WO 2008/ 000521 - 1 - PCT/ EP2007/ 005893 18- Met hyl - 19- nor andr ost - 4- ene
*17,17-spiro ether (18 nethyl-19-nor-20-spirox-4-en-3-one), and
pharmaceutical products conprising the sane The present invention rel ates
.to 18-nethyl -15G3, 16( 3- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3-ones [ correspond
to [(17S)- s@@rb@&&égh@)ﬁi)lwa 16a- di hydio-3' H cycl d5toR2007/0C5893

[ 15, 16] estr-4-ene-17, 2' - per hydr of uran] - 3-ones] of the general fornula |I 4H
/| ZRT RRFormula |l in which Zis an oxygen atom two hydrogen atoms, a
group =NOR orq Nﬁg—‘rﬁg _Ay. i

br anched- chai n al roup %5?%£€S?o$4g%€g?ﬁ i %%%?a%ﬁﬂ%t@ogngé R4 is a
hydr ogen at ome'célYﬂaIl@gé'ﬁratZQms@P-ré?x“ﬁr'leﬂ GoP@#étrhy’lPng@GEmaﬁﬁb‘tRGa&nd/or R7
may have a or O configuratjofgueds Enpaish iy @& dagependently of one

anot her a hydrogen atom or a strai ght- or branched-chain al kyl group having
1 to 4 or 3to 4 carbon atons or a straight- or branched- chain al kenyl

group havi ngTBetopﬁe@éng t OndefRIHON ral HPBs Orc @ S@@uﬁ@@e@cym oeékyl group

having 3 to aL on atons or to}get her are a net hyl group %E a double

bond. Z is p?l%’F]’e\Y BIG~ an BRygeh~ S RP* WD SB087 POBB1 103 LSBRRAEPYR7/ 005893

In the case phers) Zspﬁr@[QB@U]ﬁom&%@[lG&lNlﬂﬁﬁ?RroRBrH cpeebprapby a hydrogen

?gozlcgrzght§$%h%gi ggﬁ% %9? P5a9ph§grﬁ§§rof€{§X1—9[8H s]ha%%ng éhéo 4 or 3
general feormula I

Fermula |

in which

Z 1is an oxygen atom, two hydrogen atoms, a group =NCR
or =NNHSO;R, where R is a hydrogen atom or a straight-
or branched-chain alkyl group having 1 to 4 or 3 to

4 carbon atoms,

R* 41is a hydrogen atom, a halcgen atom or a

trifluoromethyl group,

and R° and/or R’ may have « or P configuration, and R®
and R’ are independently of one another a hydrogen atom
or a straight- or branched-chain alkyl group having 1
to 4 or 3 to 4 carbon atoms or a straight- or branched-
chain alkenyl group having 2 to 4 or 3 %to 4 carbon
atoms or a saturated cycloalkyl group having 3 to 5
carbon atoms or together are a methylene group or a
double bond.

Z is preferably an oxygen atom.



ethyl, n-propyl or an n-butyl group or an isopropyl, iso- or tert-butyl
group. In the case where R6 and/or R7 is a saturated cycloal kyl group, a
suitable one therefor is a cyclopropyl, -butyl or -pentyl group. R4 is
.preferably a hydrogen atom a nethyl group or a chlorine atom A suitable
hal ogen at on#®R4298840¢0%dki ne, chlori nez -bromnmi ne ACT/FRA 7atlHB%hI ori ne
is preferred anongst these. In the case where R6 and/or R7 is a straight- or
branched-chai n al kyl group having 1 to 4 or 3 to 4 carbon atons, a suitable
one thereforIfstiemsafd whaktsyt | 18- §r oFFRr =HAR nobutPiINHFHhp, Fortsan

i sopropyl, H88refiblerd-BPiybodhodemR6 and R7 are preferably a hydrogen
atom and a nethyl, ethyl or propyl group or together are a nethyl ene group

or a double bond. In the case of an al kenyl radical R6 and/or R7, this is
in particular anieibeaylstesigiat- The peieriel chept eseritdl | verafp a
cl oal kyl R6_a 7 having 3 _to 5 .carbon

gr oup, / or t.0Q is the
cycl opropyl ¢%HrEalt %"ﬁe %oftho dgome t i éﬁmbe"leW‘%relspa?t irrb%he’%{ﬁls’y
preferred aceohydl ngnt-eropeyli nmentinom-butyl group or an isopropyl,

18- met hyl - 15( 3, 16( 3- hyl enes 19- - 20- spi roxa-4, 6-di en- 3-one
18- et hyl - 15%%, 16%@-%%%&%%)& 1 ¥§§I§i 20- spi rox-4-en-3-one 18- net hyl - 6( 3,

7(3, 15G3, 1B3tdéneehy| eher@Rhoaan@spRT e £ satBagmsl cycloalkyl
I e T
18- net hyl - 1523, 1B3BLYikt HyP&Re- 7a- pr opyl - 19- nor - 20- spi r ox- 4-en- 3-one
R* is preferably a hydrogen atom, a methyl group or a
chlorine atom.
A suitable halogen atom R‘ is a fluorine, chlorine,
bromine or iodine atom;

chlorine is preferred amongst these.

In the case where R° and/or R’ is a straight- or
branched-chain alkyl group having 1 to 4 or 3 to 4
carbon atoms, a suitable one therefor is a methyl,
ethyl, n-propyl or an n-butyl group, or an isopropyl,
iso- or tert-butyl group. R® and R’ are preferably a
hydrogen atom and a methyl, ethyl or propyl group or
together are a methylene group or a double bond. In the
case of an alkenyl radical R® and/or R’, this is in
particular an ethenyl radical. The preferred
representative of a saturated cycloalkyl group R® and/or
R’ having 3 to 5 carbon atoms is the cyclopropvl

radical.

The compounds mentioned below are particularly

preferred according to the invention:

18-methyl-15B, 16B-methylene-19-nor-20-spiroxa-4, 6-dien-
3-one

18-methyl-15f3, 16f-methylene-19-nor-20-spirox-4-en-3-one
18-methyl-6B,7p, 158, 16f-dimethylene-19-nor-20-spirox-4-
en-3-one

18-methyl-6a,7a,15p, 16B-dimethylene-19-nor-20-spirox-4-



18- et hyl - 1513, 1613- net hyl ene- 713- pr opyl - 19- nor - 20- spi r ox- 4-en- 3-one
" 7a, 18-di nmet hyl - 1513, 163- net hyl ene- 19- nor - 20- spi r ox- 4-en- 3-one
713, 18- di net hyl - 1513, 1613- et hyl ene- 19- nor - 20- spi r ox- 4- en- 3-one
. 7a-et hyl - 18- et hyl - 1513, 1613- net hyl ene- 19- nor - 20- spi r ox- 4-en- 3-one
713- et hyl - 18W@eR h98/260321613- net hyl ene319- nor - 20- SPIT/3BE2 U S Ghe
7a- et henyl - 18- net hyl - 1513, 1613- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one
73- et henyl - 18- net hyl - 1513, 1613- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one
7a- cycl opr op§n=18onet hyl - 1513, 163- net hyl ene- 19- nor - 20- Spi r ox- 4-en- 3-one
713- cycl opr opyLmd 8nyet Nyp ; 163 3nd 63 des hyd efeod:Pt N0y -28r - 5P EPxrd=z€n- 3- one
4, 18-di net hyl - 1513, 1613- net hyl ene- 19- nor - 20- spi r ox- 4-en- 3-o0ne
4- chl or o- 18- heBRYP-3B%3, 1613- met hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one
4, 18- di met hyi 8 63+ B+ 150 31 4BIde tthybdrhey! EharAdeyinr t 2tho sl 0-a3p he@b- 3- one
4,18-dinethy|-6ang 1513, 1613- di net hyl ene- 19- nor- 20- spi r ox-4-en-3-one
4-chl or o- 18- fePHy? -843, 713, 1513, 1613- di met hyl ene- 19- nor - 20-
sSpi r ox- 4- en- ephe-dimnbtoy d- 18P neé hyhe Blay Vean 45138, A6r 32 @+ sret hyk edreed 9- nor - 20-
spirox-4-en-§:§n§. Dr ospi renone
(613, 713- 1513, (5 3-di net hyl ene- 3- oxo- 17- pregn- 4-ene-21, 1713- car bol act one)
is a novel p7PgeStadtreatihichspiBiprresentldneg-ampt e 0 repiweoordten-
contraceptive_,YASM N(r) and the product ANGELIQr) for the treatnent of
Ja-ethyl-18-methyl-150, 163-methylene-19-nor-20-spirox-
4d-en-3-one
7B~ethyl-18-methyl-15B, 16f-methylene-19-nor-20-spirox-
4-en-3-one
To-ethenyl-18-methyl-15p, 16B-methylene-1%-nor-20-
spirox-4-en-3-one
78-ethenyl-18-methyl-15B, 16p-methylene-19-nor-20-
spirox-4-en-3-one
7o-cyclopropyl-18-methyl-15f, 16p-methylene-19-nor-20-
spirox-4-en-3-one
7B~cyclopropyl-18-methyl-15f3, 16f-methylene-19-nor-20-
spirox-4-en-3-one
4,18-dimethyl-15p, 16f-methylene-19-nor-20-spirox-4-en-
3-one
4-chloro-18-methyl-150, 16B-methylene-19-nor-20~spirox~
4-en-3-one
4,18-dimethyl-6B,78,15B, 16Bf-dimethylene~-19-nor-20~
spirox-4-en-3-one
4,18-dimethyl-6a, 70, 158, 16p-dimethylene-19-nor-20-
spirox-4-en-3-one
4-chloro-18-methyl-6f3, 78,150, 16f-dimethylene-19-nor-20-
spirox-4-en-3-one
4-chloro-18-methyl-6a, 7o, 158, 16-dimethylene-19-nor-20-

spirox-4-en-3-one.

Drospirenone (68,7B-15pB, 16pf-dimethylene-3-oxo-17-pregn-
4-ene-21,17B-carbolactone) is a novel progestogen which
igs present for example in the oral contraceptive

YASMIN® and the product ANGELIQ® for the treatment of



WO 2008/ 000521 - 4 - PCT/ EP2007/ 005893 post nenopausal synptons (both
" SCHERI NG AG . Because of its conparatively low affinity for the
progestogen receptor and its conparatively high ovulation- inhibitory dose,
.0 O Drospirenone drospirenone is present in YASMN(r) in the relatively
hi gh daily dé8e2@d8800@>2Dr ospi renone-i ¢ not abl e f GCT/HRAOY,/ 00PEEddi tion to
the progestational effect, an al dosterone-antagonistic
(antim neral ocorticoid) and antiandrogenic effect. Both these properties
nmeke dr ospi repoHecReP§uSREhi BHFPLAMS] t{&PQ5har TRIEBRBHF cAF) pr BRICPESEo the
natural progess Og@émp@f@tgw&}rpnﬁow'&ﬁm&w ker g oS eyt , has
insufficient oral bioavailability. It is therefore _an _object .of the present
i nventi on torepFBYPHe cHRPountsS whi CHBARAF B ¢EEs diiEbei &84 1 e than
dr ospi renoneihhibetatyoflod, their binding to the progesterone receptor and
m neral ocorticoid receptor, and preferably have a stronger binding than
drospi renone to the progesterone receptor ~l Gs preferably intended that
t he novel conpounds have a nore potent progestati onal effect than
drospi renone, but have a weaker antjqi corticoid effect than
drospi renone, or one conparable to ter. This object is achieved by
the provision of the 18-nethy]- t hyl ene- | 9- nor - 20- spi r ox- 4- en-
3-ones of the general fornulga ¢ % ein. The novel conpounds are
di stingui shed in the progestg 2 2008/ 000521 - 5 - PCT/ EP2007/ 005893
I fromrabbit uterus honobgenate and
3H progesterone as reference substan®e by Drospirenone

drospirenone is present 1in YASMIN® in the relatively
high daily dose of 3 mg. Drospirenone is notable for
having, in addition to the progestational effect, an
aldosterone-antagonistic {antimineralocorticoid) and

antiandrogenic effect.

Both these properties make drospirenone very similar in
its pharmacological profile to the natural progestogen
progesterone which, unlike drospirenone however, has

insufficient oral bicavailability.

It is therefore an object of the present invention to
provide compounds which have a less dissociated profile
than drospirenone in relation to their binding to the
progesterone receptor and mineralocorticoid receptor,
and preferably have a stronger binding than
drospirenone to the progesterone receptor. It 1is
preferably intended that the novel compounds have a
more potent progestational effect than drospirenone,
but have a weaker antimineralocorticoid effect than

drospirenone, or one comparable to the latter.

This object is achieved by the provision of the
18-methyl-15p, 163-methylene~-19-nor-20-spirox-4-en-
3-ones of the general formula I described herein. The

novel compounds are distinguished in the progesterone



havi ng a conparable or higher affinity for the progesterone receptor than
"drospirenone and by a smaller affinity for the mneralocorticoid receptor
fromrat kidney honogenate than drospirenone(see Tab. 1) . Table 1: Exanple
PR[KF] MR[KF] PR[RBA] MR[RBA] DRSP 2.5 0.3 40 333 2 2.34 0.4 43 250 6
1.13 0.6 88 Ww67207810085015 93 200 9-45295 42 23 PCI/ERR.@BH MSBHAR 143 14
3.245 7.6 31 13 17 3.45 7.8 29 13 18 3.01 88 33 1 PR [KF] 'H progesterone
= 1, MR[KF] : "Haldosterone = 1;, PR [RBA] : 'Hprogesterone = 100; MR

[ RBA] 3H al doscepbar binddngThesesnpednds it ased iflpr\ﬁéfhtlfftﬁbld? 1R IFWT i si ngl y
di sti ngui shedo Q¥ 8hEBJaRE0BEST AL ONad r&6d | ¥d Tye A€ slba-efdgctive
after subcut aneous adm nistration in the ,pregnanc¥ mai nt enance test on
rats. ProceddfEIF8r he FRBRAMENEYS naPht edEBfE R esttortaY's: TORenmoV of the
corpora }“t eprefe§8ELHALI O&eic@pmwg)naman r%@oépgt@@@géﬁoahaonbygrwgnous f
supply of progestins rogestogens) _in conbinafion with, a suitable dose o
an estrogen ﬁ%ﬁiﬁe@ﬁs ﬂggh’figménc o%t e &b@%ﬁ%oﬁjeco ‘?eg?ﬁi‘?ﬁ%tor

mai nt enance fesi amtoviideey ohcredianatre SledwedrbepdetevniernieetheTqer i pher al
progest at i ongsa_ activity of a conpound. WO 2008/ 000521 - 6 -

PCT/ EP2007/ 005893 Rats are mated during proestrus overnight. The mating 1is
checked on the norning of the followi ng day by inspecting a vaginal snear.
The presencepgf;gpgrmis

Example PR [KF] MR [KF] PR [RBA] MR [RBA]
DRSP 2.5 0.3 40 333
2 2.34 0.4 43 250
6 1.13 0.6 88 167
7 1.08 0.5 93 200
9 4.255 42 23 2
12 2.355 0.7 42 143
14 3.245 7.6 31 13
17 3.45 7.8 29 13
18 3.01 88 33 1

PR [KF]: 3H—progesterone = 1; MR [KF]: °*H-aldosterone = 1;
PR [RBA]: ’H-progesterocne = 100; MR [RBA]: *H-aldostercne = 100

The compounds o©f the invention are surprisingly
distinguished by strong progestational activity and are
highly effective after subcutanecus administration in

the pregnancy maintenance test on rats.

Procedure for the pregnancy maintenance test on rats:

Removal of the corpora lutea or castration in pregnant
rats induces abortion. Exogenous supply of progestins
(progestogens) in combination with a suitable dose of
an estrogen achieves maintenance of the pregnancy. The
pregnancy maintenance test on ovariectomized rats
serves to determine the peripheral progestational

activity of a compound.



regarded in this case as day 1 of the onset of pregnancy. On day 8 of
"pregnancy, the aninmals are ovariectom zed under ether anesthesia. Treatnent
with test conpound and exogenous estrogen (esterone, 5 g/kg/day) is
.carried out subcutaneously once a day fromday 8 to day 15 or day 21 of
pregnancy. THe 2008{00@Wdini stration ontday 8 is c&IU/ERPLBWT /2L before
the castration. Intact control animals receive vehicle exclusively.

Eval uation: At end of the experinent (day 15 or day 21) the aninmals are
sacrificed URIE? AreOraisfbsPHEIRIaRTISSHNG Feriseal f efhi€edafi ¥ beat i ng

heart) and i{pl atHdia cti t ehe( GRbIYih@SAUDL ittrs and1dpafsf eddpesy ncl udi ng
autol ysis and atrophic placent @% in both teri ne horns re counted. On day

22 it is add’r??%‘ﬁ%ﬂ?gpé‘ss‘{%gjen SEREK nel %t HEESCRGF f SPAEE ors. In
uteri wt houiegiﬂﬂekﬁESmQr tHpd andadé onasi tdsy the anUrrbﬁte oforiiatat ich sites
is found by staini n%% 10% streng h ammoni um sulfide sol Ufl on._The

ra I

pregnancy mef ht&nan B Y &l cifat BASRAEHE ratfll'l% of "1 Hiurber  of
living fetusesaraadtdhezédt aindeanbethet mmuhﬂsm teTr(ebbmdantesdrtﬁed and

dead fet uses, gd ni q@j | Qs Si %% ghg gundés %%ﬁ &leélté[ of t he
e S AET vi t

general for rru‘la’ very rong pr at| ona St the
sane tine, v@aﬂ{gtﬂmdﬂﬂg) t ést r@md)gentrmlﬁne@m%%c@me of) dayt has

addi ti onal | yepgenafgund (that, q@%déapfzihsf @\é@%&l@@ SHOW &irst

potassiumretal ning, natriur (antieral cor | col d% effect in
adr enal ecton@@@wm@%athees/d@oozs%ls Farrpel Epgo07/ BO58S3 PedALRy to

their progestgti eaakracibul.t Yindshe navelroxogRoMals ekckhecgeneriaddid orml a |
can be used alone or _in conbination with estrogen in pharnaceuti cal
product s exclusively.

Evaluation:

At end of the experiment (day 15 or day 21}, the
animals are sacrificed under a CO; atmesphere and living
fetuses (fetuses with beating heart) and implantation
sites (early resorptions and dead fetuses including
autelysis and atrophic placentae) in both uterine horns
are counted. On day 22 it 1s additionally possible to
examine fetuses for malformations. In uteri without
fetuses or implantation sites, the number of nidation
sites is found by staining with 10% strength ammonium
sulfide solution. The pregnancy maintenance rate 1is
calculated as the ratio of the number of living fetuses
and the total number of nidation sites (both resorbed

and dead fetuses, and nidation sites).

The compounds of the invention of the general formula I
have very strong progestational activity with, at the
same time, weak binding to the androgen receptor

(dissociation).

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

(antimeralcorticoid) effect in adrenalectomized rats.



for contraception. Because of their favorable profile of effects, the
“conpounds of the invention are particularly suitable for the treatnent of
prenenstrual synptonms such as headaches, depressive npbods, water retention
.and nmastodynia. The dosage of the conmpounds of the invention in

contracept i vgO p 0@Rc8e0%21t 0 be from6.81-to 5 ny, POI/ERLIAINWYPEYE to 2 ny,
per day. The daily dose for the treatnent of prenenstrual synptons is about

0.1 to 20 ny. The progestational and estrogenic active ingredi ent
conponent s | AWERH r BeepERFeTpr BAGSES CafFd Opféf e PR 1 tdni Mt em&Y D al |y

toget her. Theofgbhyddose tBe pegterablyradmbnirsianetheoneRda dahe It t abl e
estrogens are Ségﬁgeti Cc,estrogen r ef er abl % et hi nyl estradi ol, but also

S,
mestranol . The oEehi PR ¥4 niesc’ttngﬁni i PRETAC WIS r esponds
to fromO0. 0lf¢p Sodrageptiethi nyl - estradi ol. The novel conpounds of the

general fornula | _can al he | o i n_phat paceuti c r.oduct.s for the

t reat nent opg%?%g?epecﬂf- Stg'he rpogtg[%r?é:%‘;%géaus Fo%%t o(rg:% e:%n%&f%d'prot Ucts for
hor mone r epl acepewtds herfapyheHRE)ventEst ogenss p3rditnlanth prodedils are
primarily natyyal st.r es i kol i es , r

exanpl e est rggf olt}\I/%I é:ra g&gefntel ggsccg%%eggg%aggt r%g%%géﬁ? CE%%%&2 ca{o%j ugat ed
equi ne estrogendyclass ar e derasstiviior Mmexdfpl e Warathe PRBEVELOPRENERI N(r). WO
2008/ 000521 g4 8¢ safntil4 EP2007/ 005893  Phar maceuti cal products based on the
novel compounds are fornmulated in a manner known per se by processing the
active ingredient, where appropriate in conbination wth an estrogen, wth

the carrier substans€se of the compounds of the invention in
contraceptive products 1is to be from 0.01 to 5 mg,
preferably 0.01 to 2 mg, per day.
The daily dose for the treatment of premenstrual

symptoms is about 0.1 to 20 mg.

The progestational and estrogenic active ingredient
components in contraceptive products are preferably
administered orally together. The daily decse 1is

preferably administered once a day.

Suitable estrogens are synthetic estrogens, preferably

ethinylestradicl, but also mestrancl.

The estrogen is administered in a daily amount which
corresponds to from 0.01 to 0.04 mg of ethinyl-

estradiol.

The novel compounds of the general formula I can also
be employed 1in pharmaceutical products for the
treatment of pre-, peri- and post-menopausal symptoms

and in products for hormone replacement therapy (HRT).

Estrogens used in such products are primarily natural
estrogens, especially estradiol or itg esters, for
example estradiol valerate or else conjugated estrogens
(CEEs = conjugated equine estrogens) as are present for
example in the product PREMARIN®.



di luents, where appropriate masking flavors etc. usual in pharmaceutica
"technol ogy, and converting into the desired admnistration form Suitable
for the preferred oral admnistration are in particular tablets, coated
‘tablets, capsules, pills, suspensions or solutions. Particularly suitable
for parenterdP a8aBAPEOPALI on are oi Iy 8sol utions SRIER BRZ 0T o0& e,

solutions in sesane oil, castor oil and cottonseed oil. To increase the
solubility, it is possible to add solubilizers such as, for exanple, benzyl
benzoate or benzyl alcohol. It is also possible to incorporate the

subst ances obhath8cki¥ehhilOpidthis t bareder sBl st egyand dompisends for
transdermal adm str t|o thereof. The novel ound of the general
fornmula | ar 8- ®pré&p EdeHiﬁngBDFHe%QRﬂﬂn?% sATPEL HEDW.  The

synt heti c rouhe herithe m@;\tekilb&tnom%&e S?@Jp’xfbtﬁﬂm ish oyt insteheme 1
starts for exa Ie from %lenol et her f mei ster .et al Arzne|n1 For sch.

(
36(1), 781, Yo5H) . F 0 [SHTOREY o&t’:lﬁb\ S WO 2008F000BHS Car- <SS
PCT/ EP2007/ 065898nt§1—| GHeOd dpptopriate RExskRY 4lavo@sHetc. usual

in pharmaceutical technology, and converting into the

desired administration form.

Suitable for the preferred oral administration are in
particular tablets, coated tablets, capsules, pills,

suspensions or solutions.

Particularly suitable for parenteral administration are
oily soluticns such as, for example, solutions in
sesame o0il, castor oil and cottonseed o0il. To increase
the solubility, it is possible to add solubilizers such

as, for example, benzyl benzoate or benzyvl alcohol.

It 1is also possible to incorporate the substances of
the invention intoc a transdermal system and to use it

for transdermal administration therecof.

The novel compounds o¢f the general formula I are
prepared according to the invention as described below.
The synthetic route for the novel 19-nor-20-
spiroxenones shown in zcheme 1 starts for example from
dienol ether 2 (Hofmeister et al. Arzneim.-Forsch.
36(1), 781, 1986).

RO



HZ 06 7 Conmpound 3 (R = nmethyl) is then prepared by nethenylation of
"the 15-acetate 2 by known nethods, for exanple wth dinethyl sul foxoni um
nmet hyl i de and sodi um hydroxide (see, for exanple, 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 So60 82088870p2062)). Allylation is therPEAEFELEL DUICIFE position
17, for exanple wth allylnmagnesiumbromde in diethyl ether to give a
compound 4. Hydroboronation for exanple with 9-borabicyclo[3.3.1]nonane and
oxi dative working up for exanple w th hydrogen perOX|de results in the
primary alcohol 5. Introduction of a A6 double bond takés place by

brom nation of the 3,5-dienol_ Wther 5 and subsequ ehi m nation of

hydr ogen brom de (see, exanple, J. Fried, J. A ards , organic
Reactions in Steroid fientst van Nostrand ReT nhpT o Conmpany 1972, pp.
265-374). The dienaq 3 /Nor exanple in

anal ogy to the net . A" Zderic, Hu '.rplo A. Bowers and Carll
Djerassi in Ste ' 33 (1963). Thq“, ¥atf on of hydr ogen bromi de
takes place by heating the 6-bronmo conmpound with basic reagents WO

2008/ 000521 - 10 - PCT/ EP2007/005893 such as, fgr exanple, LiBr or Li2C33
in aprotic solvents suCh as dinethylfornanide at tenperatures of 50-120C
or else by heating the 6-bronmo conmpounds in a sol vent uch as collidine or
lutidine, to give conpou 4 nmpound 6 is then coflveLsed by nethenyl ation
of the A6 double bond b no nethods, e.g. t hyl -

H

& 7

Compound 3 (R = methyl) is then prepared by
methenylation of the l5-acetate 2 by known methods, for
example with dimethylsulfoxonium methylide and sodium
hydroxide (see, for example, DE-A 11 83 500, DE-A 29 22
500, EP-A 0 019 €90, US-A 4,291,029; E. J. Corey and
M. Chavkovsky, J. Am. Chem. Soc. 84, 867 (1962)).
Allylation is then carried out in position 17, for
example with allylmagnesium bromide in diethyl ether to
give a compound 4. Hydroboronation for example with
9-borabicyclo[3.3.1]lnonane and oxidative working up for
example with hydrogen peroxide results in the primary
alcohol 5.

Introduction of a A% double bond takes place by
bromination of the 3,5-diencl ether 5 and subsequent
elimination of hydrogen bromide (see, for example,
J. Fried, J. A. Edwards , Organic Reactions in Steroid
Chemistry, van Nostrand Reinhold Company 1972, pp.
265-374) .

The dienol ether bromination can take place for example
in analogy to the method of J. A. Zderic, Humberto
Carpio, A. Bowers and Carl Djerassi in Steriods 1, 233
(1963). The elimination of hydrogen bromide takes place

by heating the 6-bromo compound with basic reagents



sul f oxoni um net hyl i de (see, for exanple, 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)) into a conpound 7, resulting in a mxture of the a
~and (3 isoners (conpounds 3a/3b) which can be separated into the individual
i soners for Bxanid®/ ®Y05Zhr omat ogr aphy.10 nt r oduct | R TeEPa COTHSCISBISNt R4 can
for exanple starting froma conpound of the formula 6 by epoxidation of
t he 44 double bond with hydrogen peroxide under alkaline conditions and
reaction of swehrasul fPngexappxtdebiPh arshitEhl érsEPreTd ct BeVEd Sk th aci ds

of the genes@lnhf QMU fndtiRM £ WRIR af4 a T8 i &t 18] 008 N0 £ Al5eMI1gr) &
pseudohal ogen, or reacted wth catalytic anmounts of mnperal acid and, where

appropri at e, %% h&1seed theRF WPr b6 CoRpeiRdSIIPIRE eter 8 SOt |
(where R4 = bieWi £€)csERLd Boe Wi et diyhe 2, Qod_i;iwo&@nﬁomﬁdlmpr osul fonyl)

acetatelnd oL mam in the res f c r, i.de. ¢

| nt r oduct i on %Tflp%g%‘g rrét h¥l gﬁgng.cg&geggﬁ%t Qﬁ’ceélyq&et %é&aﬂ% Stlrting
froma 3-anm AouBlé&- dven® deri aidwe bl)étl‘[(ﬁ:&()tl . g t hyifedr madiinte tihy 1l cohol i c
solution to fo 6a- h d hyI oup and subsequent _aci

el i mnation %‘F{%zf%l?l “Fo t%%%t dFoehi S‘rﬁn{:‘ﬁ%am QE ﬁ gioxar?e/ wat er .
The el i m natboh, obEwAt &5 c2h, 50I®ov\m&m al $4.5%t ak®0 pl HEeAi @ s?l&?dh B 9vay t hat

initially allf:l dPyda%%Ves sw tﬁﬁlﬁ&l }J&y a be'%ner +eayi n%egrogp and is

then elimn Exanp ng groups are t rresy ‘at e,
tosyl ate or %@?\Zdé@ézéi‘eénﬂ@-@ QMDQHBQQI BB 1B7aUsiA 1584, 288;

VO 2008/ 0005 1 / EP 5 S £4b et Chem
34, 2464 (19%%))héA o &4 F %g’gge%?’ Q%I[Foér'lﬂﬂrsg 35’:: jr}D thlgl%hné? ﬁqu%ne

conpounds CcoNSPI¥RL @A dﬁﬁ@cttlﬁ%aéﬂdéﬁléﬂlatlhel%‘(’%?rs or example” by
chromatography.

Introduction of a substituent R* can for example
starting from a compound of the formula 6 by
epoxidation of the A* double bond with hydrogen peroxide
under alkaline conditions and reaction of the resulting
epoxides in a suitable solvent treated with acids of
the general formula H-R*, where -R* may be a halogen
atom or a pseudohalogen, or reacted with catalytic
amounts of mineral acid and, where appropriate, the
resulting 4-bromo compounds of the general formula I
(where R* = bromine) reacted with methyl 2,2-difluoro-2-
(fluorosulfonyl)acetate in dimethylformamide in the

presence of copper(I) icdide.

Introduction of a 6-methylene group can take place for
example starting from a 3-amino 3,5-diene derivative by
reaction with formalin in alcoholic solution to form a
6a-hydroxymethyl group and subsequent acidic
elimination of water, for example with hydrochloric
acid in dioxane/water. The elimination of water can,
however, also take place in such a way that initially
the hydroxy group is replaced by a better leaving group
and is then eliminated. Examples of suitable leaving
groups are the mesylate, tosylate or benzoate (see DE-A
34 02 3291, EP-A (0 150 157 , US-A 4,584,288;



unsaturated 3-ketones wth acetals of formal dehyde in the presence of
sodium acetate wth, for exanple, phosphorus oxychloride or phosphorus
pentachloride in suitable solvents such as chloroform (see, for exanple,
K. Annen, H. Hofneister, H Laurent and R Wechert, Synthesis 34 (1982)).
The 6-net hyl gae2coapoddssl can be used- tldl prepare coMpdREdD 700 XSS 3gener al
formula | in which R6 is equal to nethyl, and R6 and R7 together form an
additional bond. For this purpose it is possible to use for exanple a

met hod descrkbediokischBetnakt. af. MﬁdTe@E@Medién 2464 1BAHL[1965), in which
i sonerization of the double bond is achieved by heating the 6-nethyl ene
compounds in ethanol with 5% palladi umcarbon catalyst, which has been
pretreated ett hErrtiieh MAFGGEA 18y bfoReaPTABARLRE B nefl 1TMediBURNf

cycl ohexene. «dhgoi8Q8¢Er &3t 1 90 Capr ahSeed@kerdd @cto tdE a tian- prefyr eat ed
catalyst if a small anount of cycl ohexene is ngﬁg to thiﬁrea tion
d

m xture. The"Bppearaned of ESpridhol t BERE2S F85@RAEEdYPRodTEt s can
be preventedihy agdéfgnad EXcessdimsatiapeetalth, Prigpar abxzomlod,

6- met hyl - 4, 6-di en- 3- one deri,vati.ves i s, .however, also, possible directly
(see K AnneRIOSPROTRE merdioll o9 oif e imPoR U BEREREALOT 8BS Afh. 712
(1983)). ConpoundslénswbirehtR6siishansach@blplf ofrondtsieen danr Eecamgrlepared from
t he 6-net hyl gne, conpounds hydr ogenat i under sujtahl e _conditions. The
bost . resul 15 (BNRLT Ve HOTBOURGTY on o1 HE 5o iy end N 5008/ 000521 -
12 - PCT/ EP2607tD6589334f (h282bh) are achi eved by transfer hydrogenation

(E. A Brande, R P. Linstead and P. W D. Mtchell, J. Chem Soc. 3578

(1954)). Heating the 6-nethyl ene
The 6-methylene compounds can be used to prepare

compounds of the general formula I in which R® is equal
to methyl, and R® and R’ together form an additional
bond.

For this purpose it is possible to use for example a
method described by D. Burn et al. in Tetrahedron 21,
1619 (1965}, in which isomerization cof the double bond
igs achieved by heating the 6-methylene compounds in
ethanol with 5% palladium-carbon catalyst, which has
been pretreated either with hydrogen or by heating with
a small amount of c¢yclohexene. The isomerization can
also take place with a non-pretreated catalyst if a
small amount of cyclohexene is added to the reaction
mixture. The appearance of small preoportions of
hydrogenated products can be prevented by adding an

excess of sodium acetate.

Preparation of 6-methyl-4,6-dien-3-one derivatives 1is,

however, also possible directly (see K. Annen,
H. Hofmeister, H. Laurent and R. Wiechert, Lieb. Ann.
712 (1983)}.

Compounds in which R® is an a-methyl function can be
prepared from the 6-methylene compounds by
hydrogenation under suitable conditions. The best

results (selective hydrogenation of the exo-methylene



derivatives in a suitable solvent such as, for exanple, ethanol, in the

" presence of a hydride donor such as, for exanple, cyclohexene, results in
very good yields of 6a-nethyl derivatives. Small proportions of 65- nethyl
.compound can be isonerized with acid (see, for exanple, D. Burn, D. N Kirk
and V. Petrowg ZEisaebon 1619 (1965)1)2 -Tar get ed PpreépaRADIEAC6BI6R- al kyl
conpounds is also possible. For this purpose, the 4(5)-unsaturated
3-ketones are reacted for exanple with ethylene glycol, trinethyl

or t hof or mat efumctfiahl or emet haaehievede bpr esenzes BT catwidroicenamsem s of an

acid (e.g. pztoluefiesidonpc acid)niO-Qhvenkhe carrespandingr 13- ketals. The
doubl e bond |n the 5(6) position |somerizes during this ketalization.

Sel ective €PsTdat £86- of BHBs 55 4dubl &lhnd akegepl écéleft@i/l%npl e by

usi ng or gani gePBFACi Hiss ﬂlga Bhehhp1 8- sPeBERZRIenaskd, folt eathles sol vents
such as di chl ororret hane. an alter nat| ve %o t hi.s, t he egl%ﬁ ation can

al so take pl&dE&RFth P\?drt&fenplf)%?%&?ﬁe &t R¥ 5?‘@@&‘?@@% &Canpl e,
hexachl or oacgionexemmpld; nldyfc(l'fd}ié)déﬂﬁ oaceiwpheneone veme @@o@aye@@dsdes

formed can then_ be o ened axi.a usi ng ropriate alk um hal i des
or al kyl | ith‘?gm%ﬁlﬂ)eo & ‘fﬂ/%“rvo%ar 6 ‘%%l PE&%’&H §yar8 obtdned in
this way. @@t&\/}agecoﬁprhﬂdSCIaei do@r dsentrveegr @nimhcaitztchkesqadaacéort 0 obtain
t he 5a- hydro ction reat nent_ unde | d i acetic
acid or 4N hééc;arn(l)pbﬂ orI|9c ]Q%rczltl’d lgfnﬁ %Q %ndg}\fl mP%gtr on ofer}%hsg kchydr oxy

function w tlﬁlﬂ of1¥6&@npl e, dilute aqueous sodi um hydroxi de sol ution
affords the 3-keto 4-ene conpounds wth a 6-alkyl group in the R
configuration. As an alternative to this, ketal cleavage under nore drastic

condi ti ons (BRjieaied hyeresiarian adid &b -aideer oooegds  is  also

possible. For this purpose, the 4(5)-unsaturated
3-ketones are reacted for example with ethylene glycol,
trimethyl orthoformate in dichloromethane in the
presence of catalytic amounts of an acid (e.g.
p-toluenesulfonic acid) to give the corresponding
3-ketals. The double bond in the 5(6) position
isomerizes during this ketalization. Selective

epoxidation of this 5(6) double bond takes place for

example by using organic peracids, e.g. m-chloro-
perbenzoic acid, in suitable solvents such as
dichloromethane. As an alternative to this, the

epoxidation can also take place with hydrogen peroxide
in the presence of, for example, hexachloroacetone or
3-nitrotrifluorcacetophenone. The 5a, 6a-epoxides formed
can then be opened axially using appropriate
alkylmagnesium halides or alkyllithium compounds.
S5a-hydroxy-6p-alkyl compounds are obtained in this way.
Cleavage of the 3-keto protective group can take place
to obtain the 5a-hydroxy function by treatment under
mild acidic conditions (acetic acid or 4N hydrochloric
acid at 0°C). Basic elimination of the b5a-hydroxy
function with, for example, dilute agueous sodium
hydroxide solution affords the 3-kXeto 4-ene compounds
with a 6-alkyl group in the B configuration. As an
alternative to thisg, ketal cleavage under more drastic

conditions (agueous hydrochloric acid or another strong



WD 2008/ 000521 - 13 - PCT/ EP2007/005893 acid) affords the corresponding

" 6a- al kyl conpounds. Conpounds substituted in position 7 by an al kyl,

al kenyl or cycl oal kyl group can be obtained as described in the exanples or
.in analogy to these nethods using reagents anal ogous to those descri bed
therein. TheWwpe8QP8/NgCtdhpounds of thelyeneral fomHN/EBZ2GGY/OMHER z is an
oxygen atomcan if desired be converted by reaction w th hydroxylam ne
hydrochloride in the presence of a tertiary am ne at tenperatures between
-20 and +40C2fhfld 2REPFIBoEREsPOREFRRCER I REsOCuRhEY bl COTRPHRFA-| with Z
meani ng =NCH, where the hydroxy group may be synthetic or anti). Suitable
tertiary bases are _for exanple trinethylamne, triethylam ne, ridi ne,

N, N- di et hy| @RFRBPYFF di ﬁéf,gsE}E%?Qzabf‘cy?%ﬁ&??%] Hon¥s. &e ad%lfand

1, 5-di azabi cytkehdl 4. Qundec- ognes1 ( DBYbupW tdarpr eber epbeat aedpyrdi ne.

Thi s proceeda in .$n§I0ﬁ% to the descLigtion in WO %242480 for_.the
preparation 8F°EbIPESpo in@“%- oKAR TS dett vat T ved Bro%r dshi rehoite.
Renoval of thetBe@xo weiup tregueapar eaaafllopalispr oducthooéd tdesqerisrdl
formula | mﬁ% %egﬁaning two hydrogen atons can take place for exanple by
the method Inarcated in DE-A 28 05 490 by reductive cl eavage of a

t hi oketal of the 3-keto conpound. The foll ow ng exanpl es serve to explain

18- Vet hy - 150 T o ML To hes TOPRARa8 8 Fhe SPR T b TFE o]

3- Met hoxy- 18Whét3gyl3- 150, aABpoKEgAY| anerestatn- B 5ARBL pedg g0 rBIVer e -

PCT/ EP2007/ 099893 & £841 1 {710 hydroxylamine hydrochloride in the
presence of a tertiary amine at temperatures between
-20 and +40°C into their corresponding oximes (general
formula I with Z meaning =NOH, where the hydroxy group
may be synthetic or anti). Suitable tertiary bases are
for example trimethylamine, triethylamine, pyridine,
N,N-dimethylaminopyridine, 1,5-diazabicyeclo{4.3.0]non-
5-ene (DBN) and 1,5-diazabicyclo{5.4.0]Jundec-5-ene
{(DBU), with preference for pyridine. This proceeds in
analogy to the description in WO 98/24801 for the
preparation of corresponding 3-oxyimino derivatives of

drospirenone.

Removal of the 3-oxo group to prepare a final product
of the general formula I with Z meaning two hydrogen
atoms can take place for example by the method
indicated in DE-A 28 05 490 by reductive cleavage of a
thioketal of the 3-keto compound.

The following examples serve to explain the invention

in more detail:
Example 1

18-Methyl-15p,16f-methylene-19-nor-20-spiroxa-4, 6-dien-

3-one

a) 3-Methoxy-18-methyl-15B,16f-methylene-estra-3,5-



A suspension of 92.0 g of 15a-acetoxy- 3-nmet hoxy-18-

“met hyl estra-3,5-dien-17-one (Hofneister et al. Arzneim-Forsch. 36(1), 781,
1986) in 500 m of dinethyl sulfoxide was added to a suspension of 254 g
.of trinmethyl sul foxoniumiodide in 1165 m of dinethyl sulfoxide which had
previously bEen29PB{PRESMth 43.5 g Tﬁl%odiun1hydﬁ%ﬂV@?%ﬁpﬂﬂﬂﬂ%&%%perature

under argon for 2 hours. The latter was stirred at roomtenperature for a
further 1.5 bhours,_This was followed by stirring into 15 1 of

i ce-wat er / sott BT LATBPPde, and the precipitate was filtered off, washed
with water, Andsdépedsidsnvasfio 910 6PC.o04.15 05 aafetoxy-3-methoxy-18-

oY o BRI SR PR B S0 LT TedeRpdLERe Y Sngenor® pbr g ned as
3- Met hoxy- 18Anenayh- 1Bpr 46p- neBhylene- T34~ (prigi8&- in 500 ml of

brom de i - SrORELTT pRRES A Bal Ruafy 1ERPR AR Bl Beleg um

3- met hoxy- 18c frettiyimeithy 1 563 freony banet abitdea- 8n5-1dien-mL706nelinetdpd nl  of
Fol Toved by 0T Sog S B B P rs g oL e i chi or § de
sol uti on at OF, ssfliphi Rydaexpéef 8 gosm KEHPSIrasyddiet MoReTo Ak ,T%ki ng up

in ethyl acepahfursWashengatbh wakektibkel BeULRN tdpdith toMer Hadi um

sul fate, and cgncentrating. in vacug“ 86.5 % f 3- . )

met hoxy- 18- ndt hYFER83, 16p- REER§I ehBIF742Ep BSJQW@ﬂyPV-S§§FF&9§;§JHVbn-17p-oI
wer e obt ai netlsas efude gpredisat/.soddriystel Sowfdd heapdr eheomp@aicinatea nel ting

By RS Ly TaotEe Gr BB ELR: Mlsfs 1852 AR i acuc

met hyl ene- eséta- 366°di.en- ¥8pSok 1.8 1 Of-meethdv-SId -da tdry 1of158, 168~

g-borabiCylQ&étﬁyiéﬂgﬂgggra—3,5—dien—3-one were obtained as crude
product. 134-135°C , [a]lp-215.2° (chloroform, c = 9.9
mg/ml)

b) 3-Methoxy-18-methyl-15p,1l6f-methylene-170-{prop-2~
enyl)-estra-3,5-dien-17g-0l

574 ml of a 1M solution of allylmagnesium bromide in
diethyl ether were added to a solution 75.8 g of
3-methoxy-18-methyl-153, 16p-methylene-estra-3,5-dien-
17-one in 920 ml of dichloromethane at 0°C and stirred
at 0°C under argon for 1 hour. This was followed by
dropwise addition of 290 ml of a saturated ammonium
chloride solution at 0°C, stirring at 0°C for 0.5
hours, addition to water, taking up in ethyl acetate,
washing with water until neutral, dryving over sodium
sulfate, and concentrating in wvacuo. 86.5 g of 3-
methoxy-18-methyl-15p, L6R-methylene-17a- {prop-2-enyl) -
estra-3,5-dien-17p-0l were obtained as crude product.
Crystals of the pure compound had a melting point of
110-112°C, [alp= -80.2° (chloroform, ¢ = 9.924 mg/ml).

¢) 170~ (3-Hydroxypropanyl)-3-methoxy-18~-methyl-15p,16p~
methylene-estra-3,5-dien-17p-ol
1.5 1 of a 0.5M solution of 9-borabicylo[3.3.1]lnonane

in tetrahydrofuran were added to a solution of 856.5 g



in tetrahydrofuran were added to a solution of 86.5 g WO 2008/ 000521 - 15 -
"PCT/ EP2007/ 005893 of 3-net hoxy-18-net hyl - 153, 163- net hyl ene- 17a- ( pr op- 2-
enyl)estra-3,5-dien-173-0l in 1 1 of tetrahydrofuran at 25C, and the

.m xture was stirred at 25C under argon for 4 hours and then, at 0C, 33.77 ¢
of sodium hydraRkP8éoPn>2¥5 m of waterlwere sl ow YEUdEE WoPWcEE3 and,
after stirring at 25C for 5 mnutes, 172 ml of 30% strength hydrogen
peroxi de were slowy added dropwi se and stirred at 25C for 18 hours. This
was fol | onedfby stimeihHREy nitd ieduiat & sfi Ui e Ghiade, 74 @Rk of the
precipitate byyihbitahions-washi pgpubt hinwat er ocand HnAM@AcFudaess in
vacuo at 60C,_91.5 g of : , 550 4
17a-(3-hydro§§p?op§%ﬂ)§Q$rﬁﬂ%%&?g1§§ﬁeﬁﬁﬁtﬂﬁ%iﬁ%3- C under argon

met hyl ene- estoa- 34 5-Khers | Znd| tire obtai ned,as38tude gprofluctodi@myst al s of
Egﬁlgrgfofgrggaggxggg6? n?h%;g df%o%%%e%fﬁg%%'%%g%lJ(gg&%d'&fgﬁ%f%e

17p- Hydr oxy- &4id; ( afiedr oxtyjpriopanyby- P&det iyt - 5 minutes, 172 ml of

15p, 16p- et hy},gne- <4, 6-dj £n- 3- on us io 1.
17a_(3_hydr0¥96r05§%%ﬁgyﬁ 'Hyé?%é%n E@egskfﬁé RERs @l%hl% SRR

3- met hoxy- 18dneptyse 1581 68t ket bl érfe- e8P Fa-In15- dBeourz3- oThitl 9%Bs nl  of
1-met hyl - 2- pyp§ oLi,dane,yerk i SUGHLSShyel Vi 2ddesy e 8} s 98 ufl hilr0fe @ 10%

strength sodium acetat'e solution and, at this tenperature, A 35.9 g of
1, 3- di br ono- 5EBOUR ke Phy IFRRIRHSF YPHFRCPOPY | bhs ETBRECRT xVEEELRES Y8t red at
0C (ice bathyater afdd5abQihg 84 Arohekist AnURRakiMade cvd 2919 59 Ppfod i thi um
carbonate were adged, and tﬁe m Xt ure was stlrigd at. a £g%h nper at ure of
100C for 3.5 h8Tf sThYErGREPYARATY $1 77 FBRTPAYY  Eelfal ¥t 7536 ttw chl ori de, and
the precipihatkyhaseresovedlpy-dikhratponl waskedbidinedater andistirred
Dol he ol StpSake: M LAY OF (LML ALCLABoutd hth L meiting

point of 152-154°C, [a]lp = -155.2° {chloroform,

c = 9.76 mg/ml).

d) 17p-Hydroxy-17c0-(3~hydroxypropanyl)-18-methyl-
158,163-methylene-estra-4,6-dien-3-one

To a suspension of 91.5 g of 17a-{3-hydroxypropanyl)-
3-methoxy-18-methyl-1583, 163-methylene-estra-3,5-dien-
17B-0l in 915 mi of l-methyl-2-pyrrolidone were
successively added, at 0°C, 91.5 ml cof a 10% strength
sodium acetate solution and, at this temperature,
35.9 g of 1,3-dibromo-5,5-dimethylhydantoin in
portions, the mixture was stirred at 0°C (ice bath) for
0.5 hour, 34 g of lithium bromide and 29.9 g of lithium
carbonate were added, and the mixture was stirred at a
bath temperature of 100°C for 3.5 hours. It was then
stirred 1into ice-water/sodium chloride, and the
precipitate was removed by filtration, washed with
water and stirred in the moist state with 250 ml of
ethyl acetate, 44.1 g of 17p-hydroxy-17a-(3-
hydroxypropanyl)-18-methyl-158, 163-methylene-estra-4, 6-
dien-3-one were obtained as crystals of melting point
132-135°C, [alp = -14.0° (pyridine, c = 4.28 mg/ml).

e) 18-Methyl-15p,16f-methylene-19-nor-20-spiroxa-4,6-



hydr oxypr opanyl ) - 18- net hyl - 153, 163- net hyl ene-estra-4, 6- di en-3-one were
"obtained as crystals of nelting point 132-135C, [(X]D = -14.0 (pyridine, c
= 4.28 ng/m ). e) 18-Methyl-15p, 16p- net hyl ene- 19- nor - 20- spi roxa-4, 6 WO
.2008/ 000521 - 16 - PCT/ EP2007/005893 dien-3-one 720 ng of p-tol uenesul fonyl
chl ori de arewad@edsr6oas2sol ution of 4.0 g of 173-HYHERAA778-QBIBydr oxy-
propanyl ) -18-net hyl - 15(3, 16( 3- net hyl ene-estra-4, 6-dien-3- one in 2.5 m of
pyridine, and the m xtures is stirred at roomtenperature for 18 hours. It
was then addééeno3-emeer and extracted three times with ethyl acetate, and

the conbi ned79p93R4 C oRNasES, WL S NoBAGH, W th1LM; sy ds 8ehlQldee aehd, s Wat er
and brine until neutral, dried over sodiumsul fate, concentrated in vacuo

and chronat 8§t8phed orPkililcd7g8l wWPEh Hebfrrier®ia 1 et 983t 1y of

pure 18- et hybopsh31 16§ B-nethyl enep! DepnpetRPI sReLoXard, B; di @heB-9ne were

obtained. Crystal- l|jization froma etone/hgxgge res%lted i.n crystals of

nel ti ng poin¥n§3&pl§5 - o) PYBHIES ( cAPDr 6P6r X Ergsldﬁxfﬁﬁﬁ?ﬁ .

Exanpl e 2 18tMebbyl teapéaatalel Gordietivyhene- 10- nas- 20esipiadaited 4=€n- 3- one

A suspension of 9.41.9 of trinmethylsulfoxoniumiodide. in 210 m of.dinethyl

Sl Toxi do vatBter; ABA GRERoETE SPEBR SOnRh i dr (e ot o o 17 oom

t enperat ure tbhadecoabgordf ororzardur s @naseaf teeraddwtsbrdof with g ot

18- methyl - 15031665 JRLDVLene- 1920 28-Sl uas G diase JroneyLexarpl e 1),
enp or ed a

and stirred at room tenperatufe hours. rki'ng up inclu ddition
to water, eRveactisrdidm eesuilfesew t cendshtoaieedt e innasrieagow tand wat er

and brine unthlongHbEahpndhYi néh OVEs; 1304 Umyesul fal ey evaARQLAl idithfp dryness
'hovacuo andacetate. 630 mg of pure 1B-methyl-15B,16R-methylene-19-
nor-20-spiroxa-4,6-dien-3-one were obtained. Crystal-
lization from acetone/hexane resulted in c¢rystals of
melting point 134-135°C, J[alp = -80.6°C (chloroform,
¢ = 10.03 mg/ml).

Example 2

18-Methyl-6qa,70,15pf,16p-dimethylene-19-nor-20-spirox-
4-en-3-one

A suspension of 9.41 g of trimethylsulfoxonium iodide
in 210 ml of dimethyl sulfoxide was stirred with 1.71 g
of sodium hydride (60% in o0il) at room temperature
under argon for 2 hours and, after addition of 5.7 g of
18-methyl-15p3, 16Rf-methylene-19-nor-20-spiroxa-4, 6-dien-
3-one {(example 1), and stirred at room temperature for
20 hours. Working up included addition to water,
extraction three times with ethyl acetate, washing with
water and brine until neutral, drying over sodium
sulfate, evaporating to dryness in vacuo and
chromatography on silica gel with dichloromethane/-
acetone. Fraction II of the chromatography afforded
438 mg of 18-methyl-6a,7a,15B,16R-dimethylene-19-nor-
20-spirox-4-en-3-one. Crystallization from acetone
resulted in crystals of melting point 228-230°C,
falp = +40.2° +/- 0.2° (chloroform, ¢ = 11.1 mg/ml)



chromat ography on silica gel with dichloronmethane/- acetone. Fraction Il of
"the chromat ography afforded 438 ng of 18-nethyl-6a, 7a, 15(3,

16p- di met hyl ene-19-nor- 20-spirox-4-en-3-one. Crystallization from acetone
.resulted in crystals of nelting point 228-230C, [a]D = +40.2 +/- 0.2

(chl orof ormWwe 2008/A0GF Il ) WO 2008/-000521 - 17 - PRCTERR20G7L0G05833

Exanpl e 3 18- Met hyl - 6p, 7p, 15p, 16p- di net hyl ene- 19- nor - 20- spi r ox- 4-en- 3-one
By the nethod of exanple 2, fraction | of the chromatography afforded 1.2 g
of 18-methyl- 6(3,7(3, 15R, 16( 3- di neERGTRAE- 329 nor - 20- spi r ox- 4- en- 3- one.
Crystallization from acetone/ hexane resulted in crystals of nelting point

13- Net yl - 10 R IREL 198 ot 24} SR et ot ion 2B ne 312 m

of copper(l)4-€étho3+cﬁieawere added to a soI ut| on of 1.0 g of

18- met hyl - 3, 3- net ne-1.9-nor-2 ro 46d|en30e xarrple 1)
in 20 nl of 5é3fe ﬁydPSEﬁP &L r SRR er t ur eF2EnHOT het m?? t(aF
stirred for dfiromantdesaief orealﬁélomgledool ed. :to ngC OflaVI ri@—ﬁ@@:l’mj.-of

al um niumc r irr o 30 m nut es,

having 3. 32%%#@915;(9%% rragn%%%fé%r ofngr‘idgjCE ut| on I[T%))g e rahydr of ur an)
added dr opwi Gey sl bea et | r fedmat acesmééhewneehounfeS\Mrtledng ug! i nvol ved
adding 3 m ofys 2y dseChord £ aCighd, thﬁ&;@ﬁd@n Mg e gl 5 595G

stirring at roomterrperature or> 0.5 hour s to water, extracting
three times (Fhlreeiggmacetat®;d Iﬁﬁ&mh)g over sodium sul fate, concentrating
in vacuo, and chromatography on silica gel with hexane/ethyl acetate.

Example 4

18-Methyl-15p,16p-methylene-7¢-propyl-19-nor-20-spirox-
4-en-3-one

31.2 mg of copper{I) chloride were added to a solution
of 1.0 g of 18-methyl-153,163-methylene-19-nor-20-
spiroxa-4,6-dien-3-one {example 1) in 20 ml of
tetrahydrofuran at zroom temperature, and the mixture
was stirred for 10 minutes before being cooled to
-15°C, having 200 mg of aluminium chloride added, being
stirred at this temperature for 30 minutes, having
3.34 ml of propylmagnesium bromide solution (2M in
tetrahydrofuran} added dropwise, and being stirred at
-15°C for one hour. Working up involved adding 3 ml of
2M hydrochloric acid te the reaction mixture at -15°C,
gtirring at room temperature for 0.5 hours, adding to
water, extracting three times with ethyl acetate,
drying over sodium sulfate, concentrating in vacuo, and
chromatography on silica gel with hexane/ethyl acetate.
Crystallization of fraction I resulted in 233 mg of
18-methyl-15R, 16p-methylene-7a-propyl-19-nor-20-spirox-
4-en-3-one as crystals of melting point 142-143°C,
[a]lp = -2.79 (chloroform, ¢ = 9.5 mg/ml).

Example 5

18-Methyl-158,16p-methylene-7p-propyl-19-nor-20-spirox-



Crystallization of fraction | resulted in 233 ng of
- 18- et hyl - 15( 3, 168- net hyl ene- 7a- pr opyl - 19- nor - 20- spi r ox- 4-en-3-one as
crystals of nelting point 142-143C, [a]D = -2.7 (chloroform ¢ = 9.5
.mg/m ). Exanple 5 18-Methyl-15p, 16p- net hyl ene- 7p- propyl -1 9- nor - 20- spi rox WO
2008/ 000521 WO 18008 AEIYEP2007/ 005893 ~ 4-fen- 3- one BYCIHEPAROAdA C689%8xanpl e 4,
fraction Il of the chromatography afforded 241 ng of 18-nethyl-15(3, 16( 3-
met hyl ene- 7R- propyl - 19- nor - 20- spi rox-4-en-3-one as solid of nelting point
87-88C, [a] Cf=en1y- e (chloroform ¢ = 10.0 ng/ m) Exanple 6
7?, 18- Di Ims‘t zw_- 11%19%:\A6:ﬂemﬁédlmyl 6ﬂe-é§aﬂ91e2043pl EQ&céﬁ'@ﬁ-_ Qionafofttn@e net hod
of exanple 4 wit met_hy es rom de i t her i nst
pr opy| magnesF T G IRERY qré#clﬂm 32]1 Hed cHt n&%&%ﬁj‘“ﬁ%&dﬁé@d 483 ny
of 7a, 18- dh&Ehyyénd 5B bEemEL -y -anes 4 26 nar 26k -spi ¢105G doren-  3- onasas solid
of nmelting point_ 190-191C D =6.5. (chl f c = 10.16 | o -
Exanple 7 73-41%-Di thyi“?ggi\fl%p- eV enceg:ﬁﬁorar’- 20- & Dr()”x-ﬁ:?fe';?- 3-one By
t he met hod ofclekanpfer®, dractdoh nd/mf) the chromatography afforded 201 ny
of 78,18-dinmethyl- 15(3, 16(3-net hyl ene-19-nor-20-spi rox-4-en-3-one as solid
of nmelting point 172-173C, [a]D = -11.2 (chloroform ¢ = 10.35 ng/m).
Exanpl e 8 7a-Ethyl-18-nethyl-|5A, 1B eh§l ene- 19- nor - 20- spi r ox-
4-en- 3-one By the nmethod of exanple 4 with 3M et hyl magnesi um
70,18-Dimethyl-15p,16f-methylene-19-nor-20-spirox-4-en-
3~one
By the method of example 4 with 3M methylmagnesium
bromide in ether instead of propylmagnesium bromide,
fraction I of the chromatography afforded 483 mg of
70,18~dimethyl-15p, 168 -methylene-19-nor-20-spirox-4-en-
3-one as solid of melting point 190-191°C, [alp = 6.5°
(chloroform, ¢ = 10.16 mg/ml).

Example 7

7B,18-Dimethyl-15p,16p-methylene-19-nor-20-spirox-4-en~
3-one

By the method of example 6, fraction II of the
chromatography afforded 201 mg of 7B,18-dimethyl-
153, 16p-methylene-19-nor-20-spirox-4-en-3-one as solid
of melting point 172-173°C, [alp = -11.2° (chloroform,
c = 10.35 mg/ml).

Example 8

7a-Ethyl-18-methyl-158, 16f-methylene-1%8-nor-20-spirox-
4-en-3-one

By the method of example 4 with 3M ethylmagnesium
bromide in ether instead of propylmagnesium bromide,
fraction I of the chromatography afforded 453 mg of 7ua-
ethyl-18-methyl-15p3, 16R-methylene-19-nor-20-spirox-4-en-
3-one as egolid of melting point 197-198°C, [alp = -6.7°
{chloroform, ¢ = 10.42 mg/ml).



brom de in ether instead of propyl magnesi um brom de, fraction | of the
“chromat ography afforded 453 ng of 7a-

et hyl -1 8- met hyl - 15( 3, 16( 3- et hyl ene- 19- nor - 20- spi r ox- 4-en- 3-one as solid of
.melting point 197-198C, [a]D = -6.7 (chloroform ¢ = 10.42 ng/m). WO
2008/ 000521 wWo019008PCTOEP2007/ 005893 - Exanpl e 9 PCT/EP2007/005893

7P- Et hyl - 18- net hyl - 15P, 16p- net hyl ene- 19- nor - 20- spi rox- 4-en-3-one By the
nmet hod of exanple 8, fraction Il of the chromatography afforded 113 ng of
7p- et hyl - 18- net hyl - 15P, 16p- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3-one as solid
of nmelting point 185-187C, [a]D = - & @hlgoroform ¢ = 9.4 ng/m).
Exanpl e 10 7a-Ethenyl - 18- net hyl - 15P, 16( 3- net hyl ene- 19- nor - 20-

spi rox-4-en-3-one By the nethod of exanple 4, fraction | of the

chronat ogr aphg-athol ded-R86hH1 AU5Pf 16p-MAeERPYEene819-nor-20-spirox-

met hyl -1 5(3, 6R—n§ gxlene 19- nor - 20- spi rox-4-en-3-one as solid of nelting
poi nt 188- 198T=" @ .59.8 (chloroform c = 9.87 ny/m ). Exanple 11

7(i - Et henyl - 8- mahbyl mﬂaﬁhSleB-fﬁETeBt)ﬁh@ﬂ%— 1@-,norfr%£3;~tﬁ:pi r axr 4-ceh- 3:=lome By t he

met hod of exa le 4 t|o f ot chro ff rde 4.4 ng of
7(3- Et henyl - W@Fﬁ??"a nfB'J(%mﬁeeq htﬁéné@q 9° %O&g%’f é) one as
solid of neltEﬁglﬁ@rmEtﬁﬁgeﬁéeIB hal B2 &-sBYréx- thheBebnen1as :sdlﬂd ng/ m).
Exanpl e 12 op h 15B, 1 - et hyl.eng- 1

Spi r ox- 4-en- ééoneq§99Fhégé %g g%gfxgzagﬁle b fraéglgnlé%ﬁﬁﬁﬁé¥%rm

c = 9.4 mg/ml
Example 10

7a-Ethenyl-18-methyl-15p,16f-methylene~19-nor-20-
spirox~-4-en-3-one

By the method of example 4, fractiom I of the
chromatography afforded 280.6 mg of 7o-ethenyl-18-
methyl-153, 16f-methylene-19-nor-20-spirox-4-en-3-one as
solid of melting point 188-190°¢C, [a]p = -59.8°
{(chloroform, ¢ = 9.87 mg/ml).

Example 11

7p~Ethenyl-18-methyl-1583,16f-methylene-19-nor-20-
spirox-4-en-3-one

By the method o¢f example 4, fraction II of the
chromatography afforded 54.4 mg of 7B-Ethenyl-18-
methyl-15p, 16BF-methylene-19-nor-20-spirox-4-en-3-one as
solid of melting point 149-150°C. [a]lp = -37.6°
(chloroform, ¢ = 5.11 mg/ml).

Example 12

7a-Cyclopropyl-18-methyl-158, 16 -methylene-19-nor-20-
spirox-4-en-3-one

By the method o¢f example 4, fraction I of the
chromatography afforded 360 mg of 7oa-cyclopropyl-
18-methyl-15p,16p-methylene-19-nor-20-spirox-4-en-3-one



chr omat ogr aphy afforded 360 ng of 7a-cycl opropyl -

18- net hyl - 153, 16( 3- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one WO 2008/ 000521 - 20
- PCT/ EP2007/ 005893 as solid of nelting point 167-168C. [a]D = -55.3
.(chloroform ¢ = 10.14 ng/mM ). Exanple 13

7P- Cycl opr opid -2 avEi(yd 21153 3, 16B- net-hylCere- 19- nor PRU/EZBLPBXOA5E8A33- one By
the nmethod of exanple 4, fraction Il of the chromatography afforded 63 ng
of 7p-cycl opropyl - 18-nmet hyl - 15p, 16p- et hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one
as solid of aml tdmigiPpoiaht FEAtEZEC. faiiy = 166198 Y(%hl ortbifrorny 58 -3°10. 18

ng/ m). Exanple £ srd 8-Didretdivl ¢ 1R3in46B- met hyl ene- 19- nor - 20- spi r ox- 4- en-
3-one a) 15a- Acet oxy- 3, 3-et hyl enedi oxy- 18- net hyl - 19- nor- andr ost-5-en-17-one
40 m of ethylene glycol and 27.5 m of trinethyl orthoformte were added
to a solution of 10 g of 15a- Example 13

acet oxy- 3- net hoxy- 18- net hyl -estra-3, 5-di en-17-one in 140 m of

di chl oronet hane and, after addition of 670 ng of para-toluenesulfonic acid,
t he m xt ur e VpCEdlidprsby Ioi1 8 -aes B HyeqES ft 16 fo-rletthyil dranl 9 -Hors-20es f ol | owed
by addition of 1. 85 m of ridine, dilution with dichloronethane, washing
with satur at@E S8 UM bi coéf%onate solution, water and brine, drying over
sodi um sul f & atrite coneeintd atohg examvatao. 411. frgcofoncrlide of the

15a- acet oxy- - | OX - hyl --19- nar - drost-5-en-17-o0ne were

obt ai ned. b)%@%ﬁ%&ﬁg}di oéﬁf%ﬁggrrét hy‘?3—115%, 16p“-}lprretﬁ?| ecﬁé’-%%é’-%p

nor - andr ost -B8-gwe t lorles A Isafspreatsiolenst - 128.108 ¢ Gfsmidarethydrsd fan@ni um

todide in Zl0 m;p0fg didet By SYd oxidle, pas Stirded W tiyd 92 g6 g0
{chloroform, ¢ = 10.18 mg/ml}.

Example 14

4,18-Dimethyl-15p,16f-methylene-19-nor-20-spirox-4-en-

3-one

a) 150-Acetoxy-3, 3-ethylenedioxy-18-methyl-19-nor-
androst-5-en-17-one

40 ml1 of ethylene glycol and 27.5 ml of trimethyl
orthoformate were added to a soclution of 10 g cof 15a-
acetoxy-3-methoxy-18-methyl-estra-3,5-dien-17-one in
140 ml of dichloromethane and, after addition of 670 mg
0of para-toluenesulfonic acid, the mixture was stirred
at room temperature for 1 hour. This was followed by
addition of 1.85 ml of pyridine, dilution with
dichloromethane, washing with saturated sodium
bicarbonate solution, water and brine, drying over
sodium sulfate and concentrating in wvacuo. 11.1 g of
crude l5a-acetoxy-3,3-ethylenedioxy~18-methyl-19-nor-

androst-5-en-17-one were obtained.

b) 3,3-Ethylenedioxy-18-methyl-158,16f-methylene-19-
nor-androst-5-en~17-one

A suspension cof 28.75 g of trimethylsulfoxonium iodide
in 210 ml of dimethyl sulfoxide was stirred with 4.92 g

0of sodium hydride (60% in o0il) at room temperature



of sodium hydride (60%in oil) at roomtenperature WO 2008/ 000521 - 21 -
~PCT/ EP2007/ 005893 under argon for 2 hours and, after addition of 11.1 g of
15a- acet oxy- 3, 3- et hyl enedi oxy- 18- net hyl - 19- nor- androst-5-en-17-one, stirred
.at roomtenperature for 20 hours. Wb rking up involved addition to water,
extraction tH0e2008n@80MEth et hyl acet dtle,- washi ng BUT/EP 27610 G Dr i ne
until neutral, drying over sodium sulfate and concentrating to dryness in
vacuo. 10.2 g of crude 3, 3-ethyl enedi oxy-18-nethyl -15(3, 16p- net hyl ene-

19- nor - andr 08edsr earyPLoH@NE? chobrai rad., G#@@%%Jadﬁlﬁa@ﬁo@ffﬂdnﬂadbtone

resul ted in geystals jof, neldd PO e 1 Alenta 18-methyl-19-nor-
3, 3- Et hyl enedi oxy- 18- et h I-f%%r negﬁé]éhejfﬁgi TTeR

(pr op- 2- eny| $29HORGT 2 AP EIO%eenS ?53%@ a1 TRPMof SEPERRAINR FneSd um

brom de sol uhb@psin wbla&i}y ether waﬁf@za@aed 58@M YohO arsol yidtmy of 10.2 g
of 3, 3-et hyl enedi ox yl -15(3, 16 3- yl ene-19-

nor - andr ost - %xEﬁaEVXﬁﬁet ﬁeﬁzélﬁ? FlarcRIE V MECHARE Sat VORI He i xture

was stirred a&t@ﬁl f @fd oner hoalr . unEEhl s nwascf4l | ovdadying drcﬁxmi Sesc&ﬁ]dizﬂii on of
40 M of a ig? ted ammoni um.chl.ori de soluti on, stlrrln for 0.5

hour s, addlt?B CWITHNAT O ER EERVICSSacet a8 ﬁasﬁl &\ﬂtrlmater
and brlne unbflcmadbr£”3 - ety regn epdderscys-Adi i Syt I -t 5P aired -codevitarat4 ng t o

Yooy VL8, ShAONRLOGT apyy o8 | 18 8¢ hLdundipxanclsidd, acetate

et hyl enedi oxgzlaathe:n hyflcoms (8; 9818 neehyl ead- 17a-¢ypyopals of melting

enyl)-19- nor =g ?§157@@ 17(3-ol d)
3, 3- Ethylenedloxy 7a- ( 3- hydr oxypropyl ) - 18- net hyl -
15p, 16p- et hyl ene- 19- nor-androst-5-en-17p-01 1.4 1 of a 0.5M sol ution of

9- bor abi Cycl3533331i:ﬂﬂﬁré\ﬁed£&cy11@nnéﬁhﬁlmwﬂs pinéehyVEnée-Briged to a

sol ution of prop_g_enyf,3leth Legg }gé i?gl-f53 16( 3-
71 ml of a 1M allylmagnesium bromide solution in
diethyl ether were added slowly to a solution of 10.2 g
of 3,3-ethylenedioxy-18-methyl-1553,16p-methylene-19-
nor-androst-5-en-17-one in 120 ml of dichloromethane at
0°C, and the mixture was stirred at 0°C for one hour.
This was followed by dropwise addition cf 40 ml of a
saturated ammonium chleride solution, stirring at Q°C
for 0.5 hours, addition to water, extraction with ethyl
acetate, washing with water and brine until neutral,
drving over sodium sulfate and concentrating to dryness
in vacuo. Chromatography on silica gel with
hexane/ethyl acetate afforded 7.33 g of pure 3,3-
ethylenedioxy-18-methyl-15@, 16R-methylene-17a- (prop-2-
enyl)-19-nor-~androst-5-en-173-ol

d) 3,3-Ethylenedioxy-170- (3-hydroxypropyl)-18-methyl-
15p,16p-methylene-19-nor-androst-5-en-17p-o0l

1.4 1 of a 0.5M solution of 9-borabicyclo[3.3.l]lnonane
solution in tetrahydrofuran were added to a solution of
80.3 g of 3,3-ethylenedioxy-18-methyl-15f,16p-
methylene-170- (prop-2-enyl)-19-nor-androst-5-en-173-0l
in 900 ml of tetrahydrofuran at 25°C, and the mixture
was stirred at 25°C under argon for 4 hours followed by

slow dropwise addition of 30.5 g of sodium hydroxide in



“net hyl ene- 17a- (prop-2-enyl)-19-nor-androst-5-en-17[3-ol in 900 m of
tetrahydrofuran at 25C, and the m xture was stirred at 25C under argon for
4 hours followed by slow dropwi se addition of 30.5 g of sodi um hydroxide in
-WWO 2008/ 000521 - 22 - PCT/EP2007/005893 425 ml of water at 0C, stirring at
25C for 5 miWQOte808/8Poh2dr opwi se addi t3dnm of 155 ﬁCWﬁERﬂﬁ%%ﬂQQﬁﬁﬁ31

hydr ogen peroxide, and stirring at 25C for 18 hours. This was foll owed by
dilution with ethyl acetate, washing with water, drying over, sodium sulfate
and concent #abifg 6 HRFREsEt A Fac &6 laT 180Cat8357 g fgt > minutes,

3, 3- et hyl enedi g¥y- lizap@saydaa&m&@ﬁyl )Jf18-li56t hﬁl' - of 30% strength
15p,16p-neth%lgne | 9- nor - andr ost - 5- en- 17p- obt |neg as an oil. e)

3, 3- Et hyl ened¥8x§9%8- RECRYTS prE?E% feth +%%eaf9 Br $%-%ne A
solution of BRi€ gwas 3f83€¢@gﬁemaﬂlOxyldﬂfbd(3w1th ethyl acetate,

hydr oxypr opyl 8- neth -15 h Iene | 9- nor - androst en- 17 in
170 nl  of pyV%ﬁ%ﬁ%gmé% Q% ’th §%f °¥&Fa- £O7 L esdT%%n@? CHIC orlde and
stirred at QSﬁbéntraﬁlhgurSO | dryass s heim ditated vatt h @Yyl et af e,

washed with ter.a b e drie sodi um

sul fate and %%n%ént?g?ggé#£&£§9§ngzg |%n%gcﬁ%£§#£%€%} gg Iqef')P{ﬁ?![crude

pr oduct mere15bbléBﬂ@dthﬁ%eOﬁalﬁgnaphqn@nost+5c®ngb7BmﬂlHweh@xane/ethyI
acetate affo 54 fe 3, 3-

ethylenedloxéggglﬁgghy? %%3816p met hyl ene- 19-nor - 20- spirox-5-ene. Crystals
of the pure conpound had a nelting point of 58-60C, (a]D = -9.3
(chloroform ¢ = 10.59 ng/m). f)

18- Met hyl - 15P, 16p nethﬁlene 19- nor - 20- sg 0X
sulfurie aci B (Bo3SEFBRUSRSEHEIE- LhcEat v
3, 3-et hyl enedbexgoi8piebyb~ene

A sgolution of 80.7 g of 3,3-ethylenedioxy-l7a-(3-

one of aqueous

{58788 rmerhristetleoy

hydroxypropyl)-18-methyl-15p, 163-methylene-19-nor-
androst-5-en-17f-01 in 170 ml of pyridine was mixed
with 48 g of para-toluenesulfonyl chloride and stirred
at 25°C for 24 hours. It was then diluted with ethyl
acetate, washed with water and saturated brine until
neutral, dried over sodium sulfate and concentrated to
dryness in vacuo at 60°C. 75.8 g of crude product were
obtained. Chromatography on silica gel with
hexane/ethyl acetate afforded 50.5 g of pure 3,63-
ethylenedioxy-18-methyl-158,163-methylene-19-nor-20-
spirox-5-ene. Crystals of the pure compound had a
melting point of 58-60°C, [a]lp = -9.3° (chloroform,
¢ = 10.59 mg/ml).

f) 18-Methyl-15B,168-methylene-19-nor-20-spirox-4-en-
3-one

50 ml of aqueous sulfuric acid (8% strength) were added
to a sclution of 50.5 g of 3,3-ethylenedioxy-18-methyl-
158,163 -methylene-19-nor-20-spirox-5-ene in 500 ml of
methanol, and the mixture was stirred at 25°C for
8.5 hours. This was followed by addition to sodium
bicarbonate solution, extraction three times with ethyl
acetate, washing with watexr until neutral, drying over

sodium sulfate and concentration to dryness in vacuo at



~15p, 16p- net hyl ene- 19- nor - 20- spi rox-5-ene in 500 mM of nethanol, and the

m xture was stirred at 25C for 8.5 hours. This was followed by addition to
sodi um bi carbonate solution, extraction three tines with ethyl acetate,
-washing with water until neutral, drying over sodiumsulfate and
concentrati o t0ER HYMeEs21 n vacuo at WO320608/ 00052 PCT/EB2L0PCILER2G07/ 005893
50C. 46.2 g of crude product were obtained. Chronatography on silica gel

wi t h di chl oromet hane/ - acetone resulted in 25.8 g of pure 18-nethyl-15p, 16p-
met hyl ene- | HYE - 20-5pi % ox- 4-%h- 3-Biele Cr podustof Mg e pult®tédmssund had a
mel ting poi ntnAm298s dral R 13 1td 4 Jeahl Qafor i chiorbhekn®an-) . 9)

4, 18- Di et hyl - 15p, 16p- net hyl ene- 19- nor - 20- spi r ox- 4- en-tg}l-yﬁne To sol ution
of 508 ng of2§REHRi HReHeFEIpUbxFaedi B o ARFef Lemetbtarnol wéPs added,
at a bath t efig@eialele-1 DIndO0LD - S sedxHd -aon of -dng. obri8caREhydf 15Mel 6p-

met hyl ene- 19- nor - 20-spi rox-4-en-3-one in 20 m of tert- butanaql d, over
t he %:lourse gt ze hoﬁ?@?‘l"énéecgﬁg $ol l.ﬁl?l ¥ 1P 8f |éc§)%ﬁ%tlﬁgﬁe inv50 m

of tert- butpmpl = add 4°hg dibdrwfermvgs oSt Mroed. atg/amlhath  tenperature of 100C
for another hour. It was then concentrated in vacuo to one third the
volunme, diluted wth ethyl acetate, washed twice with water and three
tinmes with sat ufat@®&d0inéthyl-dks ol ehronetthyiens sif froe-2 Grabiomeeht rated to
dryness in V@IQ_L% del g of crude product were obtained. Chronatography on
silica gel wt <?1exane,/ ethyl acetate afforded 301.2 ng of 4,18-
di met hyl - 150TA6p- wetlrione-db- hod - 2g- Yfi rextIs2HB- 6AET-RITSHLAE M el ting
poi nt 155- 1566 m] &b P Eeid-bLEAhOL OFOEE) a8d5d10atdaMBalh) + ARG rkd
4- Chl or 0- 18- et hf/l - 15B, 16p- et hyl ene- 19- nor - 20- spi r ox-
of 00°C, a solution of 1 g cf 18-methyl-153,16p-
methylene-~19-nor-20-spirox~4-en-3-one in 20 ml of tert-
butanol and, over the course of 4 hours, a second
goluticn of 1.46 ml of iodomethane in 50 ml of tert-
butanol, and the mixture was stirred at a bath
temperature of 100°C for another hour. It was then
concentrated in vacuo to one third the wvoiume, diluted
with ethyl acetate, washed twice with water and three
times with saturated brine, dried over sodium sulfate
and concentrated to dryness in vacuco. 1.1 ¢ of crude
product were obtained. Chromatography on silica gel
with hexane/ethyl acetate afforded 301.2 mg of 4,18-
dimethyl-15f, 16f-methylene-19-nor-20-spirox-4-en-3-one
as solid of melting point 155-156°C. fals, = +1°
(chloroform, ¢ = 10.75 mg/ml).

Example 15

4-Chlorc-18-methyl-15p,16-methylene-19-nor-20-spirox-
4-en-3-cne

.38 ml of sulfuryl chloride was added to a solution of
1 g of 18-methyl-158,16p-methylene-19-nor-20-spirox-4-
en-3-one in 10 ml of pyridine at a bath temperature of
0°C, and stirring was continued for 3 hours. This was
followed by addition to water, extraction three times
with ethyl acetate, washing with water until neutral,

drying over sodium sulfate and concentration to dryness



4-en-3-one 0.38 m of sulfuryl chloride was added to a solution of 1 g of
18- net hyl - 15p, | 6p- net hyl ene-1 9-nor - 20- spi rox-4- en-3-one in 10 m of
pyridine at a bath tenperature of O0C, and stirring was continued for 3
-hours. This was followed by addition to water, extraction three tines wth
et hyl acet at®¥Q ReHI HYPLWIh water untdilZdeutral, &EEF/AF2606Y 0868%m sul fate
and concentration to dryness WO 2008/ 000521 - 24 - PCT/EP2007/005893 in
vacuo. 1.2 g of crude product wer e obtai ned. Chromat ograph on silica gel

wi th hexane/®t hyYa@¢et at &-2af ¥or 8éd 60498 n§rEfivplr ewere tained.

4- chl or 0- 18-dwet bt £ IPFa ek BOnn%tllecane;elﬁ WAPER Zﬁeiﬁhéﬁaétﬁan-a%&%eaS solid

of melting nt 149-151 ]D = +9. rofo 1 6 /m).
Exanpl e 16 £P€ 16%? %GéLg’aofSIi"i’é?S %lcﬁgﬂﬁﬂ e“‘f@hﬁ&r Jlé% 15%-

spi r ox- 4- en- raeﬂﬁgelaﬂ&e I@Jérlitﬁ)ﬁ—m exanpt-e1déh Vi {dhd. 5 gsof &8imat hylof

6a, 7a, 15(3, 1 dineth l.ene- of - splr 4-en ne sulted in 220 ny
of 4, 18-di mﬂé@‘f 1%, 7R 15153 ]112‘%%_{#%%1 hyl gﬁé 197 %0?920 sﬁ*ﬁr%ﬁ fe £ EH- 3- one as
solid of rmedt+npl pob mgA®D} 191C. [a] D = +103.3 (chloroform ¢ = 10. 22

ng/ m.). Exanple 17 4, 18-Di nethyl -6p, 7p, 15P, 16B- di net hyl ene- 19- nor - 20-

Spi rox-4-en-3-one The nethod of exanple 14 with 0.66 g of 18-nethyl -

6(3, 73, 15(i, 16( 3- di met hyl ene- 19- norExEgnsks rIdx- 4- en-3-one resulted in 186.7
ng of 4,18-dinethyl-6(3,7(3,15(3, 16(3-

di met hyl ene- 19- nor - 20- spi rox-4-en-3-one as solid of nelti nzg poi nt 175-177C.
[a] D = - 230. #:%%mmwlarhﬁacm 43P 756 Bref Hngthydemgt £9 1mor-

spirox-4-en-3-one

The method of example 14 with 0.5 g of 18-methyl-
6a, 7a,158,16p-dimethylene-19-nor-20-spirox-4-en-3-one
resulted in 220 mg of 4,18-dimethyl-6a,7a,i5B,163-
dimethylene-18%-nor-20-spirox-4-en-3-one as solid of
melting point 190-191°C. [alp = +103.3° (chloroform,
¢ = 10.22 mg/ml).

Example 17

4,18-Dimethyl-6p,7p,15f,16p~dimethylene-19-nor-20-

spirox-4-en-3~one

The method of example 14 with 0.66 g of 18-methyl-
63,7B,15pF,163-dimethylene-19-nor-20-spirox-4-en-3-one
resulted in 186.7 mg of 4,18-dimethyl-6B,7p,153,163-
dimethylene-19-nor-20-spirox-4-en-3-one as solid of
melting point 175-177°cC. falp = -230.7° (chloroform,
c = 10.7% mg/ml}).

Example 18

4-Chloro-18-methyl-6p,78,15p,16f-dimethylene-19-nor-20-

spirox-4-en-3-one

The method of example 15 with 0.66 g of 18-methyl-
6B,7B,15F,16F~dimethylene-19-nor-20-spirox-4-en-3-one



_4-Cnhl or o- 18- net hyl - 6p, 7p, 15P, 16p- di net hyl ene- 19- nor - 20- spi r ox- 4- en- 3-one
The met hod of exanple 15 wth 0.66 g of 18-nethyl -

6(3,7(3,15(3, 16( 3-di net hyl ene-19- nor - 20- spi r ox- 4- en- 3-one WD 2008/ 000521 -
-25 - PCT/ EP2007/ 005893 resulted in 303.4 ng of 4-chloro-18-nethyl -
6//3,7/6, 15/ 150 & 40 vty | ene- 19- nor~ Z0 spi r ox- 4- ECIIEGRS 0739 0561%3d  of
melting point 152-153C. [a]D = -222.7 (chloroform ¢ = 10.30 ng/m).
Exanpl e 19 4-Chl oro- 18- net hyl - 6a, 7a, 15/ 3, 16a-di net hyl ene- 19- nor - 20-

spi r ox- 4- en-B32YhLghe mitthod 393 ekanmpe 15 ¥ft h 3L MHrer 1Emedd i~

6a, 7a, 15/, 164 3-p | L iseb T s SPS I QXr 4 @l Pt ARe- 4 rasi 1@k in 128 ny
of 4-chl oro- 1%?%'?%$1y16a 7a%?é5?%,? 16/ 3- or

di net hyl ene-39- FOL150- pi MBLULEH- BOdRE ak° %0l of eIt i mg "PFdiant” °177- 178C.
[a] D = +80. O(diehdesObafiMc &= =10 R O4ndihIr ) . WO 2008/ 000521 - 26 -

PCT/ EP2007/ 005893 d ains 1.

18- Met hyl - 15( 3, 16( 3- net hyl ene- 19- nor - 20- spi r ox- 4-en- 3-ones of the general
formulal 0 HZ/ R7 R RB Fornul &tample i ch Z i s an oxygen atom two
hydrogen atons, a group =NOR or =NNHSO2R, where R is a hydrogen atom or a
straight- or branched-chain al kyl group having 1 to 4 or 3 to 4 carbon
atons, R4 i st-Chiaregkirme vyl s6hal @gkhs at oz dimathyledie b9 onet 10 - gr oup,
and R6 and/ ogpﬁownm_\@e_&é)r (3 configuration, and R6

The method of example 15 with 534 mg of 18-methyl-
6a,70,158,1683-dimethylene-19-nor-20-spirox-4-en-3-one
regulted in 128 mg of 4-chloro-18-methyl-6a,7¢,158,168-
dimethylene-19-nor-20-spirox-4-en-3-one as solid of
melting point 177-178°C. [alp = +80.0° (chloroform, ¢ =
9.94 mg/ml) .



~and R7 are independently of one another a hydrogen atom or a straight- or
branched-chai n al kyl group having 1 to 4 or 3 to 4 carbon atons or a
straight- or branched- chain al kenyl group having 2 to 4 or 3 to 4 carbon
-atons or a saturated cycloal kyl group having 3 to 5 carbon atons or

t oget her ar éCa 208t 1gr oup or a -d@éble bond. RCT/EP2007/005893

18- Met hyl - 150, 16, 6- net hyl ene- 19- nor - 20- spi r ox-4-en- 3-ones of the general

formula I, characterized in that Z is an oxygen atom 3.
18- Met hyl - 158,288 net hyl ene- 19- nor - 20- spi r ox- 4-en- 3-ones of the general
formula I, characterized in that R4 is a hydrogen atom a nethyl group or a

chlorine atom WO 2008/000521 - 27 - PCT/EP2007/005893 4.

18- Met hyl - 150, 160-8rdlai1vand-Pe L6 meghyprrsx 18- 8RF -39 58 T6¥ -¢h&Tgener a
formula |, chayms e zewk iqerddiatl REmnd R7 together are a 5a, 6a- or

50, 60- et hyl ene group or an additional_bond. 5.

18- Met hyl - 150, 160- net hyl ene-1 9- nor~20/sprjr ox- 4-en- 3-ones of the general
formula I, characterized in that s g methyl, ethyl, propyl or ethenyl
group in the a or 0 configuratigenh™s cycl opropyl radical inthe aor O
configuration. 6. Conpounds a8 claim1l, specifically

18- net hyl - 153, 163- net hyl e \ 3l\r oxa- 4, 6-di en- 3-one

18- et hyl - 153, 163- net hyl €} - 20- spi r ox- 4- en- 3- one

18- et hyl - 63, 73, 153, 163-drQed B |,9- nor - 20- spi r ox-4- en- 3-one

18- et hyl - 6a, 7a, 153, | 63-di net hy ene-ﬁg-nor-zo-spirox-4- en- 3- one
18-nethy|-153,163-nethy|eneRWa-p&opyl-19-nor-20-SQ%Hﬂmél4-en-3-one

in which

Z is an oxygen atom, two hydrogen atoms, a group =NOCR
or =NNHSO;R, where R is a hydrogen atom or a straight-
or branched-chain alkyl group having 1 to 4 or 3 to

4 carben atoms,

R* 1is a hydrogen atom, a halogen atom or a

trifluoromethyl group,

and R® and/or R’ may have o or P configuration, and R®
and R’ are independently of one another a hydrogen atom
or a straight- or branched-chain alkyl group having 1
to 4 or 3 to 4 carbon atoms or a straight- or branched-
chain alkenyl group having 2 to 4 or 3 to 4 carbon
atoms or a saturated cycloalkyl group having 3 to 5
carbon atomg or together are a methylene group or a
double bond.

2. 18-Methyl-158,1683-methylene-19-nor-20-spirox-4-en-
3-ones of the general formula I, characterized in that

Z is an oxygen atom.

3. 18-Methyl-158,168-methylene-19-nor-20-spirox-4-en-
3-ones of the general formula I, characterized in that
R' ig a hydrogen atom, a methyl group or a chlorine

atom.



18- et hyl - 153, 163- net hyl ene- 73- pr opyl - 19- nor - 20- spi r ox-
7a, 18- di net hyl - 153, 163- net hyl ene- 19- nor - 20- spi r ox- 4- en-

4- en- 3-one
3-one 73,

18- di nmet hyl - 153, 163- net hyl ene- 19- nor - 20- spi r ox- 4-en- 3-one

-7a- et hyl - 18- net hyl - 153, 163- net hyl ene- 19- nor - 20- spi r ox- 4-en- 3-one

73- et hyl - 18-wet k908 1630 1838- net hyl ene-1Rhor - 20- spi rREE/ ERED-73-0d1Fs 93

7a- et henyl -1 8- net hyl - 153, 163- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one

73- et henyl - 18- net hyl - 153, 163- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one

7a-cycl opropyl - 18- net hyl - 153, 163- net hyl ene-19- nor - 20- spi r ox- 4-en- 3-one WD
2008/ 000521 5 28 18Eﬁé%ﬁ%?oﬂgﬁ9@§§9§ethylene—19—nor—20—spirox—4—en—
73-cyc|opropgl-I8-nethy|-153,163-nethy|ene-19-nor-20- spl r ox-4-en- 3-one

4, 18- di met hy

988s 185- rch\ A HOTIRHR shi r 6R2¥26ReT3Z6Me in that

4-chl or o- | 8-petdnd -R5 3ol het hteere H08-aa0r -020-5pi 0Mne tdrny@lerd G up

4, 18- di met hyl - 63, 73

53, 163- dj net hyl ene-19-nor-20- spirox-4-en-3-one

4. 18- di met hyP¥ 631 7399581 PR3l dPHBEhy | ene- 19- nor- 20- spi r ox- 4- en- 3- one

4-chl or o- 18- net hyl - 63, 73, 153, 163- di net hyl ene- 19- nor - 20-

Spi r ox- 4- en- 3- one

T oy raeBt 1 oap e LRy g R BRI S 10 000~ 20 oS Pr LN de 8D S o0

any of clai ng-dnés 6fanmdhea ggplearalncbutmekd | ¥, acteptabkeicadr iier .that

R’ is a methyl, ethyl, propyl or ethenyl group in the «
or B configuration or a cyclopropyl radical in the a or

8 configuration.

6. Compounds as claimed in claim 1, specifically
18-methyl-15p, 16B-methylene-19-nor-20-spiroxa-4,6-dien-
3-one
18-methyl-15fB,16B-methylene-19-nor-20-spirox-4-en-3-one
18-methyl-6f3, 78, 153, 16f-dimethylene-19-nor-20-spirox-4-
en-3-one

18-methyl-6a, 7a, 1583, 16B-dimethylene-19-nor-20-spirox-4-
en-3-one

18-methyl-150, 16B-methylene-7a-propyl-19-nor-20-spirox-
4-en-3-one

18-methyl-15p, 16B-methylene-7pf-propyl-19-nor-20-spirox-
4-en-3-one

7o, 18~dimethyl-1583,16B-methylene-19-nor-20-spirox-4-en-
3-one

7B, 18-dimethyl-1503, 163 -methylene-19-nor-20-spirox-4-en-
3-one
7a-ethyl-18-methyl-15B,16B-methylene-195-nor-20-spirox-
4-en-3-one

7p-ethyl-18-methyl-15B, 16B-methylene-19-nor-20-spirox-
4-en-3-one

7o-ethenyl-18-methyl-158, 16B-methylene-19-nor-20-
spircx-4-en-3-one

7B-ethenyl-18-methyl-15p, 16B-methylene-19-nor-20-
Sspirox-4-en-3-one

7a-cyclopropyl-18-methyl-1503, 16B-methylene-19-nor-20-

spirox-4-en-3-one



8. The pharmaceutical product as clainmed in claim7, additionally
conprising at | east one estrogen. 9. The pharmaceutical product as cl ai ned
in claim8, conprising ethinylestradiol. 10. The pharmaceutical product as
.claimed in claim8, conprising a natural estrogen. 11. The pharnaceuti cal
product as chaipedsynoctaim 10, conprizd ng estradiRIT/EE2.COTHEO 05893

phar maceuti cal product as clainmed in claim 10, conprising estradiol

val erate. 13. The pharmaceutical product as clained in claim10, conprising
at | east one7Bonyubareebestidgeathyl-158, 16B-methylene-19-nor-20-

spirox-4-en-3-one

4,18-dimethyl-15p, 16B-methylene-19-nor-20-spirox-4-en-
3-one

4-chloro-18-methyl-1503, 16B-methylene-19-nor-20-spirox-
4-en-3-one
4,18-dimethyl-6B,7B,15B,16p-dimethylene-19-nor-20-
spirox-4-en-3-one
4,18-dimethyl-6a, 70, 150, 16B-dimethylene-19-nor-20-
spirox-4-en-3-one
4-chloro-18-methyl-603, 7B, 153, 16p-dimethylene-19-nor-20-
spirox-4-en-3-one
4-chloro-18-methyl-6a, 7a, 153, 163-dimethylene-19-nor-20-

spirox-4-en-3-one.

7. A pharmaceutical preoduct comprising at least one
compound as claimed in any of claims 1 tc 6 and a

pharmaceutically acceptable carrier.

8. The pharmaceutical product as claimed in claim 7,

additionally comprising at least one estrogen.

9. The pharmaceutical product ag claimed in claim 8,

comprising ethinylestradiol.

10. The pharmaceutical product as claimed in claim 8,

comprising a natural estrogen.

11. The pharmaceutical product as claimed in claim 10,

comprising estradiol.

12. The pharmaceutical product as claimed in claim 10,

comprising estradiol wvalerate.

13. The pharmaceutical product as claimed in claim 10,

comprising at least one conjugated estrogen.



