18- Met hyl - 19- nor andr ost - 4-ene 17, 17-spiro ether (18-

met hyl- 19- nor - 20- spi rox- 4-en- 3-one), and pharmaceutical products
conprising the sane The present invention relates to

18- et hy1- 150, 160- et hyl ene-19- nor - 20- spi r ox- 4- en- 3-ones [correspond

to WO 2008/000521 -1 - PCT/EP2007/005893
[ (178) - spi ro[ 18a- hono- 15a, 16a- di hydr o- 3' H cycl opr opa[ 15, 16] estr- 4- ene
-17, 2" - per hydrof uran] - 3-ones) of the general formula | in which

Formula] Zis m@&\xﬂqnlgtaekaa&pomﬂiw 19, @asspgrar%r'\{cﬁ
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atom a hal ogen atomor a prbﬂhuasommmﬁnﬂsnygompe aage R4 and/or R7 may
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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 carbon atoms,

R* is a hydrogen atom, a halogen atom or a
trifluoromethyl group,

and R® and/or R’ may have a 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
atomgs oxr a saturated cycloalkyl group having 3 to 5
carbon atoms or together are a nmthyléne group oOr a
double bond.

Z is preferably an oxygen atom.



In the case where R6 and/or R7 is a saturated cycl oal 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
suitabl e hal ogen atom R4 is a fluorine, chlorine, brom ne or iodine
atonm chl ori €0 i 20 /EF528d anpngst the8e- | n the REBAERHISTY OR6893
and/or R7 is a straight- or branched-chain al kyl group having 1 to 4
or 3 to 4 carbon atons, a suitable one therefor is a neth et hyl ,
n-propyl or aF ntB&t GRSGrElBTeof af s FByI=NORs or N[‘ﬁ#’tz?bu Ryps’
group. R6 anthR¥ffarablpr ef @ydbbyen Syetiogen atom and a net hyl, et hyl
or propyl group or together are a nethylene group or a doubl e bond.
In the case of an alkenyl radical R6 and/or R7, this is in particular
an ethenyl radi calitatie pﬁété#gbbl—recmem@bﬁdecbﬁlla satlutlat egoup

cycl oal kyl grmr@ and/pr4Rehayi ng 3t @aPp6Rr BeBmat GNP &S mdh@y1,
cycl opropyl Cl&f The conpounds nenti oned bel ow are particul arI y
preferred accordiing Iflop]f?i%y} nfEnfof-Putyl group or an isopropyl,

18- met hy 1- 15135d-6 Gxmetehryl-bney 19gnonp 20- spi r oxa- 4, 6- di en3- one

18- met hyl - 151 19s Xz 4=

18- et hyl - 7%“]%5 r%t%yrret %yl gne -nor-ZEJBsﬁl ?%ﬁulsalp&? C§CIOalkyl
18- net hyl - 6a TELWE0, 3 60Hidiakd thprenshege AoF - £9- 3 pryY®koRroPYdn- 3hykyl
18- met hy1- 1513 16Je3r t@ﬁ;@@e 7a- propyl - 19- nor - 20- spi r ox4- en- 3- one

18- met hy1- 15 1613 ne-70-p | -19- nor - 20- spi r ox4- en- 3- one
7a, 16- di net h BES AT e LR BT X Ta R, gres of
70, 18- di net hydhllmrifﬁlatlmt hyl ene- 19- nor - 20- spi r ox- 4- en3- one

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 cyclopropyl
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-15B,16Bf-methylene-19-nor-20-spirox-4~en-3-one
18-methyl-6B,7B,158, 16f-dimethylene-19-nor-20-spirox-4-
en-3-one
18-methyl-6o,7a, 150, 16B-dimethylene-19-nor-20-spirox-4-



7a- et hyl- 18- net hyl- 15P, 1613- et hyl ene- 19- nor - 20- spi r ox4- en- 3- one

70- et hyl- 18- net hy1- 150, 16p- net hyl ene- 19- nor - 20- spi r ox4- en- 3- one

7a- et henyl- 18- net hyl - 1513, 1613- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one
713- et henyl-18-nmet hyl- 19, 1613- et hyl ene- 19- nor - 20- spi r ox- 4- en- 3-one
7a- cycl opr opyde 18 0etdnnk21513, 163- net hyiene- 19- nore@OrEP2007 /005893

Spi r ox- 4- en- 3- one _

713-cycl opropyl- 18- net hyl - 150, 10- net hyl ene- 19- nor - 20-

Spi r ox- 4- en- 3ewnE-one

4, 18- di et hyllﬁﬂé”c}%ﬁ]—?i's &bg%@@ﬂ&ﬁ@%@%ﬁgwoigAns%@%irox-

4- chl or 0- 18- net hrﬁ- 50, 160- et hyl ene- 19- nor - 20- spi r ox4- en- 3-one

4, 18- di met hy 12 TR 3°P$13, 1613- di met hyl ene- 19- nor - 20-

Spi r ox- 4- en- 3t ®hee dnAS-14iRne 6 pyde Gay T B3 pt 6By Il bRt iyt -€a0e-s18 re—- 20-
Spi rox-4-en-3;o0ne -_

4-chl or o- 18- rr%t%ef- 6’6@70 1513, 16P- di et hyl ene- 19- nor - 20-

Spi r ox- 4- en- 31@® —dlmethyl—15B,166—methylene—19—nor—20—sp1rox—4—en—

4-chl or 0- 18- mptdpel - 6a, 7a, 1513, 1613- di net hyl ene- 19- nor - 20-
Spi r ox- 4-en- 3-
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e) is a novel3prmogest ogen which is present for exanple in the oral

contracepti ve;fARMNS1 2Rl th)e - PE IS N LRl 25 -2 883 6 68t TRAL. Of
4-en-3-one
7p-ethyl-18-methyl-158, 16B-methylene-19-nor-20-spirox-
4-en-3-one
Ta-ethenyl-18-methyl-15f8, 16B3-methylene-19-nor-20-
spirox-4-en-3-one
7B-ethenyl-18-methyl-15f3, 16f-methylene-19-nor-20-
spirox-4-en-3-one
7a-cyclopropyl-18-methyl-158, 16f-methylene-19-nor-20-
spirox-4-en-3-one
7B-cyclopropyl-18-methyl-15f3, 16B-methylene-19-nor-20-
spirox-4-en-3-one
4,18-dimethyl-15f, 16f-methylene-19-nor-20-spirox~-4-en-
3-one
4-chloro-18-methyl-150, 163-methylene-19-nor-20-spirox-
4-en-3-one
4,18-dimethyl-6B,75,15B, 16B-dimethylene-13-nor-20-
spirox-4-en-3-one
4,18-dimethyl-6a, 7a, 153, 16B-dimethylene-19-nor-20-
spirox-4-en-3-one
4-chloro-18-methyl-6fp, 7p, 150, 16B-dimethylene-19-nor-20-~
spirox-4-en-3-one
4-chloro-18-methyl-6a, 7a,15p,16B-dimethylene-18-nor-20-
spirox-4-en-3-one.

Drospirenone (6B, 7f~15fB, 16p-dimethylene-3-oxo-17-pregn-
4-ene-21,17B-carbolactone) is a novel progestogen which
is present for example in the oral contraceptive
YASMIN® and the product ANGELIQ® for the treatment of



post menopausal synptons (both SCHERI NG AG . Because of its
conparatively low affinity for the progestogen receptor and its
conpar atively high ovul ation-inhibitory dose, Drospirenone
drospirenone is present in YASMN(r) in the relatively high daily
dose of 3 ny.wdrzmEy o@e2a i S not abl e-f or— havi ng, par/adiotizgn 06898 he
progestational effect, an al dosterone-antagonistic
(antim neral ocorticoid) and anti androgenic effect. Both these
properties nekes draampaveadnswetprsi mbbah iSﬁ:HER§N§héGhaCBIE§Qil§aI of

profile to thenatdsplarRite9es,09es, pracﬁ%tl%yon@ofhl Lﬁlldglé%togen
dr ospi renone however, has .insufficient oral bioav bilit

therefore an TBf&RIC%f ERE prebdnt TTRRETETINELE pr ’Vﬁ e & 85&8?'
whi ch have a imsthidiegodoaked profile than drospirenone in relation
to their binding to the progesterone receptor_and mneralocorticoid
receptor, and preferably have a stronger .‘Png t han drospirenone to
the progesterone receptor. It is preferablylintended that the novel
conpounds have a nore potent proges a#Cef f ect than drospirenone,
but have a weaker antim neral ocoti fect than drospirenone, or
one conparable to the Iatter. achi eved by the

provi sion of the 18-nethyl - :thylene 19- nor - 20- spi r ox- 4- en-
3-ones of the general fornu g i bed herein. The novel conpounds
are distinguished in the pPoge f eroRg receptor binding assay using
cytosol fromrabbit uterus honbgenate and 3H pPogesnerdne as

ref erence substance by having a conparable or higher affinity for the
progest er one decgpimEndokant sir pgpsesnode HxEMINEs Rtakher raflbiavtyyf or
e nor &l 0%l CaLe ¢ CGRRED o | P ALt IR APOEN NS BN £or

drosplrenone(se ble
having, 1n. addition to the ;progest ional effect, an

aldostercone-antagonistic {antimineralocorticeid) 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 teo the
progesterone receptor and mineralocorticoid receptor,
and preferably hawve a stronger binding than
drospirenone to the progesterone receptor. It is
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, 1L6p-methylene~-19-nor-20-spirox-4-en-

3-ones of the general formula I described herein. The
novel compounds are distinguished in the progesterone



MR[ KF] PRIRBA] MR [RBA] DRSP 2.5 0.3 40 333 2 2.34 0.4 43 250 6
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receptér binding assay using cytosol from rabbit uterus
homogenate and *H-progestercne as reference substance by
having a comparable oxr higher affinity for the
progesterone receptor than drospirenone and by a
smaller affinity for the mineralocorticoid receptor
from rat kidney homogenate than dreospirenone(see Tab.

1) .
Table 1:
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 g8 167
7 1.08 0.5 93 200
S 4,295 42 23 2
i2 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]: *H-progesterome = 1; MR [XF]: *H-aldosterone = 1;
PR [RBA]: "H-progesterone = 100; MR [RBA]: *H-aldosterone = 100

The compounds of the invention are surprisingly
distinguished by strong progestational activity and are
highly effective after subcutaneous administration in
the pregnancy maintenance test on rats.

Procedure for the pregnancy maintenance tesgst 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
sexrves to determine the peripheral progestational
activity of a compound.
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Rats are mated during proestrus overnight. The mating
is checked on the morning of the following day by
inspecting a vaginal smeaxr. The presence of sperm is
regarded in this case as day 1 of the onset of
pregnancy. On day 8 of pregnancy, the animals are
ovariectomized under ether anesthesia. Treatment with
test compound and exogenous estrogen (esterone,
5 ug/kg/day) 1is carried out subcutaneously once a day
from day 8 to day 15 or day 21 of pregnancy. The first
administration on day 8 1is carried out 2 hours before
the castration. Intact control animals receive vehicle

exclusively.
Evaluation:

At end of the experiment ({day 15 or day 21), the
animals are sacrificed under a CO; atmosphere and living
fetuses (fetuses with beating heart) and implantation
sites (early resorptions and dead fetuses including
autolysis and atrophic placentae) in both uterine horns
are counted. On day 22 it is 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 is
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 formulas 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.
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Owing to their progestational activity, the novel
compounds of the general formula I can be used alone or
in combination with estrogen in pharmaceutical products
for contraception.

Because of their favorable profile of effects, the
compounds of the invention are particularly suitable
for the treatment of premenstrual symptoms such as
headaches, depressive moods, water retention and

mastodynia.

The dosage of the compounds of the invention in
contraceptive preducts 1s 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 dose is
preferably administered once a day.

Suitable estrogens are synthetic estrogens, preferably
ethinylestradiol, but alsc mestranocl.

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-mencpausal symptoms
and in products for hormone replacement therapy (HRT).

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



13 18 3.01 88 33 1 PR [}CF]: 38-progesterone = 1; MR [KF] :

3H al dosterone = 1; PR [ RBA]: 311-progesterone = 100; MR [RBA]:

3H al dosterone = 100 The conpounds of the invention are surprisingly
di stingui shed by strong progestational activity and are highly
effective aftwo BodeiaCOtedus adm ni st Fadi en in t hePQT RNy 005893
mai nt enance test on rats. Procedure for the pregnancy nai ntenance
test on rats: Renoval of the corpora lutea or castration in pregnant
rats induces abortion. Exogenous supply of progestins (progestogens)
i n combi nat i ophahdceutsWalabbeodlases obassdewid oged aehkeVeaHmpounds
mai nt enance ofrth? Péefnaqu. The Ere%nagﬁé mai_nt enance test on.,
ovari ect omi zed" Faf S8Rt ed t B ddt BPRTRE Y“BePph&ral ™ prigestatiténa
activity of atbenpotiwe imRatesiimmé,nwhededapbngppraestituscamemgitglon.
The mating is,checked 0%§€%ﬁ§%r,n' NGl tBRef OldOWiRG da¥iddtances,
i nspecting a vagi nal snear. e presence of sperm.s regardeg'ln this
case as day 19bFUSTHES o¥RRTSfERRRRTIAEE ToFdEY FIGVoEEefr&ncRsudte
ani mal s are oyar phatngtaeticdilet e€hielo@nesth@sicanvéretidenhedi tdhe

test conpound d Qgenous esttoge esterone, 5 gg/kg/day) is
carried out s%%%h %%eougﬁﬁ 5ﬁgélggdg?g??on1day 8 to day 15 or day 21
of pregnancy. The first adm nistration on day 8 is carried out 2

hours before thergasd r8diObhel Pagbreoat bobianidmhssteseive ¥ehighe

excl usi vel y. )
y particular tablets, coated tablets, capsules, pills,

suspensions or solutions.

Particularly suitable for parenteral administration are
0ily solutions such as, for example, solutions in
sesame oil, castor oil and cottonseed oil. To increase
the solubility, it is possible to add solubilizers such
as, for example, benzyl benzoate or benzyl alcochol.

It 1s also possible to incorporate the substances of
the invention into a transdermal system and to use it
for transdermal administration thereof.

The novel compounds of 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 scheme 1 starts for example from
dienol ether 2 (Hofmeister et al. Arzneim.-Forsch.
36(1), 781, 1886).

RO



Eval uation: At end of the experinment (day 15 or day 21), the animals
are sacrificed under a CO2 atnosphere and living fetuses (fetuses
with beating heart) and inplantation sites (early resorptions and
dead fetuses including autolysis and atrophic placentae) in both
uterine hornsware0eHWOGERL On day 22 kt9is additi opattEPIEKINEISE9B0
exam ne fetuses for malformations. In uteri wthout fetuses or

i nplantation sites, the nunber of nidation sites is found by staining
with 10% strengt h amoni um sul fi de sol ution. The pregnancy

mai ntenance rate is calculated as the ratio of -the numf¥r of living
fetuses and the total nu N\, hidation sites (bqth&sorbed and

dead fetuses, and nidatiq ). The conpounds_© ¢ invention of
t he general for mul a I hd N strong progespa activity wth,
at the same tinme, weald b G\t o the—andr S

(dissociation). It ditionally been fg at conpounds_of the

i nvention show argrota m retaining,
(antineral corticoid) effect in adrenal ectonized rats. Owsing to their
progestational activity, the novel conpounds of Sthe general fornula I
can be used alone or in conbination with estrogen in_ pharnmaceuti cal
products for contraception.mﬁg%ause of their favorgll ejprofile of
effects, the conpounds of e |nvention are partisyl: Py sui table for
the treatnment of prenen depressi ve
noods, water retenti ory : “e conpounds of
the invention in cg g produets 1S . romO0.01 to 5 nmg,
preferably 0.01 tg iy, ~ber day. The daify dosé«for the treatnent of
pr enenst r ual synﬁ%ons is about 0.1 to 20 ng. The progestational and
estrogenic active |ngred|ent conmponents in contraceptive products are
preferably adm ni stered oraIIy together. The daily dose is preferably
adm ni stered ﬁnce a day Su table es%hxggns.are nt het.i ¢ estéog%ps
preferably et WP H§TEY raalol but al§ t r arol . eStFB3ERY

adm ni stered mﬁt@em&ﬂaQAQHnmﬁnthwhﬂéhacetaEQpanUB kmancmaﬂhdﬁBt<fdi 04
mg of ethinyl Sﬁ%ﬁﬁﬂéohltﬁh%{ﬁ%\éﬁklgﬂ OXOERRT nbPEy g£RET Bha! Uil |

can al so be enp oye har maceut | cal products e treat ment of
pre-, pen- nbﬁfﬁrsaﬁorsﬂﬁé‘i“&ﬁ‘ﬁfaﬁﬁ Pnljpr%u%qos 5-Ph@Pmerde
repl acement tbenapEPQMRﬁ) oﬁtsmerms%ed 291 sopd: pEOdUCt o2k@ and

primarily nat 7.€SPec y oI ters, for
exanpl e estr %|g+ %ik é or iﬁsebgéﬁjugéé 35%55%09 i5§% Es =

conj ugat ed eq&lh:el@%xqmgeﬁs)tlw arerpiegermutf oinexmailitdéonn the for
product PREMARLNG1e with allylmagnesium bromide in diethyl ether to

give a compound 4. Hydroboronation for example with

9-borabicyclo[3.3.1l]lnonane and oxlidative 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-dienol ether 5 and subseguent
elimination of hydrogen bromide (see, for example,
J. Fried, J. A. Edwards , Organic Reactions in Steroid
Chemistry, wvan 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, Bumberto
Carplio, A. Bowers and Carl Dijerassi in Steriods 1, 233
(1963). The elimination of hydrogen bromide takes place

by heating the 6-bromo compound with basic reagents



Phar maceuti cal products based on the novel conpounds are fornmul ated
I-n a manner knowa per se by processing the active ingredient, where
appropriate in combination with an estrogen, with the carrier
substances, diluents, where appropriate masking flavors etc. usual in
phar maceut i cato t:mﬂm@IO@@)Z,l and converdtingg-i nt o t heeai/sm2@d7 /005893
adm nistration form Suitable for the preferred oral admnistration
are in particular tablets, coated tablets, capsules, pills,

suspensi ons ctuFvlag:i G93. emampl eyl BiBY @UiliabPe FHrARIAtANt SPAVEnts

adm ni strati agucH ea@' Y m& hit £ Oftsarsieeh a§ tEﬁbe?éi@aﬁ‘ﬁ@ o§0|5‘3L[LQOSC| n
sesane oil, casto %Yagd cotto
b

gﬁ g g To | ncr ease
solubility, i%i % g2 tN%d GBFPPY e FETRTEN Sdsmfﬁr Sgx¥pFe,
benzyl benzoamezlorast)@wi)'thdaheohnl lutidiires alt®0 gpusschhpotnnd idhcor por at e

the SubSt anCes,Glo e d MLTHN ol Bx Beh BPSAELHBL, AHSIEMANA L0 use

it for transdermal adm ni stration thereof. e nove conpounds_of the

general formAd®alear é”oﬁﬁiepEYedk%@brmeﬁéoﬁé t he- ¢ nverititon damethyl-
descri bed beIMfomlwmrh@&h}qlrdwt eséol e n@x&hpﬂ& net=20-11 83

Spi roxenones ? g? tarfs fo L d|e er

ot 0 oA B el o BIETEogl o8k g0
E. J. Corey and M. Chaykovsky, J. Am. Chem. Soc 4,
867 (1962)}) into a compound 7, resulting in a mixture
of the o and B isomers (compounds 3a/3b) which can be
separated into the individual iscmers for example by
chromategraphy .

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-bromoc compounds of the general formula I
(where R' = bromine) reacted with methyl 2,2-difluoro-2-
{fluorosulfonyl)acetate in dimethylformamide 1in the
presence of copper(I) iodide.

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, EpP-A 0 150 157 , US-A 4,584,288;



RD 45 67 Conpound 3 (R = nmethyl) is then prepared by nethenyl ation
of the 15-acetate 2-by known nethods, for exanple with

di met hyl sul f oxoni um net hyl i de and sodi um hydroxi 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 fhaydkewaloos2d. Am Chem- Sac- 84, 867pddAf2))07/005893
Allylation is then carried out in position 17, for exanple with

al I yl mgnesi um brom de in diethyl ether to give a conpound 4.

Hydr obor onat i Bn ¥iorkiscngte ai. t hd9- Bed abifsyre| 0]43. 248Endhade) land

oxi dati ve wor ki ng up for exanple with hydrogen peroxide results in
the primary al cohol 5. Introduction of a A6 double bond takes place
by broni nati oh (ﬁ‘urttil?@r3 B Bt 1 tet héPT 5 RERPAIFSe qtBRL %‘IWW’N&PP&
of hydrogen btempeltndsseeonkastexadPl elizbetFr iredctdonA ofdvateds 4,(

Organi c Reactl ons5 |rn St£d?'19e Cohnem str%1r nget Nost r@n%oggnlﬁ Q*gcgorrplany

1972, pp. 265- 374 I eno i natton-can e for
exarrpl e i n andhegywnssanse m?ﬁhoﬂOd)iunﬂ aﬁ:etz@ermlthmb’@wOe@aml@,

Bower s and C%l'aoiﬂrf‘dﬁfss'oﬂcy”cﬁﬂl'déjsoﬁ p%%épﬁéz‘?@@) pehR8cRi 6Pl Hat ian
of hydrogen brom'de takes pl ace ﬁ% @eatl ng -bronmo conmpound _wth
I

basi ¢ reagent S91EGRIF &0 Wseﬁ& S E?‘%‘Pro%?r‘i‘_lﬁ?&% i AP FrGIPd e
sol vents suchxasahiaret hy.f aofineidesnt tenpengedtesand 30- WEChertel se

by heating thg 6:bronp jcdogg_ggag:z in a solvent such as collidine or

lutidine, to gi'vé conp ound 6 is then converted by
nmet henyl ati on of the 46 doubl e bond by known nethods, e.g. with

di met hyl sul f oxeai usnxﬁ@iﬂmléxﬂ»e CefBouh @ %&W'Ee QEse%i 1k B3 p2@QarbE- A

29 22 500, EP-A 0 O US- A 4,291, 029;

Chaykousky, JCORRURRAT SIE SSRC-8075018%5) T 1 o & e ihodii ol
resulting in gonmethyé, ohnthek’a el B’ | sopetrisey cHopouads 36¥i3Epnadi ch
can be separaggdyinto the individual isoners for exanple by

chr omat ogr aphy.

For this purpose it is possible to use for example a
method described by I. Burn et al. in Tetrahedron 21,
1619 (19%65), in which isomerization of the double bond
is 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¢yclochexene. 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 proportions of
hydrogenated products can be prevented by adding an
excess of sodium acetate.

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

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

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

results (selective hydrogenation of the exo-methylene



I ntroduction of a substituent R4 can for exanple starting froma
conpound of the formula 6 by epoxidation of the 44 double bond with
hydr ogen peroxi de under al kaline conditions and reaction of the
resulting epoxides in a suitable solvent treated with acids of the
general formya 3dogRéooshere - R4 may -be2a-hal ogen miomee008/005893
pseudohal ogen, or reacted with catalytic anobunts of mneral acid and,
where appropriate, the resulting 4-brono conpounds of the general
formula | (whewetRen: brard nejchbeace®d Wt h toenkfer2, Tvdicbbeoabion

(fluorosul fonyd ) acepabagkn @i npt hﬂrﬁ&fé@fméiﬁ i® Hhe or psense1of .

copper (1) iodjde. | nt roduction o | ene gro p c nta | ace
for exanple ham i ng 3G om= 3 arg:'r%"g)?s di élﬁgrl \Z JﬁgégP?on

wi th formali dddivaltdokel Ee sokutbanls osdbrenta shathdy, ofpm‘eblayh\pgéoup
and subseque ic a er,, a

hydr ochl ori cnéécg%%mq oxgﬂrll%/ &afggegéﬁ'\rll\gkel i r#hﬂcg l%nrrcg o égd}: ﬁs
however, al schzak@cqgnrskee i ey shdtexengay deasatl tisniin aT¢J§Ut9@0lﬁym-@l9S

group is repl@@e%abme@hpﬁttséri\e@eam gr@h@l@ndpf&p&k@rbr%l | genaged.
Exanpl es of sui Ieleav fga |L3LE)S are the S‘%Ugﬁt (gilateg
benzoate (seé® A DA X RHEg °k.
Ni cki sch et adxa,mple Med. BCilnar,n D34 . ZiGdk (80 1) .) .Pekriour, t ITettrahedron
possibility fg; prapaslRg the 6-nethyl ene conpounds consists of
direct reaction of the 4 5) unsaturated 3-ketones with acetal s of
formal dehyde in the presence of sodiumacetate with, for exanple,
pthSDhorus om@h étreiddep]?ép@h?@ﬁwr;tﬁf DGBLamilabDri(&ﬁnﬂdhrﬁiﬁ L ael ealso
sol vents such_ as oro e, for example : n .

ot ol ster . ROTATIEN GF R S bchBPEEO G ht nEOFs B O TIBSRFETHRES
6- net hyl ene cb*rmm@g ear beagted for mzeqsmla curhfo wtdy iehet bevgeher al
formula | in whith B8 | So800H 1R BBt Ry . @Nch RO-adRAet 098] heEhgorm

an additional bond. "For this purpaose it is p033|ble to use_fo

exanpl e a metMHFFRESer i Ped FRFBYHBE n ACUERES | PiretFahedrth Zie 4619
(1965), in Wr];i—oib]jum&anﬂfahion af::.dihe doubbévbondhies achirewpdnlyng
heating the l.ene npao n &t Eiano WL 5% | a bon
catal yst, mh?jcﬁitta%é beerrll%%r etrea ed el ther 'J%/J\[/llth Iﬁydr%g% g gﬂf@ﬁ
heating with 1@C'éfk‘iimllzF—'érmur‘ﬂm-“élngcycItcbtiréxenéﬂeﬂiﬁré7~F=1§éifm|f| zaﬁﬁéﬁcéaﬂe

al so take pl agR:MidaltiannF Pieis esief aahawstbohﬁ a8 | paEuIngopf
cycl ohexene is added to the.,reaction m xture e appear ance ﬁf smal |

proportions SFAPdFogENat &F1BFodBELR t AN %":ér ant &%y FadPhgean
excess of sodiarhemcetiat e.ad®i@par ani onswiteblnet hpbldedtei esudhoneas

ferval | ves \@oliMeNStnafbs0 RASSI © Mdastltvesesdt Aen, the

Hof nei st er, Laurent an echert
Conpounds i n SRfENaRE ORs CaR &lﬁé’t fhpcef BAacRoWiERN HYErprEparedoxidm

tT Ee g met hyl ere ﬂwpgﬁl Bslsndy bfplr Qg@n@'fxlaﬁ@léDdﬁlﬁaxadhlabbﬁcfmtbﬁns-
e best res ective enatlon t_.he exo-met ene
functi on) ar:a13l 35&%%9%?3 %I?“ gﬁ‘&t (IEQPR %igang&rmﬁé P.
Li nst ead and dan W tbBenM tkael IOpehed:heﬁxl@ty 35¥8ir{dl 954ppropieagtag

the 6- et hyl edl@cﬂ%fa'g%é%hﬂﬁs i1 18 Rl ta‘J,’)LLe a@kyent tRueh a%om{a@ﬁnds
exanpl e, et hanol sence of a hydride_donor suych as, fo

exanpl e, cycl¥h é’%@’f@xﬁ'r g@u?f]éyjr NCYESHYT0 R 4R éﬂb&'?lB]edGénrrE]f‘h?I way .
derivati ves. CSr@vIagpr @fordhicorts-keft o6 droeebyive ogpoundcaanthke place
i sonerized vv| f n, a
Petrow, Tetra edr {:gllrg gﬁ?lgsg{% h?é%ga&geftugﬁ g%elpab Fry%a ﬁér& Gﬁﬂgf
conpounds i s illsb m%m&onmmﬁl slasatp@séCl@h@rMIB) qundwpbiiareq

3-ketones aredigached Hof) exasgy & WehhnmehAyione &f YaQle bulAphbYky,
ort hof or mat e n dICh| oro thane in the presence of catal ytic ampunts

of an acid ( 39001 WehBsul £8Ri ce5ER)S 0 %J\Péet h@%@PPéspSﬁGFH@
3-ket al s. Thél}ﬂﬂl@hilﬂeb@td.uﬁiohh&ﬁcﬁ')dsp(l&lé | DrkéisOMBreAes catpotgdshi s

with a 6-alkyl group in the £ configuration. As an
alternative to this, ketal cleavage under more drastic
conditions (agueous hydrochloric acid or another strong



WD 2008/ 000521- 13 - PCT/ EP20071005893 acid) affords the correspondi ng
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

t hose described therein. The resulting conpounds of the general
formula I in which Z is an oxygen atomcan if desired be converted by

reaction with MWPd2e%8/UM5R& hydrochl orid® in the FELERERADLO0H893

tertiary anmne at tenperatures between -20 and t40C into their

correspondi ng Qxi es ener f ormul | 4 [ = wher e
t he hydr oxy gr%ﬁﬂi a"’lnfg%er%l‘}nsnfEl{s“f/n&’rorr‘?"5 ﬁ%‘?ﬂl rsz-)ldtzlagﬁ f %ptoa &terti ary
bases are for exanple trinethylamne, triethylamne, pyridine,

N, N- gi met Byl a”}caﬁﬁeﬁﬁﬂdﬂj n%&zbsﬁidﬁ@é’dibii&beeéﬂuﬁorp] n?nbYS-e:mfe £AN), and
1, 5-di azabi cyc 5.4 0] undec-5-e DB Wi t ref erence .faor

oy di ne. it  SgEgREhate n Erei i o phetes T piron T e 29801
for the prepar desoniledd cdnr espondixagpriedx b AD d’HE hegyi veg dfhese

drospi renone. ReeR¥& QkihHe Q¥R Hr QUR1bGoWE R Eibdd N@bsdfiaddct
of the generahﬁ%prnula | wth Z nmeaning two hydrogen atons can take

pl ace for exanp"& B} the method indicated in DE-A 28 05 490 by
reductive cl eavage of a thioketal of the 3-keto conmpound. The

ngLl O}Nieng exanghes AeLYeihe S¥Rb&Id Ner i BMENLABraD WBEATLt @i Iin
18- Nt hyl - 1513 VH855- fredfy PRIEXYSER PR GF ridx 4o918ed; BRacomeerted
di en-17-one A dyspesesitdenofwidh Ohgdofxylsaine ethydyo8hbetivexyin8-the
met hyl estra- 3, 37diefled 7oPNa( HY RES CLRtAL - at temperatures between
~20 and +40°C into their corresponding oximes (general
formula I with % meaning =NOH, where the hydroxy group
can be in syn- or anti-position). Suitable tertiary bases are
for example trimethylamine, triethylamine, pyridine,
N,N-dimethylaminopyridine, 1,5-diazabicyclo[4.3.0]non~
S5-ene (DBN) and 1,5~diazabicycle{5.4.0]undec-5-ene
(bBU), 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 2Z 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-spircxa-4, 6-dien-
3-one

a) 3-Methoxy-18-methyl-15p,l16p-methylene-estra-3,5-



Arzneim -Forsch. 36(1), 781, 1986) in 500 m of dinethyl sulfoxide
was added to a suspension of .254 g of trimethylsulfoxoniumiodide in
1165 m of dinmethyl sulfoxide which had previously been stirred with
43.5 g of sodium hydroxide at room tenperature under argon for 2
hours. The | atd ex008y 0DERLr ed at room tdnper at ur e Hawr/Ep20W7/NEe68335
hours. This was followed by stirring into 15 1 of ice-water/sodium
chloride, and the precipitate was filtered off, washed wth water,
and dried in SR 7ao"80C. 94.5 g of

35 et h0>o<|y- 18-ztretsmebeh@3d oiaGBgEZ mlfiB.ean; es:tfr ?36:3&5&&%!85}\:}3—;]30%' ERKY - 18-
obtal ned as cr e pr UCTL,. - a . cniorotorm -
9.9 my/m) b‘}elg“%s?i&w léfaé?ﬂyg?l%‘i%, 161‘3“-20#2'%%%%- 17§-L(pr08i2-
enyl) - est r a- AEmkien—-For3chl 524 (), of 7811M 3884t i onnof 500 ml  of

al I yl magnesi Jnde..| jsef.h t d ol pit 4 5.8
g of 3-nmet ho@%@{r?elt ﬁsydlﬁldé! %tf6ﬁansgtﬁe§g§{cgs%r %S%p%?s I elfllé%lo%g@i %

920 m of di cif oFBHBEHANS Wi condNa Sodided et Bl UnBkr O4r §émeflr Ll
hour. This was.:T®tiwediyhdhagwpsevaddsiy aneaf s29Q-rdHd efita a3t grat ed
ammoni um chl or);t de é.ol uLniIY at.dOC sti Eri g%ﬁéraq:c for .e5 hour s,

addi tion to wat et taki gﬁl?ﬁ‘lu 5 &FnyP%c & 2 HShiH SR £FROREL &P
until neutral? hhyisng Theerlagseirumrsubfareed ard weme drampstriatg tien for
vacuo. 86.5 ur¥her 1.5 hours. This was followed by stirring into
met hoxy- 18- nmet hy1- 1513, 16p- net hyl ene- 17a- &pr op- 2-enyl) - L

estra- 3, 5- di el 713E of “GRYZETMSATT LIordde pPoducte ERFSERIES2ER

t he pure conpeam e latbrmdrelftfi, ngapaett wbth 1dded,2@Gnd ahld=d- &A. Zacuo
(chl orof orm = 9. ny/ e C) _ 1a_ _ _
17a- ( 3- Hydr ox%or opeany ) - Bgn%tshgx - fg- rre%%%%xp},’ 1]6%&% ti%}’ller%eSPé:sLtSPa- 3,
5-di en- 1713- dneqmslepeniesyeréws%wm%wr@r gepor abiteynePl3. a5 1Fr8fAgne
in tetrahydroftsan-terezaddadd o, ajgplutisoncof (db.rdform, ¢ = 9.9

of 3- met hoxy- 18- pet.hy1- 1513, 1613- net hylene- 17a- (pr op- 2-

enyl) estra-B,I%q}cﬁ:]E)n- 1713-0l in 1 1 of tetrahydrofuran at 25C, and the
m xture was stirred at 25C under argon for 4 hours and then, at O0C,
33.77 g of sogh WoMdR-98 -4 - 18 Of e - %ﬂ.@ad

dr opwi se andf}g,after sto?k?‘ri Eghg% %Cﬁfﬁo?ﬁyﬁl{en&?&flglg%@ﬁﬂ% 30%
strength hydrEn &8 de nRt ez RIS added dropwi se and stirred at
25C for 18 hoars.mThiog wasli okbduetomdyost iallyhgadimné i bt ebnahbdd SOdi um
chl ori de, rempval, gf recipitat y filtratli . as hi wi .t h

wat er and dr;?lnegc 0 dtregﬁggse‘%lp%/a%&gie?t %%C.ar 9%9@851% hHIQB g ot
17a- ( 3- hydr ox3pmesgway )l 83mgbhibxi/s A8l dfetigrhyisng - ¢6f8a-3, 5-dien-

met hyl ene- estyA:-che>-iH el wr Abr Wel @ IR AIReEANnaS 26" Yde REAJYEE rred

Crystals of the pure c ound had_a lting poiint of 152-154C [alp =
-155. 2( chl oro‘—ﬁ)rﬁ]ccu‘g n§7§%ﬂﬂ§qrg¥ ou%. This was %o%‘{’owe by

1713- Hydr oxy-dftep«(izehydddiyjsropafy Doll alreblfy | d S s3rh6pe a@t Aynensumst r
a- 4, 6-di en- S'wforﬁ%efgi}ﬁg@ﬂéﬁmﬁtpf 0933',5 Qtag_Iring at 0°C £for 0.5

17a- ( 3- hydr oxypr opan - . ]

3- et hoxy- 18-etaf1- A% HErs- et Wt ehe - B3t eg 3uB- grestbplorcerades m
of 1-nethyl - 24MirQ) | HOfle WAEErSueResSineliraaddeghyiaty 06redl sBaRlimOf
a 10% st rengt hl}%to% um %%g ate solution and, at_this t rature, _35.9
g of 1,3-di broWo-E B- dPRSt hYPRY TR S n *For TROWR: tHe hikt Ife das

stirred at OQilgeabdBhnetdyl 613 hbf-meshyy eok- L7 ehi oot Hrerdel Jand
29.9 g of |'t£§%—%@r5b@?%§fg%?]§§%a%‘%@ M iR \r,\l;aéét%:'%@dé"a robihEEed

at a bath tenperature o 3.5 hours, It en sf%')l_rredlnto
i ce- wat er / sodr s GliSortethandurfe OMOLHPAt &P e ERRR PRt of
filtration, weshad2sd,h peater-sndost(ichiegdofsrtnes mistodsmat/alw.t h 250
m of ethyl acetate. 44.1g of 1713-hydroxy-17a-(3-

hydr oxypr opanyl) - 18- net hy1- 1513, 166- net hyl ene-estra-4, 6- di en- 3-one
wer e obt ai nedelasl TyS-dvdrokynebpanyl rd methdxy 138 GpeflaBD- 5B, 146 G-

methylene-estra-3,5-dien-17p-o0l
1.5 1 of a 0.5M solution of 9-borabicylo[3.3.1]nonane
in tetrahydrofuran were added to a solution of 86.5 g



di en-3-one 720 ng of p-toluenesulfonyl chloride are added to a
solution of 1.07 g of

1713- hydr oxy-17a- ( 3- hydroxypropanyl) 18- met hy1- 15p, 163- net hyl ene-estr
a-4,6-dien-3- one in 2.5 mM of pyridine, and the m xtures is stirred
at room t enpeg@t 2g@s fowosk8 hours. 1t was then addestepmaioer 08pds3
extracted three tines with ethyl acetate, and the conbi ned organic
phases were washed with 1M hydrochloric acid, water and brine unti
neutral, dri edfoveR-sedhonysldfegdylcddbedtpr anethy enadie-dmdop-2-
chromat ogr aphggl, Oy <3163 SQQEeHLWBﬂ?I(aﬂ?/ ?ti%f acst rg»dr%%grga gt
pure 18-net hy1-158, 163- net hyi ene- 19- nor - iroxa-4 i.en- 3-one
wer e obt ai ned? 5%§ys?%¢lFE%tWbﬁt?¥%nW%EeF5ﬁE¥ﬁ€x8He2Fe§uPPgﬁr|ﬁrgon
crystals of nebting pmulﬁ‘rs 1843 13%6n, [ apt) 6°c,8038C7¢chy oraff osdiam=

10. 03 mg/m) .
T8 oty 6, P o i 7 1 8 YEUSR oY S50, Bhok Adleds SReviee
suspensi on ofaxgd,41a§t@r stmﬂemql st £6%6nifgm iSodhkeuties 2117 4y mbf of

di met hyl sul foxd degpasngii 1 gk fp7élrog:1@.fe sQ@i-um kydihde 6A%I N
o1} 5t room {etmer SO S ngE 100, (0. PR Sl L7

of 5.7 g of
18- et hy1- 151801 G3vadet hyl esterkdngor 120e spiceowatérésdidbnd- ahd oféxanpl e

1), and stirrg, gga} ¥ O {48 @vgf%;gftaft%r m}gt&%u\éprkwghyﬂ gk deg

addition to r, extract ee tinme et hy acetate was
with water artPERd mdisivingeder SEYNEFSi Hy BY@H0 sHdiadfCsuPtabey of

evapor ati ng to7df ynessidoxypaepenahp- Thiaimbgonaphgrpplsisp cemel W th

di chl or onet hape s, ARl QU raF5 28t h0IL 17 lort 5ol SUBSARLAPLY RLLGLASC

18- met hy1- 6a, FeedEt3, 16arshiadet hyf ehbe ]l Purer Xpmasiung -hdena 3mgAging

Crystallizat |19(51H{g orrbgcetl@,gelggsgl teqlg_?p cr=yst_z_1|5$, ob nedgmggogg!rﬂt

228-230C, [a](g %16@92/ chloroform c 1 m) WO

2008/ 000521 7 ] 66?/005893 Exanpl e 3

1ﬁeNﬁLP¥Ld6g? 7i3,1F13,I6p dln?thylene 19- nor - 20- spi r ox4- en- 3- one By

E:hromat ogr ap {af?{?)_éﬂ’g%oﬁ_?eg %y‘?}owopanyl) 18-methyl-

613, 713, 1513, 4B 4. meathyiene- Egt%T“Q%"%lrﬂnr'@)("&ﬁen 3- one.

Crystal | i zat ipaf somuapehenehhexang el $£dinoc ¥l So:@prEphhiNg-

point 154- 1556, @ MR Gy 182t ehGIL PLOTOIM, G =12 UL )5 s gien-
17B-01 in 915 ml o¢f 1-methyl-2-pyrrolidone were
successively added, at 0°C, 91.5 ml of a 10% strength
scdium acetate solutiom and, at this temperature,
35.¢ 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 Iithium
carbonate were added, and the mixture was stirred at a
bath temperature of 100°C for 3.5 hours. It was then
stirred into 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 ¢ of 17B-hydroxy-17a-(3-
hydroxypropanyl) -18-methyl-158, 16 p-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,16p-methylene-19-nor-20-spiroxa~4,6-



-

Exanpl e 4

18- Met hyl -1 5P, 16B- net hyl ene- 7a- propy1- 19- nor - 20- spi r ox4- en- 3-one 31.2
nmg of copper(l) chloride were added to a solution of 1.0 g of

18- et hy1- 1513, 16f 3- net hyl ene- 19- nor - 20- spi roxa- 4, 6-di en- 3-one

(exanple 1) 'ﬁbngdéldﬂbBthrahdeOfUﬁaﬁsat room t epperSWoe., 08Bdothe
m xture was stirred for 10 m nutes before being cooled to -15C

havi ng 200 ng of al um nium chl ori de added, being stirred at thls
t enper at ure faéted®B-uneut es, having 3. 34 M of pr opyl magnesi um br om de

solution (2Mimn~tetr dr.o ro n ei tigred at
-15C for gne %ur%I qni % Egiglnfﬁﬂ' %ﬁ;ﬂﬁ%@&%§%519¥gzﬁp% gr&%ﬁl%rlc
acid to the r@@&ﬁﬁ%ﬂﬁ-nlﬂfuré-ép 915C9fstﬂ?5rg§d@Qthﬁﬁﬁ1 XUy e

for 0.5 hours r@@&hym;iyggmékgyl gggffﬁngutﬂyyéw@ kRS- iyl -
acet at e, dry|n over,s Eulfat onlg?tratl |n vacuo £an nd d
chr omat ogr aph§on*%i f1 am e?* wYht stirre

Crystallizatian oborraetperatumee Sigrt 6 m@u233 5204 @Es then added to
18- met hy - 157 o d G Sl L, 808 gﬂggﬁy%lﬂr@s n@{t;%o SRl taie?- ang as

crystals of ne tlng poi nt oroform,
ng/ M ). ExanpFees Cominel or@-’%ﬁltone H?@tsﬁéd aner@xaﬁfﬁrsée@ Wi éH[ ||

of the chromehpgreginbAlf eicded wdiefDand J&Bxﬁ@txkrytlﬂlﬁié’utk‘él?; dried
nmet hyl ene- 7P- Pyl 1 = nar - 20- %g%rox 4c§n- ~gnea in .
solidofnelting o1 nt § @% [ GO 2810, FLERTSEEFS M 1@ = ™ nyPRE)
Exanple 6 7a, Qﬂrqmanﬁgnﬁph§§8 168- meti Ay tane-gel nowi 2D- spiaxanedeshglone
By the method,ef: HAMER hgMde pwerrqtehmleﬁﬁgmeﬁsm@ggﬁatd@ﬂeﬂeehber

i nstead of pro Inagne5|un1bron1de fraction | of C ronato%raphy
af for ded 483 Hé?%ﬁo-splroxa -dien-3-one were obtalne Crvys

7a, 18- di net hylid&dinl 6 fBemetagicene/h8xaos - 2@sspLedx-id ey ol sasof
solid of ”E'tﬁé@kaH”£0%39 534Ca3k8k, 18 = (CRbogeRor Mh16:5£L0m16

/m
ny ). = 10.03 mg/ml).
Example 2

18-Methyl-6a,70,15p8,16p~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-15B, l6Bf-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,15p3,16p-dimethylene~19-nor-
20-spirox-4-en-3-one. Crystallization from acetone
resulted in erystals of melting wpoint 228-230°C,
[a]lp = +40.2° +/- 0.2° {(chloroform, c = 11.1 mg/ml)



-~

Exanple 7

713, 18- Di net hy1- 158, 168- net hylene- 19- nor - 20- spi r ox- 4-en3-one By the
nmet hod of exanple 6, fraction Il of the chromatography afforded 201
ng of 713, 18-di net hyl- 1513, 16P- et hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one

as solid of nghtigue @eigRL1172-173C, [ahp = -11.2 (=AlQreheriossss
10.35 ng/m ). Exanple 8

7a- Et hyl- 18- net hyl -1 58, 16p- net hy] . ene- 19- nor - 20- spi r ox4- en- 3- one By
the net hod of exanple 4 with 3M et hgkampglesi um bronmi de in et her

i nstead of propyl magnesi um brom de, fraction | of the chromatography
af f orded 453 of . .

7a- et hy1- 18- e tHetbydyy 686 7 8- hEE nYf Rriimedhydereo L8 pRPHR2 A= 2P¥me as
solid of el t4.rg}1.mioma 197-198C, [alp = -6.7 (chloroform c¢ = 10.42

/ mL
e by 1 A et 112 11 SEL ety | BREPLS. ndr - 267855 8R4- Bn- IEonkPBy

t he met hod ofclexamgiogr@phir actadfdiwridedof thh€ chromat o§r aphyp-attbyded

113 ng of 7p k¥ lnethylene~19-nor-20- 3-
1513, 165- net h@‘%hﬁgl % nor-20 § llnrroinedf en-n??-rone gglgg}lcl d %I% rreltl ng

poi nt 185-18 ystalﬂ}_zr?te-em oréFelinm e/ HRFARS) .  ERgRpFedlo 1B
7a- Et heny1- 1&mpddails 19¥3, k6Pt kg hypeiter 195m00580€, Spiapx-4-ans3iene
%Ot gengnegpog%&g[ ex?g%n%é, _f 5‘?‘§tﬁ1§ﬁm1|) _of t he chronmat ography afforded
met hy1- 1513, 1613- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3-one as solid of
mel ting point 188-190C, [alp = -59. aspiOrpform ¢ = 9.87 ng/nm).
Exanmpl e 11
18—Methyl-15§,16ﬁ-methylene-?a-propy1-19-nor—zo—spirox—
4-en-3-one
31.2 mg of copper(I) chloride were added to a solution
of 1.0 g of 18-methyl-15p,163-methylene-19-nor-20-
spiroxa-4, 6-dien-3-one {example 1) in 20 ml of
tetrahydrofuran at room temperature, and the mixture
was stirred for 10 minutes before being cooled to
~152C, 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 to the reaction mixture at -15°C,
stirring 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-15p3, 168-methylene~-7a-propyl-19-nor-20-spirox-
4-en-3-one as crystals of melting point 142-143°C,
[a]p = -2.7° (chloroform, ¢ = 9.5 mg/mi).

Example 5

18-Methyl-15p,16p-methylene-7p-propyl-19-nor-20~-spirox-



713- Et heny1- 18- net hy1- 1513, 1613- mat hyl ene- 19- aor - 20-

Spi rox-4-en-3-one By the nethod of exanple 4, fraction Il of the
chromat ography afforded 54.4 ng of 75-Ethenyl- 18-

nmet hyl- 15P, 163- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3-one as solid of
nel ting poi ntyd 490850Gosbah, = -37.6 (alsl orof orm m17EP2bd71008BY3
Exanpl e 12 7a- Cycl opropyl- 18- net hyl- 1S, 16p- net hyl ene- 19- nor - 20-

spi rox-4-en-3-one By the nethod of exanple 4, fraction | of the
chr omat ogr apHr-exf-Boogded 360 ng of 7a-cycl opropyl-

18-met hy1- 1533, 1843 ”%Ief&xbaneo%9 5-,%%% eser@A&qoﬁ oRe 8% sehkd
of nmelting poiint 167-168C hl oroform ¢ = 10.14
ng/ ). Exanxﬁhgqm§tography a forded 241 mg of 18- methyl 15B,16p-

713- CyCIOprOpNﬂbHﬁiEﬁELhﬁ1pi5@§fﬂiﬁ#ﬁﬂﬂﬁﬁGH@@ii@XH@Feﬁ€B -one as
sp|r0x4en3 Byt R |l e tion of €q0
chromatograph %or&’ed 6%@11—391{; Eéi‘ oprg;c])yé[é@(“C [&] E‘B 8
18- et hyl -15p{CIﬂp>n¢épWLeﬁe—1@0rﬁ)rrﬂ£2@ﬂl§pl rox-4-en-3-one as solid of
melting point 124-126C. fah, = -16.9 (chloroform c¢ = 10.18 ng/m).
Exampl e 14

4, 18- Di met hy1- 1513, 16p- net hylene- 195F8FR®-&pi r ox- 4- en3-one  a)

15a Acet oxy- 3, 3- ethylenedloxy 18- net hy1l- 19- nor andr ost - 5-en- 17-one 40

oy SUPYT onf 0lol6lnegs 2758, Dbp ey Bl b-REENS) LT e UG

added to a sol Ution o
15aacet oxy- 3-3foxy- 18- net hyl - estra- 3, 5-di en-17-one in 140 ml of

di chl or onet hagye and, midya addi témn;me 6ZO Wi hof marnaetmﬂu@@ﬁauhﬁﬁni c
acid, the m>§ure was, stirred at eratu

was fol | owed By adtH t 1n ®5FCT. 8’5“% r FdiCRE; mﬁ?‘i"ﬁ?}%‘ﬁ %rf’ﬁ‘lge
di chl or onet hairschi@shi hig ol thh%atqlmramedosndpmn bifEarbedat4s s alaut Bn,

water and bring, 1@!&%@%9%159%%&14})‘1%% 39dn6RNEENL s Atd:NG I -
vacuo. 11.1 %_33 crude

15a- acet oxy- 3 2% B SRHDIE 18ehettg 1095 thot ik Us1C5- ¥Hr17- Bne®

wer e obt ai nedichloroform, ¢ = 10.16 mg/ml).
Example 7

78,18-Dimetbyl-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 7p,18-dimethyl-
15B,16p~-methylene-19-nor-20-spirox-4-en-3-one as solid
of melting point 172-173°C, [alp = -11.2° {(chloroform,
¢ = 10.35 mg/ml).

Examplea 8

70~Ethyl-18-methyl-158, 16B-methylene-19-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 7a-
ethyl-18-methyl-15f, 16pf-methylene-19-noxr-20-spirox-4-en-
3~one as solid of melting point 197-188°C, [alp = -6.7°
{chloroform, ¢ = 10.42 mg/mi).



b) 3, 3- Et hylenedi oxy- 18- nmet hyl- 15( 3, 16p- net hyl ene- 19-

nor - andr ost - 5-en- 17- one A suspension of 28.75 g of
trimethyl sul foxoniumiodide in 210 m of dinethyl sulfoxide was
stirred with 4.92 g of sodiumhydride (60%in oil) at room
t'enperature Hpdesosy@yyfor 2 hours and, _after adglid b7,/ bbskog of
15a- acet oxy- 3, 3- et hyl enedi oxy- 18- net hyl- 19- nor andr ost - 5- en- 17- one,
stirred at roomtenperature for 20 hours. Wdrking up invol ved
addition to water, extraction three tinmes with ethyl acetate, washing
with water and brine until neutral, QQ%b ver sodium sul fate and
concentrating to dryness in vacuo. 10.2 g of crude

3, 3-et hyl enedi oxy- 18- net hyl- 153, 163- net hyl enel9- nor - andr ost - 5-en-17-0
ne were obt ai Pedeti¥FSistmeit kgt -05p | 1Oy eF29uhbLd2 d Nsisit-al S
of nmelting poj nt %%1 7C. «©)

3, 3- Et hyl ene é"ﬁ%thyl 1513, 163- net hylene- 17a( pr op- 2- enyl) - 19- no
r - andr ost - 5- eByl?‘d}.‘Ba olmethad off aekbmpleyl &mgnEsaamdir oMilde ofol dhieon

in diethyl et ﬁﬁ%@ o sql.ut jon-pf 2 Oh _
3, 3- ethylened?@ijmﬁg ]é%)gé c%é%31%%tﬁ§léﬁg %g eéﬁbl ﬁk(méthy}
nor - andr ost - 51 2l 4GA-GHRETYA en2o LAt ¥ - 30 TIRIGGMArRENd- 8RS 0@ S afdlike
m xture was spfrmedcahg Opolint aBe-hewrc, Thing, was- ifiol7lconash Iy oFoamiv se
addi tion of 40 m (H n:‘ﬁ:{seit[)urated ammoni um chl ori de solution, stirring
at 0OC for 0.5 houﬁ i'on to water, extraction with ethyl

acetate, washing with water and brine until neutral, drying over
sodi um sul fate and concentrating t Omeimy¥&sg ol N vacuo. Chromat ogr aphy
on silica gel with hexane/ethyl acetate afforded 7.33 g of pure 3, 3-
et hyl enedi oxy- 18- et hy1- 1513, 16p- net hyl ene- 17a- ( pr op- 2-

enyl) - 19- nor - tociEtdsiny8-a8-keét Bydl-15p) L6 ~methylene~19-nor-20-~

3, 3- Et hyl ened;] Sxds 3-h oxypropyl)-18-net hyl 1513, 16p- mat hyl ene- 1
9- nor-androstélgﬂe/ @p‘_}(nol-3 %ﬂ% 1 of a 0.5M sol ution of

9- bor abi cycl oF8. 3thg noraHed ol @i | oFraP et rlahy dRECELaR. wWer e Odddé&det o
a sgl :Jtl onlgf cﬁﬁoxﬁatgagafap&y? %tfh‘ﬁé'r@éédl PRy 4.8-mgpt %ﬂ lﬁa-?etlf%%dmle-f
met hyl ene- 17a- ( pr.ap-.2-e - 19: nor - andr ost - 5-en Q
tetrahydrofur%.éhgifiééfqﬁkdeﬁgyﬁ?Q?ﬁ é&SPﬁégxa% FoC Uhdef s
argon for 4 heulsdf ollfowere blyirsd owpdﬁ-opvm sEBB&addAX°iCon ofaBH.5 -¢%B°

sodi um hydr ox{de;dhestap @ -0b ¥a %. y 0C, stirring at 25C for 5
m nutes, sl ow dropw se addition of 55 mM of 30% strength hydrogen

perOX|de and stirring at 25C for 18 hours. This was fol |l owed by
dilution with ethyl acetate, washi rExasgle water, drying over sodium
sul fate and concentrating to dryness in vacuo at 60C. 80.7 g of

3, 3-et hyl enedi oxy- 17a- ( 3- hydr oxypr opyl) - 18- net hyl -

1513, 1613- net Tt Rthenyd~1§rmehbydsi5 b P -1ptdvdlenpe i 8-pbtra2fed as an

oil. e) 3, 3-Kiwckenednsyshgd- net hyl- 1513, i . 6- net hyl ene- 19nor - 2

0- spi rox-5-enge
P By the method of example 4, fraction II of the

chromatography afforded 54.4 mg of 7f-Ethenyl-18-
methyl-158, 16B~methylene-19-nor-20-spirox-4-en-3-one as
solid of melting ©point 149-150°C. ol = -37.6°
{chloroform, ¢ = 5.11 mg/ml}.

Example 12

Ta-Cyclopropyl~18-methyl-158, 16f-methylene-19-nor-20~
spirox-4-en-3-one

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



A solution of 80.7 g of 3, 3-ethyl enedi oxy-17a-(3-

hydr oxypr opyl) - 18- net hyl - 15p, 16p- net hyl ene- 19- nor andr ost - 5- en- 17P- ol
in 170 M of pyridine was m xed with 48 g of para-tol uenesul f onyl
chloride and stirred at 25C for 24 hours. It was then diluted with
et hyl acet at gy wagpRodowksh water and_sapurated bripe,esbbb7pestssd
dried over sodiumsulfate and concentrated to dryness in vacuo at
60C. 75.8 g of crude product were

obt ai ned. Chr Gt @@ﬂ&ﬁhy@ﬂsirhénfmgej wigloinlhex afef £E&3t . acletlate astozded

50.5 g of pur
et hyl enedi oxy(ecfé et ﬁ;I;T lgp 1]6% y/lmérzlé- 19- nor-20- spirox-5-ene.

Crystals of the pure conpound had a melting point of 58-60C = -9.3
(chloroform ¢ = 10.59 ng/m ). f)Example 13

18- Met hy1- 15P, 1613- et hylene- 19- nor - 20- spi r ox- 4-en3-one 50 m of
aqueous sul furic acid (8% strength) were added to a solution of 50.5
g of 7p-Cyclopropyl-18-methyl-158, 16p-methylene-19-nor-20-

, 3-et hyl ene t P, 16p- et hyl ene- 19- nor - 20- spi r ox- 5- ene
|n 500 m of %&%@ﬁé‘ﬁg H‘ﬁa%dé’l-lf.'Fl‘ze m xture was stirred at 25C for 8.5
hours. This Vi fiélel oWeEhey a@fi t SRS sddi uktscEaPBonite 85I uER®N,

extraction t hiigenait@ggaphi h atflﬁy:lrdéaet &ze, m@shbAg Wiptkysabpropiil |

neutral, dry r ul f and ongent, ation t dry ess in
vacuo at 4(’3‘“‘%(E logg ugg?rﬂ}et Wer- BBFa et ﬁr%rratnogr 3pRy on
silica gel V\natSh dgiod hor ofethelising a@@tl@ﬁe Ledul2eWin @908=g-bf.-PlUre

18- met hy1- 1513,h613+o0Rt hyl eney 1% By /md9- spi r ox- 4-en-3-one. Crystals
of the pure corrpound had a melting point of 208-210C, [alp = +440

(chloroform c¢c = 10.1 ng/m ). g)

4,18-Di net hyl- 1515, 163- net hylene- 1&xmopid014pi r ox-4- en-3-one To a
solution of 508 ng of potassiumtert-butoxide in 20 m of
tert-butanol were added, at a bath tenperature of 100C, a solution of
1 g of 18- neth—'P&S‘eEBI%’J-%{Wﬂ?&%ﬂﬁ@rlﬁongf)ﬁ%ﬂ%‘é"&ﬁe in
20 m of tertdugmnol and, over the course of 4 hours, a second
solution of 1.46 m of iodorret hane in 50 m of tertbut anol, and the
m xture was stirred at a bath tenperature of 100C for another hour.
It was then cOndém-haebdxym vIrefhwlenedd owdri-L 8-meehylt ifaordi | ut ed

w th ethyl acglflae-Bashefrigise Wwith water and three tines with
saturated brine, dried over sodiumsulfate and concentrated to
dryness in vé&Qiomi1 of geshyiehge PVcRct 20&r & lolst abhe Pt trlmethyl

Chr omat ogr aph:)t:ﬂl’ia)f&h:'lnlaﬁa gekewatihehexana/ %tdly:ltlaaeb&t aoafg‘ adets@0l. 2

mg of 4,18- dinethyl: 15P 613_ t Lh[ % en- 3- one
as soli d of mnﬁ %’ 80 T@é é‘lﬁ% Yal p = 16 C%Jr oro ororlﬁe c =10.75
mg/ m ). Exanﬂméiﬂa of dichloromethane and, after addition of 670 mg

4- Chl or o- 18- r@ﬁ% raﬁ%l%@%%s@ffﬁﬁiér‘%cla ”@hé%ﬁaﬂz@(%@sﬂ St PPEe- 38
m of sul furyl | ori de was added toaﬁo utlon of

1
18- met hyl - 1573, 16740 nePRRTEHTRO- AR - 2008pF r oxXB4S &ffs3- ’g?ﬂelw?diobw
of pyridi ne aidd thahh tefrpetagsirel of oliC, @Ad dike,ri Nt Wasi ceont whtied

for 3 hours. %ﬂhﬁo‘é@ﬁﬁefzﬂéﬁé’md QXS dg]t' o LR WaE%Eur&&(éciaCtEQ&l&Wee

times with et acet ate, washi water unti | ‘neutral, drying
over sodi um Qﬂq‘aai:@naﬁa c%ﬁké%ﬂtqfatl ¥ALtES dpyfesarine, drying oOver

sodium sulfate and concentrating in vacuwo. 11.1 g of
crude 150-~acetoxy-3, 3-ethylenedioxy~18-methyl-19-noxr-
androst-5-en~17-one were obtained.

b) 3,3-Ethylenedioxy-18-methyl-15p,16p-methylene-19-
nor-androst-5-en-17-one

A suspension of 28.75 g of trimethylsulfoxonium iodide
in 210 ml of dimethyl sulfoxide was stirred with 4.92 g
of sodium hydride (60% in oil) at room temperature



in vacuo. 1.2 g of crude product were obtained. Chromatography on
silica gel wth hexane/ethyl acetate afforded 604.8 ng of pure

4-chl oro-18-net hy1- 1513, 168- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3-one as
solid of melting point 149-151C [a]p = +9.4(chloroform c¢ = 11.06

Mg/ m ). Exanphe A@ydhoksBhmet hyl- 6a, 72,358, 163- di neitydiene7k905053 20-
Spi rox-4-en-3-one The nmethod of exanple 14 with 0.5 g of

18- net hyl 6a, 7a, 15p, 1613- di net hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one
resul ted in 220dew afgdh 1Bedi Fehbyisbanda, 25E8rl6Hd8ition of 11.1 g
di met hyl ene- 19¢ nor - 20 X d1R0
190-1010G [ah = +103°% igﬁ‘f‘ésfkg%% %%Y%E%B%’QYO;B qfé&g} 87 hgﬁf
4, 18- Di net hy 12893, 5t5n3 176806 net hyTehed 1 IRt Wperature for

Spi rox- 4- en- 3nanes Thewgrkhpg ofu;ﬁxamﬁ{r@wédvm @0 t86ng Ofo water,
16 mety1 613, L8 dalt AT TRy 606 100 - A0SR a8 s %9tk
4, 18- di net hylwﬂpeﬂl%,nl-BSbi:Gpell matiid emeut@anor - A0y Epd r et ewodiome

as ?8' iﬁg/% z&qﬁ p&aagt cdd et idP Mo “ardlsd (NLQRAEOT AL ¢ 7

4- Chlor o- 18- nef hyxu@qs?a713e1115381€2@511d1%t1ﬁymeh1é¥&91%«l%methylene—
Spi r ox- 4- en- 3t PN r IR FAHEedEN3R31 g 4- Glelrer 0- dBeaBtidyl- Crystal-

lization from acetone resulted in crystals of melting
point 221.7°C.

¢) 3,3-Ethylenedioxy-18-methyl-158,16p-methylene-170-
{prop-2-enyl)-19-nor~androst-5-en~-17f~-ol

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-15f, l6p-methvlene~15-
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 of 40 ml of a
saturated ammonium chloride solution, stirring at 0°C
for 0.5 hours, addition to water, extraction with ethyl
acetate, washing with water and brine until neutral,
drying 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-15p3, 16f-methylene-17a- (prop-2-
enyl)-19-nor-androst-5-en-17p-ol

d) 3,3-Ethylenedioxy-17c-(3-hydroxypropyl)-18-methyl-
158,16 -methylene-19~nor-androst-5-en-17p-ol

1.4 1 of a 0.5M solution of 2-borabicycle[3.3.l1]lnonane
solution in tetrahydrofuran .were added to a solution of
80.3 g of 3,3-ethylenedioxy-18-methyl-15p, 16p-
methylene-17¢- (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 dropwige addition of 30.5 g of sodium hydroxide in



60, 713, 150, 10- di net hyl ene- 19- nor - 20- spi r ox-4-en- 3-one as solid of
melting point 152-153C. [a]r) = -222.7 (chloroform ¢ = 10.30 ng/ntl).
Exanpl e 19 4-Chl oro- 18- net hyl- 6a, 7a, 15/ 3, 1613-di net hylene- 19- nor - 20-
Spi rox-4-en-3-one The nmethod of exanple 15 with 534 ng of

18- met hyl 6a, 7o Lo & Adtysdianet hyl ene- 19-yp0r- 20- spi rexe AR@003/008893
resulted in 128 ng of

4-chl oro- 18- net hyl - 6a, 7a, 15, 8, 16gdi net hyl ene- 19- nor - 20- spi r ox- 4- en- 3-
one as solid 925 nel tongraemtatl PPCL78€Cirfahg =t +BPO f{wohlSomifieites, c =

9.94 ng/ ). 510@6 d ﬁﬁé@s adi8% on of 155 ml of 30% strength
18- Met hyl - 15, 16P- et hyl ene- 19- nor - 20- spi rox- 4- en-3-one of the
general f or migdrogen WAREM I deor AN tirring at 25°C for 18 hours.

This was followed by dilution with ethyl acetate,
washing with water, drying over sodium sulfate and
concentrating to dryness in wvacuoc at 60°C. 80.7 g
of 3,3-ethylenedioxy-170- (3-hydroxypropyl)}-18-methyl-
158, 16R-methylene-19-nor-androst-5-en-17f-0l were

obtained as an oil.

e) 3,3-Ethylenedioxy-18-methyl-15p,16p-methylene-19-
nor-20-spirox-5-ene

A solution of 80.7 g of 3,3-ethylenedioxy-170-{3-
hydroxypropyl)-18-methyl-15p, L6p-methylene~19-nor-
androst-5-en-178-0l1 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 3,3-
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, [alp = -9.3° (chloroform,
¢ = 10.59 mg/ml).

£) 18-Methyl-158,16f-methylene-19-nor-20-spirox-4-en-
3-one

50 ml of aqueous sulfuric acid (8% strength) were added
to a solution of 50.5 g of 3,3-ethylenedioxy-18-methyl-
15p,168-methylene-19-nor-20-spirox-5-ene in 500 ml of
methanocl, 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 water until neutral, drying over

sodium sulfate and concentration to dryness in wvacuo at



Z is an oxygen atom two hydrogen atons, a group =NOR or =NNVMSQ2R, R
I's a hydrogen atom or a straight- or branched-chain al kyl group
having 1 to. 4 carbon atons, R4 is a hydrogen atom a hal ogen atom or
a trifluoromethyl group, and R6 and/or R7 may have a or p
configurati onyo avdhsRGoapd1R7 are i ndepgrdent|y of mmeEanovhencasgss
hydrogen atom or a straight- or branched-chain alkyl group having 1
to 4 carbon atons or a straight- or branched-chain al kenyl group
having 2 to £&4.bon4at8ns orof satundst edoeypdhonl kytengr oupbhayhagd- 3

to 5 carbon Ekir&faina%gkagﬁ&h%nafﬁﬁd’am Byh eng: g oud @11 R cfievhRkge pond.
2. A conpound of claim1, which is

18- met hyl - 14,3055t HABHESE0-Hor 2508 sPi PEx 214 %6- T €1REvdnd SB, 16B-
18- net hyl - 14, diiPritehkyl @ ARo 92 asp Zbss{diHenx3408a: 3-Cayarals of the

18- met hyl - 6f 3, 7P, 15P, 16P- di net hyl ene- 19-nor - 20-spi.r oX«<4- 3 Be,
18- et hyl - 6a, ar,él4,cfér|5)-%éllnrret”ﬁlﬁ%en§- 19- %ct):rq?lgo- gﬁ?%x- ?-fen-ﬁg:s %%g, €.
18- net hyl - | 5, XER- ret Ayt 2ntcllpyafopy - £9=ndP- 2ovgjm¥lox- 4-en-3- - 27 -
one, 18-nethyl-15P, 16P- net hyl ene- 7p- propyl- 19- nor - 20- spi r ox- 4- en- 3-

b 18- di oty f5BErBRRRERKLT Lot hET R S P 3R AL BE T4

7a- et hyl - 18- rai48¢lon®50, 16P- et hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one,
To a solution of 508 mg of potassium tert-butoxide in
20 ml of tert-butanol were added, at a bath temperature
of 100°C, a solution of 1 g of 18-methyl-15f,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
solution 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 wvacuo to one third the wvolume, diluted
with ethyl acetate, washed twice with water and three
times with saturated brine, dried over sodium sulfate
and concentrated to dryness in vacuo. 1.1 g of crude
product were obtained. Chromatography on silica gel
with hexane/ethyl acetate afforded 301.2 mg of 4,18-
dimethyl-15pf, 16f-methylene-19-nor-20-spirox-4-en-3-one
as solid of melting point 155-1569C. falp = +1°
{chloroform, c = 10.75 mg/ml).

Example 15

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

0.38 ml of sulfuryl chloride was added to a solution of
1 g of 18-methyl-158,1l6F-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



7P—ethy1-18-nethy1-14,16P—nethy|ene-19-nof120-spirox-4-en3-one,
7a- et henyl- 18- net hyl - 14, 16P- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one,
7p- et henyl- 18- net hyl - 14, 16P- net hyl ene- 19- nor - 20- spi r ox- 4- en- 3- one,
7a-cycl opropyl- 18- net hyl- 15P, 163- net hyl ene- 19- nor - 20- spi r ox- 4-
en- 3- one, WO 2008/000521 - 24 - PCT/EP2007/005893
7P-cycl opr opyl- 18- net hyl - 150, 16P- et hyl ene- 19- nor - 20- spi r ox- 4-
en- 3- one,
4, 18- di met hy Ll 5p7aceR-netlhyl ede- 8- norude- spiadicts- erers opdtained.
3- gglgr 0- étﬁ rltefifaﬁ;la?-t gaﬁﬁ- g%ghxélifm%ﬁl%enogﬁ%%- %%g%%_‘/étﬁ?%' Qegtate

, 18- di met hy1- 6P, 7P, - di met hyl ene- 19- nor - 20- spi r Qx- 4- -Qne,
4, 18- di net hyla-fg‘;’,r'f;;,dmqué'& ottty | BHeE 18-50 SBy U IRHRYA- 4B+ BAE
4- chlor o- 18- medtiwll-chig-1P-h5P; 16wl mei-tyemrd-dBenor a20- spolbd4- enf 3- 0
ne, : : _ o = o
4-chl or o- 18- rrrne%%tylﬂ%a,pioafrf&'yg, jl%%l |1m§t'hyl Eortl]en 19-+%c°)r4- 20-(5‘:[]51596)?59?31 3-0
ne. 3. A phat rmaddutlibcap/Btoduct conprising at | east one conmpound as
claimed in claiml1 and a pharnmaceutically acceptable carrier. 4. The

phar maceuti cal product as clained ip clai , additionally conprising
at | east one estrogen. 5. The phaFﬁEﬁ?@Frégl product as clainmed in

claim4
4,18-Dimethyl-6a,70a,15p,16B~dimethylene-19-nor-20-

spirox-4-en-3-one

The method of example 14 with 0.5 g of 18-methyl-
6o, 7e, 158, 16f-dimethylene-19-nor-20-spirox-4-en-3-one
resulted in 220 mg of 4,18-dimethyl-6c,7a,15p,16R-
dimethylene-19-nor-20-spirox-4-en-3-one as solid of
melting point 190-191°C. J[olp = +103.3° (chleroform,
¢ = 10.22 mg/ml).

Example 17

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

spirox-4-en-~3-ona

The method of example 14 with 0.66 g of 18-methyl-
63,7B,15p,163-dimethylene-19-nor-20-spirox-4-en-3-one
resulted in 186.7 mg of 4,18-dimethyl-6p,7B,153,163-
dimethylene-19-nor-20-spirox-4-en-3-cne as solid of
melting point 175-177°C. [aa]ln = -230.7° ({chloroform,
¢ = 10.7% mg/ml}.

Example 18

4-Chloro-18-methyl-6p,7p,15p, 16p-dimethylene~19-noxr-20-
spirox-4-en-3-one

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



- 28 - conprising ethinylestradiol. 6. Thephdrnaceuticalproduct as
claimed in claim4, conprising a natural estrogen. -

WO 2008/000521 - 25 - PCT/EP2007/005893

resulted in 303.4 g of 4-chloro-18-methyl-
68,78,158,168-dimethylene-19-nor-20-spirox-4-en-3-one
as solid of melting point 152-153°C. [alp = =-222.7°
(chloroform, ¢ = 10.30 mg/ml).

Example 19

4-Chloro-18-methyl-6¢,70,158,168-dimethylene-19-nor-20-

gpirox-4-~en-3-ocne

The method of example 15 with 534 mg of 18-methyl-
6a,70,158,168-dimethylene-19-nor-20-spirox-4-en-3-one
resulted in 128 mg of 4-chloro-18-methyl-6a,7a,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).



7. Thephar maceuti cal product as clainmed in claim 6, conprising
estradi ol . 8. Thepharmaceuti cal product as

- 26 -

Claims

1. An 18-Methyl-15fB,16Bf-methylene-19-nor-20-spirox-4-
en-3-one of the general formula T

Formula |

in which

Z is an oxygen atom, two hydrogen atoms, a group =NOR
or =NNHSO:R,
R is a hydrogen atom or a straight- or branched-chain alkyl

group having 1 to 4 carbon atoms,

R' is a hydrogen atom, a halogen atom or a trifluoromethyl
group, and

R® and/or R’ may have « or B configuration, and

R® and R’ are independently of one another a hydrogen

atom or a straight- or branched-chain alkyl group having

1l to 4 carbeon atoms or a straight- or branched-chain

alkenyl group having 2 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.

2. A compound of claim 1, which is

18-methyl-15@, 16p-methylene-19-nor-20-spiroxa-4, 6-dien-3-one,
18-methyl-153,16B-methylene-19-nor-20-spirox—-4-en-3-one,
18-methyl-6B, 78, 15B,16B-dimethylene-19-nor-20-spirox-4-en-3-
one,

18-methyl-6a, 7a, 156, 16f-dimethylene-19-nor-20-spirox-4-en-3-
one,

18-methyl-15B, 16B-methylene~7a~propyl-19-nor-20-spirox-4-en-3-



clainmed in claim6, conprising estradiol val erate. 9.
Thephar maceut i cal product as clained in

- 27 -

one,

18-methyl~15B, 16f-methylene-7f-propyl-19-nor-20-spirox—4-en-3-
one,

7o, 18-dimethyl-15B, 16f-methylene~19-nor-20-spirox-4-en-3-one,
7B, 18-dimethyl-15f, 16f-methylene-19-nor-20-spirox-4-en-3-one,
7Ja-ethyl-18-methyl-15f3, 16f-methylene-19-nor-20-spirox-4-en-3-
one,

7B-ethyl-18-methyl-15f8, 16f-methylene-19-nor-20-spirox-4-en-
3-one,

Ja—~ethenyl-18-methyl~15@, 16f-methylene-19-nor-20-spirox-4-en-3-
one,

7B-ethenyl-18-methyl-15B, 16f-methylene-1%-nor-20-spirox-4-en-3-
one,

7Ja-cyclopropyl-18-methyl-158, 16f-methylene-19-nor-20-spirox-4-
en-3-one,

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

4,18-dimethyl-15B, 16B-methylene-19-nor-20-spirox-4-en-3-one,
4-chloro-18-methyl-15B, 16p-methylene-19-nor-20~-spirox-4-en-
3-one,
4,18-dimethyl-6f3,7p, 153, 16B-dimethyiene-19-nor-20-spirox—4—-en-
3-one,
4,18-dimethyl-6a, 7a, 1583, 16p~dimethylene-19-nor-20-spirox-4-en—
3-one,
4-chloro-18-methyl-6B, 78, 1503, 16p-dimethylene-19-nor-20-spirox-
4-en-3-one,
4-chloro~18-methyl-6a, 7a, 15B, 16f~dimethylene-19-nor-20-spirox-
4-en-3-one.

3. A pharmaceutical product comprising at least one compound
as claimed in <claim 1 and a pharmaceutically acceptable

carrier.

4. The pharmaceutical product as <c¢laimed in claim 3,

additionally comprising at least one estrogen.

5. The pharmaceutical product as claimed in claim 4



claim®6, conprising at |east one conjugated estrogen. 10. A
pharmaceuti cal product conprising at |east one conpound as clainmed in
claim2 and a pharmaceutically acceptable Carrier. 11. The
pharmaceutical product as claimed in claim10, additionally
conprising at |east one estrogen. 1I228A-conpound of claim 1, wherein

R is a hydragen at Qr a straight- or branched-chain al kyl group
havi ng C§¥rtporl%l@agr begcﬁ}lé}y&%s.stral%l%q,& conpound of claim1, wherein R6
and R7 are independently of one another a hydrogen atom or

a
straight- or a llﬁf‘ﬂ-’? L yl hawvi.ng 4,catpon o)
a strairggjht- r’lﬂcl)]lr?_Jr b;}gtnc e%é%#;}%gl kg%;%ﬁldg}:ou\ésﬂav(?lnégﬁ%e%o %Hcar@%gﬁp 1
at ons @OMPEiglnattedaiasalegiregesup having 3 to 5 carbon atoms or
toget her are a nethylene group or a double bond. 14. A conpound of
claim12, wherein R6 and R7 are independently of_ one another a
hydrogén at dmor RPSTREFYHtICHE 18TBFEAEhedThaf P HIRYI dPouslRdd ngb-
3 to 4 eaihosiaipestradicty ai ght - or branched-chai n al kenyl group
having 3 to 4 car-bon atonms or a saturated cycl oal kyl group having 3
to5 - 29 - carbon atons or together are a nethyl ene group or a
doubl e 8bond.Thk5. #marmaceutical product as claimed in c¢laim 6,

18- Met *&%ﬁ%ﬁ%-&?&ﬁ%ﬁlﬁﬂ&é&ﬂéﬁé@ spi rox4-en-3-one of fornula |

9. The pharmaceutical product as claimed in <¢laim &,

comprising at least one conjugated estrogen.

10. A pharmaceutical product comprising at least one compound
as claimed in claim 2 and a pharmaceutically acceptable

Carrier.

11. The pharmaceutical product as claimed in claim 10,

additionally comprising at least one estrogen.

12. A compound of ciaim 1, wherein R is a hydrogen atom
or a straight- or branched-chain alkyl group having 3 to 4

carbon atoms.

13. A compound of claim 1, wherein R® and R’ are inde-
pendently of one another a hydrogen atom or a straight- or
branched-chain alkyl group having 3 to 4 carbon atoms or a
stralight- or branched-chain alkenyl group having 3 to 4 car-bon
atoms or a saturated cycloalkyl group having 3 to 5 carbon

atoms or together are a methylene group or a double bond.

14, A compound of claim 12, wherein R® and R’ are inde-
pendently of one another a hydrogen atom or a straight- or

10 branched-chain alkyl group having 3 to 4 carbon atoms or a
straight- or branched-chain alkenyl group having 3 to 4 car-bon

atoms or a saturated cycloalkyl group having 3 to 5



Formula I in which Zis an oxygen atom R is a hydrogen atomor a
straight- or branched-chain al kyl group having 1 to 4 carbon atons,
R4 is a hydrogen atom a hal ogen atomor a trifluoronethyl group, and
R6 and/or R7 nmay have a or 8 configuration, and R6 andR7 are
independently of one anot her a hydrﬁgéﬁ atomor a straight- or

br anched- aIk ou aving 1 tao rbon atons or a straj ght-
o - br A HEITL I R TR Fatih S oL AP aorfe s
satura&mdmbycloalkyl group haV|ng 3 to 5 carbon atons or together are
a methyl ene group or a double bond. 16. A conpound of claim 15,
wherein Ris a hydrogen atomor a straight- or branched-chain al kyl

group Havi Ag 3 &-dlet sl vlarfhorb bty L ere - 10 vonpol b r@fai m 15,

wher ei iy R6 -ang, R/ & edidependently of one another a hydrogen atom or
a straight- or branched-chain al kyl group having 3 to 4 carbon atons
or a straight- or branched-chain al kenyl group having 3 to 4 car-50
bon atons or a saturated cycl gal k group having 3 to 5 - 30 -
carbon atons or together are a™ye{hylene group or a double bond. 18.
arl R7 are independently of one

t- or 55 branched-chain al kyl
strai ght- or branched-chain
atons or a saturated cycl oal kyl
or together are a methylene group or

anot her a hydrogen aton1q;
group having 3 to 4 carhd
al kenyl group havi ng
group having 3 to 5
a doubl e bond. Z

Formula |

in which

Z is an oxygen atom,

R is a hydrogen atom or a straight- or branched-chain alkyl
group having 1 to 4 carbon atoms,

R*is a hydrogen atom, a halogen atom or a trifluoromethyl
group, and

R® and/or R’ may have a or B 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 carbon atoms or a straight- or branched-chain
alkenyl group having 2 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.

16. A compound of claim 15, wherein R is a hydrogen atom
or a straight- or branched-chain alkyl group having 3 to 4

45 carbon atoms.

17. A compound of claim 15, wherein R® and R’ are inde-
pendently of one another a hydrogen atom or a straight- or
branched-chain alkyl group having 3 to 4 carbon atoms or a
straight- or branched-chain alkenyl group having 3 to 4 car-

50 bon atoms or a saturated cycloalkyl group having 3 to 5



19. A pharmaceutical product conprising at |east one conmpound as
clai-med in claim15 and a pharmaceutically acceptable carrier. 20.
The pharnmaceutical product as clainmed in claim19, additionally

conprising at | east one estrogen. 20

carbon atoms or together are a methylene group or a double
bond.

18. A compound of claim 16, wherein R®and R’ are inde-
pendently of one another a hydrogen atom or a straight- or

55 branched-chain alkyl group having 3 to 4 carbon atoms or a
straight- or branched-chain alkenyl group having 3 to 4 car-bon
atoms or a saturated cycleocalkyl group having 3 to 5

carbon atoms or together are a methylene group or a double
bond.

12. A pharmaceutical product comprising at least one compound
as claimed in claim 15 and a pharmaceutically acceptable

carrier,

20. The pharmaceutical product as claimed in c¢laim 189,

additionally comprising at least one estrogen.



