or day 21 of pregnancy. The first administration on day 8

is performed 2 hours prior to castration. Intact control animals receive only the vehicle.

Evaluation:
At the end of the test (day 15 or day 21), the animals are sacrificed under CO,
atmosphere, and live fetuses (fetuses with beating hearts) and implantation sites (early

resorptions and dead fetuses including autolysis and atrophic placentas) in both uterine



once daily on day 8 to day 15 or day 21 of pregnancy. The first
admnistration on day 8 is perfornmed 2 hours prior to castration. Intact
control animals receive only the vehicle. Evaluation: At the end of the
test (day 15 or day 21), the aninmals are sacrificed under CO2 atnosphere,
and live fetuses (fetuses with beating hearts) and inplantation sites (early
resorptions and dead fetuses includingsautolysis and atrophic placentas) in
both uterine 6 horns are counted. In addition, on day 22, fetuses can be

i nspecte [ I rd.. Wit . [od ion
1t pa ¢ i arBBoeedTHh 8 Fion, o dal 58 tenile AR ME rsFecA IR B! 00,
ammoni um sul fi.de | uti on. .The,.pregnanc i ntenance.rate, is .calcul ated as
e quor 1 B WiiSyguis ol Bie A SidH G Pl L RIRRREs B el Fmirgd b o

ni dati on siies,ép hﬁ resoy bed d dead fetuses as well|l as nidation sites).
In this Cs‘%lgl,ngfv% l?) pammopiumy eSqduion. The pregnancy maintenance rate is

18- net hyl - 6a, 7a- 1513, 16p- di net hyl ene- 3- oxo-19-nor -1 7- pregn- 4-ene-21, 17-

car bol act @Hfalatedasior arotiont ofdeenimher ek g frtwsenandsibe (9t mumbgr of nidation

pregnancy- mai nt ai ni ng dose (ED50) of 120 g/ kg/day was determ ned. For

dr ospi r ensiteg(botthiesorbed anal degd &tdsesgy wejl akanidatibheitempothisdese forgbaiestal f or nul a
| according to the invention have very strong gestagenic action with a

si mul t aneqbsthiycevi8akehyldo) 19 1163 dirRethylehico3oK0-1260R1 Dhreghdi-&RaXl, LI on) . I n
addition, it was found that conpounds according to the invention show a

ot 255 UOSIANnAR ML UE MO0 SHUR SR
of gener aﬂEﬂg.groq]‘fE@ ulg/kgl%gy tv)an'\\.s determined. For drospirenone, this value is 3.5 mg/kg/day.

The compounds of general formula I according to the invention have very strong
gestagenic action with a simultaneously weaker binding to the androgen receptor
(dissociation).

In addition, it was found that compounds according to the invention show a
potassium-retaining, natriuretic (anti-mineral-corticoid) action in adrenalectomized rats.

Based on their gestagenic action, the new compounds of general formula I can be
used by themselves or in combination with estrogen in pharmaceutical preparations for
contraception.

Because of their advantageous profile of action, the compounds according to the
invention are especially well suited for treatment of premenstrual symptoms, such as
headaches, depressive mood disorders, water retention and mastodynia.

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

The daily dose in the treatment of premenstrual symptoms is approximately 0.1 to

20 mg.



used by thenselves or in conbination with estrogen in pharnmaceuti cal
preparations for contraception. Because of their advantageous profile of
action, the conpounds according to the invention are especially well suited
for treatnment of prenenstrual synptonms, such as headaches, depressive nood
di sorders, water retention and mastodyni a. The dosage of the conpounds
according to the invention in contraceptive preparations is to be 0.01 to 5
ng, preferably 0.01 to 2 ng per day. The daily dose in the treatnent of

prenenst rual We%%gediéaﬁpﬁ{rggn@cﬂb%( in%re%lieh?cor%;?on §/17e apdg-tké?abgftes tageni ¢ and

estrogeni c act redi en nponent s~are prefera mnistered orally
together ip.contraceptive, pr.eparations. The .daily dose . s .preferably

adm ni st et sivis ol togvibeaRaM ool arsnaragast cthe ey dogiSPEEIRPIL: hi ny!
estradiol,, hut also nmestranol, are considered. The estrogen is adm nistered

in a dai|3™ASERI MGt corresponds to that of 0.01 to 0.04 ng of ethinyl
estradiol. The new conpounds of general fornula | can also be used in
phar maceut i calAs gstrepesatyntigyic psrogense picfaseply etdinyl patragiol, bytalppmestraspbpausal
synptons, as well as in preparations for hornone substitution therapy
(HRT) . Asaresensgigesds i n such preparations, primarily natural estrogens,
mai nly estradiol or
The estrogen is administered in a daily amount that corresponds to that of 0.01 to
0.04 mg of ethinyl estradiol.
The new compounds of general formula I can also be used in pharmaceutical
preparations for treating pre-, peri- and post-menopausal symptoms, as well as in
preparations for hormone substitution therapy (HRT).
As estrogens in such preparations, primarily natural estrogens, mainly estradiol or
its esters, for example estradiol valerate or else conjugated estrogens (CEEs = conjugated
equine estrogens), as they are contained in, for example, the preparation PREMARIN®,
are used.
The formulation of the pharmaceutical preparations based on the new compounds
is carried out in a way that is known in the art by the active ingredient, optionally in
combination with an estrogen, being processed with the vehicles, diluents, optionally
flavoring correctives, etc., that are commonly used in galenicals and being converted into
the desired form of administration.
For the preferred oral administration, in particular tablets, coated tablets, capsules,
pills, suspensions or solutions are suitable.

For parenteral administration, in particular oily solutions, such as, for example,

solutions in sesame oil, castor oil and cottonseed oil, are suitable. To increase the



its ester

(CEEB = conjugated equine estrogens), as they are contained in, for

exanpl e,

pharmaceuti cal preparations based on the new conpounds is carried out
is known in the art by the active ingredient, optionally in

way t hat

s, for exanple estradiol valerate or el se conjugated estrogens

the preparation PREMARIN(r), are used. The fornulation of the

in

a

conbi nation with an estrogen, being pﬂbcessed with the vehicles, diluents,

optionally flavoring correctives, etc., that are commonly used in

gal eni cal 3 f, g cQn i f . j f i nistration.
Phe- pr of oty S BRERTMER b ol Bfhpld Bore PRk e YRR AL BUfhd 20 ors,
capsul es, Fﬁlls, suspensions or solutions are suitable. For parenteral
adninistr%y on, in particular oily solutions, such as, for exanple,
solutions in sesame oil, castor oil and cottonseed oil, are sujtable. To
'ncrease the atisd (Possible fo ingoyppgaiq the siphstanegs apcasding f,the dveRiipnintaan zy |
benzoate or benzyl alcohol, can be added. It is also possible to

i ncor pordf@s@qﬁ@agﬂﬁ@maﬂﬁ‘éé@sd@é@ﬂml% then frarsdermadlyt i on into a transdernal

system and thus to adm nister themtransdermally

general f

or nmul Ehelnewrcompountiscd genesaldersmrla bard phrstuosd asatesaribeil helowo t he

i nvention. The synthesis route for the novel 18-nethyl-6, 7-15, 16-
di et hyl eaveerdingxtothkdnventioh.7 The Sathedis enge i thehovelr I3amethy b6iZs S5déeor di ng to

D agram |

starts in the exanple of conpound 1 (DE 3402329).
dimethylene-3-0x0-19-nor-17-pregn-4-ene-21,17-carbolactones according to Diagram 1

starts in the example of compound 1 (DE 3402329).

The introduction of a AS-double bond is carried out with, for example,
bromination of 3,5-dienamine or by a modified dienol ether bromination as well as
subsequent hydrogen bromide cleavage (see, e.g., J. Fried, J. A. Edwards, Organic

Reactions in Steroid Chemistry, von Nostrand Reinhold Company 1972, pp. 265-374).
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Diagram 1

The dienol ether bromination can be carried out, e.g., analogously to the

instructions of J. A. Zderic, Humberto Carpio, A. Bowers and Carl Djerassi in Steroids 1,

The new conpounds of

For



The introduction of a A6-double bond is carried out with, for exanple,

brom nation of 3,5-dienamne or by a nodified dienol ether brom nation as
wel | as subsequent hydrogen brom de cl eavage (see, e.g., J. Fried, J. A
Edwards, Organic Reactions in Steroid Chem stry, von Nostrand Rei nhold
Conmpany 1972, pp. 265-374). 0 0 1 3 Diagram 1l The dienol ether brom nation
can be carrled out, e.g. analogouslyfio the instructions of J. A Zderic,
Hunbert o Car pi o, A Bowers and Carl Djerassi in Steroids 1, 9 233 (1963).

The hydr%Q%%ﬁ”‘rﬂghgclﬁge\ﬁao%mﬁi%’}hé%%g%%ﬁf?EIPLéc Iﬁ@ﬂs b?%%%{'&%gth& ge 6- bromine

conpound W't sicr nts, suc In aprotic

sol vent s such as di nan1de at te rat el se by
the. 6- br oHPREE °8&9ﬁ5?#§§§9¥?§1%re§%weﬁlchsaa’cengQ@ [ EREDaanspRiEsAiTE be: ng
heated to conpound 2 (Exanp 1). Conpound 2 |s t hen converted into a

conpound Bckgs digethyl féﬁ’é&m'@ﬁs %femméatwss O%ﬂhbaoecwaﬁlﬁe by hertbieging known
processes, e.g., wth dinethyl sulfoxoniumnethylide (see, e.g., DE-A 11 83
500, DE- Acabfpolds5i0@ solPatAuch &1@1lghiis orlUBidinelbed®sl hédRd:to EompoundQor ey and M
Chaykovsky, J. Am Chem Soc. 84, 867 (1962)), whereby a m xture of a- and
0- i soner s(Bxampedynds 3a/ 3b) is obtained (the ratio is dependent on the
substrates
Compound 2 is then converted into a compound 3 by methylenation of the A°-
double bond according to known processes, e.g., with dimethyl sulfoxonium methylide
(see, e.g., DE-A 11 83 500, DE-A 29 22 500, EP-A 0 019 690, US-A 4,291,029; E. J.
Corey and M. Chaykovsky, J. Am. Chem. Soc. 84, 867 (1962)), whereby a mixture of o.-
and B-isomers (compounds 3a/3b) is obtained (the ratio is dependent on the substrates
used and is approximately 1:1), which can be separated into the individual isomers by,
e.g., chromatography.
The introduction of a substituent R* can be handled, for example, starting from a
compound of formula 3 by epoxidation of the A*-double bond with hydrogen peroxide
under alkaline conditions and reaction of the epoxides that are produced in a suitable
solvent with acids of general formula H-R*, whereby —R* can be a halogen atom or a
pseudohalogen, or is reacted with catalytic amounts of mineral acid, and optionally the 4-
bromine compounds of general formula I that are obtained (whereby R* = bromine) are
reacted with 2,2-difluoro-2-(fluorosulfonyl)acetic acid methyl ester in
dimethylformamide in the presence of copper(I) iodide.
The introduction of a 6-methylene group can be carried out, for example, starting

from a 3-amino-3,5-diene derivative by reaction with formalin in alcoholic solution with

the formation of a 6a.-hydroxymethyl group and subsequent acidic dehydration with, e.g.,



used and is approximately 1:1), which can be separated into the individual

i somers by, e.g., chromatography. The introduction of a substituent R4 can
be handl ed, for exanple, starting froma conpound of formula 3 by

epoxi dati on of the A4-double bond wi th hydrogen peroxide wunder alkaline
conditions and reaction of the epoxi d?ﬁl_that are produced in a suitable
solvent with acids of general formula R4, whereby -R4 can be a hal ogen
atomor a pseudohal ogen, or is reacted with catalytic anounts of m neral

aci d, andlz c'hﬂ)'?i‘%l IL-;Q% ih Ia@xéne/‘% mm&ﬂwmdﬁogéveg%ﬁﬁﬁh bb UMl Budint hat are
obt ai ned ereby omne) are reacted w

2,2-di fluQro-2- Ifonyl AceLl ¢ acl ester

di et hyl ?@?Wﬁ l-(%]ehlrsﬁ{ © drox@% els?))fc(ﬁaltlﬁ?sg?rﬁe%r e ngg;ﬂ"fgapﬁhfgductlon of a
6rrethy|eec nbe carrled for ex startin om a

S A o S GHEh A BRY 08 el pBS 5 v BOEPORePRE B SR OGRS T ¢ sol uti on
W th the formatl on of a 6a-h drox net h roup_and subseguent aC| d| C

Gehydr at | BE-AE R SE0Ig EPAH 150 ehTo LIt i384 ath: b Nickirabyeh Al hekeds O

dehydrati on, however, can also be carried out in the way that f| rst t he
hydr oxy giodfod d92kehanged for a better |eaving group and then elininated.
As | eaving groups, e.g., the nesylate, tosylate or benzoate is suitable (see
DE- A 34 02 32%UAnotldPpAssitidlityFor the produBioh of 658&hPl8fe cdtupdvindkéxdsthinghe al ., J Med.
Chem 34, 2464 (1991)). Another possibility for the production of

6- met hyl edigeccRafionvfg(HXinsdtorated tiktoneslivith@tetilemcs i thd forfnakiehydeim et ur at ed
3-ketones with acetal ene of the formal dehyde in the

presence of sodium acetate with, e.g., phosphorus oxychloride or phosphorus

pentachloride in suitable solvents such as chloroform (see, e.g., K. Annen, H. Hofmeister,
H. Laurent and R. Wiechert, Synthesis 34 (1982)).

The 6-methylene compounds can be used for the production of compounds of
general formula I, in which R® is equal to methyl, and R® and R” together form an
additional bond.

To this end, there can be used, e.g., a process that is described by D. Burn et al. in
Tetrahedron 21, 1619 (1965) in which an isomerization of the double bond can be
achieved by heating the 6-methylene compounds in ethanol with 5% palladium-carbon
catalyst, which was pretreated either with hydrogen or by heating with a small amount of
cyclohexene. The isomerization can also be carried out with a non-pretreated catalyst, if
a small amount of cyclohexene is added to the reaction mixture. The occurrence of small
proportions of hydrogenated products can be prevented by adding excess sodium acetate.

The production of 6-methyl-4,6-dien-3-one derivatives can also be carried out
directly, however (see K. Annen, H. Hofmeister, H. Laurent and R. Wiechert, Lieb. Ann.

712 (1983)).



presence of sodium acetate with, e.g., phosphorus oxychloride or phosphorus
pentachl oride in suitable solvents such as chloroform (see, e.g., K Arnen,
H Hofineister, H Laurent and R Wechert, Synthesis 34 (1982)). The

6- met hyl ene conpounds can be used for the production of conpounds of

general formula I, in which R6 is equal to nethyl, and R6 and R7 together
forman additional bond. To this end,'there can be used, e.g., a process
that is described by DD Bumet al. in Tetrahedron 21, 1619 (1965) in which

an isonerization of oublbe bond.can be ng t he
o et byt ene o ABTHAL Ry HBHPR sP R A ?%rcﬁ F e SUcRiRob . whi ch
was pretreated either with hydrogen or by heating with a snall ampunt of

cycl bhexdhies W‘?@WPE‘&’:S%H‘Y%%C%W@B SgeT st eepng tone T bestigtHlisr et r eat ed
catalyst, if a small anount of cyclohexene is added to the reaction

m xt ure. (Flectiye bydrogenationpl hagke-mepryinne furctar) as¢ adjeyed e trapder pr oducts can
be prevented by addi ng excess sodi um acetate. The production of

6- et hyl -hydégdnationFEoheBriadé, RaPi LinsteahandR. 3%. DMiehelli, 2d"/wut Sodli3pkt | y,
however (see K. Arnen, H Hofneister, H Laurent and R Wechert, Lieb. Ann.
712 (198301954)) 1Uf tHeamrmethy kae derivalivedar&Bedteinin asaititde solvent,saEMYL e gyUncti on can
be produced fromthe 6-nethyl ene conpounds by hydrogenation under suitable

condi t i onghandi)éh e pleséRe Wb hydli®&edon6E, sy Ryds. Ogﬁllﬂkké?ﬁ ﬂe‘r dﬁél@s et hyl ene
function) are achi eved by transfer hydrogenatron (E. ran

Li nst ead (ﬁ%ﬁ-rﬁethw deRvatidet GRS dsuit? Sm(}h‘iﬁhloﬁ%f 6[§-§1%§1y1 compound can be
isomerized in acidic form (see, e.g., D. Burn, D. N. Kirk and V. Petrow, Tetrahedron
1619 (1965)).

The specific production of 6B-alkyl compounds is also possible. In this respect,
the 4(5)-unsaturated 3-ketones are reacted with, e.g., ethylene glycol, trimethyl
orthoformate in dichloromethane in the presence of catalytic amounts of an acid (e.g., p-
toluenesulfonic acid) to form the corresponding 3-ketals. During this ketalization, the
double bond isomerizes in 5(6)-position. A selective epoxidation of this 5(6)-double
bond can be accomplished by, e.g., using organic peracids, e.g., m-chloroperbenzoic acid,
in suitable solvents such as dichloromethane. As an alternative to this, the epoxidation
can also be carried out with hydrogen peroxide in the presence of, e.g.,
hexachloroacetone or 3-nitrotrifluoroacetophenone. The 5,6a-epoxides that are formed
can then be opened axially with use of corresponding alkylmagnesium halides or alkyl
lithium compounds. 5a-Hydroxy-6B-alkyl compounds are thus obtained. The cleavage
of the 3-keto protective group can be carried out while obtaining the 5a-hydroxy function
by treatment under mild acidic conditions (acetic acid or 4N hydrochloric acid at 0°C).

Basic elimination of the Sa-hydroxy function with, e.g., dilute aqueous sodium hydroxide



(1954)). If the 6-nethylene derivatives are heated in a suitable solvent,
such as, e.g., ethanol, in the presence of a hydride donor, such as, e.g.,
cycl ohexene, very good yields of 6a-nmethyl derivatives thus result. Small
portions of 6(3-nethyl conpound can be isonerized in acidic form(see,
e.g., D. Burn, D. N Kirk and V. Petrgmg Tetrahedron 1619 (1965)). The
specific production of 6(3-al kyl conmp énds is al so possible. In this
respect, the 4(5)-unsaturated 3-ketones are reacted with, e.g., ethylene

glycol, tri hyl rthoformat e in dichloranethane in.the presence of
dat aryt i o EhieLes e SRRLRHER rigbufdsEt BIRMUGT P oS biip BYS38 " or m ¢ ne

correspog@ing,3-keha&§. Duhing this ketaljzation, the double bond.

i somer | zeAteRtiEg ©)thisgbe ketahecleaxagepnder moee dspsiicanditions (aquepns Rydseadjorigoubl e
bond can be acconplished by, e.g., using organic peracids, e.g.,

m chl or opasideranether sitoing ,acidglmielsiaithqan@rrssmdine gosallsyi chmaeundischl or onet hane. As
an alternative to this, the epoxidation can also be carried out with

hydr ogen per oXild@ompoiinis of parseedl dermiila [ thatthre obthidud dh vbichad ehrmisdorain
3-nitrotrifluoroacet ophenone. The 5, 6a-epoxides that are formed can then be

opened axdxgkén/athint EanlspBoRllyse doRGdRRA Bly MéhcBbK WitHRYMOS IUmidealydfRRlofle al KYI
| ithium conpounds. 5a-Hydroxy-6(3-al kyl conpounds are thus obtained. The

cl eavage ia‘?ﬁe )ngrbfen@e‘&%ttgrtﬁbp&rﬁﬁte 5%’%%&8&&9%?‘663’8?“&{%8%&(55 L QUE WP Obt ai ning

t he 5a-hydro unction Dby trea t un acidic conditions (acetic

Funct i on GFERonging otimgs Efnetel bl Wb e eeDirab RO STV SR 11 el s t he
3-keto- 4-}$yrc]i?ox():logrrrgu%ucgg Sbe\{\fl gyf:l_ %r e[ln:%i-gc?s?tii(;[ni).oguig-b%l tiégt/ilary raggspére,%cs)r g(gmple,

trimethylamine, triethylamine, pyridine, N,N-dimethylaminopyridine, 1,5-

diazabicyclo[4.3.0]non-5-ene (DBN) and 1,5-diazabicyclo[5.4.0Jundec-5-ene (DBU),

whereby pyridine is preferred. This is analogous to the description in WO 98/24801 for

the production of corresponding 3-oxyimino derivatives of the drospirenone.

The removal of the 3-oxo group for the production of an end product of general
formula I with Z in the meaning of two hydrogen atoms can be carried out, for example,
according to the instructions that are indicated in DE-A 28 05 490 by reductive cleavage

of a thioketal of the 3-keto compound.

The examples below are used for a more detailed explanation of the invention:

Example 1
18-Methyl-15(3,16B-methylene-3-0x0-19-nor-17-pregna-4,6-diene-21,17-carbolactone
11 ml of o-formic acid triethyl ester as well as 11 ml of dioxane/sulfuric acid
(12+0.42) are added to a solution of 11.0 g of 18-methyl-153,163-methylene-3-o0xo-19-

nor-17-pregn-4-ene-21,17-carbolactone (DE3402329) in 110 ml of dioxane. 14.4 g of 3-



alternative to this, the ketal cleavage under nore drastic conditions
(aqueous hydrochloric acid or another strong acid) yields the correspondi ng
6a- al kyl conpounds. The compounds of general formula | that are obtained, in
which Z stands for an oxygen atom can optionally be converted by reaction
wi t h hydroxyl am ne hydrochloride in the presence of a tertiary am ne at

t enperatures of between -20 and +40C ilAto their correspondi ng oxi nes
(general formula | with Z in the nmeaning of =NOH, whereby the hydroxy group

can be | R 1 OO DI RLRDbne YR S A LIS PP BEuab . XTI o

trlnethylam pyridine, aﬁlnopyrl I ne,

(080, Cyc%s?c&w?’egﬁs?%? nrgcﬁw S e Y Bﬁécquwﬂiicfi S{‘?on

in WO 98/24801 for the production of correspondi ng 3 oxyi mi no derivatives
of the druip2adreieyriding ehsohiodym agetates 28y of ivgtep as well e @ 6 grddNict i on of an
end product of general forrmula | with Z in the neaning of two hydrogen

at ons canbrbmogurinireide,cand it Waw stiened iyl 05 housetioe Hathderperathee. iThsn,riiwas ons t hat
are indicated in DE-A 28 05 490 by reductive cleavage of a thioketal of the
3- ket 0 costipediirdo icEhveaterx theprezipitard voay filteeedunigdt Way washadwvith dweiterj thed expl anati on
of the invention: Exanple 1

18- Met hyl prdé&ipitatd Fhs3taRE iy Ineié Srofé@radd wasied WitHowSeH) Aridd 6n Sidaiie swldatd 7- car bol a
ctone 11 n1 of o-formc acid triethyl ester as well as 11 m of

di oxane/ sylifddhdentrated 8 e(zéb%i"aﬁ’mﬂga a H&uARdd9d dre-Bronel 8lhemyei-old- 0 g of
18- net hyl - 15[ 3, 163- ne? hyl ene- 3-0x0-19- nor-1|7-pregn-4-ene-21, 17-car bol act one
( DE340232?5)BJ6% mgtgylene (1)5 -noi- i'%‘r%En 4= eneL&IQ7-carb%lactone was obtained as a crude
product. The latter was dissolved in 170 ml of dimethylformamide and stirred with 6.65
g of lithium bromide as well as 7.87 g of lithium carbonate for one hour at 100°C. Then,
it was stirred into ice water, the precipitate was filtered out, washed with water, the
precipitate was taken up in dichloromethane, washed with water, dried on sodium sulfate
and concentrated by evaporation in a vacuum. After chromatography on silica gel with
hexane/acetone, 6.5 g of 18-methyl-153,16B3-methylene-3-0xo0-19-nor-17-pregna-4,6-

diene-21,17-carbolactone (compound 2 in Diagram 1) with a melting point of 187°C is

obtained.

Example 2
18-Methyl-6a.,7a-153,163-dimethylene-3-0x0-19-nor-17-pregn-4-ene-21,17-
carbolactone

A solution of 5.8 g of 18-methyl-15p,16B3-methylene-3-oxo0-19-nor-17-pregna-
4,6-diene-21,17-carbolactone in 200 ml of dimethyl sulfoxide was mixed with 9.06 g of

trimethylsulfoxonium iodide and 1.613 g of sodium hydride (55% suspension in oil), and
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et hoxy- | 8- net hyl - 15R, 16G3- net hyl ene-19-nor -1 7- pregna- 3, 5-di ene- 21, 17- car bol a
ctone was obtained as a crude product. The latter was dissolved in 380 m

of acetone, mxed wth 2.3 mM of pyridine, 10.3 g of sodium acetate, 28 ni
of water as well as 7.6 g of N- bronosuccinimde, and it was stirred for 0.5
hour at ice bath tenperature. Then, it4was stirred into ice water, the
precipitate was filtered out, it was washed with water, the precipitate was

taken up k&aggﬁ&h%% l?ndelr’]“?rg*&r?gt r‘é%ﬁq'lelﬁgetrﬁ[ue ‘f‘géngﬂ wis ﬁgg H{E@ﬁ?' fate and

concentra y evaporatlion | vacuum 3- 0X0-

153, 163- net h 15 7~ 1 hol act. bt d
cr e protitet et e BEFATadaf Dantred 6 e Rl R Rr o e and

stirred with of lithiumbronide as well as 7.87 g of |ithium

car bonat e‘“fiéﬁh?%?f@eth%‘tﬁs washed gjth watere iried on soditun sylfafe, eopceptaied B water, the
precipitate was filtered out, washed with water, the precipitate was taken
up in di cvepeTatian ingracuumand shigmatperephed on sificage] svithdsaanefacetang. apBer and
concentrated by evaporation in a vacuum After chromatography on silica gel
wi t h hexeogitaltiedteonef fiacthorgllbfrom 2-propanol/acetone, 0.8 g of 18-methyl-6c,7¢t-

18- net hyl - 15( 3, 16( 3- net hyl ene- 3- oxo- 19- nor -1 7- pregna- 4, 6-

di 21, i : . . int of
l8re s lésgrt g@ﬁogfgkﬁgeﬁa@-&&qmmmd-p%e@m-&@gr,mérbomthﬁta @ofBbird™a) Poi nt 0

18- Met hyl - 1 Iene 1 pre ene-21, 17-
car bol act%?? b% ined, rygﬁa o‘fyg n&pomt of %%C ?af +§’J7 {m anol
18- nethyl 15(3 16(3 nethylene 3 oxo-19-nor-17-pregna-

Example 3
18-Methyl-63,7B-1583,163-dimethylene-3-0x0-19-nor-17-pregn-4-ene-21,17-
carbolactone

According to the method of Example 2, 0.9 g of 18-methyl-63,7p3-15p8,16p3-
dimethylene-3-0x0-19-nor-17-pregn-4-ene-21,17-carbolactone (compound 3b) was
obtained after the chromatography as fraction IV as a solid with a melting point of 189-
190°C. [a]p = -121.4° (chloroform, ¢ = 10.7 mg/ml) and [a]p = +137.9° (methanol, ¢ =

10.63 mg/ml)

Example 4
7a,18-Dimethyl-153,163-methylene-3-oxo0-19-nor-17-pregn-4-ene-21,17-
carbolactone

In a solution of 0.4 g of 18-methyl-153,16B-methylene-3-o0xo-19-nor-17-pregna-

4,6-diene-21,17-carbolactone in 7 ml of tetrahydrofuran, 12 mg of copper(I) chloride was



4, 6-di ene-21, 17-car bol actone in 200 m of dinethyl sulfoxide was m xed with
9.06 g of trinethylsulfoxoniumiodide and 1.613 g of sodi um hydride (55%
suspension in oil), and 14 it was stirred for 20 hours under argon at room
tenperature. Then, it was stirred into ice water, turned weakly acidic, the
precipitate was filtered out, the pre %pitate was taken up in

di chl or onet hane, washed with water, dried on sodium sulfate, concentrated by
evaporation in a vacuum and chromat ographed on silica gel with

hexane/ ac : r i ! racti I

2-pr opanoﬂ%}i g@%trgﬁé?%eégtg&o%a %@k%@gy) ?ﬁ%ﬁ%sat{ef@rg it P coMed ftg S{@Bc,
15(3, 16( 3- di net hyl_ene- 3- oxp- 19-nor-| 7- pr -4-ene-21, 17-car bol act one

( conpound™3&§ WitheS %?%lweawa*sch&qrgﬁgt Sirted i 50 minvies & O BAPSIEES 262G, [a] D =
+89.7 (nmethanol, ¢ = 10.15 ng/ M) Exanple 3 ) ) o

18- Met hy| miged dropdy drowith Péirglg enethylevagnesivgy bromidesofution (3 M ydiethyne- 21, 17-
car bol actone According to the nmethod of Exanple 2, 0.9 g of

18- et hy| etliry aifd Sirfied[f8r dré{ I®ur at -10°C. For working-up, the reaction mixture was

di et hyl ene- 3- oxo- 19- nor-| 7- pr egn- 4- ene- 21, 17- car bol act one (conmpound 3b) was
obt ai ned mixk@vith AN IHRIFQURRIRACAMY1 RE, §tirRalfhoNs h¥irdat @omQbifertutd) @ mel ting
poi nt of 189- 190C. Ta]D = -121.4 (chloroforn1 c =10.7 ng/mM) and [a]D =

T e o ERpE Ao edractd s MHieTlvliy EUQTRERn] dricd on sodium slfate, | ) -

concentrated by evaporation in a vacuum and chromatographed on silica gel with
hexane/ethyl acetate. After recrystallization of fraction I, 182 mg of 7a,18-dimethyl-
15B,16B-methylene-3-oxo0-19-nor-17-pregn-4-ene-21,17-carbolactone as crystals with a

melting point of 250°C was obtained. [a]p = 53.1 +/-0.3° (chloroform, ¢ = 10.3 mg/ml)

Example 5
78,18-Dimethyl-158,163-methylene-3-0x0-19-nor-17-pregn-4-ene-21,17-
carbolactone

According to the method of Example 4, after chromatography as fraction II, 36
mg of 7B,18-dimethyl-158,16B-methylene-3-oxo-19-nor-17-pregn-4-ene-21,17-
carbolactone was obtained as a solid with a melting point of 226°C. [a]p = 9.0 +/- 0.5°

(chloroform, ¢ = 10.2 mg/ml).



carbol actone In a solution of 0.4 g of

18- net hyl - 15( 3, 163- net hyl ene- 3- oxo- 19- nor - | 7- pr egna-

4, 6-di ene-21,17-carbolactone in 7 m of tetrahydrofuran, 12 ng of copper(l)
chloride was 15 added at roomtenperature and stirred for 10 m nutes before
it was cooled to -15C, mxed with 75 pg of alum numchloride, stirred for
30 mnutes at this tenperature, nixe&6drop by drop with 0.8 m of

met hyl magnesi um brom de solution (3 Min diethyl ether), and stirred for
one hour at -10C. For working-up, gn&%ggtion m xture was mxed with 4N
hydrochloric acid at -10C, stirred Tor "1.5 hours at roomtenperature, added

to water,_extracted th jmes with eth acetate, dried_on_sodiumsulfate,
concent ra?oé'ﬁﬂﬂa'lévaﬁhygf%#ﬁeﬁ'%ﬁj%‘ggrﬂi“%i‘gﬂﬁ?%‘{'&bﬁ%g%ﬁ silica gel

wi th hexane/ethyl acetate. After recrystallization of fraction |, 182 ng of
7a, 18- di nearbelactone

15(3, 16( 3- net hyl ene- 3- oxo0- 19- nor - 17- pregn- 4- ene- 21, 17- car bol act one as
crystal s with l& mgef ¢dpper(h ehlotide vap &bied warsomidemperedre foa]solutios 8f 0.5¢/ - 0. 3
(chloroform ¢ = 10.3 ng/mM ) Exanple 5

7p, 18-Di nﬁtlm%etﬂﬁpl,ﬁ@%ﬁ%éthxlbﬁd’l&'o&oﬂBQroﬂ-QWpEHgnﬂ—Z;@dli@@“Z A1 Bogbelictdre
car bol actone According to the nethod of Exanple 4, after chronmatography as

fraction bl nf3®f tdBhPdrofu dit tirred for 10 minutes before it led t
7p, 18- di net h)ﬁ%- 1513, gGrIOB-r??étaﬁﬂ enes 3T ox0- 19 ot 1 7- pr egne 4 ene-21, 17-

G019 VSR ADIF Ao RO BRI o 226C (eI =
temperature, mixed drop by drop with 1.0 ml of ethyl magnesium bromide solution (3 M
in diethyl ether), and stirred for one hour at -10°C. For working-up, the reaction mixture
was mixed with 3 ml of 2N hydrochloric acid at -10°C, stirred for 0.5 hour at room
temperature, poured into water, extracted three times with ethyl acetate, dried on sodium
sulfate, concentrated by evaporation in a vacuum, and chromatographed on silica gel with
hexane/ethyl acetate. After recrystallization of fraction I, 180 mg of 7a-ethyl-18-methyl-
15B,16B-methylene-3-0x0-19-nor-17-pregn-4-ene-21,17-carbolactone was obtained as

crystals with a melting point of 205-208°C. [a]p =+34.4 +/- 0.3° (chloroform, ¢ = 10.3

mg/ml)

Example 7
7B-Ethyl-18-methyl-1583,16B3-methylene-3-0x0-19-nor-17-pregn-4-ene-21,17-
carbolactone

According to the method of Example 6, after chromatography as fraction II, 110

mg of 7B-ethyl-18-methyl-153,16B-methylene-3-0x0-19-nor-17-pregn-4-ene-21,17-



16 Exanple 6

7a- Et hyl - 18- et hyl - 15( 3, 16( 3- net hyl ene- 3- oxo- 19- nor - 17- pregn-4-ene-21, 17-

car bol actone 15 ng of copper(1l) chloride was added at roomtenperature to a
solution of 0.5 g of

18- et hyl - 15( 3, 16( 3- net hyl ene- 3- 0x0-19- nor -1 7- pregna- 4, 6- di ene- 21, 17- car bol a
ctone in 10 m of tetrahydrofuran, ahd it was stirred for 10 ninutes before
it was cooled to -15C, mxed with 93 ng of alum numchloride, stirred for
30 mi nutes er,at ur rop b h f et hyl
manesi ureERAE veslETEH o 4 T T Emeligbot L P L5 4ty B0 one. hour
at -10C. For working-up, the reaction mxture was mxed wwth 3 m of 2N
hydr ochl d¥-$°c(chleraform, ¢ &l mgmPred for 0.5 hour at room tenperature, poured
into water, extracted three tinmes with ethyl acetate, dried on sodium

sul fate, concent r at ed by evaporation in a vacuum and chronat ographed on
silica gel with hexane/ethyl acetate. After recrystallization of fraction
1, 180 ng of 7a-ethyl-18-nethyl- Example8$

15[ 3, 16[ 3- met hyl ene- 3- oxo-1 9-nor -1 7- pregn- 4- ene- 21, 17- car bol act one was

obt ai ned I Lokl +34.4 +/- 0.3
(chl or of 0lﬁnMeC )ﬁqgg lﬁﬁ\fﬁétﬁyl@nérg 05&1)'79. ;ﬂ%b lt19)I10129")5p %f%@hpig3 16

f 3- met hyl en l3 oxo 19- nor-17 pregn 4 ene- 21 17 car bol act one According to
the net hod" g? Ie 6, after chromatography as fraction |1, 110

15 mg of copper(I) chloride was added at room temperature to a solution of 0.5 g
of 18-methyl-158,16B-methylene-3-oxo0-19-nor-17-pregna-4,6-diene-21,17-carbolactone
in 10 ml of tetrahydrofuran, and it was stirred for 10 minutes before it was cooled to
-15°C, mixed with 93 mg of aluminum chloride, stirred for 30 minutes at this
temperature, mixed drop by drop with 1.5 ml of propylmagnesium bromide solution (2 M
in tetrahydrofuran) and stirred for one hour at -10°C. For working-up, the reaction
mixture was mixed with 3 ml of 2N hydrochloric acid at -10°C, stirred for 0.5 hour at
room temperature, poured into water, extracted three times with ethyl acetate, dried on
sodium sulfate, concentrated by evaporation in a vacuum and chromatographed on silica
gel with hexane/ethyl acetate. After recrystallization of fraction I, 177 mg of 18-methyl-
15B,16B-methylene-3-oxo-7a-propyl-19-nor-17-pregn-4-ene-21,17-carbolactone was
obtained as crystals with a melting point of 167.5°C. [a]p = +31.2 +/- 0.3° (chloroform,

¢ =10.1 mg/ml)



ng of

7] 3- et hyl - 18- net hyl - 15[ 3, 160- net hyl ene- 3- oxo-1 9-nor-1| 7- pregn-4-ene-21, 17 17
car bol act one was obtained as a solid with a nelting point of 169-171 C. [a]n
= +30.8 +/- 0.5 (chloroform ¢ = 10.1 ng/m ). Exanple 8

18- Met hyl - 15[ 3, 16( 3- net hyl ene- 3- oxo0- 7a propyl - 19-nor - 17- pregn- 4- ene- 21, 17-
car bol actone 15 ng of copper(l) chlori 1%e was added at roomtenperature to a
solution of 0.5 g of

18- met hyl - 15[ 3, 16( 3- net hyl ene- 3- 0X@r, 1131 0§ -1 7- pregna- 4, 6- di ene- 21, 17- car bol a
ctone in 10 m of tetrahydrofuran I't was stirred for 10 mnutes bef ore

30 m nut o0 Setnfisp TpEmethiens oxwﬁem"ﬂylofa oy B BiF et Sor

propyl magneS| um brom de solution (2 M in tetrahydr of uran) and stl rred for
one hour earbolagtone For worki ng-up, the reaction mixture was mxed with 3 m
of 2N hydrochloric acid at -10C, stirred for 0.5 hour at roomtenperature,
poured i nto waA®prdirgtortbemedhod of ExampleBsafter chromatoghaphy es fradiondl,ilédl on
sodium sul fate, concentrated by evaporation in a vacuum and chromat ogr aphed

on sili camg@®ls-wetHyl- mgxaqsmmyydne@c@toai@pmﬁwm-ndﬁmmglahlmmuwn of
fraction |, 177 ng of 18-neth

15(3, 16( 3Rk ivd896s 3p@iRate 5lwlulagf%legmﬁoqogqtg(g?@.?g_@@s o iTz/ear bol act one

was obtained as cryst = +31.2 +/ -

0.3 (chl O(SZ?‘I (%Llr;r)]roforcm : 1?0 %m@m[ﬂ ) 18



Exanpl e 9 18- Met hyl - 15( 3, 16( 3- et hyl ene- 3- oxo-7

f3-propyl - 19-nor-17- pregn-4-ene-21, 17- carbol actone According to the nethod
of Exanple 8, after chromatography as fraction Il, 105 ny of

18- met hyl - 15( 3, 16( 3- et hyl ene- 3- oxo-7 3-propyl -19-nor-1| 7-pregn-4-ene-21, 17-
car bol act one was obtained as a solid w#th a nmelting point of 90.9C [a]n =
+27.4 +/- 0.4 (chloroform c¢ = 10.3 19 dains 1.

18- Met hyl - 19- nor - 17- pr egn- 4- ene- 21, 17- car boI actones of general forrmula I R
4 At For n@h@% in which Z nmeans an oxygen atom two hydrogen atons, a
grouping = or =NNHSQ2R, whereby R is a hydrogen atom or a straight-chain
or branched-chain al kyl group with 1 to 4 or 3 to 4 carbon atons, R4 is a
hydrogen atom a hal ogen atom a met hyl group or a trifluoronethyl group,

R6 and/ or R7 can osjtio i ndependent | one anot her,
mean a strai ghlt &ﬁgfeﬁhyd r]rgﬂ’é 41 E]ali%rb‘ﬂ?‘ﬁﬁfﬁg\ﬁ?gﬂ‘eia%wl r 3to 4

car bon at ons,

Formula I
in which
Z means an oxygen atom, two hydrogen atoms, a grouping =NOR or
=NNHSO,R, whereby R is a hydrogen atom or a straight-chain or
branched-chain alkyl group with 1 to 4 or 3 to 4 carbon atoms,
R* is a hydrogen atom, a halogen atom, a methyl group or a trifluoromethyl

group,

R® and/or R’ can be in - or B-position, and, independently of one
another, mean a straight-chain or branched-chain alkyl group with 1 to 4
or 3 to 4 carbon atoms, or

R® means a hydrogen atom, and R’ means an o- or B-position, straight-chain
or branched-chain alkyl group with 1 to 4 or 3 to 4 carbon atoms, or

R® and R” each mean a hydrogen atom, or

R® and R’ together mean an a- or B-position methylene group or an additional

bond.



R6 neans a hydrogen atom and R7 neans an a- or (3-position, straight-chain
or branched-chain al kyl group with I to 4 or 3 to 4 carbon atons, or R6 and
R7 each nmean a hydrogen atom or R6 and R7 together mean an a- or 3-position
met hyl ene group or an additional bond. 20 2. Conpounds of general formula
| according to claiml1, in which Z st& ds for an oxygen atom 3. Conpounds
of general fornmula | according to clafrml1l, in which Z stands for a grouping
=NOR or =NNHSO2R, and R therein stands for a hydrogen atom 4. Conpounds of

general formila donﬂ?b%ﬁ&?& n&al fokAh é%cco'ralngﬂ’ﬂi e ih Sihfth i‘éfﬁr[a%% natom 5.

Conmpounds of gener according toclaimZ, in |s a
chl orine g g Conpounds of general fornmula | according to claiml, in
whi ch R6 nds Por a hydr ogen aton1 and R7 stands for a methyl group. 7.

Conpounds of ral la | ccor stands for
a hydrogen atogf ﬁg g% Aeral HP“@ %5@PgHVgﬂB‘}8““%5£g%ﬁﬂ5§§ Y2 gener al
formul a | accordln%.to claiml, in wh R6 and R7 together stand for a

met hyl eneStgYRINg~NO) %W%@&@pd&tﬁ@%ﬁ@éfFﬁmaéwm&ewpm ng toclaimil, in

whi ch R6 and R7
4. Compounds of general formula I according to claim 1, in which R* is a

hydrogen atom.

5. Compounds of general formula I according to claim 1, in which R* is a
chlorine atom.

6. Compounds of general formula I according to claim 1, in which R® stands for a
hydrogen atom, and R’ stands for a methyl group.

7. Compounds of general formula I according to claim 1, in which R stands for a
hydrogen atom and R’ stands for a propyl group.

8. Compounds of general formula I according to claim 1, in which R®and R’
together stand for a methylene group.

9. Compounds of general formula I according to claim 1, in which R®and R’
together stand for a double bond.

10. Compounds of general formula I according to claim 1, namely

18-Methyl-158,16B-methylene-3-oxo0-19-nor-17-pregna-4,6-diene-21,17-
carbolactone

18-Methyl-6a,7a-~15pB,16B-dimethylene-3-oxo-19-nor-17-pregn-4-ene-21,17-
carbolactone

18-Methyl-63,7B-15pB,16B-dimethylene-3-0xo0-19-nor-17-pregn-4-ene-21,17-

carbolactone



toget her stand for a double bond. 10. Conmpounds of general formula |
according to claiml1, nanely

18- Met hyl - 1513, 1613- net hyl ene- 3- ox0-19- nor - 17- pr egna- 4, 6- di ene- 21, 17-
car bol act one

18- Met hyl - 6a, 7a- 15( 3, 16( 3- di net hyl ene-
car bol act one 2
18- Met hyl - 613, 73- 1513, 16( 3- di net hyl ene- 3- oxo-19-nor -1 7- pregn- 4- ene- 21, 17-

car bol act one .

7a, 18- Di met hy ﬁ%k“f?,"’i‘%%‘f 1l H ey e X 2 msr 7 Presraifnea? bhs. 21, 17-

car bol act one

713, 18- Di ??g‘?‘}%%ﬂtqnfms, 1613- et hyl ene- 3- oxo-1 9- nor - 17- pr egn- 4- ene- 21, 17-

car bol act one 3-FYerxyIanino-I8-nethyI-613, 713- 1513, 160- di net hyl ene- 19- nor -
| 7-pregn-4- etibl®PDimethylakiPol oBecmethilene- ok erl §-nor-17-pregn-4-ene-21,17-

18- net hyl - 613, 713- 1513, 1613-di net hyl ene-3-0xo0- | 9-nor- | 7-pregn-4-ene-

21, 17- car tobdat@ree

7a- Et hyl - | 8- nmet hyl - 1513, 1613- net hyl ene- 3- 0x0- 19-nor -1 7- pregn- 4- ene- 21, 17-
car bol act one 74 yEioRylamind 1 §Rielyl-6B.93 5BG6B-dRERYIERAES Ao X Rpren-4-

9-nor-17-pregn-4-ene-21, 17- carbol act one
ene-21,17-carbolactone

?-oxo-l9-nor-|7-pregn-4-ene-21,17-

4-Chloro-18-methyl-6B,7B-15B,16B-dimethylene-3-0x0-19-nor-17-pregn-4-ene-
21,17-carbolactone

7a-Ethyl-18-methyl-15p3,16B-methylene-3-0x0-19-nor-17-pregn-4-ene-21,17-
carbolactone

7B-Ethyl-18-methyl-15p3,16B-methylene-3-0x0-19-nor-17-pregn-4-ene-21,17-
carbolactone

18-Methyl-158,16B-methylene-3-oxo-7a-propyl-19-nor-17-pregn-4-ene-21,17-
carbolactone

18-Methyl-158, 16B-methylene-3-oxo-7B-propyl-19-nor-17-pregn-4-ene-21,17-
carbolactone.

11. Pharmaceutical preparations that contain at least one compound according to
claim 1 as well as a pharmaceutically harmless vehicle.

12. Pharmaceutical preparations according to claim 11, in addition containing at
least one estrogen.

13. Pharmaceutical preparations according to claim 12, containing ethinyl

estradiol.



18- Met hyl - 1513, 1613- net hyl ene- 3- oxo- 7a- propyl -1 9- nor - 17- pr egn- 4- ene- 21, 17-
car bol act one

1S- Met hyl - 1513, 1613- net hyl ene- 3- oxo- 713- propyl -1 9-nor -1 7- pregn- 4- ene- 21, 17-
carbol actone. 11. Pharmaceutical preparations that contain at |east one
conpound according to claiml as melé as a pharmaceutically harm ess
vehicle. 12. Pharnaceutical preparati %s according to claim1l, in addition
containing at |east one estrogen. 13. Pharnaceutical preparations according
to claiml2, CIQ'?tﬁhﬂﬁ%@utﬂahkr@ﬁraﬁcﬁﬁtaEéHi’éliHé to ddim 14 colRlHEBGRMIrhICal
preparations according to claim 12, containing a natural = estrogen. 15.
Pharnaceq%hg&%‘preparations according to claim 14, containing estradiol

16. Pharmaceutical preparations according to claim 14, containing estradiol
. L Db B GRA AL RRRe ROGER £ dod @il containing

16. Pharmaceutical preparations according to claim 14, containing estradiol
valerate.

17. Pharmaceutical preparations according to claim 14, containing at least one

conjugated estrogen.





