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14f err]; 17[err]-Clerr]-Bridged 19-Nor-Progesterone Derivatives

This invention relates to 14,17-Clerr]-bridged steroids of general fornula
(1), '- [err]

WO 96/20209 _ o PCT/EP95/05107
14a,17a~C,~Bridged 19-Nor-Progesterone Derivatives

This invention relates to 14,17-C,~bridged steroids of

general formula (I),

inlwhich
R stands for anloxyqen atom, the hydroxyiminb group or
tﬁo hydroggn atons, |
RS stands for a hydrogen, fluofine, chiorine or bromine
atom or R® stands for a C,-C, alkyl radical in a- or 8-
position, whereby then R¥ and R’ represent hydrogen.

atoms, or else



I n which R err] stands for an ofygen atom the hydroxyimno group

or ; two hydrogen atons, : R err] stands for a hydrogen,
fluorine, chlorine or brom ne ' atomor R err] stands for a
Cerr]-Cerr] alkyl-radical in [err]- or [err]- posi tion,

wher eby then Igserr @by la MR, B196P9RB, chlorine or BBREnel’

el se s 2 2 T Herr © stands for a hyd?ogen,

fluorine, chlorine soplc¥iRtestands £k o0& O/-d &1ky1Siadisal prwRereby
Clerr]-Cerr] alkyl radical, whereby
. then R*¥ and R’ represent a common additional bond,

R stands f_or. a C,-C, alkyl _radical- in a- or B-position,
whereby then R® and R® represent hydrogen atoms, or
else

R® and R’ together sf_and for a methylene group in a- or 8-
position and R® stands for a hydrogen atom or

R® and R® togeth'er. stand for an ethyien’é or methyléne group
and R’ stands for a hydrogen atom,

R’ and R" each si:ahd for a hydfo’gen atom or a common bond,

R and R'® each stand for a. '_hyd_rogen atom or a common bond,

R® stands for a methyl or ethyl group, |

R” stands for a hydrogen atom or a C,-C; alkyl radical,

R and R'", independently of or_ie ahother, stand for a
hydrogen atom, _& _C,'-Cs alkyl radical or a C,-C, aikenyl
radical or tqgether f_or_: a Ci—C; alkyli_dene group, |

R” and R¥% stand for a cémmon bond and R"' stands for a
hydrogen atom or a 'c,-c_':'3 alkyl_ radical or

'R and R together Stand for a ring of partial formula

__—QHn

Cs 5\/



then Rlerr] and R err] represent a comon additional bond, Rerr] st ands
for a Clerr]-CJerr] alkyl radical in a- Qr B-position, wher eby t hen
Rlerr] and Rlerr] represent hydrogen atoffs, or else Rerr] and
Rlerr] together stand for a nethylene group in [err]- or [err]-

position and R err] stands for a hydrogen atomor Rerr] and R err]

toget her stand for an ethylene or nethyl ene group and R err] stands

for a hydmogmich M= 1Raeid b and X seahsCac hethyléneOgrauby Sroad oxygendr a
common bond, R err] and R err] each stand for a hydrogen atom or a common

bond, R err] atomnand ®'*astahligl for at hylrggenpatoferr] stands for a
hydrogen atomor a (JQerr]-Cerr] alkyl radical, Rerr] and Rerr],
i ndependent | yR3! etendsofber a bydrndgénr atom or a QyeC09dkydt cadizal,
Clerr]-Cerr] alkyl radical or a (Jerr]-Cerr] al kenyl radi cal or
t oget her for R'¢ standg] §er] aahydrpgencagesupa CRICy Blkydd rRddcall oxamd f or
a com"r?n bond and F\é[err] steandf Jaodriz; | hydr ogen atomor a
Clerr]-err] al kylCor&diaidieny cal,

' R and R'?' each stand for a hydrogen atom or for a common

bond,

R stands for a hydrogen atom or a C,~C; alkyl radical,

R?’ stands for a hydrogen atom, a C,~C; alkyl radical or a
hydroxy group, except for the compound 14,17-ethano-19-
norpregn-4-ene-3,20~-dione.

The wavy lines A\ in the general formulas of this.
invention mean that the substituent in question can be present in
a~ or B-position on the corresponding carbon atom.

In the case of the C,-C; alkyl groups, referred to above as
possible substituents, it can be a methyl, ethyl, n-propyl or i-
propyl group, and in the case of the C,~C, alkyl groups, in
addition this can be an n-butyl, i-butyl or tert-butyl group. In
all cases, a methyl or ethyl group i_s preferred.

In the case of the C,~C, alkenyl radical for R', R and/or
R'2, this is a vinyl, allyl or but-3-enyl radical; the vinyl

' radical is preferred.
Preferred according to this invention are those compounds of
general formula (I), in which |

_ R stands for an oxygen atom or two hydrogen atoms, and/or



Rlerr] and R err] together stand for a ring of partial fornula

[err] . _ 4 3 inwhich n=1and 2
and X nmeans a nethyl ene group or an oxygen atom and Rl err] stands
for a hydrogen atom Rlerr] stands for a hydrogen atomor a
Cerr]-Cerr] aIkyI radi cal , Rlerr] stands for a hydrogen atom a
C[err]-C[erE%éalk di r k] alken I radical,
Rlerr] and Rferr] g@'éeﬁ %&Fdaf byarogen, ghen %oﬁ'n o?%%é =G
pond . e AN SRalieha? W 482" 528 R o, b iz]” G o

represent hydrogen atoms, or else
R% stands for a hydrogen, chlorine or bromine atom or ﬁP'
stands for a C,~C, alkyl radical, if R®” and R’ represent
a common additional bond and/or
R' and R' each stand for a hydrogen atom, each stand for a
methyl group or one of these two substituents stands
for a C,-C, alkyl group or a vinyl group and the other
of these two substituents stands for a'hYdrogen atonm,
or both together form a C1-C3 alkylidene group and/or
R'7" and RY2, independently of one another, stand for a
hydrogen atom or a methyl group and/or
R'7"and R each stand for a hydroqen atom or a common bond
and/or |
R* stands for a hydrogen atom or a C,~C; alkyl :adical and
R?" stands for a hydrogen atom or a hydroxy group
and the other substituents all can have the meanings that are
indicated in formula (I).
The compounds that are mentioned below are especially
preferred according to the invention:
14,17-Ethano-19-norpregna-4,9-diene-3,20-dione;
14,17-ethano-19-norpregna-4,6-diene-3,20~-dione;
14,17-ethano-19-norpregna-4, 15~diene-3, 20~dione
' 14,17-ethano-19-norpregna-4,6,15-triene~3,20-dione
14,17-ethano-19-norprégna-4,9,15-triene-3,20—dione

21-methy1—14,17-ethano-ls-nbrpregn-4—ene-3,zo—dione:



Rlerr] stands for-a hydrogen atonj a CJerr]-Cerr] alkyl radical or a
~ hydroxy, group, except for the compound 14, 17-et hano-19-

..nor pregn- 4- ene- 3, 20- di one. ' The wavy |ines [err] in the general
fornulas of this invention nean that the substituent in question can be
present in "a- or B-position on the correspondi ng carbon atom In the

case of the CJerr]-(ferr] alkyl groups, referred to above as possible
substi t uent s, 2itmethybels, nirpyhanerh9rnonppegp9r4oa-dlenprapyp-gnenp, and
in the case of the Cerr]- errg aIkX groups, in addition_ this gan be an
n-butyl, i-bul}rngkhydridpidyet FBBp.9rﬁ°rHFPQEﬁ§éss'ﬂlﬁEFﬁ9b29rd i
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Rlerr]  stangg £9Le2HeA¥Y980n8BFegh-18nBY 3" 99€18h8YS, and/or
14,17-etheno~-19-norpregna-4,6-diene~3,20~dione;
14,17-etheno—19-horpregna-4,9-diené-3,20-dione;
21-methy1-14:17-etheno-19-norpregn-4-ene-3,zo-dione
21-methy1—14,17-etheno-19-norpregna-4,6-dieﬁe-3,20—dione
21-methyl-14,17-etheno~19~-norpregna~4,9~diene-3,20-dione;
21-methy1-14,17—etheno-lQ-nofpregna-4,9,11-triene-3,20-dione
21~-hydroxy-14,17~etheno-19-norpregn-4-ene-3,20-dione
21-hydroxy-14,17-etheno-19-norpregna-4,9-diene-3,zo—dione
17'-methyl-14,17-etheno-19-norpregn~4-ene-3,20-dione
17'-methyl-14,17-etheno-19-norpregna~-4,6-diene-3,20-dione
172-methy1-14,17-etheno-19-norpregn-4-ene-3,zo-dione
17z-methyl—14,17-etheno-19-norpregna-4,9-diene-3,zo-dione
153,16a—dimethy1-14,174etheno-19-norpregn-4-ene-3,zo-dione
6-methyl-14,17-ethano-19-norpregna-4, 6-diene-3,20-dione;
6-ch10ro-14,17-ethaﬁo-19—norprggna;4,6-diene-3,204dione;
6a-methyl-14,17-ethano-19-norpregn-4-ene-3,20-dione; .
6,21—dimethyl-14,17-éthano-19-n6rpregna-4,6-diene-3,20-

dione;
158,16a-dimetﬁ}1-14,17-ethano-19-norpregn-4-ene-3,20-dione
6-chloro-21-methyl~14,17-ethano~-19-norpregna-4, 6-diene-3,20~
“dione;

16a-methyl-14,17-ethano-19-norpregn-4~ene-3,20-dione;



L
P

4 R err] stands for a hydrogen atomor R err] stands for a
Cerr]-Cerr] al kyl radical in [err]- or [err]-position, if
Rlert] and Rlerr] represent hydrfogen atonms, or else Rl err]
stands for a hydrogen, chlorine or brom ne atom or stands for a
Clerr]-Clerr] alkyl radical, if Rerr] and R err] represent a
common addi ti onal bond and/-or R16 and R16' each stand for a hydrogen

t h st - - £ 4t { WB-d1ane s
atom each s angg&g&ne@hﬂ. 14,17; 3}“2“%%‘59“?9%?5???92&& diBRae sl ¥8-dione;

substituents sta err _ group or a vinyl
group and the ohlgg~methyl-14,17%%thBnse10unorpbagnata)bsaienads,o~ddone;

hydr ogen at om or both together forma Clerr]-Cerr] alkylidene
group and/ or 16a,Bledimethy 1R 4l 17 -ethadnpendenorprebgnard , ardilese-35 28R~
for a hydrogen atom or a methyl group and/or

dione

21-hydroxy-16a-methy1-14,17-ethano¥19-norpregn-4-ene-3,20-
dione

16a-ethy1-14,17-ethano-19fnorpregn-4-ene-3,20—dione;

;6¢-etheny1-14,17-ethano-19-norpregn-4-ene-3,zo-dione;

16-methyl-14,17-ethano-19-norpregna-4,15-diene~-3,20~-dione

(17'R) -17'-methyl-14, 17-ethano-19-norpregn-4-ene-3, 20~-dione

(17's)-17'~-methyl~-14,17-ethano-19-norpregn-4-ene-3,20-dione

(17'R) -17'~-methyl-14, 17-ethano-19-norpregna~-4,9-diene-3, 20~
dione

~ (17's)-17'-methyl-14, 17-ethano-19-norpregna-4,9-diene-3, 20-

dione '

(172R) -17%-methyl-14,17-ethano-19-norpregn-4-ene-3, 20-dione

(17ZR)?17z-methy1-14,17-ethano-19-norpregna-4,6-diene-3,20-
dione |

(172R)—172-methy1—14,17-e£han0419-norpregna-4,9-diene-3,20-
dione

| (17?R)-172,21-dimethy1—14,17-ethano-19-norpregna-4,6-diene-

3,20~-dione

(172R) -172,21-dimethyl~14,17-ethano-19-norpregna~4,9~diene~
3,20-dione |

(17%R) -172,21-dimethyl-14,17 -ethano-19—norpregna-4 ,9,11-
tfiene-3,20-dibne

l16-methylene-14,17-ethano-19-norpregn-4-ene~3,20-dione



Rlerr] and R err] each stand for a hydrogen atom or a comon bond

and/ or Rlerr] stands for a hydrogenqatomor a (Jerr]-Clerr] alkyl
radircal and ' R err] stands for a hydrogen atom or a hydroxy group
and the other substituents all can have the neanings that are indicated in
formula (1). ‘The conpounds that are nentioned bel ow are especially

preferred according to the invention:
14, 17- Et hano- 1%-6+mgthydrenet 19t di7erethhmid-1ti-morpregna-4, 6-diene-3,20-dione
14, 17- et hano- 19- nor pr egna- 4, 6- di ene- 3, 20- di one;
14,17-ethano-1gﬁﬂmqnnxﬁﬁnet1{m;%ﬁq;h;ng11$qnqnp;egna-4,9-diene-3,20-dione
14, 17- et hano- 19- nor pregna- 4, 6, 15-tri ene- 3, 20- di one
14, 17- et hano- 1R ¥dvysrqierid 4 7rrthanard 9y norRyeghs 4 -ene=3 +20-dione;
gl_nEthyl_14"?j;f§ﬁ¥g¥g£§tfﬁ¥ Jfarﬂéké¥¥3£%é¥£é£éﬁga4,6-diéne-3,20;dione§
21-hydroxy-14,17-ethano-19-norpregna-4,9-diene-3,20-dione;
21-hydroxy-14,17-ethano-194norpregna-4,9,15-triene-3,20-
dione
(21R) -21-hydroxy-21-methyl-14,17-ethano-19-norpregn-4-ene-
3,20-dione; |
(218) -21-hydroxy-21-methyl-14,17-ethano-19-norpregn-4-ene-
3,20-di6ne;
(21R) -21-hydroxy-21-methyl-14,17-ethano-19-norpregna-4,9-
diene-3,20-dione;
(21S)-21-hydroxy-21-methy1-14,17-ethano-19-norpregna-4,9-
diene-3,20-dione;
(21R) -21-hydroxy-21-methyl-14,17-ethano-19-norpregna-4, 6-
diene-3,20~dione;
(21S)f21—hydroxy—21-methy1-14,17-ethano-19-norpregna—4,6-
diene-3,20-dione;
(21R) -21-hydroxy-21-methyl-14,17-ethano-19-norpregna-4,9,15-
triene-3,20-dione
(218)—21-hydroxy-21-methy1—14,17-ethano-19-norpregna-4,9,15-
triene-3,20-dione
14,17-ethano-18a-homo-19-norpregn-4-ene-3,20-dione
14,17-ethano-18a-homo-19-norpregna-4, 6-diene-3,20~-dione
14,17-ethano-18a-homo-19-norpregna-4,9-diene-3,20-dione

14;17-ethano-18a-h0m0-19-norpregnaé4,15-diene-3,2o-dione



21-net hyl - 14, 17- et hano- 19- nor pr egna- 4, 9- di ene- 3, 20- di one;

21-met hyl - 14, 17- et hano- 19- nor pr egna- 4, 6- gi ene- 3, 20-di one;

21- nethyl 14, 17-ethano-19-nor pregna-4, 15-di ene- 3, 20-di one

21-net hyl - 14, 17- et hano- 19- nor pregna-4, 9, 15-tri ene- 3, 20-di one

14, 17- et heno- 19- nor pr egn- 4- ene- 3, 20- di one;

14, 17- et heno- 19- nor pr egna- 4, 6- di ene- 3, 20- di one;

14, 17- et heno- 29-methydeilad-, 479 ethano-383%hdm0R29-norpregn~4-ene-3, 20-dione
21- et hyl - 14, 17- et heno- 19- nor pr egn-'4- ene- 3, 20- di one

21- net hyl - 14, 2i-mefthyd~14-, 17-ethana-1 8é&~tiowmoe-19 -pOrpregna-4, 6-d1ene-3 20-
21-met hyl - 14, 17- et heno- 19- nor pregna-4, 9-di ene- 3, 20-di one;

21- nethyﬂi9n617 et heno- 19- nor pregna-4, 9, 11-tri ene- 3, 20- di one

21- hydr oxy- 14, 17- et heno- 19- nor pr egn- 4- ene- 3, 20- di one

21- hydr oxy- 14; ivmﬁﬁﬁaﬁdﬂéglﬂdﬁﬁhégﬁalﬁ?gheﬂéﬁé93nﬂgpﬁﬁéﬁé’4 9-diene-3,20~

17[err]-

17[err]-

th I-14 17- et heno- 19- nor pr egn- 4- ene- 3, 20- di one
- 14, 17- et heno- 19- nor pr egna- 4, 6- di ene- 3, 20-di one

(21R) -21~hydroxy~21-methyl~14, 17-ethano-18a-homo-19-

norpregn-4-ene-3,20-dione

- (218)-21-hydroxy-2l1-methyl-14,17-ethano-18a-homo-19~
norpregn-4-ene-3,20~-dione

(21R)-21-hydroxy-2l1-methyl-14,17-ethano-18a-homo-19-
norpregna-4,9-ene~3,20-dione

(218)-21~-hydroxy-21-methyl-14,17-ethano-18a~homo-19-
horpregna-4,9—ene-3,20-dione

(21R)-21-hydroxy-2l1-methyl-14,17-ethano~18a-homo~19~
norpregna-4,6-ene-3,20-dione

(215) -21-hydroxy~-21-nethyl-14, 17-ethano-18a~homo-19-
norpregna-4,6-ene-3,20~dione | |

In the.gestagen receptor bonding_ﬁest on gestagenic action
when using cytosol from rabbit uterus homogenate and 3H-
progesterone as reference substance, the new compounds show a
very strong affinity to the gestagen receptor. In the pregnancy
maintenance test on the rat, the compounds of general formula (I)
according to the invention show a very high gestagenic action.

The compounds of general formula (I).also show effects on
other steroid receptors.

14,17-Ethano-19-norpregn—4-ene-3,zo-dione, the compound

which is disclaimed from the scope of general formﬁla I, was



17[err]-methyl - 14, 17- et heno- 19- nor pr egn- 4- ene- 3, 20- di one
17[err]-methyl -14, 17-etheno-19-norpregnay 4, 9-di ene- 3, 20- di one

15[err], 16[err]-di methyl - 14, 17-et heno- 19- nor pr egn- 4- ene- 3, 20- di one
6- met hyl - 14, 17- et hano- 19- nor pr egna- 4, 6- di ene- 3, 20- di one;
6- chl or o- 14, 17- et hano- 19- nor pr egna- 4, 6- di ene- 3, 20- di one;
6[ err]-methyl - 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20- di one;
6, 21- di e Ineady!, désext ised-HP-A0rJr plko At df e- X&ibor dime;, Med. Chem.
15[ err], 16[ err]-di net hyl -14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20- di one
6- chl or 0-X8, @thy(19723 )17 - kihcties lendumetrigm -trahsfamatdi 0 -test oftlauberg
16[err]-nethy|-14,17-ethanp-19-nprpr§%P;4-ene-3,20-dione;
6 Tes) on |g9ertagenic actiomarthi®-conpounthdas @ ot -Sthectkafker
subcutaneous administration, but only a slight effect after oral
| administration. The factor between subcutaneous and peroral
action is over 20 accordinq to the above-mentioned bibliographic
- reference.

In addition to very high gestagenic action in the pregnancy
maintenance test, which for the most part exceeds even that of
the-disclaimed compound, the compounds of general formula I
according to the invention show a good gestagenic action in
contrast to the already known compound 14,17-ethano-19-norpregn-
4-ene-3,20~-dione, but for the most part even after oral
administration. The factor between subcutaneous and peroral
action is approximately between 3 and 5 for the compounds
according to the invention. The compounds according to the
invention are thus distinguished from the disclaimed compound by
a significantly improved spectrum of activity.

Based on their high gestagenic action, the new compounds of
genefal formula (I), for example, alone or in combination with
estrogens, can be used in preparations for contraception. Also,
however, all other possibilities of use now known for gestagens
are open to the new compounds.

Suitable dosages can be determined routinely by, e.g.,
determining bioequivalence compared to a known gestagen for a

certain use, for example, an amount that is biocequivalent to 30

to 150 ug of levonorgestrel for contraception.



16[ err]-methyl - 14, 17- et hano- 19- nor pr egna- 4, 9- di ene- 3, 20- di one;

16[ err], 21-di net hyl - 14, 17- et hano- 19- nor pr agna- 4, 9- di ene- 3, 20- di one
21- hydroxy-16[err]-methyl - 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20-  di one
16a-et hyl - 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20- di one;

16a- et henyl - 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20-di one;

16- net hyl - 14, 17- et hano- 19- nor regna-4,15-diene-3,?0¥dione . (17[err] R -
-17[ err] - met hy| The dosage 06 -the eonpeupds -agroriing dtorthe inventiiérrins)
-17[err]-methyl - 14, 17- et hano- 19- por pr egn- 4- ene- 3, 20-di one (17[err] R

-17[ er r] - fEYRraqephion  PESRABAL RS r &7k £9-prefrrabhy-0. ¢4 ke 2 mg per
(17[err]EDd- 7[err]-nethy|-14,17;ethano-19-norpregna-4,9-d|ene-3320- di one
(17[err] R a 7[err]-nmethyl-14, 17- et hano- 19- nor.pr egn- 4- ene- 3, 20- di one

(17lerr]R) - 171K | gt dydifd da DRI 8 UK AL Yyl dl SRE Sstone st
are preferably orally administered together in contraception
preparatiéns. The daily dose is preferably administered one
time.

As estrogens, preferably synthetic estrogens such as
ethinylestradiol, 14a,17a-ethano-1,3,5(10)-éstratriene-3,173-diol
(WO 88/01275) or 1l4a,17a-ethano-1,3,5(10)~-estratriene-3,16a,178-
triol (WO 91/08219) are suitable.

The estrogen is administered in an amount that corresponds
to that of 0.01 to 0.05 mg of ethinylestradiol.

The new compounds of general formula (I) can also be used in
preparations for treéting gynecolpgical disorders and for
substitution therapy. Because of their advantageous action

.profile, the compounds according to the invention are especially
well suited for'treating premenstrua1~symptoms, such as
headaches, depressive moods, water retention and mastodynia. The
daily dose in the case of treating premenstrual symptoms is
- approximately 1 to 20 mg.

Finally, the new compounds can also.be used as gestagenic
components in the compositions that have recently become known
for female birth control, which are distinguished by the
additional use of a competitive progesterone antagonist (H. B.
Croxatto and A. M. Salvatierra in Female Contraception and Male

Feftility Regulation, ed. by Runnebaum, Rabe & Kiesel - Vol. 2,



(17[err]R) -17[err]-nethyl -14, 17-ethano-19- nor pregna- 4, 9- di ene-3, 20-
dione . . (17[err]R , 11
=17[err],21-di met hyl - 14, 17- et hano- 19- nor pi egna- 4, 6-di ene- 3, 20-di one
(17[err]R-17[err], 21-di met hyl - 14, 17- et hano- 19- nor pr egna- 4, 9- di ene-
3,20-di one (17[err]R) -17[err],

21-di net hyl - 14, 17- et hano- 19- nor pregna-4, 9, 11- trigne-3,20-dione

16- net hy| savarided 7ietdypnecd Podedl e Ostety 1O-Resewrch Series,

7 - 16- et hyl ene-14, '17-et hano- 19- nor pregna-4, 6-di ene-3, 20-dione
16- net hy| eactHandy - Balhish iy nExrgue gn o199 B dpagee-34 )0 di one

21- hydr oxy- 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20- di one;

The dosage is in the range already indicated; the
formulation can be carried out as in conventional OC
preparations. The administration of additional, competitive
progesterone antagonists can also be made sequentially in this
case.

The formulation of the pharmaceutical preparations based on
new compounds is carried out in a way known in the art, by the
active ingredient, optionally in combination with an estrogen,
being processed with the vehicles, diluents, optionally flavoring
additives, etc., that are commonly used in galenicals and
converted into the desired form of administration.

For the preferred oral administration, especially tablets,
coated tablets, capsules, pills, suspehsions or solutions are
suitable.

For parenteral administration, especially oily solutions,
such as, for example, solutions in sesame o0il, castor oil and
cottonseed o0il, are suitable. To increase solubility,
solubilizers, such as, for example, benzyl benzoate or benzyl
alcohol, can be added.

The compounds of general formula (I) can also be
administered continuously by an intrauterine release systenm
(IUD) ; the release rate of the active compound(s) is selected in

this case so that the dose that is released daily lies within the

dosage ranges that are already indicated.



21- hydr oxy- 14, 17- et hano- 19- nor pr egna- 4, 6- di ene- 3, 20-di one;

- 21- hydr oxy- 14, 17- et hano- 19- nor pr egna- 4, 9-di ene- 3, 20- di one;

21- hydroxy-14, 17-ethano-19-norpregna-4,9, 15-tri ene-3,20- dione

(21R) - 21- hydr oxy- 21- net hyl - 14, 17- et hano- 19- nor pr egn- 4-ene- 3, 20-di one;
(21S) - 21- hydr oxy- 21- net hyl - 14, 17- et hano- 19- nor pr egn- 4-ene- 3, 20-di one;
(21R) - 21- hydr oxy- 21- net hyl - 14, 17- et hano- 19- nor pr egna- 4, 9-

di ene-3, 20- di ggeis also possible to incorporate the substances according
(21S) - 21- hydr oxy-21- et hyl - 14, 17- et hano- 18 nor pr egna- 4, 9-

di ene- 3, 20- thendnvention in a transdermal system and thus to administer
(21R) - 21- hydr oxy- 21- et hyl - 14, 17- et hano- 19- nor pr egna- 4, 6-

di ene- 3, theti transdermally.

(21S) - 21- hydr oxy- 21- met hyl - 14, 17- et hano- 19- nor pr egna- 4, 6-

di ene- 3, 20- di Fhe starting compounds first required for the productlon of

(21R) - 21- hydr oxy- 21- et hyl - 14; 17- et hano- 19- nor pr egna- 4,
_ the compounds of general formula (I) are availabie according to

the synthesis route below:



triene-3, 20-di one 13

(21S) - 21- hydr oxy- 21- net hyl - 14, 17- et hano- 19- nor pr egna- 4, 9, 15-
triene-3, 20-di one 14, 17- et hano- 18a- hono- 19- nor pr egn- 4- ene- 3, 20- di one
14, 17- et hano- 18a- hono- 19- nor pr egna- 4, 6- di ene- 3, 20- di one

14, 17- et h@iagk@m hano- 19- nor pr egna- 4, 9-di ene- 3, 20-di one

14, 17- et hano- 18a- hono- 19- nor pr egna- 4, 15- di ene- 3, 20- di one

21- et hyl - 14, 17- et hano- 18a- hono- 19- nor pr egn- 4- ene- 3,720- di one

21- net hyl - 14, 17- et hano- 18a- h 19-nor pr egna- 4, 6-di en- 3, di one
21-met hyl - 14, 17- et hano- 18 - 19- nor pregna- 4, 9-di en Ag=—~e'one
(21R) - 21- hydr oxy- 21- net lei - et hano- 18a- hono- /

13 _ _ —CH - - ' -
R® = -CH;, -CH;; R*' = hydrogen, C,~C; alkyl; A and B =

independently of one another, hydrogen or Ci-Cs alkyl'



nor pr egn- 4- ene- 3, 20- di one

(21S) - 21- hydr oxy- 21- net hyl - 14, 17- et hano- 18a- hono- 19-

nar pr edn- 4- ene- 3, 20- di one (21R) - 2&4hydr oxy- 21- et hyl - 14,
17- et hano- 18a- hono- 19- nor pr egna- 4, 9- ene- 3, 20-di one
(21S)-21--hydroxy-21-net hyl - 14, 17-et hano- 18a- hono- 19-

nor pr egna- 4, 9- ene- 3, 20- di one

(ZlR)‘Zl‘hydrﬂé¥6@éi§§fg¥gﬁ%§g}2ﬁeiba9851§§éﬂﬁf@;1§’compound of general

nor pr egna- 4, 6- ene-

(21S) - 218y 9%Y1 2¢n8E! R¥! xhéwh 7iRt PRECa1E1588D- £8F example, DE 43 26
6 . 20- nth g b

nor pr egna- - ene- | one e gestagen receptor bonding test on

gest agenggoafi) OBanVBeNcefivagtedt BfOhdaielvhabbi thet hiénheroaetairinal 3H
progesterone as reference substance,. the new conpounds show a very strong

af fini tyalRihBeigtst ageompoanat 6f. géfekAE poegadacy thatnienknownt £at the

the rat, the conpounds of general formula (1) according to the invention

show a varg.hi Bhegtattgenis aonhvented by reaction with an acid such as,
for example, sulfuric acid, hydrochloric acid, p-toluenesulfonic
acid, formic acid or acetic acid in the presence or absence of
inert solvents, such as, for example, toiuene, tetrahydrofuran or
dichloromethane, into a compound of general formula 3 (see, for
example, D. K. Phillips, P. P._Wickham, G. 0. Potts and A.
Arnold, J. Med. Chem., 11, 924 (1968)). If desired, a compound
of general formula 3 can be converted with suitable nucleophiles,
for example dialkyl copper compounds, followed by an oxidation,
for.example a modified Saegusa oxidation (cf. I. Minami et al.,
Tetrahedron 4#, 2971 (1986) or EP-A 0299913) into a compound of
general formula 4, whereby B then stands for an alkyl radical.
Otherwise B stands for hydrogen.

The compound of general formula 4 can then be converted with
ethene under pressure and at elevated temperature according to
processes that are known in the art in a cycloaddition into a
compound of general formula 5. The 1attér can then be converted
according to standard processes by hydrogenation of the 17',17%-
double bond (carbbn atom 17' or 172 refers to the carbon atom, on
which substituent R'! or R'2 is located) with noble metal
catalysts, such as, for example,'platinum or palladium, into a
compound of general formula 6. The compounds of generél formulas

5 and 6, in which R?! stands for a hydrogen atom, can also be



The .conpounds of ‘general fornula (1) also show effects on other steroid

receptors. 14, 17- Et hano- 19- nor pr egn- 4- ene- 3, 20- di one, the conpound
- which is disclainmed fromthe scope of g Beral formula I, was
"9 al ready described by A J. Solo and J. N Kapoor in J. Med. Chem

16, 270 7(1973). I'n the endonmetriumtransformation test (Cl auberg Test) on
gestageni c action, this conpound has a good effect after subcutaneous

P = Pk o el b PRaRISE ald ol Mand Ui STy (6,

Sggtv:é MHd %ﬁ&%ﬁ%@%@e‘%ﬂﬁé "6 (Feneral £drmPril 3 Gdnd % Yoy Wwhikh
'R”_Stands for a C,~C; alkyl group (see, for example, R. Bloch
Tetrahedron 39, 639 (1983)). The compounds of gcneral formula 5
can be ketalized according to standard methods to compounds of
generai formula 7, which can be coﬁverted by hydrogenation into
the compounds of general formula 8. These compounds can also be
obtained by the ketalization of the compound of general formula
6. In this case, insfead of the 1,2-ethanediylbis (oxy)
protective group on carbon atom 20, geherally also other known
keto protective groups, such as, for example, the 2,2-dimethyl-~
1,3-propanediylbis(oxy) group, are suitable according to the
invention. Other protective groups, which can be used within the
scope of this invention, can be found in "Protective Groups in
.Organic Synthesis," Theodora W. Greene, Peter G. N. Wuts, John
Wiley and Sons, Inc., New York, 1991, pp. 178-210.

The compounds of general formulas 5 and 6 in which R" means

an ethyl group and R¥® means a hydrogen atom or a C,~C; alkyl
group or R means a methyl group and R?' means a C,-C; alkyl group

belong overall as intermediate compounds of general formula II to



mai nt enance test, which for the nost partléxceeds even that of the

di scl ai nmed conpound the conpounds of general fornula | according to the

i nvention show a good gestagenic action in contrast to the already known
conmpound 14, 17 ethano 19-norpregn-  4-ene-3, 20-dione, but for the nost part
even after sgl{iagiq,{q,e e .actor between subcutaneous and

per or al |onq s approxi nmately between 3 and 5 for the compounds
according to the invention. The conpounds according to the invention are

t hus di stinguished fromthe disclainmed conpound by a significantly

i nproved spectrum of activity. Based onggfeir hi gh gestagenic action
t he new conpounds of general "formul a (IA foy exanple, alone or in
conbination with estrogens, can be used eparations for contraception.
Al so, however, all other possibilities g7 use.ﬁOM/knomn for gestagens are
open to the neM/conpounds Sui t abl do can be determ ned
routinely by, e.g. det ermi ni ng bi conpared to a known
gestagen for a

in which

R® = -CH;; R®' = hydrogen, C,-C; alkyl or

R® = -cH;; R®!' = ¢,-C; alkyl and

R7! and R'? = 1ndependent1y of one another, hydrogen or C,-C;
alkyl

R and R = in each case hydrogen or together a bond.

The compounds of general formulaé'? and 8 that are obtained
by ketalization of'the ccmpdunds of general formula 5 or 6 are
all new and belong overall as intermediate compoundé of general

formula III also to the object of this invention:




certain use, for exanple, an anount that 1% bi oequi valent to 30 to 150
[err]g of levonorgestrel for contraception.

10 The dosage of the conpounds according to the invention in
contraception preparations is to be preferably 0.01 to 2 ng per day.

The gest agenimiamd estrogenic active ingredient conponents are preferably
orally adm ni stered together in contraception preparations. The daily dose
is preferably aﬂhﬁah&ﬂgredcgqg tinme. As estrogens, preferably

synt hetic estroqens such _as ‘et hi nyl estradi ol ,

14[ err], 17[ er r R'€t badoRI?3=5{n0¢pendent 1y cof - @)ammlnhihr, (hmiwe)i’ﬁE)C,mC;
l4[err], 17!er ]-ethano-1, 3,5(10)-estratriene-3,16[err],17[err]- triol (WO
91/ 08219) Isui t abl e.

R and R = in each case hydrogen or together a bond,
K = a ketal protective group,

T = hydrogen, C1"C3 alkyl.

Diagram 2

RY = ~CH;, -C,Hy; RY = hydrogen, C,-C; alkyl; A and B =

independently of one another, hydrogen or C,~C; alkyl



The estrogen is admnistered in an anmount that corresponds to that of 0.01
to 0.05 ng of ethinylestradiol. The, new conpounds of general fornula
(I') can ‘al so be used in preparations for1§reating gynecol ogi cal disorders
and for substitution therapy. Because of their advantageous action
profile, the conmpounds according to the invention are especially well
suited for treating prenenstrual synptons, such as headaches, depressive
moods, vater I aliidihettd MBURANNIA the reddtibnioFe al kompRundS £O0f
treati ng prenmenstrua é@nptons_ls aﬁproxinate!y 1to 20 my. Finally,
the new Ccyaaradls formAlSQ 3% WIS PosEAH10 A COrdG NG oL Prodessdie that
conpositions that have recently beconme known for fermale birth control,

whi ch ar e atiediriowgi!iinh athedaritharitihd phlenylalvingd eulToneniiel iinett solvents
progest erone antagonist (H B. Croxatto and A M Salvatierra in Fenal e
Cont r acepttoa aohpdhind dfegeneral Feguhdia on,(Jed R.bBuRidnaanda Ry IRalThofison
Kiesel - Vol. 2,

_ 8. Afr. J. Chem. 44, 87 (1991)). The reduction of this compound

by metals such as Raney nickel or magnesium in lower alcohols
such as methanol or ethanol results in compounds df'general
'formulas's and 10, which can be converted into one another by
oxidation or reduction processes, for example, with pyridinium
_ dichromate or under the conditions of an Oppenauer oxidation or
with sodium borohydride or lithium aluminum hydride.

Tﬁe production of the compounds according to the invention,
which are substituted in 15- and/or 16—positibns, is carried out
by the reaction of a compound of general formula 4 with suitable
olefins, such as, for example, propene, 2-methylpropene, 2-
butene, cyclopentene, cyclohexene'Or 2,5-dihydrofuran and
optionally the hydrogenation pf the 17',172-double bond that is
produced.  The additional reactions of the compounds that are
thus obtained are carried 6ut analogously to the additional
reactions of the.compounds of general formula 6.

For the production of the compounds according to the
invention, which carry an alkyl or alkenyl radical in 16~
position, a compound of general formula 4 can also be reacted
wifh an acrylic acid ester of formula Hzc = CH-COOalkyl (alkyl =

C,~C, alkyl) according to diagram 3.



Advances in Gynecol ogi cal and Obstetric Fsearch Series, Parthenon
Publ i shing Goup - 1991, page 245). The dosage is in the range

al ready indicated; the fornulation can be carried out as in conventional
OC preparations. The admnistration of -additional, conpetitive

Pr ogest ey agoni sts can al so be nade sequentially in this case.
The formul ation of the pharmaceutical preparations based on new conpounds
is carried out in a way known in the art, by the active ingredient,
optionally in conbination with an estrogen, being processed with the
vehicles, diluents, optionally flavoring additives, etc., that are
comonly used in galenicals and converted into the desired form of

adm ni stration. For the preferred oral administration, especially

t abl et s, R '

R"® = -cH;, -CH,; R¥ = hydf:ogen, C,-C; alkyl; A and B =
independently of one another,'hydrOgen or C,~C; alkyl
After ketalization of the 20-keto group and hydrogenation of
| the 171,172-double bond that is produced, the compounds of
~general formula 11 that are thus obtained are reacted to the
compounds of general formula 12, which can be'reacted with
lithium aluminum hydride to the 16~hydroxymethyl compounds of

general formula 13.



coated tablets, capsules, pills, suspensiggs or solutions are suitable.
For parenteral adm nistration, especially oily solutions, such as, for

exanpl e, solutions in sesane oil, castor oil and cottonseed oil, are
suitable. To increase solubility, solubilizers, such as, for exanple,
benzyl benzoate or benzyl al cohol, can be added. The conpounds of

general forml Aqdordiay dlcs atandaxdiriprictiessed (@ric, N fous lexalipla) J. Hooz

intrauterine release system (IUD); the release rate of the active

compound( @nd $.s&.e&idanin Cam.s lashess Mi6at 86hd 19689 )t,hdhe comporaxi=l of
daily lies within the dosage ranges that are already indicated.

12 general formula 13 can be converted into the corresponding 16-
bromomethyl compounds, which are reduced to the 16-methyl
compounds under the conditions of a Birch reduction. In this
case, the aromatic A-ring is also reduced while the 2,5(10)-diene
structure is formed.

The compounds of general formula 13 can be converted by
oxidation according to processes that are known in the art, for
example, with pyridinium dichromate, into the corresponding 16-
aldehydes, which, after reaction with corresponding
phosphorylidene, result in the 16-alkenyl compounds according to
the invention,'which can be converted by hydrogenation into 16-
alkyl compounds.

By heating with aryl hydrazines according to processes that
are known in the art (cf., for example, M. Pieper et al., Liebigs
Ann. Chem., 1334 (1986)), 1l6-aldehydes can be converted into aryl
hydrazones, which fragment into 16-exomethylene compounds in the
case of base treatment in terms of a Shapiro or Bamford-Stevens
reaction. As an alternative, the l16-aldehydes can be converted
by reaction with sulfonic acid derivatives, such as, for example,
sulfonic acid halides or sulfonic anhydrides in the presence of
bases, such as, for example, lithium diisopropylamide or else
potassium hexamethyl disilazide in inert solvents, such as, e.q.,
tetrahydrofuran, into the enolsulfonic acid esters, which by

reductive cleavage, for example, by treatment with ammonium

formate in the presence of catalytic amounts of a palladium(II)



It is also possible to incorporate the sdBst ances according to the
invention in a transdermal systemand thus to admi nister them

transdernal lvy. The starting conpounds first required for the
production of the conpounds of general forrmula (1) are avail able according

to the sypthegke, SUER R8| OPbr example, palladium(II) acetate in suitdBle
D agram 1: [err]
solvents, for example, acetonitrile, change into the 16-
exomethylene compound.
The compounds of general formulas 11, 12 and 13 together
with the derivatives that are described in the text are all new

and belong as intermediate compounds of general formula IV to the

object of this invention:

& '/ av)
- 3 : l'\ 72
in which _
R? = cH;, -CH,
R'® = -cooalkyl, whereby alkyl is a C,-C, alkyl radical, or -

CH,0H or CHO, or methylene,

R and rR'? = indeéendently of one another,. hydrogen or C,~C;
alkyl,

R7" and R"? = in each case hydrogen or together a bond,

K = an oxygen atom or a ketal protective group, .

R = hydrogen, C,-C; alkyl.

The compounds of general formula 12 can be converted by
alkaline hydrolysis into the éorresponding carboxylic acids,
which by decarboxylation and.oxidation, for example, by heafing

with lead tetraacetate and copper(II) acetate in toluene (see,



Rlerr] =-CHerr], -Cerr]JHerr]; R[err]zé hydrogen, ([err]-Clerr] alkyl; A
and B = _

for example, J. D. Bacha and J. K. Kochi, Tetrahedron 24, 2215
(1968)) result in derivatives with a 15,16~-double bond. '14,17-
C,~bridged derivatives with a 15,16-double bond are also
available in other'Wayé:

1. The reactidn of a compound of general formula 4 with
maleic anhydride to the.Diels-Alder product, followed by
catalytic hydrogenation of the 17',172-double bond and after
heating with bis(triphenyiﬁhosphine)nickel dicarbonyl in suitable
solvents such as diglymes, yields the corresponding 15,16¥double
bond derivative (see, for example, K. Wiesner et al., Can. J.
Chem. 52, 640 (1974)); As an élternative, it can be reacted
starting from 17',172-saturated anhydride with bases, such as,
for example, aqueous sodiuﬁ hydréxide solution, to 15,16~
dicarboxylic acid, which.is converted via double decarbbxylation
into the correspbndiné 15,16—doub1e bénd derivative (see, for |
‘example, C. M. Cimarusti and J. Wolinsky, J. Sm._chem. Soc. 90,
113 (1968)). For example, the dicarboxylic acid is heated with

~ lead tetraacetate in suitable'solvents, for example, pyridine, to
temperatures of 30-106%L

The Diels-Alder adduct éan also be used for the synthesis of
other derivatives: reduction of the Diels-Alder product to
lactone with suitable reducing agents, such as, for exémple,
sodium borohydride (see, for example, D..M; Bailey and R. F.
Johnson, J. Org. Chem. 35, 3574 (1970)), oxidation of the 20-
alcohol that is produced, for exampie,'with pyridinium
chlorochromate and protection of the ketone as ketal results,

after reduction of lactone with suitable reducing agents, such



I ndependent |y of one another, hydrogen orz%Ierr]-C[err] al kyl

14 According to diagram 1, for exanple, a conpound of genera
formula 1 that is known in the art (see, for exanple, DE 43 26 240 Al) can
be converted by addition of the anion of a termnal alkine into a conpound

of generalad Origll Lo, I11dHY Oral%ﬂﬁ  Bylrafle. L8!ERE 45, geuverted by

reacti on W t'h an aci as, exa ufic acid,: hydrochlorlc

acid, p-tgf ‘%H%ﬁ%&ﬁ éh fﬂéd% dﬂﬂd“(3wwa ® &o&&ethﬁceibﬂslaahhaepresence
or absence | nert sol ventsr)such as, fo?eéxanple t ol uene,

t et rahydr igHcdhs¥d, (hdﬂﬂéﬁ&ﬁﬁiévﬂuhddﬁﬂsmrtabnﬁpeuhdleﬁogenebah tgetika 3

(see, for exanple, D. K Phillips, P. P. Wckham G O Potts and A

Arnol d, J.etWkd. Cemis sl praPeraliliB)darrifed esitr andexr baspcurdnditions,
such as, for example, by treatment with sulfonic acid
derivatives, such as sulfonic acid halides or sulfonic anhydrides
in the presence of béses, such as, for example, pyridine;_

2. The reaction of a compound of general formula 4 with
vinylene carbonate (in Diels-Alder reactions with vinylene
carbonate, see, for example, Y. Shizuri et él., J. Chem. Soc.,
Chem. Commun. 292 (1985) or G. H. ﬁosner et al., Tetrahedron
Lett. 32, 5295 (1991)) in'térms of a.Diels-Alder reaction
according to diagram 4 results in a cycloaddition product §f
formula 14. After hydrogenation of the 17!,17%-double bond and
cleavage of the cyclic carbonate according to standard processes,
such as, for example, the reaction of the carbonate in a suitable
solvent, such as, e.g., methanol with a base, such as, e.g;,
potassium carbonate, a diol of formula 17 is obtained.. The
sequence of hydrogenation and.CArbonate cleavage can be done in

any order.



of general formula 3 can be converted wi 2 suitable nucl eophiles, for
exanpl e.di al kyl copper conpounds, followed by an oxidation, for exanple a

nodi fi ed Saegusa oxidation (cf. I. Mnam et al., Tetrahedron 42, 2971
(1986) or EP-A 0299913) into a conmpound of general formula 4, whereby B
t hen stanbDiagoamad al kyl radical. Oherwi se B stands for hydrogen.

The conpound of general formula 4 can then be converted with ethene under
pressure and at el evated tenperature accordgng to processes that are known
inthe art in a cycloaddition into a conpound of general formula 5. The

| atter can then be converted according to ptandard processes by
hydrogenation of the 17[err],17[err]- doubje bond Lgarbon atom 17[err] or
17[err] refers to the carbon atom on which gubstistuent Rierr] or Rerr]
is located) with noble netal catalysts, sucq3 or exanple, platinum or
pal ladium into a conpound of - general for a 6.8The conpounds of general
formulas 5 and 6, in mfmciL£1err] st and ydrogen atom can al so be

13 = - .
R = -cny, ~CoHg i R’- hydrogen, C=C; alkyl; A and B =

1ndependently of one another, hydrogen or C -C alkyl




15 al kyl ated according to standard pﬁ%%esses, and are converted into
the correspondi ng conpounds of general fornmulas 5 and 6, in which Rerr]
stands for a Jerr]-Cerr] alkyl group (see, for exanple, R Bloch
Tetrahedron 39, 639 (1983)). The conpounds of general formula 5 can be

ketal i zed aCC@B@‘E%nb%r%&%ﬂd%&dvEEERQ§5d581§°ﬂHﬁH”Qfefinsg e?ﬂ&léoégyiés71

whi ch can be converted by hydrogenation into e conpounds gener

formul a @f heeneasoHnatNdyeC2amiNsarbeo 8RkakRET1EY metifstaftzaiéon of the
conpound of general formula 6. In this case, instead of the

1, 2- et haaedijabile( oy cthopset Eebinv ¢ cl QUBoRNeRanPLE, aMOMrRAe genglally al so
other known Kketo protective groups, such as, for exanple, the

2, 2- di neChenistrys Letdearscd79l [{1966%)) gFonpexamplei 4 adiel acfogdhagalo t he
i nvention. Qther protective groups, which can be used within the
formula 17 can be reacted with an orthoester, such as, for
example, trimethyl orthoformate with acid catalysis, for example,
with pyridinium paratoluenesulfonaté, in a suitable soivent, here
dibhloromethane can be mentioned as an example, or without a
solvent to the correspdnding-orthoester; which when heating in
'suitable solvents, such as, e.g., acetic anhydride, fragments
into an olefin of general formula 18.
The compounds ofigeneral formﬁlas 14, 15, 16, 17 and 18
together with the derivatives that are described in the text are

éll new and belong as intermediate compounds of general formula V

to the object of this invention:

in which
13 _ _ _
R = CH3 ' CZH5 ’

RP and R = together a ring of partial formulas



scope of this invention, can be found i #% Protective Goups in Oganic
Synthesis,"” Theodora W G eene, Peter G N Wits, John WIley and Sons,
Inc., New York, 1991, pp. 178-210. The conpounds of general fornulas
5 and 6 in which Rlerr] neans an ethyl group and Rl err] neans a hydrogen
atomor a (Jerr]-Cferr] alkyl group or Rerr] neans a nethyl group and
Rlerr] means a CJerr]-Cferr] alkyl group belong overall as internediate

conpounds of general formula Il to 16
t he object of this invention: [err]
Y
c16__< . '
1
o G16—0 clé—o /F\m
c15—< . >=0 > o
% ci5—0 c'5—o0 "
» or .
in which

X and Y = independently of one another, in each case an
oxygen atom or two hydrogen atoms and

R" = C,-C; alkyl, or |

R and R = each per se for an -OH group or

RY” and R = tqgethef a bond
and

R'! and R'? = independently of one another, hydrogen or C,-C;
alkyl,

R'" and R7? = in each case hydrogen or together a bond,

K = an oxygen atom or a ketal protective group,

R?' = hydrogen or C,-C; alkyl.

Other substitution patterns on the D-ring of 14,17-C,-
bridged steroids can be produced, e.g., starting from the Diels-
Alder products of formﬁla 19, which cén be produced by reaction
of a diene of general formula 4 with an acetylene Carboxylic acid

alkyl ester (alkyl = C,~C, alkyl):



in which Rlerr] = -Jerr]Herr]; R’rr] = hydrogen, Jerr]-Jerr]

al kyl or Rlerr] =-CHerr]; Rerr] = derr]-Cerr] alkyl and

Rlerr] and Rl err] = independently of one another, hydrogen or (Jerr]-Clerr]
al kyl, Rlerr] and Rlerr] = in each case hydrogen or together a bond.

The conpgypgdsaff sgeneral formulas 7 and 8 that are obtained by
ketalization of the conpounds of general formula 5 or 6 are all new and

bel ong overall as internedi ate conpounds of general fornmula Ill also to.
t he object of this invention: [e*ré‘] -
17

gOONkyl'.

H

R"® = -cH;, -CH,; R¥ = hydrogen, C,~C; alkyl; A and B =
independentlj of one another, hydrogen or C1-C3 alkyl;
R"® = hydrogen, C1.-c3 aikyl

Ketalization of cycloaddition product 19 yields a compound

of general formula 21. The selective reduction of the 15,16~



i n which Rlerr] =-CHerr], -Cerr]RBerr], Rlerr] and Rerr] =
I ndependently of one another, hydrogen or CJerr]-Cferr] alkyl,

Rlerr] and Rlerr] = in each case hydrogen or together a bond, K=a
ketal protective group, Rlerr] = hydrogen, Clerr]-Clerr] alkyl.

Di agram 2 douLférLond is possible with magnesium in a suitable solvent,
preferably.an alcohol, such as, for example, methanol, and yields
a compound of formula 23, in which R% then means a hydrogen
atom. 1,4-Additions'to compounds of formula 21 are carried out
according to methods that are known in the art. Thus, for
example, the reaction with dimethyl copper in suitable solvents,
such as, for example, tetrahydrofuran, yields é compouhd of
general formula 23, in which R" then means a methyl group. By
catalytic hydrogenation of noble metal catalysts, if necessary,
the 17',17°-double bond can be removed selectively in any
intermediate stage. The ester function on C' can be modified in
a variety.of ways. In addition to the possiﬁilities already
described for the fo11ow—on chemistry of cycloadditién with
acrylic acid alkyl esters, the fdllowing can be mentioned hére:

After reducﬁibn with lithium aluminum hydride, conversion of
the alcohol that is pfodﬁced into a leaving group, such as, for
example, a sulfonic acid ester, which is obtained, e.g., by
reaction with a sulfonic halide with use of suitable bases, such
as, for example,'pyridine with or without the aid of an inert
solvent, such as, for example,'dichloromethane, and subsequent'
reduction with suitabie reducing agents, for exampie, lithium
triethylborohydride, a,B-saturated esters, such as, for example,
compounds of general fofmulas 23 and 24, yield 16-methyl
derivatives.

In the case.of treatment with suitable reducing agents, such
as, for example, diisobutylaluminum hydride, optiohally with the

aid of Lewis acids, for example, zinc chloride, «a,B-unsaturated



Rlerr]=-CHerr], -Cerr]Herr]; R[err]2§ hydrogen, Cerr]-Cerr] alkyl; A
and B = independently of one another, hydrogen or (err]-Cerr] alkyl
According to diagram 2, the reaction of a compound of

esters, such as, for example, compounds of general formulas 21
and 22, yield 15,16-unsaturated 16-hydroxymethyl derivatives.
The conversion into the corresponding carboxylic acid esters or
sulfonic acid esters is possible according to methods that are
known in the art. For example, allyl alcohol is reacted with
acetyl chloride in pyridine to the corresponding acetic acid
ester. Under the conditions_pf a Birch reduction, the
corresponding 15,16-unsaturated 16-methyl derivative is then
obtained (for Birch reduction of allylacetates, cf., for example,
R. T. Jacobs et al., J. Org. Chem. 55, 4051 (1990)). In this
case, the aromatic A-ring is also reduced while forming the
2,5(10)-diene stfucture.

The compounds of general formulas 19, 26, 21, 22, 23 and 24
together with the derivatives that are described in the text are
all new and belong as intermediate compounds of general formula

VI to the object of this invention:

in which
R® = -cH;, -C,H,,
R¥ and RY = in each case hydrogen or together a bond,

R = nydrogen or C,~C; alkyl,



general formula 4 .i's al so possi ble according to processes that areknown in
the art with phenyl vinyl sulfone in inert solvents to a conpound of
‘general 'formula9 (J. R Bull and R 1. Tfhnmson S. Afr. J. Chem 44, 87
(1991))." The reduction of this conpound by nmetals such as Raney nickel or
magnesi um i n- | ower - al cohol s such as nethanol or ethanol results in
conpounds of general fornmulas 6 and 10, which can be converted into one

anot her by oxr®ati iRduct e r | gaxvht i Lei njum
dichronatg or Enderoﬁﬁgézdﬁgyfi%ﬁgwg%egn§%§%%ngﬂé?e%ﬁ?%at}oﬁho?aa%kkg' b2

sodi um bocajorrex¥lecHa, | o ha UL IRV Pa @ E4E, The production of the
conpounds according to the invention, which are substituted in 15- and/or

16- posi tions, RY¥!candiRY? ouitindepéndenthe tof roms EnSEHROL iy dfogéii e6| ¢, -,
formula 4 with suitable olefins, such as, for exanple, propene,

2- net hyl padk¥de, 2- butene, cycl opentene, cycl ohexene or 2, 5-di hydrofuran
and optionallg,%he h dﬁggenagion of the 17[err],17[err]-doubl e bond that
is produced. Ha ziitﬂ\ R Onaf iveachncase hydrogemoomdeogethenra bond,

K = an oxygen atbm or a ketal protective group,

R¥ = hydrogen or c,-C; alkyl.

In the compounds of general formulas III, IV, V and VI
above, K, if this is a ketal protective group, preferably stands
for a 1,2-ethanediylbis(oxy) or 2,2-dimethyl-1,3-
propanediylbis(oxy) group.

Under the conditions of a Birch reduction known in the art
(see, for example, J. Fried, J. A. Edwards, Organic Reactions in
Steroid Chemistry, von Nostrand Reinhold Company 1972, pp. 1-60),
the reduction of the compounds of general formulas 6, 7, 8 and 9
that are thus obtained and the corresponding derivatives, which
are substituted in 15-, 16-, 17'- or 17%-positions, results in
the corresponding 3-methoxy-A-2,A5(10) derivatives. The latter
can be reacted by reaction with dilute mineral acids and
optionally a subsequent oxidation of the 20-hydroxy group
according to standard processes, such as, for'example, with
pyridinium dichromate, to the A4-3-ketones of general formula (I)
according to the invention. The 3-methoxy-A2,A5(10) derivatives
can also be reacted, however, according to standard processes
(see, for éxample, D. Burn and V. Petrow J. Chem. 8o0c., 364
(1962)) to A5(10)-3-ketones, which can be converted by a

bromation-dehydrobromation and optionally a subsequent oxidation



t hus obt ai ned are-carried out anal ogously to the additional reactions of
the conpounds of general formula 6. for t he production of the
conpounds according to the invention, which carry an al kyl or al kenyl
radical in 16- position, a conmpound of general fornula 4 can al so be
reacted wth an acrylic acid ester of fornula Herr]C = CH COCal kyl (alkyl
= (derr]-Cerr] alkyl) according to diagram 3.
19 Di @3 &he3 20-hydrioxyf hroup into the A4,A9-3-ketones of general
formula (I) according to the invention (see, for example, J.
Fried, J. A. Edwards, Organic Reactions in Steroid Chemistry, von
Nostrand Reinhold Company 1972, pp. 265-374). According to
standard processes, ketalization of the A4,A9-3-ketones results
in A5(10) ,A9(11)-3-ketals, which can be cleaved under mild acid
conditions, for example, with aqueous acetic acid, to the
A5(10) ,A9(11)-3-ketones. The deconjugation of the A4,A9-3-
ketones can optionally also be carried out by treatment with
acids,.for example, aqueous hydrochloric acid with the addition
of a solubilizer, such as, for example, acetone. After removal
of optionally still present protective groups, the reaction of
the deconjugated dienones that are obtained with oxidizing agents
(cf., for.example, DE 2748250 C2), such as, for example, 2,3~
dichloro-5, 6-dicyano-p~benzoguinone in suitable solvents, for
example, dichloromethane, results in the A4,A9,A11-3-ketones of
general formula (I) according to the invention.
The next steps normally apply to the creation of radicals
Ré, R and R’. The introduction of a 6,7-double bond is possible
via.a dienol ether bromation and subsequént hydrogen bromide
cleavage.(seé, for examwple, J. Fried, J. A. Edwards, Organic
Reactions in Steroid Chemistry, von Nostrand Reinhold Company
1972, pp. 265-374) or else by reaction with chloranil or 2,3-
dichloro-5, 6-dicyano-p-benzogquinone.
The dienol ether bromation can be carried out, for example,

analogously to the instructions in Steroids I, 233 (1965). The

hydrogen bromide cleavage is possible by heating the 6-bromine



Rerr] = -CH[efr], -CJerr]Herr]; Rerr] = hydrogen, Cerr]-Cerr] alkyl;
and B = independently of one another, Rydrogen or Cferr]-Clerr] alkyl
After Ketalization of the 20-keto group and hydrogenation of the
17[err],17[err]-double bond that is produced, the conmpounds of general
formula 11 that are thus obtained are reacted to the
compound with basic agents, such as, for example, lithium bromide
or lithium carbonate in aprotic solvenfs such as
dimethylformémide at temperatures of 50-150°C or else by the 6-
bromine compounds being heated in collidine or lutidine.

For compounds with a 6,7-methylene function, the
introduction is also carried out from the dienone by reaction
with dimethylsulfoxonium methylide, but here a mixture of a- and
B-isomers occurs (the ratio depends on the substrates used and is
approximately 1:1), which can be separated, for example, via
column chromatography.

Compounds with R’ equals alkyl are produced from 4,6-dien-3-
one compounds by 1,6-addition according to known methods (J.
Fried, J. A. Edwards: Organic Reactions in Steroid Chemistry, von
Nostrand Reinhold Company 1972, pages 75-82; A. Hosomi and H.
Sakurai, J. Am. Chem. 8oc. 99, 1673 (1977)). The introduction of
7-alkyl functions is carried out in this connection generally via
dialkyl copper lithium compounds.

Compounds in which R® represents a chlorine atom and R* and
R’ form a common additional bond are also represented starting
from the 4,6~dien-3-one compounds. In this connection, first the
6,7-doub1e bond is epbxidated with use of organic peracids, such
as, for example, meta-chloroperbenzoic acid in methylene
.chloride, optionally in the presence of sodium bicarbonate
solution (see W. Adam, J.-C. Liu and'o. Rodriguez, J. Org. Chenm.
38, 2269 (1973)). The opening of this epoxide and the

elimination of the primarily formed 7a-hydroxy group is carried

A



conpounds

of general fornula 12, which can be reacted with [|ithium

al um num hydride to the 16-hydroxynet hyl égnpounds of general fornula 13.

20 -

Accordi ng to standard process (see, for exanmple, J. Hooz and

S. S Glani, Can. J. Chem 46, 86 (1968)), the conpounds of genera
formula 13 can be converted into the correspondi ng 16- brononet hyl

conpounds,

whi ch are reduced to the 16-nethyl conpounds. under the

condi ti onSof , apd¥ I EkamSTe'C i hPreddt i dh Swi df&&f&ﬁ@té&r&ﬁié‘ﬂa&ag' SO

reduced while the 2,5(10)-di ene structure is Torned.

he conpounds

of generala¢@titsl &cid (oéepeir@nyemE<al DY 59966 tad DE<RI 40 Ng6 t D6P) DCesses
that are known in the art, for exanple, with pyridiniumdichromate, into
t he correspondiTige lfntroduction of a 6-methylene group can be carried out,

for example, starting from a 3-amino-3,5-diene derivative by
reaction with formalin in alcoholic solutions with the formation
of a 6a-hydroxymethyl group and subsequent acid déhydration, for
example, with hydrochloric acid in dioxane/water. The
dehydration can also be carried out, however, in the way that
first a leaving group is introduced and then eliminated. As
leaving groups, for example, mesylate, tosylate or benzoate.are
suitable (see DE-A 34 02 329, EP-A 150157, US 4,584,288(86); K.
Nickisch, S. Beier, D. Bittler, W. Elger, H. Laureht, W. Losert,
Y. Nishino, E. Schillinger and R. Wiechert, J. Med. Chem. 34,
2464 (1991)).

Another possibility for the production of 6-methylene
compounds consists in the direct reaction of 4(5) unsaturated 3-
ketones with acetals of formaldehyde in the presence of sodium
acetate with, for example, phosphorus oxychloride or phosphorus
pentachloride in suitable solvents such as chloroform (see, for
example, K. Annen, H. Hofmeister, H. Laurent and R. Wiechert,
Synthesis 34, (1982)). An additional possibility for the
introduction of the 6-methylene group consists in the reaction of

a A4-3-ketone to a dienol ether, its reaction with

- dimethylformamide and phosphorus oxychloride to aldehyde and its

reduction with cbmplex'borohydrides and subsequent dehydration
with mineral acids according to processes that are known in the

art (see WO 90/12027).



al dehydes, which, after reaction with corfespondi ng phosphorylidene,:
result in the 16-al kenyl conpounds according to the invention, which can
be converted by hydrogenation into 16- a#kyl conpounds. By heating
with-aryl hydrazines according to processes that are known in the art
(cf., for exanple, M Pieper et al., Liebigs Ann. Chem, 1334 (1986)),

16- al dehydes can be converted into aryl hydrazones whi ch fragnment into

éﬁ exorrethyl en co o ds In?te‘:tjﬁeﬂ??%ﬁ‘s of b%e eré %tﬂ$n£rﬁo:§%°f a

apiro or y t

Zi‘%&“’%ﬁ%@’ﬁ ‘Bi% %Eeer?fo“fosﬁﬁlg% (i VA e%ﬁj‘fﬂ“?%ga%%é?s%@ lf s

bases, “%rl;h &diidﬁna‘adﬁﬁ ylwﬂdje or else potassi um
d|S|Ia2|d§K|n lnert S

hexaneth ol vents suc as, e.g., tetrahydrofuran,
into the enol st el g EéntedSidt 5 £ Gfaidle [ & Prtdodss @M dEs dddcribed

exanple, by treatnent wth ammonium formate in the presence of catalytic
amount s obpy D PBwA) W IN) Kirk and V. Petrow in Tetrahedron 21, 1619
(1965) can be used, in which an isomerization of the double bond
is achieved by heating the 6-methylene compounds in ethanol with
5% palladium-carbon as catalyst, which was pretreated either with
hydrogen or by heating with.a small amount of cyclohexene. The
isomerization can also be carried out with a non-pretreated
catalyst, if a small amount of cyclohexene is added to the
reaction mixture. The occurrence of small portions of
hydrogenated products can be prevented by the addition of exbess
sodium acetate. |
The prbduction of 6-methyl-4,6-dien-3-one derivatives can
also be carried out direétly, however (see K. Annen, H.
Hofmeister,'H.'Laurent_and R. Wiechert, Liebigs Ann. Chem. 712,
(1983)). - |
cOmppunds;-in which R® represents an a-methyl funétion, can
.he produced from the 6-methylene compounds by hydrogenation undéf
suitable conditions. The best results (seléctive hydrogenation
of the exo-methylene function) are achieved by transfer-
~ hydrogenation (E. A. Brande, R. P. Linstead and P. W. D.
Mitchell, J. Chem. S8oc. 3578 (1954)). If the 6-methylene
derivatiQes are heaﬁed in a suitable solvent, such as, for
example, ethanol, in the presence of a hydride donor, such as,

for example, cyclohexene, and a noble metal catalyst, for



21 catal yst, such as, for exanple, palladium(ll) acetate in suitable
sol vents, for exanple, acetonitrile, ch e into the 16- exonethyl ene
conpound. The conpounds of general®fTornulas 11, 12 and 13 together -
with the derivatives that are described in the text are all new. and bel ong
as internedi ate conpounds of general formula IV to the object of this

I nventi on: [err]

example, platinum or palladium, very good yields of éa-methyl
derivatives are thus obtained. Small portions of 6B-methyl
compounds can be isomerized acidicaily (see, for example, D.
Burn, D. N. Kirk and V. Petrow, Tetrahedron 21, 1619 (1965)).

The alkylation of 17facety1 derivatives to homologous
ketones can be carried out not only, as already described, on
compounds with an aromatic A-ring, but also in the further course
of the synthesis on suitably protected derivatives.

The introduction of a 21-OH substituent is carried out on
suitably protected 20-keto compounds according to processes that
are known in the art, éuch as the direct oxidation of an enolate
(see, for example, E. Vedejs, D. A. Engler and J. E. Teischow, J.
Org. Chem. 43, 188 (1978) and J. C. Anderson and S. C. Smith,
Synlett 1990, 107) or the reaction of enolate to the
corresponding iodide, substitution of the iodide by acetate and
hydrolysis of the acetate. The diastereomeric mixtures that are
optionally produced in this case can be separated by
chromatography.

After all radicals are introduced, protective groups that
are still present are cleaved according to standard processes.

| The compounds of general formula (I) that are obtained with
R equals-ongen can 6ptiona11y be converted by reaction with
hydroxylamine hydrochloride in the presence of tert-amines at
temperatures of between -20 and +40°C into oximes (general
formula (I) with R’ meaning N-OH, whereby the hydroxy group can

~be in syn or anti position).



in which ~ Rlerr] = CHerr], -Cerr]Herr], Rlerr] = -COCal kyl,
whereby alkyl is a (Jerr]-Clerr] alkyl &ﬁgical, or - CHerr]OH or CHO or
net hyl ene, - HRerr] and Rlerr] = independently of one another, hydrogen
~or (Jeri]-Clerr] alkyl, Rlerr] and Rlerr] = in each case hydrogen or
t oget her “a bond, K = an oxygen atomor a ketal protective group,

Rl err] = hydrogen, (Jerr]-Cerr] alkyl. The conpounds of general

formul a 12 cafTheec removall f the 3l-oXo groupdte wH end)produetc @f gemerdiling

carboxylic acids, which by decarboxylation and oxi dation, for exanple, by

heat i ng ﬁNmmuMaedd)tadt@a@étmeenéng twpphydrogencatome cantbéucarriede,

22 for exanple, J. D. Bacha and J. K. "~ Kochi, Tetrahedron 24, 2215
.out, for example, according to the instructions that are

indicated in DE~A-2805490 by reductive cleavage of the thioketal.
The examples below are used for a more detailed explanation

of the invention:



(1968)) result in derivatives with a 15, 16-doubl e bond. 14,17- C2-bridged
derivatives with a 15, 16-doubl e bond are3qlso avai l abl e in other ways:

1. 'The feaction of a conpound of general “formula 4 with nmleic anhydride
to the Diels-Alder product, followed by catalytic hydrogenation of the
17[err],17[ err]-doubl.e bond and after heating with

bi s(tri phenyl phosphi ne) ni ckel dicarbonyl in suitable solvents such as

di gl ymes, g¢agbglé 4he correspondi ng 15, 16-doubl e bond derivative (see, for
exanpl e, K esner et al., Can. J. Chem 52, 640 (1974)). As an

aIternatigg,17LE§gggbe;gggggggg%ﬁLg;éﬁ§53IzomaigﬂeIYZ-saturated anhydri de
w th bases, such as, for exanple, aqueous sodi um hydroxide solution, to
15, 16- dayar ba»Méthozry+l9-nbrphedgna<dpy s ( B0) Y14, leupéntaena2beaneat i on
into the correspondi ng 15, 16-doubl e bond derivative (see, for exanple, C
M Cinmarusti a84d.3.gVvefi iskhethoxy-Ah9-1Ibenl7@Gopregna=-1,335(10p315-tebraen-

exanpl e, the dicarboxylic acid is heated wth |ead tetraacetate in
sui t abl e 28rimnliB-edbr (IxMede, Chom; ¢ bk, 924 (1968)) is heated to 110°C.

in 875 ml of 86% formic acid while being stirred. After 2 hours,
it is allowed to cool with the addition of 1000 ml of water. The
precipitated solid is filtered off, dried and chromatographed on
silica gel with a mixture of ethyl acetate and hexane. 47.8 g of
la) is obtained.

Flash point: 152-155°

'H-NMR (CDCl,): & = 1.22 ppm (s,3H,H-18); 2.35 (s,3H,H-21);
3.78 (s,3H,3-OCH;); 6.08 (m,1H,H-15); 6.68 (d,J=3Hz,1H,H-4); 6.74
(ad,J=9, 3Hz,1H,H-2); 7.23 (d,J=9Hz,1H,H~1); 7.27 (4,J=3Hz,1H, H~

16)

b) 3-Methoxy-14,17-ethéno-19-norpregna—1,3,5(10)-trien—20-one

A solution of 200 g of the substance, described under 1a),
in 2.5 1 of benzene is heated to 160°C under an ethylene pressure
of 300 bar for 240 hours. After cooling, the reaction mixture is
concgntrated by evaporation, and the residue is chromatographed
on silica gel with a mixture of ethyl acetate and hexane. 175 g
of 1b) is obtained.

'H-NMR (CDCl;): 4 = 0.91 ppm (s,3H,H-18); 2.22 (s,3H,H-21);
3.78 (s,3H,3-OCH;); 6.07 and 6.14 (2d,J=6Hz, 1H,H-17' and H-172
each); 6.65 (d4,J=3Hz,1H,H-4); 6.73 (dd,J=9, 3Hz,1H,H-2); 7.22

(d,J=9Hz, 1H,H~-1)



tenperatures of 30-100[err]C. . The Di el s-Al der adduct can al so be used
for the synthesis of other derivatives:ggeduction of the Diels-Al der
product’ to |lactone with suitable reducing agents, such as, for exanple,
sodi um bor ohydride (see, for.exanple, DD M Bailey and R F. Johnson, J.
Og. Chem 35, 3574 (1970)), oxidation of the 20- alcohol that is - '
produced, for exanple, with pyridinium chlorochromate and protection of
t he ket omy as 20§28~ [1q2+HEthanedfiydbisddxy)i]os -nethaxyoild ,di7-ethenomxiiloe
reduci ng agents, such 123 as, for
exanpl e, norpxiegmazilydi,Phoydriiene to the 15, 16- bi shydroxynet hyl
conpound. The hydroxy functions can be condensed, for_exanple, under
sui tabl e condi®d &is ofo eXhylenec glyced, 63hmd pf YLrimetiyl, orthoformate
under basic, conditions, - : .
%nd 1.23 é ofsp-toluenesulfonlc acid are added to a solution of
25 g of the compound, described under 1b), in 175 ml of
dichloromethane at room temperature while being stirred. After
90 minutes, 15 ml of triethylamine and 100 ml of dichloromethane
are added,.and the reaction mixture is washed three times with
concentrated sodium bicarbonate solution. The organic phase is
dried on potassium carbonate, filtered off and concentrated by
evaporation. 31 g of 1lc) is obtained.
'H-NMR (cDCl;): 4 = 0.98 ppm (s,3H,H-18); 1.37 (s,3H,H-21);
3.78 (s,3H,3~0CH;); 3.95-4.05 (m,4H,20-OCH,CH,0~); 5.97 and 6.01
(2d4,J=6Hz, 1H,H-17' and H-17%2 each); 6.65 (d,J=3Hz,1H,H-4); 6.72

(dd,J=9, 3Hz,1H,H-2); 7.22 (d,J=9Hz,1H,H-1)

d) 20,20-[1,2-Ethanediylbis(oxy) ]-3-methoxy-14,17-etheno-19-
" norpregna-2,5(10)~diene |
A solution of 31 g of the compound, described under 1lc), in
a mixture of 400 ml of tetrahydrofuran and 70 ml of tert-butanol
is added to 2.2 1l of liquid ammonia at -70°C. 16 g of lithium is
added in portions to this mixture while being stirred. It is
allowed to heat to -40°C, 350 ml of ethanol is added in drops
after 5.5 hours, the mixture is then allowed to heat to room
temperature, diluted with water and extracted with ethyl acetate.
The organic phase is washed with water and concentrated sodium

chloride solution, dried on sodium shlfate, filtered off and



such as, for exanple, by treatnent with sulfonic acid derivatives, such as
sul fonic acid halides or sulfonic anhydréges I n the presence of bases,

such as, for exanple, pyridine. 2.7 The reaction of a conpound of
general formula 4 with vinylene carbonate (in Diels-Alder reactions with
vinyl ene carbonate, see, for exanple, Y. Shizuri et al., J. Chem Soc.,

Chem Commun. 292 (1985) or G H Posner et al., Tetrahedron Lett. 32,

5295 (19%bncentratie by evalpotatidnian edeidudi. a23Qndigoft @rgist@amne
results in a cycloaddition product of fornula 14. After hydrogenation of

the 17[ end), if ebtaihed) ehiodd isndeatted dge thie Mextc\stleps wdthow e
according to standard processes, such as, for exanple, the reaction of the
car bonat €unthers piurdfiicatdsmnient, such as, e.g., nethanol with a base, such
as, e.g., potassiumcarbonate, a diol of fornula 17 is obtained. The
sequence of hyHr8YBn4EPERsland & ar RE ORI ettt HzdB)ie Mt (s SHuH-tMer .

3.55 (s,3H,3-OCH;); 3.88-4.03 (m,4H,20-OCH,CH,0-); 4.63-4.67

(m,1H,H-2); 5.93 and 6.07 (2d,J=6Hz, 1H,H-17' and H-172 each)

e) '14,17-Etheno-19-norpregn—4—ene-3,zo-dione

A solution of 2.7 g of the compound, described under 1d), in
30 ml of tetrahydrofuran and 150 ml of acetone are mixed with 7.8
ml of 4N hydrochloric acid while being stirred. After 2 hours,
the solvent is removed, and the residue is recrystallized from
diisopropyl ether. 1.72 g of le) is obtained.

Flash point: 139-143°C

'H-NMR (CDCl;): 4 = 0.92 ppm (s,3H,H-18); 2.18 (s,3H,H-21);

5.88 (s broad,1H,H-4); 6.04 (s,2H,H-17' and H~-17%)

Example 2
;4,17-E§Qeno-;9-go;p;egna-g,6-digge-3.go-diong |
a) 3-Ethoxy-14,17-etheno~19-norpregna-3,5-dien~-20-one

6.1 ml of ethanol, 6.1 ml of triethyl orthoformate and 145
.mg of p-toluenesulfonic acid are added to a solution of 2.02 g of
the compound, described under le), in 80 ml of tetrahydrofuran
while being stirred. After 2 hours at room temperature, 2.5 ml
of triethylamine is added, diluted with sodium bicarbonate
solution, and the mixture is extracted with ethyl acetate. The

organic phase is washed with water and concentrated sodium
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D agram 4 [err]
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chloride solution, dried on sodium sulfate, filtered off and
concentrated by evaporation. 3.3 g of 2a) is obtained as a
colorless oil, which is reacted in the next step without further

purification.

b)  14,17-Etheno-19-norpregna-4,6-diene~3,20-dione

. A solution of 3.3 g of the compound, described under 2a), in
41 ml of dioxane and 10 ml of water is mixed with 16 ml of a 10%
sodium acetate solution and then at 0°C with 890 mg of 1,3-
dibromo-5,5-dimethylhydantoin while being stirred. After 15
minutes, the reaction mixture is poured onto ice water and
extracted with ethyl acetate. The organic phase is washed with
concentrated sodium chloride solution, dried on sodium sulfate
and filtered in a suspension from 2.4 g of lithium carbonate and

3.4 g of lithium bromide in 120 ml of diméthylformamide. The

. mixture is heated to 150°C while ethyl acetate is distilled off.

After one hour, it is allowed to cool, the reaction mixture is

" diluted with water and extracted with ethyl acetate. The organic

phase is washed with water and concentrated sodium chloride
solution, dried on sodium sulfate, filtered off and concentrated
by evaporation. The residue is chromatographed on silica gel
with a mixture of n-hexane and ethyl acetate. 880 mg of 2b) is
obtained.

Flash point: 150-152°C [@],® = +172.3° (CHCl;; c = 0.510)

'H-NMR (CDCl;): d = 0.95 ppm (s,3H,H-18); 2.19 (s,3H,H-21);
5.82 (s broad,1H,H-4); 5.92 and 6.04 (2d,J=6Hz, 1H,H-17' and H~-

172 each); 6.20-6.32 (m,2H,H-6 and H-7)



R[érr] = -CHerr], -Cerr]Herr]; Rerr] = hydrogen,'C[err]-C[err] al kyl; A
and B= independently of one another, hydrogen or (Jerr]-Clerr] alkyl
25 ' For conversion of vicinal diols into olefins, a whole series"

A-suépenéion of 1.9 g of copper(I)'iodide in 25 ml of

diethyl ether is mixed at 0°C drop by drop with 8.5 ml of a 1.6
molar solution of methyllithium in diethyl ether. After 30

minutes of stirring at 0°C, 40 ml of tetrahydrofuran is added and
then at -40°C, 1.23 ml of boron trifluoride etherate and then a
solutioh of 340 mg of the compound, described undef 2b), in 15 ml
of tetrahydrofuran is added in drops. It is allowed to heat to
room temperature within 4 hours, stirred for 72 more hours, and
the reaction mixture is poured into 100 ml of concentrated
ammonium chloride sqlution. The mixture is extracted four times
with ethyl acetate, the combined organic phases are washed with
water, dried on sodium sulfate, filtered off and concentrated by
evaporation. After chromatography on silica gel with a mixture
of ethyl acetate and hexane, 46 mg of 3) is obtained.

Flash point: 133-135°

'H-NMR (CDCl,): d = 0.94 ppm (s,3H,H-18); 1.07
(d,J3=7.5Hz,3H,7-CH,;) ; 2.20 (s,sﬂ,H-zl); 5.83 (s broad,1H,H-4);

6.05 (s,2H,H-17! and H-17%)

Example 4
14,17-Etheno~-19-norpregna=-4,9-diene~3,20-dione

a) 14,17-Etheno-19-norpregn-5(10) ~ene-3,20-dione
A solution of 2.1 g of oxalic acid dihydrate in 30 ml of
water is added in drops to a suspension of 3.0 g of the compound,

described under 1d), in 60 ml of acetone while being stirred at



of nethods that are familiar to one skilled in the art are available to
‘choose from (cf., for exanple, M Ando et,,al., Chemstry Letters 879
(1986)). For exanple, a diol of general orrmula 17 can be reacted with an
‘ort hoester, such as, for exanple, trinethyl orthoformate with acid
catalysis; for exanple, wth pyridinium paratol uenesul fonate, in a

sui table sol vent,- here dichl oronethane can be nentioned as an exanple, or

W thout aro&fll ¥@lpei@taPe. COALEER0RThEEre| t Doess chixddi ¢hthhesohgat oA i N
sui tabl e solvents, such as, e.g., acetic anhydride, fragnents into an

ol efi n of cancentratednsbdiuf. bicarbonte coopatbon ahdgextratctédrthres 14,
15, 16, 17 and 18 together with the derivatives that are described in the
text are tamesnwithnetbyloagetatent eThedcambinedporgasiocf phaaesaaréowashedV
to the object of this invention:

[err] with concentrated sodium chloride solution, dried on sodium
sulfate, fiitered off and concentrated by evaporation. The
residue is chromatographed on silica gel with a mixture of ethyl
acetate and hexane. 1.51 g of 4a) is obtainead.

Flash point: 96-110°C [a]n'z" = +231.6° (CHCly; ¢ = 0.505)
'H-NMR (CDCly): & = 1.03 ppm (s,3H,H-18); 2.20 (s,3H,H-21);
2.72 and 2.82 (2d broad, J=20Hz, 1H,H-4 each); 6.04 and 6.10  ~

© (2d,J=6Hz, 1H,H-17' and H-172 each)

.b) 14,17-Etheno~19-norpregna-4,9-diene-3,20-dione
‘A solution of 500 mg of the compound, described under 4a),
in 6.5 ml of pyridine is mixed with 530 mg of pyridinium bromide
perbromide while being stirred for one hour at room temperature
and then for another 2 hours at 50°C. After dooling, the
reaction mixture is stirred into 20 ml of 6N hydrochloric acid
and extracted three times with ethyl acetate. The combined
organic phases are washed with water and concentratéd sodium
chloride solution, dried on sodium sulfate, filtered off and
concentrated by evaporation. The residue is chromatographed on
silica gel with a mixture‘of ethyl acetate and hexane. 0.31 g of
' 4b) is obtained.
Flash point: 152-158°C (], = -200° (CHCl;, c = 0.496)
'H-NMR (CDCl;): d = 1.04 ppm (s,3H,H-18); 2;20 (s,3H,H-21);
5.72 (s broad,3H,H-4); 6.03 (s,2H,H-17! and H-172)



i n which
t oget her
[err] -

Rerr] =-CHerr], -Cerr]JHerr], Rlerr] and Rlerr] =
2
43

aring of partial formulas 6

- a) 3,3;20,20-Bis[2,2-dimethY1-1,3-propanediy1bis(oxy)]-14,17—

etheno-19-norpregn-5(10) -ene

2.08 g of 2,2-dimethylpropane-1,3~diol, 2.7 ml of'trimethyi
orthoformate and 190 mg of p-toluenesulfonic acid are added to a
solution of 3.2 g of the compound, described under le), in 30 ml
of toluene while being stirred. After 2 hours, it is mixed with
5 ml of triethylamine, diluted with ethyl acetate, washed five
times with water and once with concentrated sodium chloride
solution, dried on sodium sulfate, filtered off and concentrafed
by evaporation. The residue is dhromatographed on silica gel
with a mixture of efhyl acetate and hexane. 3.85 g of 5a) is
obtained as a foam.

'H-NMR (CDCl,): d = 0.72, 0.88, 0.94, 1.07 and 1.19 ppnm

_ (5s,15H,ketal~CH,; and H-18); 1.43 (s,3H,H-21); 3.17-3.78

(m,8H,ketal-OCH,) ; 5.88 and 5.95 (2d,J=6Hz, 1H,H-17' and H-17?

each)

b) 3,3-[2,2-Dimethyl-1, 3-propanediylbis(oxy) ]-14,17-etheno-19~-
norpregn-5(10)-en-20-one

A solution of 3.85 g of the compound, described under S$a),
in 50 ml of dichloromethane is mixed with 11 g of silica gel

(0.063-0.2 mm) and 1.1 ml of concentrated aqueous oxalic acid

‘solution and stirred intensively for 30 minutes. 100 ml of 1IN

sodium hydroxide solution and 100 ml of dichloromethane are

added, stirred for five minutes, allowed to settle, filtered, the



i n which X and Y = independently of one another, in each case an

oxygen atomor two hydrogen atons and , Rerr] = derr]-(Jerr] alkyl,

or " Rerr] and R err] = each per se ?or an -CH group or Rerr]
and R[err] = together a bond and Rlerr] and Rl err] = independently
of one another, hydrogen or CJerr]-Clerr] alkyl, Rlerr] and R err] =
I n each case hydrogen or together a bond, K = an oxygen atomor a

ketal prgietiidues igr washed withRddichllorohethaae) eheChoinblineheorlyanliley! -
Qt her substitution patterns on the D-ring of 14,17-C2- bridged steroids

can be pphasesdare gashsidamithg cdoncentiratideisodiu chloprideusodudfionhgr nul a
19, which can be produced by reaction of a diene of general fornmula 4 with
an acet yldnied ambeodium sulfate, filtered and concentrated by

evaporation. The residue is chromatographed on silica gel with a

-mixture of ethyl acetate and hexane. 1.93 g of 5b) is obtained

as a foam. .

'H-NMR (CDCl,): 4 = 0.85 and 0.88 ppm (2s,6H, ketal-CH,);
1.08 (s,3H,H-18); 2.18 (s,3H,H-21); 3.42-3.70 (m,4H,ketal~OCH,);

5.98 and 6.07 (2d,J=6Hz, 1H,H-17' and H-172 each)

c) 3,3-[2,2~-Dimethyl~1,3-propanediylbis(oxy) ]-21~-iod-14,17~
etheno-19-norpregn-5(10) ~en-20-one

3.9 ml of a 1.6 molar solution of n-butyllithium in hexane
is added in drops to a solution of 1.9 ml of N-cyclohexyl
isopropylamine in 10'm1 ofitetrahydrofuran at -40°C. After 15
minutes of stirring, a solution of 1.93 g of the substanée,
described under 5b), in 15 ml of tetrahydrofuran is added in
drops. After 30 minutes of stirring at -30°C, the sqlutibn is
cooled to 550%3 and then pumped via a teflon hose to a solution
of 1.37 g of iodine in 10 ml of tetrahydrofuran that is cooled to
-50°C. The reaction mixture is heated to room temperature within
2 hours, then poured onto concentrated ammonium chloride solution
and extracted with ethyl acetate. The organic phase is washed
with concentrated sodium thiosulfate solution and concentrated
sodium bicarbonate solution, dried on sodium sulfate and

concentrated by evaporation. 2.6 g of 5c) is obtained as a light



al kyl
27

ester (alkyl = CJerr]-Cferr] alkyl):
~Diagram 5

45 [err]

yellow fesin, which is reacted in the next step without further
purification.

'H-NMR (CDCl;): d = 0.88 ppm (s,6H, ketal-CH;); 1.08 (s,3H,H-
18); 3.42-3.70 (m,4H,ke_ta1-OCHz); 3.90 and 3.99 (2d,J=12Hz, 1H,H-

21 each); 6.07-6.18 (m,2H,H-17' and H-17?)

d) 21-(Acetyloxy)-3,3-(2,2~dimethyl-1,3-propanediylbis (oxy) ]~
14,17-etheno~19-norpregn-5(10)-en-20~one

A solution of 2.6 g of the substance, described under 5c),

in 10 ml of dimethylformamide is mixed with 4.9 g of potassium

acetate, stirred for 80 minutes at 80°C, poured onto water after
cooling and extracted with ethyl acetate. .The organic phase is
washed with concentrated sodium chloride solution, dried on
sodium sulfate and concentrated by evaporation. 1.99 g of 5d) is
obtained as a colorleés resin, which is reacted in the next step
without further purification.

'H-NMR (CDCL;): d = 0.88 ppm (s,6H, ketal-CHy); 1.08 (s,3H,H-
18); 2.17 (s,3H,acetyloxy-CH;); 3.42-3.72 (m,4H,ketal-OCH,); 4.67
and 4.85 (2d4,J=15Hz, 1H,H-21 each); 5.99 and 6.12 (2d4,J=6Hz,
1H,H-17‘_ and H-172 each)

e) 21-(Acetyloxy)-14,17-etheno-19-norpregn-5-(10)-ene-3,20-
dione

A solution of 1.99 g of the substance, described under 5d4d),
in 10 ml of tetrahydrofuran is mixed with 100 ml of 70% acetic
acid and stirred for 60 minutes at room temperature and then for

60 minutes at 40°C. The reaction mixture is poured onto water,



Rlerr]=-CHerr], -Cerr]Herr]; Rerr] = hydrogen, (err]-Cerr] alkyl; A
and B = I ndependently of one another,4 ydrogen or Cl1-C3 al kyl; Rerr]=
hydrogen, Clerr]-Cerr] alkyl Ket al'i zati on of cycl oaddition product
19 yields a conpound of general formula 21. The selective reduction of the
15, 16- :

neutralized with sodium hydroxide solution and extracted three
times with ethyl acetate. The combined organic phases are washed
with coﬁcentrated sodiuﬁ 6hloride solution, dried on sodium
sulfate and concentrated by evaporation. The residue is
chromatographed on silica gel with a mixture of ethyl acetate and
hexane. 1.15 g of 5e) is obtained.

Flash point: 126-128°C [a),® = +199.6° (CHCl;, c = 0.500)

'H-NMR (CDCl,): d = 0.90 ppm (s,3H,H-18); 2.18
(s,3H,acety16xy—CH§); 4.67 and 4.84 (24,J=16Hz, 1H,H-21 each);
6.02 and 6.14 (2d,J=6Hz, 1H,H-17' and H-172 each)

£) 21—(Acetyloxy)-14,17-etheno-19-norpregn-4-ene-3,20-dione

A solution of 500 mg of the substance, described under S5e),
in 25 ml of acetone is mixed with 1 ml of 4N hydrochloric acid,
stirred for 30 minutes at room temperature and then evaporated to
dryness. 500 mg of 5f) is obtained as a foam, which is reacted

~in the next step without further purification.

'H-NMR (CDCl;): d = 0.93 ppm (s,3H,H-18); 2.18
(s,3H,acetyloxy-CH;); 4.68 and 4.83 (24,J=16Hz, 1H,H-21 each);
5.86 (s broad,l1H,H-4); 6.02 and 6.10 ('2d,J=6Hz,'1H,H--171 and H-

172 each)

g) 21-Hydroxy-14,17-etheno-19¥norpregn—4-ene-3,zo-dione

A solution of 500 mg of the substance, described under 5f),
in 15 ml of methanol is mixed with 1.8 ml of 10% aqueous
potassium carbonate solution, stirred for 30 minutes at room

temperature and then poured onto water. It is acidified with 1N



28 - doubl e bond is possible wth magnesiumin a suitable sol vent,
preferably an al cohol, such as, for exanpl nmet hanol, and yields a
conpound ' of formula 23, in which Rlerr] théeh neans a hydrogen atom
1,4-Additions to conmpounds of fornula 21 are carried out according to
met hods that are known in the art. Thus, for exanple, the reaction with
di nmet hyl copper in suitable solvents, such as, for exanple,

t et rahydrOhydaachlbelidsaeJ.dOﬁBOPHdS? extieaetal tarsul einds wmtwhb.eh E§15
then means a nethyl group. By catalytic hydrogenation of noble neta

cat al yst s, acktategstheycomblined7pegahié’phasesdartl wabned withbeoheasntedted
selectively in any internediate stage. The ester function on Cerr] can be
nodi fi ed i sodaumachdoyidé maejutibn, addiedoont sofibampsaifate)t Fiiteredadyd
described for the follow on chem stry of cycloaddition with acrylic acid
al kyl est eFencentraseflobingvenraratingnt i Thedrasidue is chromatogrdphedoon

wth I|th|un&alun1nun1h¥dr|de conver si on of
silica gel with a mixture of ethyl acetate and hexane. 282 mg of

5g) is obtained.
Flash point: 160-163°C [a],?® = +162.3° (CHCl;, c = 0.510)
'H-NMR (CDCl;): d = 0.95 ppm (s,3H,H-18); 3.32
(t,J=5Hz,1H,0H); 4.23 and 4.42 (26d,J=16Hz and 5Hz, 1H,H-21
each); (5.87 (s broad,1H,H-4); 5.87 and 6.10 (2d,J=énz, 1H,H-171

and H-172 each)

Example 6
21-Hydroxy-14,17-etheno-19-norpregna~-4,9-diene-3,20-dione
a) 21~ (Acetyloxy)-14,17-etheno-19-norpregna-4,9-diene-3, 20-
dione |

540 mg of the substance that is described under Sc) is
reacted according to the method that is described in Example 4b).
292 mg of 6a) is obtained.

Flash point: 182-184°C [a],®® = -106.6° (CHCl;, c = 0.495)

TH-NMR (CDC1;): d = 1.04 ppm (s,sn,u-ls.); 2.19
(s,3H,acetyloxy-CH3); 4.69 and 4.83 (2d,J=16Hz, 1H,H-21 each);
5.72 (s broad,1H,H-4); 6.02 and 6.10 (2d,J=6Hz, 1H,H-17' and H-
172 each)



the al cohol that is produced into a | eaving group, such as, for exanple, a

~sul f-onic acid ester, which is obtained, §a9 by reaction with a sulfonic
halide with use of suitable bases,  such gs, for exanple, pyridine with or

Wi thout the aid of an inert solvent, such as, for exanple,

di chl or onet hane, and subsequent reduction with suitable reducing agents,

for exanple, lithium triethyl borohydride, [err],[err]-saturated esters,

such as, gyr ewmidroxy-PaNdtHénde R idrfrddghd -aF, 924 fétte -2, 204 ®i she

16- met hyl = der.ivati ves. In the case of treatnment wth suitable
- reduci ng agentx70 mfof ahe farbstenigs ehat iispladsomibed ey ddadeis
optionally with the aid of Lewis acids, for exanple, zinc chloride,
[err], [ enrdactexshtacadmiling to the method that is described i Exampld Sg) .
such as, for exanple, conpounds of general fornulas 21
159 mg of 6b) is obtained.
Flash point: 143-146°C ([a},® = -171.4° (CHCl;, c = 0.505)
'H-NMR (CDCl;): d = 1.04 ppm (s,3H,H~18); 3.33 (s
broad,1H,0H); 4.24 and 4.43 (24 broad,J=16Hz, 1H,H-21 each); 5.72
(s broad,1H,H-4); 5.95 and 6.10 (2d,J=6Hz, 1H,H-17' and H-172

each)

Example 7
21-Methyl-14,17-etheno-19-norpregn-4-ene-3,20-dione
a) 3-Methoxy-21-methyl-14,17-etheno-19-norpregna-1,3,5(10)~
trien-20-one
6.6 ml.of a 1.6 molar solution of n-butyllithium in hexane
is added in drops to a solution of 1.5 ml of diisopropylamine in
15 ml of.tetrahydrofuran at -20%# then stirred for 30 more
- minutes at 0°C, then a solution of 2.4 g of the substance that is
described under 1b) and 0.78 ml of 1,3-dimethylimidazolin-2-one
in. 46 ml of tetrahydrofuran are added in drops at -30°C and
allowed to stir for 30 more minutes at -30°C. Then, 0.66 ml of
methyl iodide is added in drops and allowed to heat to 0°C. The
reaction mixture is stirred into concentrated ammonium chloride
solution, diluted with water, extracted three times with ethyl
.acetate, the combined organic phases are washed with concentrated

sodium chloride solution, dried on sodium sulfate, filtered and



and 22, yield 15, 16-unsaturated 16-hydroxymethyl derivatives. The
conversion into the correspondi ng carboxylic acid esters or sulfonic acid
esters' is possible according to net hods 4®hat are known in the art. For
exanple, allyl alcohol is reacted with acetyl chloride in pyridine to the
corresponding acetic acid ester. Under the conditions of a Birch
reduction, the corresponding 15, 16-unsaturated 16-nethyl derivative is

then obLaj Ly, C | of I tes, a , R
T DacopEing eRpEaeha hy Cavhpabet \GH. { nhe YeBEShE' 2. efpstalfioBARERLS
aro”at'Cdf&ébﬁﬂopglaéﬁﬂef?duﬁ?ﬁz“G'bf §9¥”1§90$951n3d5(10) - di ene
structure. he conmpounds of “general fornulas 19, 20, 21, 22, 23 and
‘24 together prasShtpeifeti vaadyves(&de are rese ijenel ) éhe degdspre all
new and bel ong as internediate conpdbnds of general formula VI to the
obj ect of thi%-NMrEN(GDOL,): d = 0.89 ppm (s,3H,H~18); 1.08 [err]
(t,J=7.5Hz,3H,H-22); 3.79 (s,3H,3-0CH;); 6.05 and 6.12 (2d,J=6Hz,
1H,H-17' and H-172 each); 6.64 (d,J=3Hz,1H,H-4); 6.72 (44d,J=9,

3Hz,1H,H-2); 7.22 (d,J=9Hz,1H,H-1)

b). 21-Methyl-14,17-etheno-19-norpregn-4-en-20~ol-3-one

1.9 g of the substance that is described under 7a) is
reacted according to the method that is described in Example 14).
The crude product is chromatographed on silica gel with a mixture
of ethyl acetate and hexane. 750 mg of intérmediate product is
obtained, which is reacted according to the method that is
described in Example 1le). After chromatography on silica gel
with a mixture of ethyl acetaﬁe and hexane, 317 mg of 7b) is
obtained.

'H-NMR (CDCl;): d = 0.89 (0.92) ppm (s,3H,H-18); 1.05
(1.03) (t,J=7.5Hz,3H,H-22); 3.70 (dd!J=8 and 3Hz,1H,H-20); 5.83
(5.85) (s broad,1H,H-4); 5.89 and 5.94 (5.96 and 6.02) (2d,J=6Hz,
1H,H-17' and H-172 each)

(Signals from the 2nd diastereomer in parentheses)

c)  21-Methyl-14,17-etheno-19-norpregn-4-ene-3,20-dione
A solution of 300 mg of the compound, dgscribed under 7b),
in 40 ml of dichloromethane is added to a suspension of 1.67 g of

pyridinium dichromate in 15 ml of dimethylformamide while being



i n which Rlerr] = -CHerr], -Cerr]Herr], Rlerr] and Rerr] =

I n each case hydrogen or together a bongo Rl err] = hydrogen or
Clerr]-Cerr] alkyl, 30

Rlerr] = -CQOCal kyl, in which alkyl is a (Jerr]-Clerr] alkyl radical, or

CHerr]OH or CHO, or a (Jerr]-Cerr] alkyl radical, Rlerr] and R err]

= i ndependently of one another, hydrogen or Clerr]-C(lerr] alKkyl,
stirred. The mixture is stirred for one hour at room

temperature, then mixed with 50 ml of ethyl acetate, stirred for
another hour and then filtered. The filtrate is washed five_
times with water and then with concentrated sddium chloride
solution, dried on sodium sulfate, filtered off and concentrated
by evaporation. The residue is purified by means of HPLC. 100
mg of 7c) is obtained.

Flash point: 140-149°C [a],® = +147.0° (CHCl,; c = 0.510)

'H-NMR (CDC1;): d = 0.90 ppm (s,3H,H-18); 1.06

(t,J=7.5Hz,3H,H-22); 5.86 (s broad,1H,H-4); 6.02 (s,2H,H-17! and

H-172)

a) 20,20-[1,2-Ethanediylbis (oxy) ]-3-methoxy-31-methyl-14,17-
etheno-19-norpregna~-1i,3,5(10)-triene

62 ml of ethylene glycol, 52 ml of trimethyl orthoformate
and 1.0 g of p-toluenesulfonic acid are added to a solution of
'21.3 g of the compound, described under 7a), in 250 ml of toluene
‘at room temperature. It is heated to 60°C for 8 hours. After
cooling, 15 ml of triethylamine and 250 ml of ethyl acetate are
added, and the mixture is washed three times with concentrated
sodium bicarbonate solution. The ofganic phase is dried on
.potassium carbonate, filtered off and concentrated by
evaporation. 27 g of 8a) is obtainéd, which is reacted in the

next step without further purification.



Rlerr] and Rlerr] = in each case hydrogen or together a bond, K = an
oxygen atomor a ketal protective group Rl err] = hydrogen or
Jerr]-Cerr] alkyl. -~ In the conp&ﬁhds of general fornmulas IIl, 1V, V
and VI above, K if this is a ketal protective group, preferably stands
for a 1, 2-ethanedi yl bi s(oxy) or 2;2-dinmethyl-1,3- propanediyl bi s(oxy)

gr oup. Under the conditions of a Birch reduction known in the art
(see, for exagpumr {ep€l = A, 9\l Set, TGN '3%?‘%4;92)5 teroid
Chem stry, von Nostrand ?F36I nhol d Oorrpﬁ S(9 72, pp. 1-6d) t'He. re uction of

the conpeyngs I18yene.als f(@,3H,3-08H,); 8. 6544 98t bﬂ;mrﬁoi—béﬁ @bba”ed and

t he correspondlng derlvatlves ‘which® are substituted in 15-, [err] -
or . 17[ers.]eaOQ%.tzmlnﬁ-w'esuatH-mz);trae.wr(@,s;amrh,rm,n-tx), 6.72 (dd,J=9,

3-methoxy-[err]-2,[err]5(10) derivatives. The |latter can be reacted by
react i or3Hai ,t1H,d-2)t;e Mi2ler(al, JrSHLS 13 E-1Qpt i onal | y a subsequent oxi dation
of the 20-hydroxy group according to standard processes, such as, for
exanple, with
b)  20,20-[1,2-Ethanediylbis(oxy) ]-3-methoxy-21-methyl=-14,17~
etheno~19-norpregna-2,5(10)-diene
27 g of the substance, described under 8a), is reacted
according to the method that is described in Example 1d). 18.9 g
of 8b) is obtained.
'H-NMR (CDCl;): d = 0.93 ppm (t,J=7.5Hz,3H,H-22); 0.95
(s,3H,H-18) ; 3.56 (s,3H,3-OCH;); 3.93-4.10 (m,4n,zo-bcnzcnzo—);

4.62-4.67 (m,1H,H-2); 5.92 (s,2H,H-17' and H-17?)

c) 20,20-[1,2-Ethanediylbis(oxy) )}-21-methyl~-14,17-etheno-19-
norpregn-5(10) -en-3-one

A soiution of 18.2 g of the substance, described under 8b),
~in 700 ml of tetrahydrofuran is mixed while being stirred with
250 ml of concentrated ammonium chloride solution and 18 ml of
concentrated oxalic acid solution, and it is stirred for 6 hours.
Then, it is diluted with water and extracted three times with
ethyl acetate. The combined organic phases are washed with
concentrated sodium chloride solution, dried oh sodium sulfate,
filtered off and concentrated by evaporation. The residue is
chromatographed on silica gel with a mixture of ethyl acetaté-and
hexane. 11.0 g of 8c) is obtained as a foam.

(a),? = +169.6° (CHCl;; ¢ = 0.510)



pyridi ni umdichromate, to the A4-3-ketones of general formula (1)
according to the invention. The 3-nethoxy[err]2,[err]5(10) derivatives
can al so be reacted, however, according to standard processes (see, for
example, D. Burn and V. Petrow J. Chem Soc., 364 (1962)) to
A5(10) - 3-ket ones, which can be converted by a bromation-dehydrobromation
and optionalléo? subsequent oxi dation

31 of the r(eDCL)eup &i Bt 0.9Reppar r(};4J[=er 5H2, SHKHt-mNE) of, egener al
formula (1) according to the invention (see, for exanple, J. Fried, J. A
Edwar ds, (ex ddaHclRpacRedBsand 2t 82o2adChroad; J720Hap 1HpH+4 aeacRp; nBobE-
Conpany 1972 . 265-374). Accordin standard processes, ketalization
of the [érFF4(Pe#ﬁ}@osoﬁgﬂghés)Fe§uﬁgs5 o8 [(myRH5HLAY [and |Bt173)- 3- ket al s,
whi ch can be cleaved under mld acid conditions, for exanple, wth agueous
acetic acid, to the

) 21-Methyl-14,17-etheno-19-norpregna-4,9-diene-3,20-dione
11 g of the substance that is described ﬁnder 8c) is reacted
according to the method that is described in Example 4b). 3.75 g
of 8d) is obtained.
Flash point: 145-146°C [«],® = -180.1° (CHCl;, ¢ = 0.510)
'H-NMR (CDCl,): d = 1.03 ppm (s,3H,H-18); 1.08
(t,J=7.5Hz,3H,H-22); 5.72 (s broad,3H,H-4); 6.03 (s,2H,H-17' and
H-17%)

Example 9 _
214Methzl-14,17-gtheno-;9-norpregng-4,9,11-tgiene-3.20—dione _
a) 3,3-[2,2-Dimethyl-1, 3-propanediylbis(oxy) ]-21-methyl~14,17~
etheno-lQ-norpregna-s(10),9(11)-dien-20-one

2.87 g of 2,2-dimethylpropane-1,3-diol, 1.4 -ml of trimethyl
orthoformate and 100 mg of p-toluenesulfonic acid are added to a
solution of 3.5 g of the compound, described under 8d), in 30 ml
of dichloromethane while being stirred. After 3 hours, it is
diluted with dichloromethane, washed with water and with
concentrated sodium chloride solution, dried on sodium sulfate,
filtered off and concentrated by evaporation. The residue is
chromatographed on silica gel with a mixture of ethyl acetate and

hexane. 3.84 g of 9a) is obtained as a foam.



[err]5(10),[err]9(11)-3-ketones. The deconjugation of the [err]4,[err]9-3-
ket ones can optionally also be carried t by treatnent with acids, for
exanpl €, aqueous hydrochloric acid with™he addition of a solubilizer,
such as, for exanple, acetone. After renoval of optionally still present
protective groups, the reaction of the deconjugated di enones that are .
-obtained with oxidizing agents (cf., for exanple, DE 2748250 C2), such as,

for exanple, Ih-mmdq'cﬂdxéo@- Sab=dip¢ganana- beagogpianﬁ,kﬂ,kuithahba,);
|

solvents, for exanple, chl oronmet hane, results in the

[err]4,[2c089(EeB8H}H218) keh009sS (O] I=PcBHL aBHjB+22) p Bl32aB8chRding to the

I nventi on. The next steps normally apply to the creation of radicals
Rlerr], Rhe2H}kehadlRPEH)); 3MHET-+3ueSdinidykeatfale-GCHS) oG UE-56H8 i s
possible via a dienol ether bromati on and subsequent, hydr ogen _brom de

cl eavage (psdl, HFd1) ex6inPBeand. 6Fi2 efi2d 0=AHz Ed#H Hs17 banthi -1 gachdns in
Steroid Chem stry, von Nostrand Rei nhold Conpany 1972, pp. 265-374) or

el se by reaction with chloranil or 2, 3-

dichlorob§,6-g£§ agﬁiglgi?EgggLﬂggg;19-norpregna-5(10),9(11)-diene-3,20-
dione |
500 mg of the compound that is described under 9a) is
dissolved by ultrasound in 25 ml of 70% acetic acid and 5 ml of
tetrahydrofuran and then stirred at room temperature for 4 hours.
Then,_it is neutralized while being stirred with concentrated
sodium bicarbonate solution. It is extracted three times with
ethyl acetate, the combined organic phases are washed with
concentrated sodium chloride solution, dried on sodium sulfate,
filtered off and concentrated by evaporation. 480 mg of 9b) is
obtained, which is reacted in the next step without further
'purification.
'H-NMR (CDCl;): & = 0.87 ppm (s,3H,H-18); 1.08
(t,J=7.5Hz,3H,H-22); 2.91 (s broad,2H,H-4); 5.53-5.60 (m,1H, H-

11); 6.07 and 6.13 (2d,J=6Hz, 1H,H-17' and H-172 each)

c) 21-Methyl-14,17-etheno-19-norpregna-4,9,11-triene-3,20-dione
480 mg of the compound that is described under 9b) is
dissolved in 40 ml of dichloromethane and mixed with 600 mg of
2,3-dichloro-5, 6-dicyano-p-benzoquinone. It is stirred for 4
hours at room température, filtered, the filtrate is washed with

concentrated sodium bicarbonate solution, concentrated sodium



The di enol ether bromation can be carried out, for exanple, analogously to
the irnstructions in steroids I, 233 (196!@4 The hydrogen brom de cl eavage
i s possible by heating the 6-brom ne

32 conpound with basic agents, such as, for exanple, lithiumbromde or
l'ithium carbonate in aprotic solvents such as dinethylformm de at
tenperatures of 50-150[err]C or else by the 6- brom ne conpounds bei ng

heat ed intﬁﬁgkhikgﬁeoﬁohﬂiﬁghnﬁnd againFQEtﬁOEBﬁPBHQrﬂEEB 8o8iamMet hyl ene

functi on, Introduction 1s also“carried out fromthe di enone by

reacti on pwchbodhatehsblukienynavieaebhyodeunbshllfate,afilxevea offaanand
[err]-isoners occurs (the ratio depends on the substrates used and is

appr oxi necehgehtiatedhbghevapoiratienar athe, résidaradsl ehromatographed on
chr omat ogr aphy.
silica gel with a mixture of ethyl acetate and cyclohexane. 206
mg of 9c) is obtained.’
Flash point: 117-119°C ([a],?® = -278.8° (CHCl;, ¢ = 0.500)
'H-NMR (CDCl;): 4 = 0.97 ppm (s,3H,H-18); 1.11
(t,J=7.5Hz,3H}H-22); 5.80 (s broad,3H,H-4); 5.99 and 6.08
(24,J=6Hz, 1H,H-17' and H-172 each); 6.04 (d,J=12Hz;1H,H-11);

6.44 (d,J=12Hz;1H,H~12)

- Example 10 _

17'-Methyl-14,17-etheno-19-norpregn-4-ene-3,20-dione
a) 3—Mefhoxy-16—methyl-19—norpregna-1,3,5(10),14,16-pentaen—20—
one

| A suspension of 15.2 g of copper(I) iodide in 50 ml of
diethyl ether is mixed at 0°C drop by drop with 90 ml of a 1.6
molar solution of methyllithium in diethyl ether. After 30
minutes of stirring, 12 ml of triethylamine and then 11 ml of
trimethylchlorosilane are added drop by drop at =-70°C. Then, a
solution of 15 g of the compound, described under 1la), in 220 ml
of tetrahydrofuran is added in drops. It is allowed to stir for
2 more hours at -70°C, then 100 ml of concentrated ammonium
chloride solution is added, it is allowed to heat to room
temperature, shaken with 406 ml of ethyl acetate, solid _
components are filtered off, and the agqueous phase is extracted

again with ethyl acetate. The combined organic phases are washed



Compounds with R err] equals alkyl are produced from 4, 6-di en-3- one
conmpounds by 1, 6-addition according to kggwn methods (J. Fried, J. A
Edwar ds: Organic Reactions in Steroid Chenistry, von Nostrand Reinhold
Conmpany 1972, pages 75-82; ‘A, Hosom and H  Sakurai, J. Am Chem Soc. 99,
1673 (1977)). The introduction of 7-alkyl functions is carried out in this
connection generally via dialkyl copper |ithium conpounds. Conmpounds
i N whi ch fiduer tlimespwdthn semd conicentratado ammon e chilortide Bodutliohgr m a
common additional bond are al so represented starting fromthe

4, 6- di end¥iede onomodd s sulfatie,s fddtered off andsconcentgatedoblyl e bond is
epOX|dated with use of organic peracids, such _ as, for exanple, -

met a- chl GVAPOTR&As.c Thed residueniscdissolved by udsraseand, im 500 ml of

presence of soqlunlblcarbonate sol ution (see W C_Liuand O

Ada
Rodr i gue2ce¥ondtyileneml0.259 956@a@19¢3PP(IfﬂeaGﬁ@ﬁghgi&f aded &oth®e and
the el | T HI%R T Roulel ¥ 4ol CRIE 2§ BN B Pcb S 88! B0 ma

of ethyl acetate is added, suctioned off on Celite and
concentrated by evaporation. The residue is chromatographed on
silica gel with a mixture of ethyl acetate and n-hexane. 5.03 g
of 10a) is obtained.

Flash point: 166-167°C [a],?® = +459.2° (CHCl;, ¢ = 0.505)
'H-NMR (CDCl,): 6 = 1.22 ppm (s,3H,H-18); 2.37 and 2.40
(2s,6H,16-¢H3 and H-21); 3.80 (s,3H,3-OCH;); 5.92 (d,J=2Hz,1H,H-
15); 6.68 (d,J=3Hz,1H,H-4); 6.75 (dd,J=9, 3Hz,1H,H-2); 7.25

(4,J=9Hz, 1H,H~-1)

b) 3-Methoxy-17‘?methy1-14,17-etheno-19-norpregna-
1,3,5(10)trien-20-one

5.0. g of the compound that is described under 10a) is
reacted according to the method that is described in Example 1b).
3.38 g of 10b) is Obtained as a foamnm.

'H-NMR (CDCl;): d = 0.85 ppm (s,3H,H-18); 1.74 (s broad,17'-
CH;) ; 2.20 (s,3H,H-21); 3.79 (s,3H,3-OCH;); 5.67 (s broad,H-17%);
6.66 (d,J=3Hz,1H,H~-4); 6.73 (dd4,J=9, 3Hz,1H,H-2); 7.22
(d,J=9Hz, 1H,H~1)



33 out, for exanple, by reaction with hydrochloric gas in glacial
acetic acid (see, i.a., DE-A 11 58 966 agg DE-A 40 06 165). The

i ntroduction of -a 6-nethylene group can be carried out, for exanple, _
starting froma 3-am no-3,5-diene derivative by reaction with formalin in
al coholic solutions with the formation of a 6[err]-hydroxynethyl group and
subsequent acid dehydration, for exanple, with hydrochloric acid in

di oxane/ v} er .1ﬂ‘huethqﬂya|43uﬂeethanoa-nsenbrptegnj-édenat-3,hmm,e in the
way that first a leaving group is introduced and then elimnated. As

| eavi ng gr oups209 grg ex&irithe conpaund thabsis deseribed andex 2keb) sigt abl e
(see DE-A 34 02 329, EP-A 150157, US 4,584,288(86);_ K. N ckisch, S. Beier,
D. Bittl efeached agsorqing £ &the nethods khat \arejdegsepibed in Examples

R Wech : : 4 .
and Wleg) ,er:lt.d) Jang/blc.ie) .Che3r24 3mg’ of 10c) is obtained.

Flash point: 137°C [@],® = +109.6° (CHCl;, ¢ = 0.500)
'H-NMR (CDCl;): 4 = 0.86 ppm (s,3H,H~18); 1.70 (s broad,17'-
CH;); 2.16 (s,3H,H-21); 5.58 (s broad,1H,H-17%); 5.84 (s
broad, 1H,H-4)

Example 11

250 mg of the compound that is described under 10c) is
reacted according to the methods that are described in Examples
2a) and 2b). 102 mg of 11) is obtaingd.

Flash point: 132-136°C

'H-NMR (CDC1,): d = 0.89 ppm (s,3H,H-18); 1.69 (s broad,17'-
CH;); 2.17 (s,3H,H-21); 5.47 (s.broad,lﬂ,H—172); 5.80 (s

broad,1H,H~4); 6.17-6.30 (m,2H,H-6 and H-7)

Example 12

a) 3-Methoxy-17‘€methy1-14,17-ethano-19—norpregna-1,3,5(10)-
trien-20-one

2.75 g of the compound that is described under 10b) is
dissolved in a shaking apparatus in 125 ml of tetrahydrofuran.
765 mg of palladium on activated carbon (10%) is added, the

apparatus is placed under hydrogen and shaken until the hydrogen



2464 (1991)). Anot her possibility for the production of 6-nethylene
conpounds consists in the direct reactiongf 4(5) unsaturated 3- ketones
wi tth acetals of formal dehyde in the preseice of sodium acetate with, for
exanpl e, phosphorus oxychlori de or phosphorus pentachloride in suitable
sol vents such as chloroform (see, for exanple, K Annen, H Hofneister, H
Laurent and R Wechert, Synthesis 34, (1982)). An additional possibility

for the isbsskpEionhad éfded: TEADNELNENE SOTUELNS| £ SEiTtéhéq r &R ctéPitef
a A4-3-ketone to a dienol ether, its reaction with dinethylformm de and

phosphor usibxjs toriceiettated dsyyeaporhtion reducracwm t e conglek 12a) is
borohydri des and subsequent dehydration wth mneral acids according to
processes obtained asoanfoamihe art (see WO 90/12027).
'H-NMR (CDCl,): d = 0.88 (0.92) ppm (s,3H,H-18); 0.99
(1.10) (4,J=7.5Hz,3H,17'-CH;); 2.08 (2.11) (s,3H,H-21); 3.78
(s,3H,3-0OCH,) ; 6.62 (d,J=3Hz,1H,H-4); 6.73 (dd,J=9, 3Hz,1H,H-2);
7.22 (4,J=9Hz,1H,H-1)

(Signals from the 2nd diastereomer in parentheses)

b) (17'R) -17'-Methyl-14, 17-ethano-19-norpregn-5 (10) -ene~-3, 20-
dione

2.9 § of the compound that is described under 12a) is
reacted according to the methods that afe described in Examples
lc), 1d) and 8c). 209 mg of 12b), 310 mg of the two c-17!
epimers of 20,20-L1,2-ethanediylbis(oxy)]-17‘-methy1-14,17-
ethano-19-norpregn-4-en-3-one in a mixture with (17’8)-17’-

| methyl-14,17-ethano-19-norpregn-5(10)-ene-3,20-dione as well as

1.36 g'of the two C-17! epimers of 20,20-[1,2-
ethanediylbis(oxy)]-17‘-methy1-14,17-ethano-19-norpregn—5(10)-en—
3-one are obtained.

'H-NMR (CDCl,): d = 0.90 ppn (s,3H,H-18); 1.07

(d,3=7.5Hz,3H,17'-CH;) ; 2.06 (s,3H,H-21)

c) (17FR)-171-Methyl—14,17-ethano-19-norpregn-4—ene-3,20-dione
190 mg of 12b) is réacted according to the method that is

described in Example l1le). 105 mg of 12c) is obtained.



34 The 6-rmet hyl ene conpounds can be used for the production of

‘'t he conmpounds of general forrmula (1), insghich R err] equals nethyl and
~Rlérr] and Rerr] forma comon additional bond. In this connection,
Tor exanple, a process that is described by D. Burn, D. N. Kirk and V.
Petrow i n Tetrahedron 21, 1619 (1965) can be used, in which an

| soneri zation of the double bond is achieved by heating the 6-nethyl ene
conpounds in cHTMR (GDGL;) 5% Bar| QdPEnppar ben3HsHea8ht y3i05nhi ch was
pretreated either with hydrogen or_ by heating with a smal|l anpunt of

cycl ohexef@rITheSHE s3e} 7 788 b Eaﬂ7al§o35eﬂtgl)ie§-6ht(QAPHOGQaIH.H-4)
non-pretreated catalyst, if a small anount of cycl ohexene is added to the
reaction m xture. The occurrence of small portions of hydrogenated
products % p{gvented by the addition of excess sodium acetate.

The producCtl R -nmet hyl -4, 6-di en-3-one derivatives can

718) =171

300 mg of the mixture, described under 12b), of the two C-
17! epimers of 20,20-[1,2-,ethanediy1bis(oxy)]-17‘-methy1-14,_17-
ethano-19-norpregn-4-en-3-one ahd (17‘8)-17’~methyl-14,17-ethano-
19~norpregn-5(10)-ene-3,20-dione, is reacted according to the
method that is described in Example le). 77 mg of 12¢) and 122
mg of 13) are obtained.

'H~-NMR (CDCl;): d = 0.68 ppm (dd,J=6Hz and 13Hz, 1H,H-17%);
0.92 (s,3H,H-18); 0.96 (d,3=7.5Hz,3H,17'-CH;) ; 2.08 (s,3H,H-21);
5.82 (s broad,1H,H-4)

Examples 14 and 15
14: (17'R)-17'-Methyl-14,17-ethano-19-norpreana-4,9-diene-3,20~

dione
15: (17's)~-17'-Methyl-14,17-ethano-19-norpregna-4,9-diene-3,20~
dione

1.30 g of the mixture, described under 12b), of the two C-
17' epimers of 20,20-[1,2-ethanediylbis(oxy)]-17‘-methy1-14,17-
ethano-19-norpregn-5(10)-en-3~-one is reacted according to the
methods that are described in Examples 4b) and 1le). 200 mg of
14) and 120 mg of 15) are obtained.
14):



al so be carried out directly, however (see K. Annen, H  Hofneister, H
Laurent and R Wechert, -Li ebigs Ann. (#B 712, (1983)). Conpounds,
in which R err] represents an [err]-methyl” function, can be produced from
t he 6-net hyl ene ‘conpounds by hydrogenati on under suitable conditions. The
best results (selective hydrogenation of the exo-nethylene function) are
achi eved by transfer- hydrogenation (E. A Brande, R P. Linstead and P.

W D. Mtchel I‘n-ﬂMROocm:lf)QC 3573 .09 yhim -(d,B3H hﬁ-ﬁ)rreumdeene

derivatives are heated in sui tabl e solvent, such for exanple,
et hanol , i(a,0Lq. ﬁmsenqa76-f-cn_,1)ryyw Joe (@;mr,n-smh aas.,ss f(a broady 1], H-4)

cycl ohexene, and a nobl e net catal yst, for
35 |
18): _
TH-NMR (CDCl;): d = 0.76 ppm (dd,J=5Hz and 12Hz, 1H,H~-172);
0.95 (d,J=7.snz,3H,;7‘4cns); 1.01 (s,3H,H-18); 2.09 (s,3H,H-21);

5.66 (s broad,1H,H-4)

Example 16
4,17-Ethano-19-norpregna-4,9-diene-3,20-dione
- a) 3-Methoxy-l6a-phenyléulfonyl-14,17-etheno-19-norpregna-
1,3,5(10)~trien-20~-one
A mixture of 14.7 g of the substance that is described under
| la) and 24.0 g of phenyl vinyl sulfone is heated to 155°C in 100
ml of benzene for 10 days. After cooling, the reaction mixture
is concentrated by evaporation, and the residue is
chromatogtaphed on silica gel first with dichloromethane and then
with a mixture of ethyl acetate and hexane. 14.9 § of 16a) is
obtained. |
Flash point: 178-179°C
'H-NMR (CDCl;): & = 0.84 ppm (s,3H,H-18); 2.30 (s,3H,H-21);
3.77 (s,3H,3-0CH;); 4.58 (dd,J=8, 4Hz,1H,H-16); 6.48 and 6.50
(2d4,J=5Hz, 1H,H-17' and H-172 each); 6.64 (d,J=3Hz,1i1,H-4); 6.72
(dd,J=9, 3Hz,1H,H-2); 7.18 (d,J=9Hz,1H,H~1); 7.52-7.87
(m, 5H, SO,C(H;) |



exanpl e, platinumor palladium very good yields of 6[err]-nethyl
derivatives are thus obtained. Small pOééions of 6[err]-nmethyl conpounds
can be isonerized acidically (see, for anple, D. Burn, D. N Kirk and V.
Petrow, Tetrahedron 21, 1619 (1965)). - The al kylation of 17-acetyl
derivatives to honol ogous ketones can be carried out not only, as already
descri bed, on - conpounds with an aromatic A-ring, but also in the further

course pf theMathdigsi1ng ,ay -ethai-1 ohnrPiedthadal, sy al(109s-trien-20A
i ntroduction of a 21-CH substituent is carried out on suitably protected

20- ket o conpQipdyy BIC Watidis-niodl stiedds Randyh afickele g washed Sawerall. such
as the direct oxidation of an enolate (see, for exanple, E. Vedejs, D. A

Engl er cnishel withlethammd ahd ultimatiedy stispeh@ed Li9/®00aml bf @thamddr.son
and S. C. Smth, Synlett 1990, 107) or the reaction of enolate to the
correspédnd@ing iafdithe sukishanae ithatofis kesicrdbed mpderciléa) dsd addedt dioysi s
of the acetate. The diastereoneric mxtures that are optionally produced

i n this tdude suspensian ang aefijjaxed for 16 hours. After cooling, it is

decanted from Raney nickel, rewashed several times with ethanol
and concentrated by evaporation. The residue is chromatographed
on silica gel with a mixture of ethyl acetate and cyclohexane.
1.40 g of 3-methoxy-14,17-ethano-19-norpregna-1,3,5(10)-trien-20-
one with a flash point of 140-142°C and 2.70 g of 16b) are
obtained.
' Flash point: 90-100°C

"H-NMR (CDCl;): & = 0.88 and 0.92 ppm (ZS,3H;H—18); 1.12
and 1.18 (2d,J=6Hz,3H,H-21); 3.78 (s,3H,3-OCH;); 3.95
(q,d=6Hz,1H,H-20); 6.63 (4,J=3Hz,1H,H-4); 6.72 (44,J=9, 3Hz,1H,H~-
2); 7.21 (4,J=9Hz,1H,H-1)

c) 3-Methoxy-14,17-ethano—19-norpregna-2;5(10)-dien-zo-ol

5.50 g of the compound that is described under 16b) is
reacted according to the method that is described in Example 1d).
5.50 g of 16c) is obtained.

'H-NMR (cnc13)$ § = 0.87 and 0.90 ppm (2s,3H,H-18); 1.10
and 1.16 (2d,J=6Hz,3H,H-21); 3.55 (s,3H,3~0CH;); 3.87-3.98

(m,1H,H-20); 4.65 (m,1H,H-2)



chr omat ogr aphy. After all radicals are introduced, protective groups
that are still present are cleaved according to standard processes.

The conpounds of general fornmula (1) that G1e obtained with Rl err] equal s
oxygen can optionally be converted by reaction with hydroxyl am ne
hydrochl oride in the presence of tert-amnes at tenperatures of between
-20 and +40[err]C into oxines (general fornmula (I) mﬁth Rl err] neaning

N-OH, wh [
36 ereé%et ﬁgmvalﬂaﬁ % éq%nupgktlo%sgr%—n pro uctﬁéo?n)gener al

formula (1) wt t Bk | , for
exanpl e, accordlqnpi&é e I nstr ug&)ﬁrgcgrﬁmafe I ndi nggfﬁlf DIE%EA? (}8&05490

by reducti er&:l:@éa’ Heestainy €ditheimdthod that is described in Example 4a).

0.80 g of 16d) is obtained.

Flash point: 103-117°C
1H--NMR.(CDC13): § = 0.87 and 0.90 ppm (25,3H,H-18); 1.11
and 1.16 (2d,J=6Hz,3H,H-21); 2.69 and 2.78 (24,J=20Hz, 1H, H-4

each); 3.85-3.98 (m,1H,H-20)

e) '14,17-Ethano-19-norpregna-4,9-dien-20-ol-3-one

A solution of 0.80 g of the compound, described under 16d),
in 10 ml of pyridine is added in drops to a solution of 0.16 ml
of bromine in 10 ml of pyridine while being cooled with ice and
while being stirred. After 3 hours, the reaction mixture is
poured into 2N hydrbchloric acid and adjusted to a pH of between

, 4 and 5. It is extracted with ethyl acetate. The organic phase

is washed with water and concentrated sodium chioride solution,
dried on sodium sulfate, filtered off and concentrated by
evaporation. The residue is chromatographed on silica gel with a
mixture of ethyl acetate and hexane. 0.22 g of 16e) is obtained.

H-NMR (CDC1l;): 6 = 1.01 and 1.07 ppm (2s,3H,H-18); 1.12
and 1.15 (2d,J=6Hz,3H,H-21); 3.88-4.00 (m,1H,H-20); 5.67 (s
broad,1H,H-4) |

f) 14,17-Ethano-19-norpregna-4,9-diene-3,20-dione
360 mg of pyridinium chlorochromate is added to a solution

of 220 mg of the compound, described under 16e), in 20 ml of



The exanpl es bel ow are used for a nore detailed explanation of the

I nventi on: 37 Exanple 1
14, 17- Et heno- 19- nor pr egn- 4- ene- 3, 20- di orft? a)
3- Met hoxy- 19- nor pregna- 1, 3, 5(10), 14, 16- pent aen- 20- one 84.2 g of

3-net hoxy- 19-nor-17[err] -pregna-1, 3,5(10), 15-tetraen- 20-in-17[err]-ol (J.
Med. Chem, 11, 924 (1968)) is heated to 110[err]C in 875 m of 86%formc

aci d whi ' poeed. bts ol : d \ th
ddi 1 on SSFRIBAAmEkhEEr, Shechigelod 3o sbirk§atkp? (2 nbirEe Yook | Ne
dri ed an@eﬁia%ga%hgag faaaleg?e_a faultbeéagel The! RidtFaxkUis ebneehtiratedl dye

and hexane. . 8 i s obtai ned. _
evaporatipn and chromatographed on silica gel with a mixture of
ethyl acetate and hexane. 130 mg of 16f) is obtained as a foanm.
[@],® = -255.3° (CHCl;, c = 0.600)
'H-NMR (CDCl,): 4 = 1.04 ppm (s,3H,H-18); 2.12 (s,3H,H-21);

5.67 (s broad,3H,H-4)

Example 17
. 14,17-Ethano-19-norpregna-4,6-diene-3,20-djione
a) - 14,17-Ethano-19-norpregn-4-ene-3,20-dione
5.50 g of the coﬁpound that is deécribed under 16¢) is
reacted according to the.methods that are indicated in Examples
le) and 16f). 2.80 g of 17a) is obtained.
Flash point: 140-145°C [@],® = +67.6° (CHCl;; ¢ = 0.550)
'"H-NMR (CDCl;): d = 0.94 ppm (s,3H,H-18); 2.10 (s,3H,H-21);

5.83 (s broad,l1H,H~4)

b) 14,17-Ethano-19-norpregna-4,6-diene-3,20-dione
326 mg of the compound that is described under 17a) is
reacted according to the methods that are indicated in Examples
2a) and 2b). 160 mg of 17c) is obtained.
' Flash point: 126-132°C [a],® = +31.8° (CHCl;; c = 0.575)
'H-NMR (CDCly): d = 0.96 ppm (s,3H,H-18); 2.11 (s,3H,H-21);

5.78 (s broad,1H,H-4); 6.14-6.23 (m,2H,H-6 and H-7)



Fl ash point: 152-155[err]C [err]HNVR (CDCl [err]): [err] = 1.22 ppm
(s,3H,H18); 2.35 (s,3HH21); 3.78 (s, 3g33-0CH3); 6.08 (m1H H 15); 6.68
(d,J=3Hz, 1H, H4); 6.74 (dd,J=9, 3Hz,1H H2); 7.23 (d,J=9Hz, 1H H1); 7.27
(d,J=3Hz, 1H H 16) b)

3- thhoxy 14, 17- et heno- 19- nor pr egna- 1, 3, 5(10)-trien-20-o0ne A sol ution
of 200 g of the subst ance, descri bed under la), in 2.5 1 of benzene is
heat ed t cEXx®mpler}® under an ethyl ene pressure of 300 bar for 240 hours.
After cooling the reactlon ntxture IS concentrated by evapor ati on, and
the resi deéb=Me athan 3 ’ aperd 20744008 of et hyl

tate and h 175 f 1b) [s obt |
(ool [er r# exangt@%p cEreifle b, A g postSERELS, s -

(s 3H, 3- e 2P07 and 6.14 (2d,J=6Hz, 1H H 17[err] and H 17[err] each);
6.65 (d, J=5EBNTEPTPAS: 6.73 (dd, J=9, 3Hz, 1H, H2): 7.22 (d,J=9Hz, 1H, H-1)

133 g of the compound that is described under 1b) is

dissolved in a shaking apparatus in 2 1 of ethyl acetate. 13 g
of palladium on activated carbon (io%) is added, the apparatus is
placed under hydrogen and shaken until the hydrogen absorption
has ended. After the solution is filtered on Celite, it is
concentrated by evaporation. After crystallization from ethyl
acetate, 129 g of 18a) is obtained.

Flash point: 146-147°C ([a},® = +66.7° (CHCl,; c = 0.490)

'H-NMR "(CDC1;): 4 = 0.90 ppm (s,3H,H-18); 2.23 (s,3H,H-21);
3.78 (s,3H,3-OCH;); 6.63 (d4,J=3Hz,1H,H-4); 6.73 (44,J=9,

3Hz,1H,H-2); 7.22 (d,J=9Hz,1H,H-1)

b) 3-Methoxy-21-methyl-14,17-ethano-19-norpregna-1,3,5(10)-
trien-20-one |

| 5.00 g of the compound that is described under 18a) is
reacted according to the method that is indieated in Example 7a).
4.4 g of 18b) is obtained as a foam.

[a),2 = +71.3° (CHCl;; ¢ = 0.545)

'H-NMR (CDCly): d = 0.89 ppm (s,3H,H-18); 1.03
(t,J=7Hz,3H,H-22); 2.40-2.50 (m,2H,H-21); 3.78 (s,3H,3-OCH;);
6.63 (d,J=3Hz,1H,H-4); 6.72 (dd,J=9, 3Hz,1H,H-2); 7.22
(d,J=9Hz, 1H,H-1)



38  ©) 20, 20-1.1, 2- Et hanedi yl bi s(oxy) ] - 3- met hoxy- 14, 17- et heno- 19-

nor pregna-1, 3,5(10)-tri ene 75 nm cg et hyl ene glycol, 63 m of
~trimethyl orthoformate and 1.25 g of p-toluenesul fonic acid are added to a
“solution of. 25 g of the conpound, described under 1b), in 175 m of

di chl oronet hane at roomtenperature while being stirred. After 90 m nutes,
15 mM of triethylamne and 100 ml of dichloronethane are added, and the

reacti ongyi xt gfeithowgsRadnethgd -14)29-ethlnoc25cABLpREGHas2]EYT0) ~dien-
bi carbonate sol ution. The organic phase is dried on potassium carbonate,
filtered2oFbland concentrated by evaporation. 31 g of 1c) is obtained.
[err]HHNWR (CDCl [err]): d = 0.98 ppm (s, 3H H 18); 1.37 (s,3H H21);
' 2.70 g of the compound that is described under 18b) is
reacted according to the method that is indicated in Example 1d).
1.75 g of 18c) is obtained.
Flash point: 137-143°C
'H-NMR (CDC1;): d = 0.86 ppm (s,3H,H-18); 0.98

(t,J=7Hz,3H,H-22); 3.55 (s,3H,3-OCH;); 4.66 (s broad,1H,H-2)

d) 21-Methyl-14,17-ethano-19-~-norpregn-4-en-20-ol-3-one

356 mg of the compound that is described under 18c) is
reacted according to the method that is indicated in Example 1le).
300 mg of 18d) is obtained.

'H-NMR (CDCl;): d = 0.91 ppm (s,3H,H-18); 0.98

(t,J=7Hz,3H,H-22); 3.55~3.63 (m,1H,H-20); 5.81 (s broad,1H,H-4)

e) 21-Methy1-14,17-ethano-19-norpfegn-4-ene—3,2o-dione

300 mg of the compound that is described under 18d4d) is
reacted according to the method that is indicated in Example
14f£). 206 mg of 18e) is obtained.

Flash point: 123-128°c [a]°2° = +63.8° (CHCl;; ¢ = 0.525)

'H-NMR (CDCl;): 4 = 0.93 ppm (s,3H,H-18); 1.00
(t,J=7Hz,3H,H-22); 5.82 (s broad,lﬁ,n-4)



3.78 (s,3H,3-CCH3); 3.95-4.05 (m4H,20-CCH err]CH err] G ); 5.97 and 6.01
(2d,J=6Hz, 1H H 17[err] and H 17[err] each); 6.65 (d,J=3Hz,1H H4); 6.72
(dd, J=9, 3Hz, 1H, H2); 7.22 (d;J=9Hz, 1H, H3) d) :
20,20-[1,2-Ethanediy|bls(oxy)] 3- nethoxy 14, 17- et heno- 19-

nor pregna- 2, 5(10) - di ene A solution of 31 g of the conpound, described
under 1c), in a mxture of 400 mM of tetrahydrofuran and 70 m of

tert - but gnol dded to 2.2 1 of liquid amonia at -70[err]C. 16 g of
I|th|un1§§““§Hﬁb& In portions to this mxture while being stirred. It is

al | oned tq | _ after
5.5 hour ' 3 ' ) re,
diluted with. w%e a-,@mgé,dﬂd '%:h‘itthﬁ' ‘f)ed mﬁ&rqwcwase s
washed with water and concentrated sodi um ch ori de sol ution, drled on

sodi um s Patited fdddordhePitlo AMé methods that are indicated in Examples
4a), 4b) and 16f). 170 mg of 19) is obtained.
'Flash point: 130°C (a],?® = -251.2° (CHCl,; c = 0.470)
'H-NMR (CDCl;): d = 1.02 ppm (t,J=7Hz,3H,H-22); 1.05

(s,3H,H-18); 5.68 (s broad,1H,H-4)

Example 20

370 mg of the compound that is described under 18d) is
reacted according to the methods that are indicated in Examples
2a), 2b) and 16f). 120 mg of 20) is obtained.

Flash point: 155-158°C [a],® = +20.0° (CHCl,;; c = 0.490)

'H-NMR (CDC1;): d = 0.96 ppm (s,3H,H-18); 1.02

(t,3=7Hz,3H,H-22); 5.78 (s broad,1H,H-4); 6.15-6.23 (m,2H,H-6 and

H-7)

a) 3,3-[2,2-Dimethyl-1,3-propanediylbis(oxy)]-21-methyl-14,17-
ethano-19-norpregné-5(10),9(11)-dien-20-one

- 18.3 g of the compound that is described under 18c) is
reacted according to the methods that are indicated in Examples

4a), 4b), %9a) and 7c). 1.0 g of 21a) is obtained.



39 concentrated by evaporation in a vacuum 23.1 g of crystalline 1d)
I's obtained, which is reacted in the next steps without further
purifi‘cation. [err]H-NVMR (CDCl [er®6): d = 0.96 ppm(s,3H H 18); 1.33
(s,3H H21); 3.55 (s,3H,3-CCH err]); 3.88-4.03

(m4H, 20-CCH err]CH err]O); 4.63-4.67 (m1H H2); 5.93 and 6.07
(2d,J=6Hz, 1H H 17[err] and FLl?[err] each) e)

14,17- Et heno-19- nor pregn- 4- en 3 20 solution o 1 of the
conpound, des11 )1qg)¢ §§ ﬁPSOP ?EtPaﬂy&?ﬁfﬁﬁaﬁegﬁi'gggiﬂ of

Ater 2 ﬁoﬁ?s(ée‘?’ﬁzhﬁo?éeﬁtzﬂ m%“ TRV e SRt Rt
150 143 AP s FL s gl ey 10 . 858 8°88 meiRsEitS) 12 1
(s, 3H H 21); _
b)  21,21-Dimethyl-14,17-ethano-19-norpregna-4,9-diene-3,20~
~dione
210 mg of the éompound that is described under 21a) is
- reacted according to the methods that are indicated in Examples
7a) and 1é). 108 mg of 21b) is obtained.
""H-NMR (CDC1l;): d = 1.01 ppm (d,J=6Hz,6H,H-22,H-22’); 1.05

(s,3H,H-18); 5.68 (s broad,1H,H-4)

Example 22

a) G-Methylene—14,17-ethano-19-norpregn-4-ene-3,zo-dione

6.10 g of the compound that is described under 17a) is
reacted according to the method that is described in Example 2a)
to the corresponding dienol ether, which is taken up as a crude
product in 60 ml of dimethylformamide and is mixed at 0°C with a
solutioh of 5.2 ml of phosphorus oxychloride in 30 ml of
dimethyformamide. After one hour, the reaction mixture is added
in drops to concentrated sodium bicarbonate solution and
extracted with ethyl acetate. The organic phase is washed with
water and concentrated sodium chloride solution, dried on sodium
sulfate, filtered off and concentrated by evaporation. 5.27 g of
the 6-formyl compound is obtained as a crude product, which is

dissolved in 14 ml of ethanol and 28 ml of dimethylformamide and



+5.88 (s broad,1H H4); 6.04 (s,2H, H 17[err] and H17[err]) Exanpl e 2

14, 17- Et heno- 19- nor pr egna- 4. 6- di ene- 3, 20-di one a)

3- Et hoxy- 14, 17- et heno- 19- nor pr egna- 3, 5- d6&n- 20- one 6.1 m of ethanol,
6.1 m of triethyl orthoformate and 145 ng of p-toluenesulfonic acid are
added to a solution of 2.02 g of the conpound, described under 1le), in 80
m of tetrahydrofuran while being stirred. After 2 hours at room
tenperatuge, 2.5 of frieth mne is added, _diluted w th, sodiu '
bi car bonat® m%ﬁﬁ%?*%h??ﬁhﬂ°?ﬂé¥%€§t%r@ﬁi% Lok QEﬁk@??P¥é¥@$eaceﬂ%F%? The
Zgganlc pgﬁéenéér, pgquAéP ¥ﬁigﬁlgﬂgigqggfgtigig dggdi#qarops. After 15

minutes, the reaction mixture is diluted with 120 ml of water,

neutralized with concehtrated sodium bicarbonate solution and
extracted with ethyl acetate. The organic phase is washed with
water and concentrated sodium chloride solution, dried on sodium
sulfate, filtered off and concentrated by evaporation. 4.31 g of
22a) is obtained as a crude product. o

"H-NMR (cbcl;): d = 0.93 ppm (s,3H,H-18); 2.12 (s,3H,H-21);

4.94 and 5.18 (2s broad, 1H,6-=CH, each), 6.11 (s broad,1H,H-4)

b) 6-Methj1-14,17éethano-19-norpregna—4,6—diene-3,20-dione
1.05 g of palladium on carbon (5%) is refluxed in 50 ml of
methanol for 30 minutes and then mixed with a solution of 2.15 g
of the compound, described under 22a), in 90 ml of methanol and
refluxed for 90 minutes. The catalyst is filtered off and after
the cbncentration by evaporation, the residue is chromatographed
on silica gel with a mixture of ethyl acetate and hexane. 88 mg
of 22b) is obtained.
| 'H-NMR (€DCl,): d = 0.95 ppm (s,3H,H~-18); 1.83 (s

-and H-7)
Example 23

6a-Methyl-14,17-ethano~19-norpregn-4-~ene-3,20-dione
| A solution of 2.15 g of the'compound, described under 22a),

in 30 ml of ethanol is mixed with 3 ml of cyclohexane and 0.25 g



chloride solution, dried on sodiumsulfate, filtered off and concentrated

by evaporation. 3.3 g of 2a) is obtained as a colorless oil, which is
reacted in the next step without further68purification. b)
14, 17- Et heno- 19- nor pr egna- 4, 6- di ene- 3, 20- di one - A solution of 3.3 g of

t he conpound, described under 2a), in 41 m of dioxane and 10 ml of water
Is mxed with 16 mM of a 10% sodium acetate solution and then at O[err]C
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allowed to cool, the réaction mxture 1Is
'H-NMR (CDCl;): d = 0.95 pm (s,3H,H-18); 1.12

(d,J=7Hz,3H,6-CH;) ; 2.12 (s,3H,H-21); 5.86 (s broad,1H, H-4)

'Example 24

~Hydroxy-14,17-ethano~-19-norpregn-4-ene-3 =-dio

4.9 g of the compound that is described under 17a) is
reacted according to the methods that are indicated in Examples
9a), 5¢), 5d4), le) and 5g). 253 mg of 24) is obtained.

[@],?® = +65.9° (CHCl;; c = 0.525)

'H-NMR (CDCl;): d = 0.95 ppm (s,3H,H-18); 3.35
(t,J=5Hz,1H,21-0OH), 4.24 and 4.27 (2d,J=5Hz, 1H,H-21 each); 5.72
(s broad, 1H,H-4)

Example 25

805 mg of the gompound that is described under 16f) is
reacted according-to the methods that are indicated in Examples
9a), 5¢), 5d), le) and 5g). 110 mg of 25) is obtained.

(e}, = -232.8° (CHCL;; ¢ = 0.500)

JH-NMR (CDCly): d = 1.04 ppm (s,3H,H-18); 3.32
(t,J=5Hz,1H,21-0H); 4.23 and 4.27'(2d,J=5Hz, 1H,H-21 each); 5.68
(s broad,1H,H-4)



difluted with water and extracted wth ethyl acetate. The organic phase is
washed with water and concentrated sodiumchloride solution, dried on
sodium sul fate, filtered off and concentraf®d by evaporation. The residue -
i s chromat ographed on silica gel wth a mxture of n-hexane and et hyl
acetate. 880 ng of 2b) is obtained. Fl ash point: 150-152[err]C
[err] = +172.3[err] (CHO[err]; c = 0.510) [err]HNVR (CDCl [err]): d
= 0.95 ppm{s, 3H H18); 2 (s,3H,H21); 5.82 (s broad,1H H4); 5.92 and
6. 04 (2d,J:é’F%‘,‘P %’,iiglﬂ’b‘?gﬁg’and H 17[err] each): 6.20-6.32 (m 2H H6 and
H7) . '
7[err}-N@tH§fil .

diene-3,20-dione

2.00 g of the compound that is described under 2l1a) is
reacted according to the methods that are indicated in Examples
5c), 5d), le) and 5g). 640 mg of the 21-epimer mixture is
obtained,.which is separated by chromatography on silica gel with
a mixture of ethyl acetate and hexane in 210 mg of 26) and 230 mg
6f 27). |
26: [a),®® = -1.6° (CHCly; c = 0.495)

'H-NMR (CDCl,): d = 1.03 ppm (s,3H,H-18); 1.32
(d,J=6Hz,3H,H-22); 3.60 (d4,J=6Hz,1H,21-0OH); 4.37-4.46 (m,1H,H-

21); 5.68 (s broad,1H,H-4)

27: [@],®® = -1.0° (CHCl;; c = 0.475)
'H-NMR (CDCl,): d = 1.07 ppm (s,3H,H-18); 1.29

(d,J=6Hz,3H,H-22), 3.40 (d,J=7Hz,1H,21-OH), 4.33-4.44 (m,1H, H-

21); 5.68 (s broad,1H,H-4)

a) 3-Methoxy-20~0x0-14,17-etheno-19-norpregna-1,3,5(10) ~triene-
l16a-carboxylic acid methyl ester

'19.4 g of the compound that is described in Example 1a), 37
mllof freshly distilled methyl acrylate and 200 mg of



A suspension of 1.9 g of copper(l) iodide in 25 mM of diethyl ether is

m xed at O[err]C drop by drop with 8.5 mM of a 1.6 nolar solution of
methyl lithiumin diethyl ether. After 3070ri nutes of stirring at O[err]C,
40 m of tetrahydrofuran is added and then at -40[err]C, 1.23 ml of boron
trifluoride etherate and then a solution of 340 ng of the conpound,

descri bed under 2b), in 15 m of tetrahydrofuran Is added in drops. It is
allowed to
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chr omat ography on~silica a mxture y acetate and hexane,
46 g of 3hth5aoh&§tﬁﬁé of ethﬁE'aéﬁtaﬁénhndlﬁéx&ﬁélerEhCO g of keay] EsNVR
(CDO [err]) = 4 ppm (s H 18 1.07 (d,J 5Hz, 3H, 7-CH err]); 2.20

(s, 3H, H-betain%a (s br oad, 1H, H—4)
Flash point: 145-146°C [a],®® = +216.4° (CHCl;; c = 0.505)
"H-NMR (CDCl;): d = 0.96 ppm (s,3H,H-18); 2.29 (s,3H,H-21);
3.60 (s,3H,CO,CH;); 3.78 (s,3H,3-OCH;); 3.84 (dd,J=9.5 and
4.5Hz,n-16); 6.15 and 6.27 (2d,J=6Hz, 1H,H-17' and H-172 each);
6.64 (d,J=3Hz,1H,H-4); 6.72 (dd,J=9 and 3Hz,1H,H-2); 7.19

(d,J=9Hz, 1H,H-1)

b) 20,20-[1,2-Ethanediylbis(oxy)]-3-methoxy-14,17-etheno-19-
norpregna-1,3,5(10)-triene-16a-carboxylic acid methyl ester

20.8 g of the compound that is described under 28a) is
‘reacted according to the method that is indicated in Example 1c).
17.0 g of 28b). is obtained. | |

Flash point: 128-130°C [&],?® = +141.2° (CHCl;; c = 0.505)

'H-NMR (CDCl,): d = 1.03 ppm (s,3H,H-18); 1.32 (s,3H,H-21);
3.38 (dd,J=9.5 and 4.5Hz,1H,H-16); 3.60 (s,3H,CO,CH;); 3.78
(s,3H,3-0CH;); 3.82-4.18 (m,4H,20-OCH2CHzO-); 6.00 and 6.23
(2d,J=6Hz, 1H,H-17' and H-172 each); 6.63 (d,J=3Hz,1H,H-4); 6.71 |

(dd,J=9 and 3Hz,1H,H-2); 7.20 (d,J=9Hz,1H,H-1)



6.05 (s,2H H 17[err] and H 17[err]) Exanpl e 4
14,17<Etheno-19-norpregna-4,9-diene-3,29—dione a) 14,

17- Et heno- 19- nor pr egn- 5(10) - ene- 3, 20- di one - A solution of 2.1 g of
oxalic acid dihydrate in 30 mM of water is added in drops to a suspension
-of 3.0-g of the compound, described under 1d), in 60 ml of acetone while
being stirred at . 42 room

t enper at gy e. foeL Q b8 iy Ipik {88y LH-hebnbkyie, £PP6EAERBL 2T~
sodiunlbggarb%ﬁé%g g%fgtggﬁagﬁgigxtgggtg%y?hree t?%%s wth ethyl acetate.

The cpnbhaggreggan193pg@igﬁ-ﬁfgenasmsd.muthsnspncentrated sodi um chl ori de
solution, dried on sodium sulfate, filtered off and concentrated by
evapor ati on. Ahsolution of 8.2 g of the compound,_described under 28b),
~ in 150 ml of tetrahydrofﬁran is added in drops to a suspension of .
2.84 g of lithium aluminum hydride in 100 ml of tetrahydrofuran
that is cooled to 0°Cc. After 2 hours of stirring at robm
temperature, it is slowly mixed with 5 ml of water. After
another 20.minutes,'it is filtered off on Celite, rewashed with
dichloromethane, dried on sodium sulfate and concentrated by
evaporation. 7.1 g of 28c) is obtained. For analytical
purposes, a samplé of pentane is crystallized.
 Flash point: 162~164°C [a],® = +104.2° (CHCl;; c = 0.520)
'H-NMR (CDCl;): d = 1.05 ppm (s,3H,H-18); 1.48 (s,3H,H-21);
'3.18-3.44 (m,2H,16-CH,0H); 3.77 (s,3H,3-OCH;); 4.01-4.12 |
(m,4H,20-OCH,CH,0-); 5.95 and 6.04 (.2d,J=.6Hz, 1H,H-17' and H-172
each); 6.62 (d,J=3Hz,1H,H-4); 6.72 (dd,J=9 and 3Hz,1H,H-2); 7.21
(4,J=9Hz, 1H,H-1) |

d) 20,20-[1,2-Ethanediylbis(oxy) ]-3-methoxy-14,17-ethano-19~
norpregna-1,3,5(10)-triene-16a-methanol
7.8 g of the compound that is deséribed under 28c) is
~ reacted acdording to the method that is indicated in Example
16a). 7.4 g of 28d) is obtained.
Flash point: 190-193°C ~ [a)® = +5.5° (CHCl,; c = 0.505)
'ﬁ-NMR (CDCl;): d = 1.05 ppm (s,3H,H-18); 1.43 (s,3H,H-21);

3.54 (m,1H,16-CH,0H); 3.78 (s,3H,3-0CH,); 3.69-4.10 (m,5H,



residue is chromat ographed on silica gel with a m xture of ethyl acetate
and hexane. 1.51 g of 4a) is obtained. Fl ash point: 96-110[err]C
[err] .= +231.6[err] (CHCO[err]; c = 0.53%9) [err]HHNVMR (CDO [err]):
[err] 1.03 ppm(s,3H H 18); 2.20 (s,3H H21); 2.72 and 2.82 (2d broad,
J=20Hz, '1H, H 4 each); 6.04 and 6.10 (2d,J=6Hz, 1H H17[err] and H-17[err]
each) 14, 17- Et heno- 19- nor pr egna- 4, 9- di ene- 3, 20- di one

b)
sol uti on, of c 4
pyri di nezﬁ9 0%93% WI %ﬁ& 36 gg}é%%b 'py%décnﬁs {%ﬁ%ﬁna@rbréo%(ge?%qe bei ng
stirred O t L r nghy t hen for anot her 2 hours at
50[err]C§£©h€E cob ? A ragct€%% %?Q?u?e Is stirred into 20 mM of 6N
hydrochl ori c acid and extracted three tines with ethyl acetate. The
conbi ned organic phases are washed with water and concentrated sodi um
Ch|0rldeeF0|Uis&n(Bﬁéﬁ@ﬂeeﬂyipdzupzﬁuti?éebtﬁaﬁé&ifﬁbﬂétoﬁyﬂ]-§0ﬂ6€H6£ﬁled
by evaporation. The residue is chromatographed on
14,17-ethano-19-norpregna-1,3,5(10)~-triene

6.8 g of the compound that is described under 28d), 7.2 g of
tetrabromomethane and 5.7 g of triphenylphosphine are stirred in
250 ml of dichloromethane for 16 hours at room temperature.

After concentration by evaporation, it is chromatographed on
silica gel with a mixture of ethyl acetate and hexane. 2.2 g of
28e) is obtained. |

Flash point: 176~177°C [a]oz" = -21.7° (CHCl,; 'c = 0.505)

'H-NMR (CDCl;): d = 1.02 ppm (s,3H,H-18); 1.30 (s,3H,H-21);
3.34 (dd,J=10 and 12Hz,16-CH,Br); 3.78 (s,3H,3-OCH;); 3.82~4.06
(m, 5H,20-OCH,CH,0- and 16-CH,Br); 6.63 (d,J=3Hz,1H,H-4); 6.71

(dd,J=9 and 3Hz,1H,H~2); 7.20 (d,J=9Hz,1H,H-1)

£) 20,204[1,2-Ethanediy1bis(oxy)]-3-methoxy-16a-methy1-14,17-
ethano-19-norpregna-2,5(10) -diene

1.78 g of the compound that is described under 28e) is
reacted according to the method that is indicated in Example 14).
1.1 g 6f 28f) is obtained.

Flash point: 174-178°C [a],® = +41.4° (CHCl;; ¢ = 0.50)

'H-NMR (CDCl;): d = 0.99 ppm (s,3H,H-18); 1.06 (4,J=7Hz,16-
CH;); 1.25 (s,3H,H-21); 3.56 (s,3H,3-OCH;); 3.78-4.01 (m,4H,
20-OCH,CH,0-) ; 4.64 (m,1H,H-2)



silica gel with a mixture of éthyl acetate and hexane. 0.31 g of 4b) is

obt ai ned. Fl ash point: 152-158[err]C J[err] = -200 (CHCl[err], c =
0.496) [err]H-NMR (CDO [err]): d =7 04 ppm (s, 3H H 18); 2.20
(s,3H,H21); 5.72 (s broad,3H H4); 6.03 (s,2H, H17[err] and H 17[err])
43 Exampl e 5 21-Hydroxy- 14, 17- et heno- 19- nor pr egn- 4- ene- 3, 20-di one a)

3, 3; 20, 20-Bi s[ 2, 2-di net hyl -1, 3- propanedi yl bi s(oxy)] - 14, 17-

e L g3t SHB-RGARIASAS, 17-seagBlag-HorgrégfilarbpiLa, apcatohet o o

2.7 m of | of mat € and 1 t 0l uenes onic acid are
ﬁ?ded to a Sor!ﬁbQ”gOEf3tﬁe9cBhpBﬁﬁdCEHHQUEQ’d@ﬁéf&bgaduﬂaﬁfrzbfh’iE” 30
reacted according to the method that is indicated in Example 1le).
0.7 g of 28g) is obtained. _
Flash point: 172-173°C [@),® = +52.7° (CHCly; ¢ = 0.485)
'H-NMR (CDCl;): d = 0.96 ppm (s,3H,H-18); 0.96 (d,J=7Hz,16-

CH;); 2.09 (s,3H,H-21); 5,81 (t,J=1Hz,H-4)

nximple 29
lga-gtnxl-;g.iz-etgégo-;9-norgregn-4-gne—;.go-gigge
a) 20,20—[1,2-Ethanediylbis(oxy)]-3-methoxy—14,17—ethano—19-
norpregna-i,3,5(10)-triene-lsd-carbaldehyde

2.7 g of the compound that is described under 28d) is
reacted according to the method that is indicated in Example 7c).
2.4 g of 29a) is obtained.

'H-NMR (CDCl;): d = 1.02 ppm (s,3H,H-18); 1.34 (s,3H,H-21);
3.78 (s,3H,3;OCll3); 3.82-4.16 (m,4H,20-OCH,CH,0~); 6.61
(d,J=3Hz,1H,H-4); 6.72 (dd,J=9 and 3Hz,1H,H~2); 7.20

b) 20,20-[1,z—Ethanediylbis(oxy)]-1ea-étheny1—3-methoxy-14,17-
ethano-;9-norpregna-1,3,5(10)—triene '

10.7 g of mgthyltriphenylphpsphonium bromide is suspended in
70 ml of tetrahydrofuran and mixed at 0°C drop by drop with a
total of 18 ml of a 1.6 molar solution of n-hutyllithiuﬁ in
hexane. After 20 minutes of stirring at 0°C and 1 hour of

stirring at room temperature, 2.6 g of the compound, described



of toluene while being stirred. After -2 hours, it is mxed with 5 m of
triethylamne, diluted with ethyl acetate, washed five tinmes with water
and once with concentrated sodlun1chlorV&e solution, dried on sodium
sulfate, filtered off and concentrated by evaporation. The residue is
chronatographed on silica gel wth a nixture of ethyl acetate and hexane
3.85 of 5a) is obtalned as a foam [err]H-NMR (CDC [err]

0.72, o e 18)
(s, i rroged 240 o L 08 PAaidegledl £ AAAGH Lin kol G%E of
1H H 17[
3.5 2, 2 R ST SlRoBAIOR ame ATeReR % A 1
nor pr egrechdéntrited Ky feva Oporaﬁém Uyl Sdsfade fs HidpersedPoetieen
descri bed under 5a), °n 50 m of dichloromethane is mxed with 11 g of
silica oeatexr Cafi®3ethyl adetdte 1 thdl ofarid i f¢ wasleed swirgl i ¢ acid
concentrated agueous sodium chloride solution, dried_on sodium
sulfate, filtered and concentrated by evaporation. After
chromatography on silica gel with a mixture of ethyl acetate and
hexane, 1.6 g of 29b) is obtained.
[@],®® = +13.7° (CHCl;; ¢ = 0.510)
'H-NMR (CDCl,): d = 1.03 ppm (s,3H,H-18); 1.38 (s,3H,H-21);
3.78 (s,3H,3-OCH;); 3.84-4.03 (m,4H,20-OCH,CH,0-); 4.96-5.08
(m,2H,vinyl-CH,) ; 6.02-6.17 (m,1H,vinyl-CH); 6.62 (d,J=3Hz,1H,H-

4); 6.71 (44,J3=9 and 3Hz,1H,H-2); 7.21 (d,J=9Hz,1H,H-1)

c) 20,20-[1;2-Ethanediy1bis(oxy)]-16a-ethy1-3-methoxy—14,17-
ethano-19-norpregna-1,3,5(10)-triene
1.0 g of the compound that is descrihed under 29b) is

reacted according to the method that.is indicated in Example
16a). 1.0 g of 29c) is obtained.

| ‘H-NMR'(CDc13): a = 0.91 ppm (t,J=7Hz,3H,16-ethyl-CH;); 1.00
(s,3H,H-18); 1.30 (s,3H,H-21); 3.77 (s,3H,3-OCH3),° 3.70-4.02
(m,4H,_20-OCHzCH20-); 6.61 (d4,J=3Hz,1H,H-4); 6.71 (dd,J=9 and

3Hz,1H,H-2); 7.21 (d,J=9Hz,1H,H-1)



solution and stirred intensively for 30 mnutes. 100 m of 1IN sodium

hydr oxi de solution and 100 ml of dichlor gethane are added, stirred for
five mnutes, allowed to settle, filtere t he

44 residue is washed with dichloronethane, t he conbi ned organic phases
are washed- wth concentrated sodiumchloride solution, dried on sodium
sulfate, filtered and concentrated by evaporation. The residue is

h t h £IREHE - Syl |
1193 g of ah) 1o Ao e s (T Bk T Ry e e

0.85 and &m {Rorirbdetd < ;St{ey+diene 1. 08 (s 3H H 18); 2.18

(s, 3H H21); 3.42-3.70 (m 4H, ket al - OCHZ) 5.98 and 6.07 (2d, J=6Hz,

1H, H17[err] ando Hy 10f cthé compdund that is described under 29c) is

J reacted according to the method that is indicated in Example 1d).
1.07 g of 29d) is obtained, which is further reacted as a crude
product.
'H-NMR (CDCl,): d = 3.54 ppm (s,3H,3-0CH,); 3.75-4.01

(m,4H,20~OCH,CH,0~) ; 4.63 (m,1H, H~2) |

e) 16a-Ethyl-14,17-ethano-19-norpregn-4-ene-3,20-dione
| 6.97 g of the compound that is described under 29d) is
reacﬁed according to the method that is indicated in Example 1le).
After chromatography on silica gel with a mixture of ethyl
acetate and hexane, 0.56 g of 29e) is obtained, which is
crystallized from diisoprqpyl ether.
Flash point: 145-147°C (e}, = +42.9° (CHCl;; c = 0.515)
'H-NMR (CDCl;): 6 = 0.96 ppm (t,J=7Hz,3H, 16-ethyl-CH;); 0.96

- (s,3H,H-18); 2.10 (s,3H,H-21); 5.81 (t,J=1Hz,1H,H-4)

Example 30
6a-Ethenyl-~14,17-ethano-19-norpregn-4-ene-3,20-dione
a) 20,20-[1,2-Ethanediylbis(oxy) ]-16a-ethenyl~3-methoxy-14,17~-
ethano-19-norpregna-2,5(10)-diene
-0.5'q of the compound that is described under 29b) is
reacted according to the method that is described in Example 1d).

0.5 g of 3Qa)'is obtained, which is further processed without

purification.



c) .3,3-[2,2-Dinethyl-1, 3-propanediyl bi s(oxy)]-21-i od- 14, 17-

et heno-19- nor pregn-5(10) - en- 20- one .9 mM of a 1.6 nolar solution of
.n:butyllithiumin hexane is added in drbPs to a solution of 1.9 m of
“N-cycl ohexyl isopropylamne in 10 ml of tetrahydrofuran at -40[err]C.
After 15" minutes of stirring, a solution of 1.93 g of the substance,
descri bed under 5b), in 15 m of tetrahydrofuran is added in drops. After

30 minutes of \gLignRi t@pel,y 30[er |G od %mgo{df',tilﬂﬁiil%);cqo.lﬂl (P, 3P HIL) £,
and then punped via a teffon hose to a solution of 1.37 g of iodine in 10

o of tety@e d=iaH,3+~00m) ;i 3.82040021 (m, 4BD26+0LR,CHLDS) ;€3¢ EUO MY LNL H-E S
‘heated to roomtenperatufe within 2 hours, then poured onto concentrated
amoni um2yiyl dr.i9de-Ss@7ut(wg2H , iy D) b ed. 08t (mplHyVvingk+@HE. The organic
phase is washed w th concentrated sodiumthiosul fate solution and
concentrated sodium bicarbonate solution, dried on sodiumsulfate and

concentrated by evaporation. 2.6 %.Of 5c) is obtained as a |light
) l6a-Ethenyl-14,17-ethano-19-norpregn-4-ene-3,20-dione

'0.49 g of 30a) is reacted according to the method that is
described in Exampie le). After chromatography on silica gel
with a mixture of ethyl acetate and hekane; 0.27 g of 30b) is

 obtained.

Flash point: 171°C (@], = +26.7° (CHCl,; c = 0.515)

'H-NMR (CDCl;): d = 1.00 ppm (s,3H,H-18); 2.08 (s,3H,H-21);

5.03-5.13 (m,2H,vinyl-CH,); 5.72-5.87 (m,2H,vinyl-CH and H-4)

Example 31
16-Methglgngf14.17-ethano-;9-gorpregn-4-ege-3,zg-dione

| a) 20,20-[1,2-Ethanediylbis(oxy) ]-3-methoxy-16-methylene-14,17~
ethano-19-norpregna-1,3,5(10)~triene

27.86 g of the compound that is described under 29a) is

dissolved in 268 ml of tetrahydrofuran and mixed at 0°C with 26.6
g of potassium hexamethyl disilazide. After 1 hour, 17.8 ml of
nonaflyl fluoride (1,1,2,2,3,3,4,4,4-nonafluorobutanesulfonyl
fluoride) is added in drops. After 3 hours of stirring at room
temperature, it is dispersed between water and eﬁhyl acetate, and
the organic phase is washed with concentrated sodium bicarbonate
solution'and common salt solution. After drying the organic
phase on sodium sulfate, it is filtered, concentréted by

evaporation, and the residue is taken up in 546 ml of



45 yellow resin, which is reacted in the next step w thout further
purification. [err]HHNVMR (CDCl [err33): d = 0.88 ppm

(s,6H ketal-CH err]); 1.08 (s,3H H 18); 3.42-3.70 (m4H, ketal -OCH2); 3.90
and 3.99 (2d,J=12Hz, 1H, H 21 each); 6.07-6.18 (m2H H 17[err] and
H17[err]) d) '

21- (Acetyl oxy)-3,3-[2, 2-di net hyl -1, 3- propanedlylbls oxy)] -

14, 17- et wewetllglﬁerpmgﬁles( 1@)Ei:ear 2-0»10|5em1 of txiethylamine, 2.0 § of t he
subst ance,, descr.i bed under 5c¢), 10 mi of dinethylformamde is mxed

with 4. 9hdsor tﬁdpaw&mh%iaﬁé 'P§t1|1ﬁﬂée!mf(éﬁ) 8GhH=Pﬁ‘&Fss apd 39-& mlcof
pour e OTk 9 Slosl bl oG8R, 195215 REERSLE0 hA PV ASGHE! S, Biomca
on - left overnight at room temperature. After dlspersing between
ethyl acetate and water, the organic phase is washed with
‘concentrated common salt solution, dried on sodium sulfate,
filtered and concentrated by evaporation. The residue is
chromatographed on silica gel with a mixture of ethyl acetate and
hexane. 5.33 g of 31la) is obtained.

[@]p?® = +21.1° (CHCl;; ¢ = 0.530)

'H-NMR (CDCl;): d = 0.99 ppm (s,3H,H-18); 1.44 (s,3H,H-21);
3.78 (s,3H,3-0CHQ; 3.87-4.07 (m,4H,20-OCH,CH,0~); 4.90 ppm (s
broad,1H,16-methylene); 5.15 (s broad,1H,16-methylene); 6.63
(d,J=3Hz,1H,H-4); 6.72 (dd,J=9 and 3Hz,1H,H-2); 7.23 |
(d,J=§Hz,1H,H-1)

b) 16-Methylene~14,17-ethano-19-norpregn-4-ene-3,20-dione

510 mg of the compound that is described under 31a) is
reacted according to the methods that are described in Examples
1d) and le). 440 mg of 31b) is obtained, which is digested with
diisopropyl ether. |

"H-NMR (CDCl,): d = 1.09 ppm (s,3H,H-18); 2.22 (s,3H,H-21);
- 4.83 {s broad, 1H,16-methylene); 4.90 (s broad,1H,16-methylene);

5.82 (s broad,1H,H-4)



sodi um sul fate and concentrated by evaporation. 1.99 g of 5d) is obtained
as a colorless resin, which is reacted * t he next step wthout further
purification. [err]H-NMR (CDd [ er $) d = 0.88 ppm (s, 6H, ketal - CH3) ;
1.08 (s,3H,H 18); 2.17 (s, 3H, acetyl oxy- CH3); 3.42-3.72 (m 4H, ket al - OCH2) ;
4.67 and 4.85 (2d,J=15Hz, 1H H 21 each); 5.99 and 6.12 (2d, J=6Hz,

1H, H17[err] and H17[err] each) e)

21‘(Aceiﬁkﬁﬁik' , 17- et heno- 19- nor pregn- 5- (10) - ene- 3, 20- di one A
solution of "1.9 g of the substance, described under 5d), in 10 m of
tetrahydy jlohecd for 60

m nutes at roomt errper ature an
react i om)nmi X2qr, 20 1) 2+BthapRAd YIBie (oxy) ] -16-nethylene-14,17-ethano-19-

40 norpregn-5(10) ~en-3-one

6.8 g of the compound that is described under 31la) is
reacted according to the methods that are described in Examples
1d) and 8c).' After chromatography on silica gel with a mixture
of ethyl acetate and hexane, 4.9 g of 32a) is obtained. 1In
addition, 600 mg of 20,20~[1,2-ethanediylbis(oxy) ]-16-methylene-
14,17—ethano—19—norpregn-4-en-3—one is obtained.

TH-NMR (CDC1;) for compound 32a): d = 0.98 ppm (s,3H,H-18);
1.41 (s,3H,H-21); 2.68 and 2.78 (24 broad,J=20Hz, 1H,H-4 each);
3.84—4.05_(m,4H,20-OCH§x§0- s 4.89 (s broad,1H,l6-nmethylene);
5.12 (s broad,lH,ls—methjlene)

'H-NMR (CDCl;) for 20,20-[1,2-ethanediylbis(oxy))-16-
methylene-14,17-ethano-19-norpregn-4-en-3-one; d = 100 ppm
(s,3H,H-18); 1.42 (s,3H,H-21); 3.84-4.04 (m,4n;zo-ocnzcnzo-);
4.88 (s broad,1lH,l16-methylene); 5.13 (s broad,lH,lS-methylene);
5.82 (s broad,1H,H-4)

b) 16-Methylene-14,17-ethano-19—norpregna-4,9—diene-3,20—dione
' 4.9 g of the compound that is described in Example 32a) is
:eacted according to the methods that are described in Examples
4b) and 1le). After chromatography on silica gel with a mixture'
of ethyl acetate and hexane and digesting the product with

- diisopropyl ether, 1.52 g of 32b) is obtained.



neutralized with sodi um hydroxi de solution and extracted three tines with
ethyl acetate. The conbi ned organi c phas are washed wth concentrated
sodi um chl oride solution, dried on sodium™ sul fate and concentrated by
evaporation. The residue is chromatographed on silica gel with a mxture

of ethyl

acetate and hexane. 1.15 g of 5e) is obtained. Fl ash point:

126-128[err]C [err] = +199.6[err] (CHC[err], c 0. 500) . [err] H- NWR
(Chd [err]): dFIthQﬁolinm:(sl3lh°|-elﬁiec6hﬁd’snﬁﬁoﬂ‘| aceedj e Gy do) ; 4. 67
and 4.84 (2d,J=16Hz, 1H, H 21 each); 6.02 and 6.14 (2d,J ToHz, 1H, H17[err]
and H-l?[éClegaoﬂ)— 0.515) _

21- (Acetyl oxy) - 14, 17- et heno- 19- nor pr egn- 4- ene- 3, 20- di one A sol ution
of 500 ng of t H-NMRS(CRRE) tdedcr BodSupper (BopH,H-18)5 ®21.28f (mgSHyle-219 ;
mxed wwth 1 m of 4N _hydrochloric acid, stirred for 30 m nutes at room
tenperatuﬁeséndstHEHaév ygigr@gtbylene); 4.90 (s broad,1H,l16-methylene);

5.68 (s broad,1H,H-4) -

600 mg of 20,20-[1,2-ethanediylbis(oxy) ]-16-methylene-14,17~
ethano~19-norpregn-4-en-3-one of Example 32a) is reacted
according to the methods that are described in Examples 2a), 2b)
and le). After chromatography on silica gel with a mixture of
ethyl acetate and hexane and crystallization of the product from
diisopropyl ether, 70 mg of 33) is obtained.

'H-NMR (CDCl;): d = 1.10 ppm (s,3H,H-18); 2.21 (s,3H,H~21);

4.86 (s broad,1H,16-methylene); 4.92 (s broad,1H,16-methylene);

5.78 (s broad,1H,H-4); 6.10-6.26 (m,2H,H-6 and H-7)

a) 20,20—[1;2-Ethanediy1bis(oxy)]-3—methoxy-16a-

[ [ (methylsulfonyl)oxy]methyl]-14,17~ethano-19-norpregna-
1,3,5(10)=triene

11.7 g of the compound that is descfibed under 28b);
dissolved in a mixture of 15 ml of pyridiné and 110 ml of
dichloromethane, is mixed at 0°C slowly with 4.7 ml of

methanesulfonic acid chloride. After 24 hours at room



dryness. 500 ng of 5f) is obtained as a foam which is reacted in the next
step without further purification. ' IHNWR (CDC[err]): d = 0.93 ppm
(s,3H H18); 2.18 (s, 3H, acetyloxy-CH er$9): 4.68 and 4.83 (2d, J=16Hz,

1H, H 21 each); 5.86 (s broad,1H H4); 6.02 and 6.10 (2d, J=6Hz,

1H H 17[err] and H 17[érr] each) 9) 21- Hydr oxy- 14,

17- et heno- 19- nor pr egn- 4- ene- 3, 20- di one A sol ution of 500 ng of the

of 1096 o emppr eyt 4 Te Bipea i chy cinoBneFREARC RS Y hollian 10

9o ! SRR SRLIR 0 UaalRE Do 1 St Hhpd ikl
with concentrated, ice-cold sodium bicarbonate solution, dried on
sodium sulfate and filtered. Under reduced pressure, all
volatile components are removed. 14.3 g of 34a) is obtained,
which is further reacted without burification. _

'H-NMR (CDClg: d =1.11 bpm (s,3H,H-18); 1.31 (s,3H,H-21);
3.02 (s,3H,SOCH,); 3.68 (s,3H,3-OCH;); 3.82-4.06 (m,5H,20~
OCH,CH,0-) ; 4.12 (dd,J=9 and 10Hz,1H,16-CH,); 4.80 (dd,J=4 and
10Hz,1H,16-CH&); 6.62 (d,J=3Hz,1H,H-4); 6.70 (dd,J=9 and
3Hz,1H,H-2); 7.20 (d,J=9Hz,1H,H-1)

b) 20,20-[1,2-Ethanediylbis(oxy) ]-3-methoxy~16a-methyl-14,17-
ethano-19-norpregna-1,3,5(10)-triene

14.3 g of the compound that is described under 34a) is
suspended in 20 ml of tetrahydrofuran and mixed with 150 ml of a
1 molar solution of lithium triethyl borohydride in
tetrahydrofuran. After 5.5 hours of heating undér argon, it is
left for 15 hours at room ﬁemperature and dispersed between ethyl
acetate and concentrated ammonium chloride solution. The organic
phase is washed with concentrated sodium bicarbonate solution,
dried on sodium sulfate, filtered and concentrated by
evaporation. After chromatography on silica gel with a mixture
of ethyl acetate and hexane, 6.0 g of 34b) is obtained.

Flash point: 132-134°C

"H-NMR (cDCl,): d = 1.01 ppm (s,3H,H-18); 1.19
(a,J3=7.5Hz,16~CH;) ; 1.30 (s,3H,H-21); 3.78 (s,3H,3-OCH;); 3.83-



acetate, the conbi ned organic phases are washed with concentrated sodium
chloride solution, dried on sodiunlsulfatg filtered and concentrated by
evaporation. The residue is chronatograph Y on silica gel with a mxture "
of ethyl acetate and hexane. 282 ng of 5g) is obtained. Fl ash point:
160- 163[err]C [err] = +162.3[err] (CHO[err], ¢ = 0.510) [err] H NWMR
(cbCferr]): d=0.95 ppm(s,3H H18); 3.32 (t,J=5Hz,1H OH); 4.23 and

4. 42 (2dd.4)pkb . ; | 49g
43 2001t g Bl £00) (o [ 174 0

21- Hydr ox\sH¥d, 18/, 3842)gn o . B3 @ o=201%141, -dijene- 3, 20- di one  a) .
21- (Acetyl oxy) - 14, 17- et heno- 19- nor pregna- 4, 9-di ene- 3, 20- di one 540
ng of the substance that is described under 5c¢) is reacted according to
the method that is described in Exanple 4b).
c) 3~-Methoxy-l16a-methyl-14,17-ethano-19-norpregna-1,3,5(10)~
trien-20-one
' 5,96 g of the compound that is described under 34b) is
reacted according to the method that is described in Example 1le).
5.58 g of 34c) is obtained as a crude product.
Flash point: 115-116°C [@],® = +51.3° (CHCl,; ¢ = 0.530)
H-NMR (CDCl;): d = 0.93 bpm (s,3H,H-18); 0.99
(d,Jé7.5Hz,16-CH3); 2.11 (s,3H,H-21); 3.78 (s,3H,3-OCH;); 6.62
(d,J=3Hz,1H,H-4); 6.71 (dd,J=9 and 3Hz,1H,H-2); 7.21

(d,J=9Hz,1H,H-1)

d) '3—Methoxy-16a-methy1-14,17-ethano-19-norpregna-1,3,5(10)-
- trien~-20f-o0l ' N

5.53 g of the compound that is described under 34c) is
dissolved in a mixture of 90 ml of methanol and 130 ml of
dichloromethane and mixed in portions with 2.37 g of sodium
borohydride. After 2 hours at room temperature, it is mixed with
water, acidified with 2N hydrochloric acid, and the water phase
is extracted twice with dichloromethane. After the organic phase
is.washed with water, concentrated sodium bicarbonate solution
and concentrated common salt solution, it is dried on sodium
sulfate, filtered and concentrated by evaporation. After
chromatography on silica gel with a mixture of ethyl acetate and

hexane, 4.28 g of 34d) is obtained.



292 ng of 6a) i s obtained. Fl ash point: 182-184[err]C [J[err] =
-106.6[err] (CHC[err], c = 0.495) [err]H-NVR (CDCl [err]): d = 1.04
ppm (s, 3HH18); 2.19 (s, 3H, acetyl oxy-BR); 4.69 and 4.83 (2d, J=16Hz,
1H H 21 each); 5.72 (s broad,1H H4); 6.02 and 6.10 (2d, J=6Hz,

1H H 17[err] and H 17[err] each) 48
b) 21- Hydr oxy- 14, 17- et heno- 19- nor pr egha- 4, 9- di ene- 3, 20- di one 270 ny

(r)r::st LES That PE-BCAERERsI T Bhampt S gpem Ghehroition E EF Ol HE ° 1"
F j nt_ - C 543174 , =z 0.50
[or 1 H SR FhY 0 2 (o) s el el 3l a0 - 0908 0209
' (s,3H,3-0OCH;); 3.88-3.98 (m,1H,H-20); 6.62 (d4,J=3Hz,1H,H-4); 6.71
(da4,J=9 and 3Hz,1H,H-2); 7.21 (d,J=9Hz,1H,H-1)

(Signals from the 2nd diastereomer in parentheses)

e) 3-Methoxy-16c-methyl-14,17-ethano-19-norpregna-2,5(10)~-dien-
20¢-o0l | |

4.26 g of the compound that is described under 34d) is
reacted according to the method that is described in Example 1d).
4.45 g of 34e) is obtained as a crude product.

'H-NMR (CDCl,): d = 0.94 ppm (s,3H,H-18); 1.02
(d,J=7.5Hz,16-CH;); 1.20 (d,J=6.5Hz,3H,H-21); 3.53 (s,3H,3-0CH;) ;
3.84-3.96 (m,1H,H-20); 4.64 (s broad,1H,H-2) |

" (NMR data only for the main diastereomer)

£) 16a-Methy1-14,17—ethano-19-norpregna-4,6-diene-3,2o—dione

2 g of the compound that is described under 34e) is reacted
according td the methods that are described in Examples 1le), 2a),
2b) and 7c). 446'mg of 34f) is obtained.

Flash point: 165°% [a),2® = +16.4° (CHCl,; c = 0.525)

'H-NMR (cDCl;): 4 = 0.98 ppm (s,3H,H-18); 1.00
(d,3=7.5Hz,3H,16-CH;) ; 2.11 (s,3H,H-21); 5.78 (s broad,1H,H-4);
6.08-6.22 (m,2H,H-6 and H-7)



broad, 1H OH); 4.24 and 4.43 (2d broad, J=16Hz, 1H, H 21 each); 5.72 (s
broad,IH H4); 5.95 and 6.10 (2d,J=6Hz, 1H H 17[err] and H17[err] each)
Exanple 7 21-Methyl-14 17-et heno-19- nor§3 egn- 4-ene-3 20-di one a)

3- Met hoxy- 21- et hyl - 14, 17- et heno- 19- nor pregna-1, 3,5(10)- trien-20-o0ne

6.6 M of a 1.6 nolar solution of n-butyllithiumin hexane is added in
drops to a solution of 1.5 m of diisopropylamne in 15 nl of
tetrahydgﬁfurin gg 20[err]C, then stirred for 30 nore mnutes at 0C, then
a sol uti g of the substance that is described under 1b) and 0.78
m of 1, §6“. ofuran are added

in drops 2 O - : 4—orpregna-2 2 0-¢
heat ‘1o 0. TS 9e§?t theokon ?BPLM! s**%?-l ??eégséﬁgﬁésnggﬁeﬁaﬁga?2&%1;L?ﬁ?nd to

chloridereacted according to the methods that are described in Examples

4a), 4b) and 7c). 410 mg of 35) is obtained.
Flash point: 125-126°C [a],®® = =-300.7° (CHCl;; c = 0.530)
'H-NMR (CDCl;): d = 0.98 (d,J=7.5Hz,3H,1sécns); 1.07 ppm
(s,3H,H-18); 2.11 (s,3H,H-21); 5.68 (s broad,lH,H-4)

‘Example 36

3.2 g of the compound that is described under 34e) is

reacted according to the methods that are described in Examples
4a), 4b), 9a), 7c), 7a) and le). 308 mg of 36) is obtained.
[a],2 = -274.35 (CHC1;; ¢ = 0.535) |
'H-NMR (CDCl;): d = 0.99 (d4,3=7.5Hz,3H,16-CH;) ; 1.04

(t,J=7Hz,3H,H~22); 1.08 ppm (s,3H,H-18); 5.69 (s broad, 1H,H-4)

1.25 g of the compound that is described under 34e) is

reacted according to the methods that are described in Examples
1c), 9a), 7c), Sc), S5d), le) and 5g). 73 mg of 37) is obtained.
[«],?® = +56.4° (CHCl;; c = 0.250)
'H-NMR (CDCl,): d = 0.97 (4,J=7.5Hz,3H,16~CH,) ; 0.98 ppm

(s,3H,H-18); 4.22 (s bfoad,ZH,H-Zl); 5.82 (s broad,1H,H-4)



solution, diluted with water, extracted three tines with ethyl acetate,
t he conbi ned organi c phases are washed with concentrated sodium chloride
sol utton, dried on sodiumsulfate, filt8fed and

49 concentrated by evaporation. The residue is crystallized from
di i sopropyl ether. 2.12 g of 7a) is obtained. Flash point: 94[err]C
[err] = +170.8[err] (CHO[err], c = 0.505) [err]HHNMR (CDCl [err]): d

= 0.89 m 3 18); 1.08 (t,J=7.5Hz,3H H22); 3.79 (s,3H 3-CCH err]);
gggpéil ;%;5 1H, H-17[err] and H-17[err] each) 6. 64
2 2

6. 05 an
b)

a)  17e-Ethinyl-3-methoxy-15-methylestra-1,3,5(10),15-tetraen-
178-0l | |

At 0°C, acetylene is introduced into 500 ml of
tetrahydrofuran for 30 minutes. Then, 230 ﬁl of a 1.6 molar
solution of n-butyllithium in hexane is added in drops. After
another 30 minutes, a solution of 12.1 g of 3-methoxy-15-methyl-
estra-1,3,5(10) ,15~tetraen-17-one (see DE 4326240 Al) in 250 ml
of tetrahydrofuran is added in drops. After 30 minutes, it is
dispersed between semisaturated common salt solution and ethyl
acetate, the organic phase is washed with semisaturated and
saturated common salt soiution, dried on sodium sulfate, filtered
and concentrated by evaporation. 1In this case, crystallization
occurs. Overall, 12.12 g of 38a) is obtained.

@), = -191.4° (CHCl,; c = 0.500)

'H-NMR (CDCl,): d = 0.95 ppm (s,3H,H-18); 1.90 (s
broad, 3H,15-~CHy) ; 2.66 (s,lH,l?-ethinyl); 3.79 (s,3H,3-0OCHy);
5.40 (s broad,1H,H-16); 6.64 (d,J=3Hz,1H,H-4); 6.73 (dd,J=9 and
3Hz,1H,H-2); 7.22 (d4,J=9Hz,1H,H-1)

"~ b) -Methoxy-l?z-methyl-14 17-etheno~-1 9-norpregna—1 3,5(10)~
trien-20-one
12.10 g of the compound that is described under 38a) is
- reacted according to the methods that are described in Examples

la) and 1b). 8.95 g of 38b) is obtained.



1.9,g of

t he . met ho
chr omat:og
750 ng of
t he net ho
silica ge
obt ai ned.

1.05 (1.

(5.85) (s
1H H 17[ e
I n parent
A solutio

the substance that is described under 7a) is reacted according to
d that is described in Exanple 1d). The crude product is

raphed on silica gel with a m xta&e of ethyl acetate and hexane.

i nternedi ate product is obtained, which is reacted according to
d that is described in Exanple le). After chronmatography on

| wth a mxture of ethyl acetate and hexane, 317 ng of 7b) is

] H-NMR ( CDC err 9,(0.9 3HH 18);
03) (F’l[sﬂl? peingp H12§) l'f%fl(dd J£eland=3FE‘)"1+£ﬂ %@i‘ﬂss g3=
brg g 1H H4); 5.89 and 5 94 (5.96 and 6.02) (2d,J=6Hz,
Pr? § d H17[err] each) (Signals fromthe 2nd diastereoner

noor TR (ST Yoo Mo, R BE B (BedhaBaaR T 88, e btaedy

di chl or omgghagga| gy 34dgd 0 (&, S4B 9 52 eL (8 3%, 3Cocr) 5 5.66 (o

broad,1H,H-17'); 6.63 (d,J=3Hz,1H,H-4); 6.73 (dd,J=9 and
3Hz,1H,H-2); 7.22 (d,J=9Hz,1H, H-1)

c) '20,20-(1,2-Ethanediy1bis(pxy)]—3-methoxy-17zqmethy1-14,17-
etheno-194norpregna-2,5(10)-diene

1.50 g of the compound that is described under 38b) is

. reacted according to the methods that are described in Examples

1c) and 1d). 1.65 g of crude 38c) is obtained.
'H-NMR (CDCl,): & = 0.92 ppm (s,3H,H-18); 1.32 (s,3H,H-21);
1.80 (s broad,3H,17?-CH;); 3.56 (s,3H,3-OCH,); 3.83-4.02 (m, 4H,

20-OCH,CH,0-) ; 4.65 (s broad,1H,H-2); 5.53 (s broad,lH,H-l?ﬁ

d) 172-Methy1414,17-etheno-19-norpregh-4-ene-3,zo-dione

~ 270 mg of the compound that is described under 38c) is
reacted according to the method that is described in Example 1le).
After HPLC, 126 mg of 38d) is obtained.

'H-NMR (CDCl,): d = 0.90 ppm (s,3H,H-18); 1.82 (s
broad,3H,172-¢H3); 2.18 (s,3H,H-21); 5.63 (s broad,1H,H-17'); 5.85

- (s broad,1H,H~4)



pyridi niumdichromate in 15 nm of dinethylformam de whil e being
50 stirred. The mxture is stirred for oné hour at room tenperature,
then mxed with 50 m of ethyl acetate, &tirred for another hour and then
filtered. The filtrate is washed five tinmes with water and then with
concentrated sodiumchloride solution, dried on sodiumsulfate, filtered
of f and'concentrated by evaporation. The residue is purified by neans of
HPLC. 10 f S obtained ' Fl ash point: 140-149[err]C [err]
= +147. o?“H? ? [err] c = 0. 510) [err]H—NNR (CDCl[err]): d = 0.90
fJ- : B 220 9 &0 dsS N qg, 6.02

1 41 g of the compound that is described under 38c) is
reacted according to the methods that are described in Examples
.4a) and 4b). After HPLC, 178 mg of 39) is obtained.

[a],® = =306.2° (CHCl;; c = 0.510)

| 'H-NMR (CDCl,): d = 0.98 ppm (s,3H,H-18); 1.73 (s
broad,3H,17z-CH%); 2.18 (s,3H,H-21); 5.67 and.5.73 (s'b:oad,
1H,H-4 and H-17' each)

Example 40

a) (172R)-3-Methoxy-17z-methy1-14,17-ethano-19~norpregna-

1,3,5(10)~-trien-20-one

7.95 g of the compound that is described under 38b) is
reacted according to the method that is described in Example
12a). 6.97 g of 40a) is obtained.

Flash point: 107.5-109.5°C

‘H-NMR (CDCl;): 4 = 0.94 ppm (s,3H,H-18); 1.07
(d,J=7.'snz,.3H,172-cns); 2.11 (s,3I;I,H-21).; 3.78 (s,3H,3-0CH;); 6.61
(d,J=3Hz,1H,H-4); 6.72 (44,J=9 and 3Hz,1H,H-2); 7.23
(d,J=9Hz, 1H,H-1) |

b) (17?R) -20,20-[1,2-Ethanediylbis (oxy) ] -3-methoxy-172-methyl-
14,17-ethano-19-norpregna-2,5(10)&diene
3.5 g of the compound that is described under 40a) is

reacted according to the methods that are described in Examples



Exanple 8 21-Methyl-14, 17-et heno- 19- nor pr egna- 4, 9-di ene- 3, 20-di one a)

20, 20-[ 1, 2- Et hanedi yl bi s(oxy)] - 3- met hoxy- 31 nethyl 14, 17-

et heno- 19- nor pregna-1, 3, 5(10)-tri ene 762 m of ethylene glycol, 52 ni
of trinethyl orthoformate and 1.0 g of p-toluenesulfonic acid are added to
a solution of 21.3 g of the compound, described under 7a), in 250 m of

t ol uene roomtenperature. It is heated to 60[err]C for 8 hours. After

cool i ng, f i et hyla 5 - l _acet r dd and
the ni xi uié) 2o a3l £Y000, $F . 88ine RoB) £, PhPYInEaC PR fa, BiRERer
sol ution pot assi um carbonate, filtered off
~and conceﬁ§$§¥ggggftﬁg€g ?g%f%ﬁétggng of 8a) is obtained, which is reacted
in the next Stlﬁ-mmt(fcbélf)wtheé BYbbf ppit (873H,H-18) ; 0.99 o
(d,J3=7.5Hz,3H,17%~CH;) ; 2.11 (s,3H,H-21); 3.55 (s,3H,3-0CH;) ;

'3.83-4.00 (m,4H,20-OCH2CH20-); 4.64 (s broad,1H,H-2)

“¢) (172R)—172-Methyl-i4,17-ethano-19-norpregn-4-ene-3,20-diohe
| 0.27 g of the compound that is described under 40b) is
reacted according to the method that is described in Example ie).
0.14 g of 40c5 is obtained.
'H-NMR (CDCl;): d = 0.95 ppm (s,3H,H-18); 1.05

(d,J3=7.5Hz,3H,172-CH;) ; 2.05 (s,3H,H-21); 5.79 (s broad,1H,H-4)

Example 41

1.1 g of the compound that is described under 40b) is

reacted aécordihg to the methods that are described in Examples
le), 2a) and 2b). 0.21 g of 41) is obtained.
[@],® = +117.3° (CHCl;; c = 0.450) |
| 'H-NMR (CDCl;): d = 0.98 ppm (d,J=7.5Hz,3H,17%-CH,) ; 0.99
(s,3H,H-18); 2.08 (s,3H,H-21); 5.68 (s broad,1H,H-4); 6.11-6.27
(m,2H,H-6 and H-7) |



51 N [err]H-NMR (CDCl [err]): d = 0.94 ppm (t,J=7.5Hz, 3H, H22); 0.96
(s,3H H18); 3.78 (s,3H,3-OCH err]); 3.95-4.18 (m4H 20-CCH err]CH err] O );
5.98 (s,2H H 17[err] and H17[err]); 6.648gd, J=3Hz, 1H H4); 6.72 (dd, J=9,
3Hz, 1H, H2); 7.21 (d, J=9Hz, 1H, H 1) b)

20, 20- [ 1, 2- Et'hanedi yl bi s(oxy)] - 3- met hoxy- 21- net hyl - 14, 17- :

et heno- 19- nor pregna-2, 5(10)-diene 27 g of the substance, described

under 8a), is reacted according to the nethod that is described in Exanpl e
1d). 18. 9B§am9108ﬁ3 i s obt ai ned. [err]H-NMR (CDCl [err]): d = 0.93
ppm (t, J= X S, 3H H-18;; 3. 56 (s 3H 3- OCH[err] ;

etha =noypregnari,ord 362 pne

3. 93-4. 10

(s, 2H H17[err] ?Edgkt%7Lhe Lgmpound that is described under 40b) is

reacted according to the methods that are described in Examples
4a) and 4b). 0.56 g of 42) is obtained;
Flash point: 118-120°C [a),® = -270.5° (CHCl,; c = 0.495)
'H-NMR (cDCl,): d = 1.06 ppm (s,3H,H-18); 1.09
(d,3=7.5Hz,3H,172~CH;) ; 2.09 (s,3H,H-21); 5.66 (s broad,1H,H-4)

Example 43

a) (17%R) -17%,21-Dimethyl-20,20-[1,2-ethanediylbis (oxy) ]-14,17~-
ethano~-19~-norpregn-5(10)-en-3-one

3.65 g of the compound that is described under 40a) is
reacted according to the methods that are described in Examples
7a), ic), 1d) and 8c). 2.33 g of 43a) is obtained, and, in

~ addition, 0.63 g of (17?R)-17?%,21-dimethyl-20,20-[1,2-

ethanediylbis(oxy)]-14,17-éthano-lQ-norpregn-4-en-3-One.

'H-NMR (CDCl,): d = 0.86 ppm (t,J=7.7Hz,3H,H-22); 0.99
(s,3H,H-18); 1.00 (d,J=7.5Hz,3H,172~CH;); 2.67 and 2.78

(d,J=20Hz, 1H,H-4 each); 3.90-4.08 (m,4H,20-OCH2CH20-)

b) (172R) -172, 21-Dimethyl-14, 17-ethano-19-norpregna-4,9-diene-
3,20~dione
2.33 g of the compound that is described under 43a) is

reacted according to the methods that are described in Examples



C) 20, 20-[ 1, 2- Et hanedi yl bi s(oxy)]-21-nmet hyl - 14, 17-et heno-19-

nor pregn-5(10) -en-3-o0ne ‘A solution of 18.2 g of the substance,
descri-bed under 8b), in 700 M of tetraB¥drofuran is mixed while being
stirred with 250 m of concentrated ammoni um chl ori de solution and 18 mni
of concentrated oxalic acid solution, and it is stirred for 6 hours.
Then, it is diluted with water and extracted three tines with ethyl

chi o de U8 AREAOG; Y S GR00 Y RIOR Ay S AL TS
B eaeigE PRIt R el ik ey SOLOITH OUREE Qinstbbnact (1B Oy
ggrr] = ‘dféhdisfid-dfedlerr]: ¢ = 0.510) |
@], for compound 43b) = -285.4° (CHCl;; c = 0.515)
"H-NMR (€bcl;) for compound 43b): d = 1.00 ppm
(t,:r=7.5nz,3n,n-zé); 1.05 (s,3H,H-18); 1.08 (d,J=7.5Hz,3H,17%-
CH,); 5.67 (s broad,1H,H-4) _
'H-NMR (CDCl,) for (172R)-17%,21~dimethyl-14,17-ethano-19-
norpregna-5(10),9(11)~diene-3,20~-dione: d = 0.86 ppm (s,3H,H~-
18); 1.00 (t,J=7.5Hz,3H,H-22); 1.04 (d,J=7.5Hz,3H,17°-CH;); 2.88

(s broad,2H,H-4); 5.59-5.68 (m,1H,H-11)

0.45 g of the compound (17°R)-17%,21-dimethyl-14,17-ethano-
19—nofpregnaf5(10),9(11)-diene-3,20-dione, described in Example
43b), is reacted according to the method that_is described in
Example 9¢). 0.16 g of 44) is obtained.

(@], = -48.1° (CHCl,; c = 0.455) |

-‘H-m (cDCl;): d = 1.00 ppm (s,3H,H-18); 1.02
(d,J=7.5Hz,3H,17%-CH;) ; 1.03 (t,J=7.5Hz,3H,H-22); 5.76 (s

broad,3H,H-4); 6.44 (d,J=12Hz;1H,H-11); 6.48 (d,J=12Hz;1H,6H-12)



[err]H-NMR (CDCl [err]): [err] = 0. 92 ppm (t, J=7.5Hz, 3H, H 22); 0.97
(s,3H H18); 2.72 and 2.82 (2d broad, J=20Hz, 1H H 4 each); 3.95- -4.12
(m4H, 20-OCH err]H err]O); 5.87-5.98 (m2H H 17[err] and H 17[err]) d)

21-thhy|-14,17-etheno-19-norpregna-4,9-giene-3,20-dione 11 g of the
substance that is described under 8c) 'g reacted according to the nethod

that is described in Exanple 4b). 3.75 g of 8d) is obtained. Fl ash
point: 145-146[err]C J[err] = -180.1 (CHC[err], ¢ = 0.510) ’

[err]HNWR (CDCl [err]): d =1.03 ppm(s,3H H 18); 1.08

(t,J=7. gamibidt48); 5 72 (s broad, 3H H-4); 6.03 (s,2H H17[err] and
H17[err]) Exanple 9 21 Met hyl - 14, 17- et heno- 19- norpregna 4 9
11-tri engrPR3ICAGP hyl-14,17-

3,3-[2,2-D net hyl -1, 3 propanedlylbls(oxy)] 21- et yI 14, 17-

et heno- I@iorme pr egna- 5(10), 9(11) - di en- 20- one

0.62 g of the compound (172R)-17%2,21-dimethyl-20,20-[1,2~-
'ethanediylbiS(oxy)]-14,17-ethano-19—norpfegn-4-en-3-one,
described in Examp;e 43a), is reacted according to the methods
that are described in Examples 2a), 2b) and le). 0.13 g of 45)
is obtained.

'H-NMR (CDC1;) for compoﬁnd 43b): 4 = 0.93-1.02 ppm
(m,9H,17%-CH,,H~18 and H-22); 5.76 (s broad,1H,H-4); 6.12-6.24

(m,2H,H-6 and H-7)

Example 46
14,17—Ethago-1g-no;gregna-4,15-diege-3,20-dibng
a) 155,163-Dihydro-3-methoxy[1,3]dioxol°[4’,5':15,16]-14,17-
etheno-19-norpregna-1,3,5(10)~triene-2/,20~-dione
56 g of the compound that is described in Example la) is
" mixed with 90.5 ml of vinylene carbonate and 50 mg of
hydroquinone and held at a bath temperature of 170°C under argon
for 18 hours. After all volatile components are removed under
high vacuum, the residue is chromatogfaphed on silica gel with a
mixture of ethyl acetate and hexane. After crystallization from
a mixture of diisopropyl ether and acetone, 56.04 g of 46a) is
obtained. _ |
Flash point: 217-217.5°C [a],®® = -219.8° (CHCl;; ¢ = 0.495)
'H-NMR (CDCl;): d = 0.94 ppm (s,3H,H-18); 2.30 (s,3H,H-21);

3.79 (s,3H,3-0CH,); 4.99 and 5.76 (2d,J=8Hz,H-15 and H-16); 6.31



2.87 g of 2,2-dinethyl propane-1,3-diol, 1.4 m of trinethyl orthoformate
and 100 ny of p-tol uenesul fonic acid are added to a solution of 3.5 g of
the conpound, described under 8d), in 383 of dichl oronethane while being
stirred. After 3 hours, it is diluted with dichloronethane, washed with
water and with concentrated sodiumchloride solution, dried on sodium
sulfate, filtered off and concentrated by evaporation. The residue is

chr ot g g,;cgpé; ) Ofag 46 ei%vxq[-tfwaawdxwaez%asm' ¢ 268" a0 288z, IRIADC

3.84 g o

(525 6H, KR C O‘f—%wmiébqo%giﬁém—ﬂ'w? 1- (-'E %%-?H H22) ;

3.42-3.52 (m2H ketal -OCH err]); 3.57-3.68 (m2H, ketal -OCCH err]);
5.45-5.53

b) 158,168-Dihydro-3-methoxy[1,3]}dioxolo[4’,5/:15,16]-14,17~
ethano-19-norpregna-~1,3,5(10) -triene-2’,20~-dione

56 g of the compound that is described in Example 46a) is
reacted according to the method that is described in Example
12a). 56 g of 46b) is obtained.

| Flash point: 223-224°C (@],?® = ~111.2° (CHCl;; ¢ = 0.515)

'H-NMR (CDCl;): 4 = 0.94 ppm (s,3H,6H-18); 2.20 (s,3H,H-21);
3.78 (s,3H,3-OCH;); 4.68 and 5.48 (2dd,J=1.5 and 9Hz, 1H,H-17
and H-172 each); 6.64 (d,J=3Hz,1H,H-4); 6.73 (dd,J=9, 3Hz,1H, H-

2); 7.19 (d,J=9Hz,1H,H-1)

c) 15a,lsa-Dihydroxy-3-methéxy414,17-ethano-19-norpregna-
1,3,5(10)-trien-20-one |

50 g of the compound that is described in Example 46b) is
heated tO-bpiling with 26 g of potassium carbonate in a mixture
 of_250 ml of methanol, 500 ml of tetrahydrofuran and 150 ml of
water for 6 hours. After substantial removal of the solvent, it
is poured onto z_liters of ice water, suctioned off, and the
filter cake is washed with 1 liter of water. 45.80 g of 46c) is
obtained.

TH-NMR (€DCl;): d = 0.91 ppm (s,3H,H-18); 2.18 (s,3H,H-21);
3.78 (s,3H,3-0CH;); 3.84-3.93 and 4.62-4.71 (2m, 1H,H-17' and H-
172 each); 6.63 (d,J=3Hz,1H,H-4); 6.72 (dd,J=9, 3Hz,1H,H-2); 7.21
(4,J=9Hz, 1H,H-1) | |



(m1H H11); 6.03 and 6.12 (2d,J=6Hz, 1H H17[err] and H17[err] each)

b) 21- Met hyl - 14, 17-et heno-19-norpregna-5(10),9(11)-di ene-3, 20-  di one
500 ng of the conpound that is described®dinder 9a) is dissolved by
ultrasound in 25 m of 70% acetic acid and 5 ml of tetrahydrofuran and
then stirred at roomtenperature for 4 hours. Then, it is neutralized
while being stirred with concentrated sodium bicarbonate solution. It is

ashod widh - SGMEERDRAT 34 33TFURPORT 0P BEERRATFOR: SaPta) oASERLRARA= 20

sulfate,onglltered of f and concentrated by evaporation. 480 ng of 9b) is
obt ai ned,” Which is reacted in the next step without further purification.

H NVR 7 0
Eterg] 7. 5Hz, gﬁwg gz? b 3&‘ Ebppol azt c ﬁ gesbribeg %m %’H‘amplelf)sc’ 18,
and 6. 13 dﬁ%@oiv@ﬁz inlhl. b5 115:%&'%] o%nﬁ.t@h-iaﬂrﬁh&hﬁﬂéhhnd mixed at 0°C with

150 ml of trimethyl orthoformate as well as 6 g of pyridinium
paratoluenesulfonate. After 6 hours at room temperature, the
batch is filtered with a silica gel column and concentrated by
eVapbration. The evaporation residue-is taken up in 1 liter of
acetic anhydride and heated to boiling for 5 hours. After
concentration by evaporation, the residue is dispersed between
concentrated sodium bicarbonate solution and dichloromethane.
After the organic phase is washed with concentrated common salt
solution, dried on sodium sulfate, filtered and concentrated by
evaporation, it is chromatographed on silica gel with a mixture
of ethyl acetate and hexane. 6.75 g of 46d) is obtained. All
poiar fractions of chromatography are combined and concentrated
by evaporation. The residue is heated to boiling with 20 g of
potassium carbonate in éoo ml of methanol for 3 hours and poured
onto 2 liters of ice water, suctioned off, and the filter cake is
washed with 0.5 liter of water. 27.5 g of the compound that is
described in Example 46c) is obtained, from which another 4.50 g
of 46d) is obtained according to the method that is described in
Example 46d4). |

[@],®® = +0.5° (CHCl;; c = 0.505)

'H-NMR (CDCl;): d .= 0.91 ppm (s,3H,H-18); 2.23 (s,3H,H-21);

3.79 (s,3H,3-OCH;); 6.22 and 6.13 (2d,J=6Hz, 1H,H-15 and H-16



C) 21- Met hyl - 14, 17- et heno- 19- nor pregna-4, 9, 11-tri ene- 3, 20- di one 480
nmg of the conpound that is described under 9b) is dissolved in 40 mM of

di chl por onet hane and mixed with 600 ng of3 '

2, 3-di chl oro-5, 6-di cyano- p- benzoquinone. It is stirred for 4 hours at
roomtenperature, filtered, the filtrate is washed with concentrated

sodi um bi carbonat e sol uti on, concentrated sodi um

a0l ut i orsa il koo SO vriler T B P St CRFrF R S B 8] e pl "
e o G BE RSN, oo oo e o = s el @ mture
e) 20,20-[1,2-Ethanediylbis (oxy) }-3-methoxy-14,17-ethano-19-
nofpregna-2,5(10),15-triene
4.5 g of the compound that is described in Example 46d) is
reacted according to the methods that afe described in Examples
lc) and 1d). 5.33 g of crude 46e) is obtained.
'H-NMR (CDCl,): d = 0.98 ppm (s,3H,H-18); 1.32 (s,3H,H-21);
3.56 (s,3H,3-0CH;); 3.93-4.07 (m,4H,20-OCH,CH,0~); 4.65 (s |
broad,1H,H-2); 5.94 and 6.03 (2d,J=6Hz, 1H,H-15 and H-16 each)

f) 14,17-Ethano-19-horpregna-4,15-diene-3,20-dione

2.0 g of the compound that is described in Example 46e) is
reacted according to the method that is described in Example 1le).
1.32 g of crude 46f) is obtained.

Flash point: 131-133°C [a],® = +32.0° (CHCl;; ¢ = 0.505)

‘H-NMR (CDCl;): a4 = 0.93 ppm (s,3H,H-18); 2.20 (s,3H,H-21);
5.85 (s broad,l1H,H-4); 6.05 and 6.19 (2d4,J=6Hz, 1H,H-15 and H-16

each)

Example 47
;4,17-§tgano-1g-no;pregn§-g.6,15-t;iene-3;gg-gigne

'1.2 g of the compound that is described in Example 46f) is
reacted according to the methods that are described in Examples
2a) and 2b). 0.54 g of 47) is obtained. |

Flash point: 138-140°C



Fl ash point: 117-119[err]C [err] = -278.8[err] (CHC[err], c = 0.500)
“[err]HHNMR (CDCl [err]): d = 0.97 ppm(s,3H H 18); 1.11
~(t,J=7.5Hz,3H, H 22); 5.80 (s broad,3H H%); 5.99 and 6.08 (2d,J=6Hz,

“1H, H17[err] and H 17[err] each); 6.04 (d,J=12Hz;1H H 11); 6.44 (d,J=12Hz;
1H H12)© -Exanple 10 17[err]-Methyl-14,17-etheno-19-norpregn-4-ene-3
20-di one " a) 3- Met hoxy- 16- net hyl - 19- nor pregna- 1, 3, 5(10), 14, 16- pent aen- 20-
one A sg&qeﬂs;onzgf.-,iS(é;@l of ccappei@lo) i odide in 50 m of diethyl
ether is mxed af O[err] C drop bf drop with 90 ml of a 1.6 nolar solution
of methyllithi'gaNMR ¢cpehy): etdes .0 A4 @pB((s BHH-a8)0f 131 r(BH I-21) of
triethylamne and then 11°m of trimethylchlorosilane are added drop by
drop at -5.0%er(s GrobidsnH,a-49G &.i1dn taf 61349 (of, 4H)&-60 mndl 7 caxl H-1150
under la), in 220 mMl of tetrahydrofuran is added in drops. It is allowed
to stir fa;md H-16)

Example 48
7-Ethano-19-norpregna=-4.,9,15-triene-3,20~-

3.33 g of the compound that is described in Example 46e) is
reacted acéording to the methods that are described in Exémples
8c) and 4b). 1.08 g of 48) is obtained.

[@],® = -272.4° (CHCl;; ¢ = 0.475)

'H-NMR (CDCl;): d = 1.01 ppm (s,3H,H-18); 2.21 (s,3H,H-21);

5.70 (s broad,l1H,H-4); 6.06 and 6.23 (2d,J=6Hz,2H,H-15 and H-16)

Example 49

a) 3,3-[1,2-Ethanediylbis(oxy) ]-14,17-ethano-19~norpregna=-

5(10),9(11),15-trien-20-one

1.0 g of the compound fhat is described in Example 48) is
reacted according to the method that is described in Example 1c).
0.29 g of 49a) is obtained, as well as 0.7 g of the corresponding
3,20-bisketal.

1H-N_MR (CbCl,): 4 = 0.82 ppm (s,3H,H-18); 2.22 (s,3H,H-21);
4.00 (s,4H,3-OCH,0CH,0~); 5.51 (s broad,1H,H-11); 6.04 and 6.22

(2d,J=6Hz,2H,H~-15 and H-16)



2 more hours at -70[err]C, then 100 m of concentrated ammoni um chloride
solution is added, it is allowed to heat to room tenperature, shaken with
400 m of ethyl acetate, solid conponeﬁﬁ;eue filtered off, and the
aqueous phase is extracted again with ethyl acetate. The conbi ned organic
phases are washed 55 four times
W th sem concentrated amoni um chl ori de solutlon dried on sodiumsulfate,

filteredyQff Lhgt apaL u §sghyed by
(11 Coredug " 392pePRaOLial s unaRuaisL bt Beghicsy 5348ueeiBndazabucd b

added tog ?B sol ution and heated to 80[err]C for 20 hours. After cooling,
400 m ethyl acetate is added, suctioned off on Celite and

concentrat ed byzsvgpetathencoﬁbeuhasmue ig aaéeﬁ%ear aphestafplesubhgaigel
with a mxture of ethyl acetate and n-hexane. 5.03
reacted according to the methods that are described in Examples
5¢c), 5d), le) and 5g). 11 mg of 49b) is obtalned.
TH-NMR (CDCl;): d = 1.00 ppm (s,3H,H-18); 4.33 and 4.42
(24,J=20Hz,2H,H-21); 5.70 (s broad,1H,H-4); 6.12 and 6.15

(2d,J=6Hz,2H,H-15 and H-16)

Example 50
gl-Meth21-14.1zfethano-;9-go;pregna-4,;5-dieng-3.20fgione

a) 20,20-{1,2-Ethanediylbis(oxy) ]-21-methyl-14,17-ethano-19~
norpregna-4,15-dien-3-one |

6.6 g of the compound that is described in Example 46d) is
reacted according to the methods that are described in Examples
7a), 8a), 1d) and 8c). 0.605 g of 50a) is obtained, as well as
3.70 g of 20,20-[1,2-ethanediylbis(oxy) ]-21-methyl-14,17-ethano-
19-norpregna-5(10),15-dien-3-one.

TH-NMR (CDC1;) for compound 50a): d = 0.93 ppm
(t,J=7Hz,3H,H-22); 0.99 (s,3H,H-18); 3.98-4.15 (m,4H,
20-00H§ﬁ§0-); 5.83 (s broad,1H,H-4); 5.96 (s,2H,H-15 and H-16)

'H-NMR (CDCl;) for 20,20-[1,2~ethanediylbis (oxy)]-21-methyl-
14,17—ethano—19-norp:egna-5(10),15-dien-3-one: d = 0.94 ppm
(t,J=7Hz,3H,H-22); 0.96 (s,3H,H-18); 2.70 and 2.80
(2d,J=20Hz,2H,H-4); 3.96-4.14 (m,4H,20-0CH,CH,0-) ; 5.94 and 6.01
(2d,J=6Hz,2H,H-15 and H-16) |



of 10a) is obtained. Flash point: 166-167[err]C [err] = +459.2[err]
(CHA [err], c = 0.505) [err] H NMR (QPO [err]): [err] = 1.22 ppm
(s,3H, H18); 2.37 and 2.40 (25,6H,16-C}{% ] and H21); 3.80

(s,3H,3-CCH err]); 5.92 (d,J=2Hz, 1H,H 15); 6.68 (d,J=3Hz, 1H, H4); 6.75
(dd,J=9, 3Hz,IH H2); 7.25 (d,J=9Hz, 1H H 1) b)

3- Met hoxy-17[err]-net hyl - 14, 17- et heno- 19- nor pregna- 1, 3, 5(10)trien 20- one

5.0 g of e cofnparthyhnal, '1%-@%%%“0“&@-&5%%&9?9@)— 4, 95-8@neRS , 30 idnd 10

t he net hod that is described in Exanple 1b) of 10b) i S obtai ned as

a foam 192 g WYR | that Q&&mﬁmﬂdﬂk&h 1k 564)S is
broad, 17[err]- CHerr]); 2.20 (s, 3H H21); 3.79 (s, 3H, 3- OCH[err]) 5.67 (s

- broad, H 1f&acted %dod‘,dla’uy-la;ollﬁﬂé fethod/Thatd is—Aestiibld Hn? Exanhple le).
(dJ OHz, 1H, H 1)
127 g of 50b) is obtained.
Flash point: 140-141°C [a]nz" = +25.4° (CHCly; ¢ = 0.495)
'H-NMR (CDCl;): d = 0.90 ppm (s,3H,H-18); 1.07
(t,J=7Hz,3H,H-22); 5.85 (s broad,1H,H-4); 6.05 and 6.20

(2d,J=6Hz,2H,H-15 and H-16)

Example 51

460 mg of the compound that is described in Exampie 50a) is
‘reacted according to the methods that are described in Examplés
2a), 2b) .and le). 210 mg of 51) is obtained.

Flash point: 153.5-154-5°C [a],% = -37.9° (CHCl;; ¢ = 0.490)

'H-NMR (cDCl;): d = 0.93 ppm (s,3H,H-18); 1.08
(t,J=7Hz,3H,H-22); 5.80 (s broad,1H,H-4); 6.16 to 6.36 (m,4H,H-6

and H-7 and H-15 and H-16)

Example 52
21-Methx1—14.;7-ethano-19-gorpregna-4.9.;5-;giene-3,zo-dione
.3.7 g of 20,20-[1,z-ethanediylbis(oxy)]-21-ﬁethy1-14,17-
ethano-lQ-norprégna-S(10),15-dien-3-one of Example 50a) is
reacted aécording to the methods that are described in.Examples

4b) and le). 2.1 g of 52) is obtained.



56 @) 17[err]-Methyl - 14, 17- et heno- 19- nor pr egn- 4- ene- 3, 20- di one
500 ng of the conpound that is describeg) nder 10b) is reacted according
t.o the nmethods that are described in Ex ﬁgles 1c), 1d) and le). 344 ny of
10c) is obtained. Flash point: 137[err]C [err] = +109.6[err]
(CHO [err], ¢ = 0.500) [err]H-NVMR (CDCl [err]): d = 0.86 ppm
(s,3H H18); 1.70 (s broad 17[err]- CHerr]); 2.16 (s,3H H21); 5.58 (s
broad, 1H, H 17hgt Qs dP03d g %Hp§m4)s HEiRiBhe ilos .
-~ 17[err] - thhyl-14 15 et e 18- nor pr egn dF&ne- 3, 13025%ne 250 ny
of the cqepoundzlBal,H-2209s6l7bedsuBgoad}Or) H-3) ;r 6aosednaceordi ng to the
nmet hods that are described in Exanpl es

(2d4,J=6Hz,2H,H-15 and H-16)

Examples 53 and 54

_t;iege-3,g0-dione

1.72 g of the compound that is described in Example 52) is
reacted according to the methods that are described in Examples
9a),.50), 5d), le) and 5g). 198 mg of 53) and 250 mg of 54) are
obtained.
53: [a),2® = -290.0° (CHCly; c = 0.520)

'H-NMR (CDCl;): @ = 0.95 ppm (s,3H,H-18); 1.38.
(4,J=7Hz,3H,H~22); 4.43 to 4.56 (m,1H,H-21); 5.68 (s broad,1H,

H-4); 6.15 and 6.22 (24,J=6Hz,2H,H-15 and H-16)

54: ([a),® = -218.4° (CHCl;; c = 0.515)
'H-NMR (CDCl,): d = 0.98 ppm (s,3H,H-18); 1.38
(d,J=7Hz,3H,H-22); 4.41 to 4.52 (m,1H,H-21); 5.71 (s broad,1l1H,H-

4); 6.10 and 6.18 (2d,J=6Hz,2H,H-15 and H-16)

Example 55
16-Methyl-14,17-ethano-19-norpregna-4,15-diene-3,20-dione
a) 3-Methoxy-20-oxo-14,17~etheno-19-norpregna-1,3,5(10) ,15~

tetraene-16-carboxylic acid methyl ester



2a) and 2b). 102 ng of 11) is obtained. Fl ash point: 132-136[err]C
[err]HHNMR (CDCl [err]): d = 0.89 ppn1(s,§§,kk18); 1.69 (s broad, 17[err]-
CH err]); 2.17 (s,3H H21); 5.47 (s broad.1H H 17[err]); 5.80 (s
broad, 1H H4); 6.17-6.30 (m2H H 6 and H 7) Exanpl e 12
(17[err] R -17[err]-Methyl -14 17-et hano- 19- nor pregn- 4-ene- 3, 20-di one a)

3- Met hoxy-17[ err] - net hyl - 14, 17- et hano- 19- nor pregna- 1, 3, 5(10) -
trien-20-one 20 g of Ahd Umpdithd YHHL didicr ibede SIGl 'ﬂ%ﬁ%ﬂ@e.(?aglo%o '(;1]?1

di ssolved in a shaking apparatus in 125 m of tetrahydrofuran. 5
pal | adi urefo prspiokic @il MutHyll09sticr adiie 60 it o MRRIrigifinohd | theld

under hydrogen and shaken until. the hydrogen
57 at a bath temperature of 110°C in a closed tube under argon for
34 hours. After cooling, removal of volatile components and
chromatography of the residue on silica gel with a mixture of
ethyl acetate and hexane, 12.66 g of 55a) is obtained.
Flash point: 149-149.5°C ([a],° = -8.3° (CHCl;; c = 0.505)
'H-NMR (CDC1l;): d = 1.30 ppm (s,3H,H-18); 2.28 (s,3H,H-21);
3.73 and 3.78 (2s, 3H,3-OCH; and CO,CH; each); 6.65 (d,J=3Hz,1H, H-
4); 6.73 (44,3=9 and 3Hz,1H,H-2); 6.76 and 7.02 (2d, J=6Hz, 1H,

H-17' and H-172 each); 7.20 (d,J=9Hz,1H,H-1); 7.58 (s,1H,H-15)

b) 20,20-[1,2-Ethanediylbis(oxy) ] -3-methoxy-14,17-etheno-19-
~ norpregna-1,3,5(10) ,15-tetraene~-16-carboxylic acid methyl ester
| 10.83 g of the compound that is described in Example 55a) is
reacted according to the method that is described in Example 1lc).
11.46 g of 55b) ié obtained.
Flash point: 147-147.5°C [@],® = -14.7° (CHCl,; ¢ =
0.530)
'H-NMR (CDC1l;): d = 1.28 ppm (s,3H,H-18); 1.55 (s,3H,H-21);
3.73 aﬁd 3.78 (2s, 3H,3-OCH; and CO,CH; each); 3.95 to 4.11
(m,4H,20 -OCH,CH,0-); 6.64 (d,J=3}iz,1H,H-4); 6.72 (dd,J=9 and
3Hz,1H,H-2); 6.67 and 6.80 (2d,J=6Hz, 1H,H-17' and H-172 each);

7.21 (d,J=9Hz,1H,H-1); 7.50 (s,1H,H-15)



absorption has ended. After the solutionis filtered on Celite, it is
concentrated by evaporation in a vacuum 3.9 g of 12a) is obtained as a
foam : [err]HHNWR (CDCl [err]): d = 87ss (0.92) ppm (s, 3H,H18); 0.99"
(1.10) (d,J=7.5Hz,3H 17[err]-CHerr]); 2.08 (2.11) (s,3H H21); 3.78
(s,3H,3-CCH err]); 6.62 (d,J=3Hz,1H,H4); 6.73 (dd,J=9, 3Hz,1H H2); 7.22
(d, J=9Hz, 1H, H 1) (Signals fromthe 2nd di astereoner in parentheses)

b) (17[€fr]2§90526l[3ifi=—ﬁ%5%d#‘% fé@%ﬁ%%ﬁi@mm& 20-

di one of - the ‘conpoun at 12a) 1s reacted

505 . o 4gRASeuELIode (Tl eeghate - SBPHLS nc e oy o)
2- et hanedi yl bi 3{90yg ] off 7lte r¢dompdinyd -tiHat lils described in Example 55b) is
hydrogenated on 100 mg of palladium on carbon (10%) in a mixture

of 250 ml of methanol and ethyl acetate each at normal pressure,

until 1 eguivalent of hydrogen is taken up. After catalyst is

filtered off, concentration by evaporation and chromatography on

silica gél with a mixture of ethyl acetate and hexane, 1.99 g of

55c) is obtained.
'H-NMR (CDCly): 4 = 0.97 ppm (s,3H,H-18); 1.54 (s,3H,H-21);
3.73 and 3.78 (2s, 3H,3-OCH, and CO,CH; each); 3.90 to 4.06
(m,4H,20 -OCH,CH,0-); 6.64 (d,J=3Hz,1H,H-4); 6.72 (dd,J=9 and

3Hz,1H,H-2); 6.92 (s,1H,H-15); 7.21 (d,J=9Hz,1H,H~1)

- d) 26,20-[1,2-Ethanediylbis(oxy)]-3rmethoxy-14,17-ethano-19-

norpregna-1,3,5(10) ,15-tetraene~16-methanol
2.52 g of the compound, described in Example 55c¢) and

dissolved in 40 ml of tetrahydrofuran, is mixed with 157 mg of
zinc chloride. At -78°C, 24 ml of a 1.2 molar solution of
diisobutylaluminum hydfide in toluene is added in drops. Then,
it is left for 3.5 hours at this temperature, mixed with water,
thawed and extracted with ethyl acetate, the organic phase is
washed with concentrated common salt solution, dried on sodium
sulfate, filtered and concentrated by evaporation. After
chromatography on silica gel with a mixture of ethyl acetate and
hexane, 1.46 g of 55d) is obtained. '



et hano- 19-nor pregn-4-en-3-one in a mxture with (17'S)-17" -

-met hyl - 14, 17- et hano- 19- nor pr egn- 5( 10) - ene- 3, 20-di one as well|l as 1.36 g of
the two C 171 epiners of 20,20-[1,2- eti@mediylbis (oxy)]

-~ 17[err]-nmethyl - 14, 17- et hano- 19-norpregn-5 (10)-en- 3-one are obt ai ned.
[err]H-NMR (CDCl [err]): d = 0.90 ppm (s, 3H H18); 1.07

(d,J=7.5Hz, 3H, 17[err]-CH err]); 2.06 (s, 3H H 21) C) (171R

-17[err] - N@thyl 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20-di one 190 ng of
12b) is reacte@ﬁﬂy@bdﬁmﬁ@g)b tRe=nBt 9B dpPMalsi 3H, He18) | bbe3P n(Sx3HpHe2lpy
105 ng of 12c) is obtain 58
[err] HNm%tm[%r?r?)(m H*clﬁ-%)ppr% (78, 48,RHyGOCH; g 3.94 to 4. 13

(d, J=7. SHey 3th 5 2 8dn @80 1) . £ o (8. 368 Ha, 262y % 66" (4 dFoda,
1H,H-15); 6.64 (d,J=3Hz,1H,H-4); 6.71 (dd,J=9 and 3Hz,1H,H-2);
7.20 (d,J=9Hz,1H,B-1)

e) 16-[(Acetyloxy)methyl]-20,20-[1,2-ethanediylbis(oxy)]-3-
methoxy-14,17~-ethano-19-norpregna-1,3,5(10) ,15-tetraene

1.475 g of the compound, described in Example 55d), in 60 ml
of pyridine is mixed at 0°C drop by drop with 1.3 ml of écetyl
chloride. After 1.5 hours at room temperature, it is poured onto
ice~-cold concentrated sodium bicarbonate solution and extracted
with ethyl acetate. The organic phase is washed in succession
with concentrated sodium_bicarbonate solution and common salt

| solution, dried on sodium sulfate, filtered and concentrated by

évaporation. 1.85 g of crude 55e) is obtained.

'H-NMR (CDCl,): 4 = 0.97 ppm (s,3H,H-18); 1.33 (s,3H,H-21);
2.09 (s;3H,acetate); 3.77 (s,3H,3—0CH§); 3.92 to 4.12 (m,4H,
20 -OCH,CH,0~); 4.74 and 4.82 (24,J=1.5 and 20Hz, 1H,16-CH, each);
5.95 (s broad,1H,H-15); 6.64 (d,J=3Hz,1H,H-4); 6.72 (dd,J=9 and
3Hz,1H,H-2); 7.20 (d4,J=9Hz,1H,H~1)

f)' 16-Methyl-14,17-ethano-19-norpregna-4,15-diene-3,20~-dione
1.73 g of crude 55e) is reacted according to the methods
that are described in Examples 1d) and le). 34 mg of 55f) and 92

mg of the compound that is described in Example 31b) is obtained.



Example 13 (17[err]S -17[err]-Methyl -

17- et hano- 19- nor pr egn- 4- ene- 3, 20- di one 300 ng of the m xture,

descri bed under 12b), of the two C IH%Q*] epi ners of

20, 20-[ 1, 2- et hanedi yl bi s(oxy)]-17[err]-nmethyl - 14, 17-

et hano- 19- nor pregn-4-en-3-one and (171S)-17[err]-methyl -14,17- et hano-

19- nor pregn- 5(10) - ene- 3, 20-di one, is reacted according to the nethod that
is described i | e 7 ng 0 22 _ .0 ) ¢@r e obt ai ned.
[err] H NMR (CD@ i err] t&c]l a O §6%@JE% ﬁéﬁndlqgf—lzi'-}i{ L€17[err])
0.92 (s, FkdhdBn Ps-"éi,()d P 17 %,%H i) ] 30deT(sl brodeli 1-39)F Sk
5.82 (s broad, TH Y Exanples 14 "and (17[err]

-17[err]- tﬁwﬁadAlgjhgaﬁano 19- nor pregna- 4, 9- dlene 3, 20- dlone 15:
(17[err]S 17[err] Met hyl - 14 17- et hano- 19- nor pr egna- 4, 9- di ene- 3, 20-

a)  20,20-[1,2-Ethanediylbis (oxy) ]-3-methoxy-158-methyl-14,17-

'etheno?19-norpregna-1,3,5(10)-triene-lsa-carboxylic acid methyl
ester

200 ml of a 1.6.molar solution of methyllithium in diethyl
ether is added in drops to 30.47 g of copper(I) iodide in 420 ml
of diethyl ether at 0°C. After 30 minutes at this temperature,

_ it is diluted with 500 ml of tetrahydrofuran. After cooling to
-50°C, 7.0 g of the compound, described in Example 55b), in 200
ml of tetrahydrofuran is added in drops. After heating to d%;
it is left for 4 hours at this temperature. After concentrated
ammonium chloride solution is added at -20°C, it is dispersed
between water and ethyl acetate, the 6rqanic phase is washed in
succession with ammonia solution, water and concentrated common
salt solution, dried on sodium sulfate, filtered, concentrated by
evaporation, and the residue is chromatographed on silica gel
with a mixture of ethyl acetate and hexane. 5.47 g of 56a) is
obtained. | _

'H-NMR (CDCl;): d = 1.18 ppm (.d,J=7Hz,3H,15—CH3); 1.20
(s,3H,H-18); 1.30 (s,3H,H-21); 3.14 (d,J=5Hz,1H,H-16); 3.62

(s,3H,CO,CH;) ; 3.78 (s,3H,3-OCH;); 3.79 to 4.13 (m,4H,



di one 1.30 g of the m xture, described under 12b), of the two C
17[err] epiners of 20,20-[1, 2-ethanediyl bis(oxy)]-17[err]-nmethyl -14, 17-

et hano- 19- nor pregn-5(10)-en-3-one is reack®l according to the nethods that
are described in Exanples 4b) and 1e). 200 ng of 14) and 120 ng of 15) are
obtained. 14): 59

[err]H-NVMR (CDCl [err]) = 1.04 ppm(s,3H H 18); 1.06

1)) Tag hodtep: f“u%r%é)?ﬁ 97#5(35%%%%1 Ba A7) AR B edbn 5
12Hz, 1H H ¢ 7681 {4 )d=3Hz, 1H,H-4) ; 6.72 (dd,J=9 and 3Hz,1H,H-2); 7.20

(d,J=9Hz,1H,H~1)

b) 153,lsa-Dimethyl-li,17-etheno-19-norpregn—4-ene-3,20-dione
2.0 g of the compouhd-that is described in Example 56a) is
reacted according to the methods that are described in Examples
28c), 34a), 34b), 1d) and 1le). 303 mg of 56b) is obtained.
[a],® = +99.8° (CHCly; ¢ = 0.510)
'H-NMR (CDCl;): d = 0.88 and 1.05 ppm (2d,J=7Hz, 3H, 15-CH,
and 16-CH; each); 1.04 (s,3H,H-18); 2.14 (s,3H,H-21); 5.85 (s

‘broad,1H,H-4); 6.01 and 6.20 (2d,J=6Hz, 1H,H-17! and H-172 each)

Example §7 _
;5&,;Ga-nimg;gxl-lg,;7-ethago—;9—norprggg-4-ene-3,go-gigne

1.48 g of the compound that is described in Example 56a) is
reacted according to the methods that are described in Examples
28c),'34a), 34b), 55¢), 1d) and 1le). 223 mg of 57) is obtained.

Flash point: 212-214°C [@],® = +21.1° (CHCl,; c = 0.505)

"H-NMR (cbCly): d = 0.97 and 1.01 ppm (2d,J=7Hz, 3H,15-CH,
and 16-CH; each); 1.08 (s,3H,H-18); 2.09 (s,3H,H-21); 5.82 (s
broad,1H,H-4)



0.95 (d,J=7.5Hz,3H 17[err]-CHerr]); 1.01 (s,3H H18); 2.09 (s,3H H21);
5.66 (s broad, 1H H 4) Exanpl e 16

14, 17-.Et hano- 19- nor pr egna- 4, 9- di ene- 3, 23-% one a)

3- Met hoxy-16[ err] - phenyl sul f onyl - 14, 17- et heno- 19- nor pr egna-
1,3,5(10)-trien-20-one A mxture of 14.7 g of the substance that is
descri bed under 1la) and 24.0 g of phenyl vinyl sulfone is heated to

155[ err ] Guaidinglq¥) sgl! Of benzene for 10 days. After cooling, the reaction
m xture 1S concentrated by evaporation, and the residue is
chromat ogg & 58, Téf-irat rdfiroyi3h 4h o or L4

m xture of ethy . . I's obtal ned.

Fl ash poi mbrpriekh-4-aires+3 20-diond err] H NVR (CDCl [err]): [err] = 0.84 ppm
(s,3H, H18); 2.30 (s,3H H21); 3.77 (s,3H,3-CCHerr]); 4.58 (dd, J=8,
4Hz, | H, H4)Y) ; BEBagiekreDihydro-3-methoxy[2H,5H)furo[3,47:15,16]-14,17~

-=Wth a

etheno-19-norpregna-1,3,5(10)~-triene-2/,5/,20-trione

10.0 g of the compound that is described in Example la) and
10.0 g of maleic anhydride are stirred for 18 hours under argon
at 95°C. After excess maleic anhydride is removed under high
vacuunm, the residue is crystallized from diisopropyl ether. 9.8
g of 58a) is obtained.

Flash point: 186-187°C (decomposition) (@], = +197.0°
(CHCl;; c = 0.500) '

'H-NMR (CDCl;): d = 1.00 ppm (s,3H,H-18); 2.35 (s,3H,H-21);
3.57 and 4.47 (2d,J=8Hz, 1H,H-15 and H~16 each); 3.79 (s,3H,3-
dcns); 6.41 and 6.49 (24,J=6Hz, 1H,H-17' and H-172 each); 6.66
(d,3=3Hz,1H,H~4); 6.73 (dd,J=9 and 3Hz,1H,H-2); 7.18
(d,J=9Hz,1H,H~-1)

b) 20,20~[1,2-Ethanediylbis(oxy) ]-14,17~etheno~19-norpregna-
1,3,5(10)~triene~15a,16a~dimethanol
5.45 g of the compound that is described in Example 58a) is
reacted accqrding to the methods that are indicated in Examples
344), 7&), 1c) and 28c). 4.13 g of crude 58b) is obtained.
'H-NMR (CDCl;): d = 1.01 ppm (s,3H,H-~18); 1.42 (s,3H,H-21);
3.48 to 3.58 and 3.60 to 3.69 (2m, 1H,CH,0H each); 3.78 (s,3H,3-

OCH;); 3.93 to 4.10 (m,6H,CH,OH and 20~0CH,CH,0~) ; 5.96 and 6.04



(2d,J=5Hz, 1H H17[err] and H17[err] each); 6.64 (d,J=3Hz, 1H, H4); 6.72
(dd,J=9, 3Hz,1H H2); 7.18 (d, J=9Hz, 1H, H-1) 7.52-7.87

(m.5H, SC{err]C[err]H[err]) 60 b)
3- Met hoxy- 14, 17- et hano- 19- norpregna-1,3,5(10)-trien-20-o| 120 g of
mater-nnistened Raney ni ckel is washed several tinmes with ethanol and
ultimately suspended in 900 nml of ethanol. 6.95 g of the substance that is

doscribed yalEh-Kiz) o H499 4a RIOLF SRR IO0RYD R S0 6 7

hours. After dooling, I S from ni ckel™, reva
times with (auha%l anan@n‘aoaﬁeﬁtbat-eé Ry % 943B267Y!, 0 I'iz residue is
c

chronatographed on silica gél tdre of ‘etfy etate and
cycl ohexane. 1.40 g of :
3- met hoxy- 14, 17- et hano- 19- nor pregna- 1, 3, 5(10) -t ri en- 20- _
c) 20,20-[1,2-Ethanediy1bis(oxy)]-3-methoxy-2',5',153,163-
tetrahydrofuro[B',4':15,16]-14,17-etheno-19-norpregna-i,3,5(10)-
triene ' |
4.1 g of the compound that is described in Example 58b) is
cooled in a mixture of 70 ml of dichloromethane and 14 ml of
pyridine to 0°C and mixed drop by drop with a total of 3.34 ml of
methanesulfonic acid chloride. After 3 hours of stirring at room
temperature, it is mixed with concentrated sodium bicarbonate
solution. After 20 minutes, it is dispersed between water and
ethyl acetate, the organic phase is washed with concentrated
sodium bicarbonate solution and common salt solution, dried on
sodium sulfate, filtered, concentrated by evaporation and
chromatographed on silica gel with a mixture of ethyl acetate and
hexane. 0.81 g of 58c) is obtained.
| Flash point: 148-150°C [@],?®® = +135.0° (CHCl;; ¢ = 0.480)
'H-NMR (CDCl;): d = 1.19 ppm (s,3H,H-18); 1.30 (s,3H,H-21);
3.34 to 3.83 (ltl,4lH,_15-Cl-I2 and 16-CH,); 3.79 (s,3H,3-OCH3 ;7 3.85 to
4.08 _(m,4H,20-OCI-IZCHZO- ; 6.12 and 6.18 (24,J=6Hz, 1H,H-17‘| and H~-
172 each); 6.63 (d,J=3Hz,1H,H-4); 6.72 (dd,J=9 and 3Hz,1H,H-2);
7.21 (d,J=9Hz,1H,H-1)



one with a flash point of 140-142[err]C and 2.70 g of 16b) are obtained.

Fl ash point: 90-100[err]C [err]HHNMR (CDCl [err]): [err] = 0.88 and
0.92 ppm (2s,3H H18); 1.12 and 1.18 (383J=6Hz, 3H H21); 3.78 |
(s,3H 3-0CH err]); 3.95 (q;J=6Hz, 1H H 20); 6.63 (d,J=3Hz, 1H H4); 6.72
(dd, J=9, 3Hz,IH H 2); 7.21 (d,J=9Hz, 1H H 1) c) ,

3- Met hoxy- 14, 17- et hano- 19- nor pregna- 2, 5(10)-di en-20-ol 5.50 g of the

Compounigh a5 915, H-HRNEg bl 5P e8RS uhiolsbiod

that is descri
[err] H -bFRGhL8Lehb-3] 8bLhionE- 87 and 0.90 ppm (2s,3HH+18); 1.10 and

1.16 (2d, J=bHz, 3H, H21): '3.55 (s, 3H,3-OCH err]); 3.87-3.98 (m 1H H 20);
4.65 (mIH H3.41 g of the compound that is described in Example 58c) is
reacted according to the methods that are indicated in Examples
1d) and le). 0.23 g of 58d) is obtained.
Flash point: 163.5-165°C [a],®® = +149.8° (CHCly; c = 0.485)
'H-NMR (CDCl,): d = 1.08 ppm (s,3H,H-18); 2.17 (s,3H,H-21);
3.33 to 3.46 and 3.60 to 3.76 (2m, 2H,15-CH, and 16-~CH, each);
5.88 (s broad,1H,H-4); 6.21 and 6.27 (2d,J=6Hz, 1H,H-17' and H-

172 each)

Example 59

norpregn-4-ene-3,20~-dione

. 0.4 g.of,the compound that is described in Example 58c) is
' reacted according to the methods that are indicated in Examples
'55c), 1d) and 1le). 0.234 g of 59) is obtained;

Flash point: 187-189°C [@),2® = +72.8° (CHCl;; ¢ = 0.520)

Example 60

a) 3-Methoxy-14,17-ethano-18a-homo-19-norpregna-1,3,5(10),15~
tetraen-20-one

34.0 g of_3-methoxy-15-methyl-18a-hqmoestra-1,3,5(10),15-
tetraen—l?-one (see DE 3710728 Al) is reécted according to the
methods that are described in Examples 38a), l1la), 58a), and 18a)

and then with ZN sodium hydroxide solution in tetrahydrofuran.



61 -d) 14,17- thano-lg-norpregn 5(10) - en- 20- ol - 3-one 1.70 g of
t he conpound that I s described under 16c)1h§ reacted according to the
met hod .that is described in Exanple 4a) 80 g of 16d) is obtained.

Fi ash point: 103-117[err]C [err]HHNVR (CDCl [err]): [err] = 0.87 and
0.90 ppm (2s,3H,H18); 1.11 and 1.16 (2d,J=6Hz, 3H, H21); 2.69 and 2.78
(2d,J=20Hz, 1H,H4 -each); 3.85-3.98 (m 1H, H 20) e)

14, 17- Et hapoe 1§- 69" thegatcdr Body Eic 28c 04 - 8hebei déced! 14| @ise Oag
of the conmpound, descri bed und€¥ 16d), in 10 n? %Eopyrldlne ?ssadéoﬁa ad a

drops to acsudetppodatt0in6201mlobf bppriatné) ddxed oitﬁyzmlleeorhlésabel ng
cooled with ice and while being stirred. After 3 hours, the reaction
m xt ure i stetraacetate and heated to 70°C for 10 hours. Then, the reaction
mixture is introduced into 4N hydrochloric acid. The precipitate
is filtered off and chfomatographed on silica gel with a mixture
_of n-hexane and ethyl acetate. 90 mg of 60a) is obtained.
'H-NMR (CDCl;): d = 0.62 ppm (t,J=7Hz,3H,H-18a); 2.25
(s,3H,H-21); 3.78 (s,3H,3-0CH;); 6.10 and 6.26 (2d,J=6Hz, 1H,H-15
and H-16 each); 6.65 (d,J=3Hz,1H,H-4); 6.72 (dd,J=9, 3Hz,1H,H-2j;
7.19 (d,J=9Hz,1H,H-1)

b) 14,17-Ethano-18a-homo-19-norpregna-4,15-diene-3,20-dione
115 mg of the compound that is described under 60a) is
reacted according to the methods that are described in Examples

lc), 1d) and le). 18 mg of 60b) is obtained.

TH-NMR (CDC1;): d = 0.63 ppm (t,J=8Hz,3H,H-18a); 2.23
(s,3H,H-21); 5.86 (s broad,1H,H-4), 6.03 and 6.24 (Zd,JéSHz,
1H,H-15 and H-16 each)



poured i nt ﬂmmjmm]“.lfmnum acid and ad1 usted to a pH of between 4 and 5.
IS extr acet ate. The organi ¢ phase is washed with water

and concentrat ed sodi um chl ori de solution, dried on sodiumsulfate,

filtered off and concentrated by evaporation. The residue is

chromat ogiaphgd on silica gel with a mxture of ethyl acetate and hexane.

0.22 g of 16e) is obtained. [err]H-NVR (CDCl [err]): [err] = 1.01 and

1. 07 ppn1(ZS,BH,F&lBi?-d&%ﬂkldyuﬂ:ktEic@a@ b@GU@n&HaH-2§rmu3a8814,00

(m1H, H20); 5.67 (s broad, 1H H 4)

14, 17- Et hano- 19- nor pr egna- 4, 9- di ene- 3, 20 di one 360 ng of pyridinium
chl orochromate is added to a_solution of 220 ng of the conpound, descti bed
under 16e), in 20 m of . R21 62

in which

R3 stands for an oxygen atom, the hydroxyimino group or
two hydrogen atoms,

R® stands for a hydrogen, fluorine, chlorine or bromine
atom or R® stands for a C,~C, alkyl radical in a- or B-
position, whereby thén R¥ and R’ represent hydrogen
atoms, or elsé

R® stands for a hydrogen, fluorine, chlorine or bromine
atonm or' R® stands for a C,-C, alkyl radical, whereby

then R¥ and R’ represent a common additional bond,



di chl oro”m“ﬂmmllnﬂugﬂmme s sti rre&oPor 2 hours at room tenperature
and t hen Itrate is concentrated by evaporation and

chr omat ogr aphed oM sflita gel with a mixture of ethyl acetate and. hexane.
130 ng of 16f) is obtained as a foam [err] = -255.3[err] (CHO[err],

¢ = 0.600) g7 [stankis ¥YF GCRCLELHKY1 Faditald iBPE-( 2r38-Posikion,12
(s,3H H21); 5.67 (s broad,3H,H—4§ Exanple 17

14, 17- Et hano- 19- neheredya theh @ cand 3RY Ordppasent) hydrogen atoms, or

14, 17- Et hano- 19- nor pr egn- 4- ene- 3, 20- di one 5.50 g of the conpound t hat
is described undeelsgc) is reacted according to the nethods that are

I ndicated in anpl e le) and 16f). 2.80 g of 17a) is obtained.

Fl ash point: R 1%0‘313?)[%"@91{ &tand- £o37 asmethy lengogromp| in; a= @5y

Lerr]HNVR (COA TSI o and’ R ARdS for '3 hydrogen atom ar @ 20

R® and R® together stand for an ethylene or methylene group
and R’ stands for a hydrogen atom,

R’ and R each stand for a hydroglen atom or a common bond,

R" and R® each stand for a hydrogen atom or a common bond,

R¥ stands for a methyl or ethyl group,

R"® stands for a hydrogen atom or a C,-C; alkyl radical,

R'% and R, iﬁdependently of one another, stand for a
hydrogen atom, a C,~-C; alkyl radical or a C,~C, alkenyl
radical or together for a C,—C;. alkylidene group,

RY and RY stand for a common bond and R stands for a
hydrogen. atom of a c,-cs' alkyl radical or

R® and R together stand for a ring of partial formula

in which n = 1 and 2 and X means a methylene group or an oxygen

atom, and R'’ stands for a hydrogen atom,

R' stands for a hydrogen atom or a C,-C; alkyl radical,



5.83 (s

14, 17- Et W Mﬂ 4 6- di ene- 3, Zgugé one 326 ng of the conpound
that is deser mﬁ7a) is reacte ccording to the nethods that are
I ndi cated i n Exanp Dl €s *2a) and 2b). 160 ng of 17c) is obtained. Fl ash

poi nt : 126-132[err]C [err] = +31.8 (CHC [err]; c = 0.575) _ .
[err]HNWVR (CDCl [err]): d 096 ppm (s, 3HH—18) 2.11 (s,3H H21); 5.78"

gg broa(éXlH H g2 rafasd- ot {érﬁ’?ﬂ:dﬂi a ¢ alkyl radical or a
anpl e 18  21- Met hyl - 14 17- €t hano- 19- norﬂr‘e:@n 4-"ene- 3, 20-di one  a)
3- Met hoxy- 21- et hylez].@‘lzméhymoraawglpregna 1,3,5(10)- trien-20-o0ne

R and R'? each stand for a hydrogen ai:om or for a common
bond,

R?' stands for a 'hydz.'ogen atom or a C,~C; alkyl radical,

R?" stands for a hydrogen atom, a C,-C; alkyl radical or a
hydroi:y group, except for the compound 14,17-ethano-19-
norpregn-4-ene-3, 20-dione.

2. Compounds of general fornmula I according to claim 1,
characterized in that R’ stands for an oxygen atom or two
hydrogen atoms.

o 3. Compounds of general formula I according to claim 1,
wherein R® stands for a hydrogen atoxﬁ or R® stands for a C,~C,
alkyl radical in a- or B-position, if R® and R’ represent
hydrogen atoms.

4. Compounds of general formula I according to claim 1,
wherein R® stands for a hydrogen, chlorine or bromine atom or RS
stands for a C,~C, alkyl radical, if R¥ and R’ represent a common
additional bond.

5. Compounds of general formula I accordlng to claim 1,

- wherein R" and R each stand for a hydrogen atom, each for a
methyl group or one of these two substituents stands for a C,~C,
alkyl group or a vinyl group and the other of these two
substituents stands for a hydrogen atom or both substituénts

- together stand for a C,-C; alkylidene group.
| 6. Compounds of general formula I according to claim 1,

wherein R’ stands for a hydrogen atom or a C,~C; alkyl radical



he [of0) ound that; i s described under 1b) is dissolved in a
shaklng !ﬂﬁ HHLH"“ of et hyl acet te 13 g- of palladiumon activated
car ban he apparat us i qnaced under hydrogen and shaken
unt i | the hydrogen dbsdrption has ended. After the solution is filtered on

Celite, it is concentrated by evaporation. After crystallization from
ethyl acetate, 129 g of 18a) I S obtai ned. Fl ash point:

5 g i S8 T 65 Y gl 04

(s, 3H, 3'@CH§.):en 16%aﬁ‘10&i3ﬁﬁdlﬁhﬂr@ln RS k%2 9eacRHatAhaHEdY: a7 22
(d, J=9Hz,%1H H 1

3- Met hoxpyyddogan Moﬂﬂozlkﬁm Ifor it lordab (Wéhd. trien-20-one
5.00 g of t he conpound that i-s described under 18a) is reacted according

to the net hod7 i hatompoumds caf ayenerdX afgimule)I according tiddbglaim abj ai ned
e e foat?ilxer_ein R? stands for a hydrogen atom or a C,-C; alkyl radical
‘and R?" stands for a hydrogen atom or a hydroxy group.

8. Compounds of general formula I according to claim 1,
vherein alkyl radical R®, R’, R, R', R, R'"!, R'"?, R* and/or R?"
is a methyl or ethyl radical.

9. Compounds of general fo:mula I according to claim 1,
wherein the C,-C, alkenyl radical for R, R and/or R'? is a
vinyl radical.

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

14,17-Ethan0619-norpregna-4,9—diene-3,zo-dione;

-14,17-ethano-19-norpregna-4,6—diene-3,20-dione;
14,17fethanof1§-norpregna-4,15-diene-3,20-dione
14,17-ethano-19-norpregna-4,6,15-triene-3,20-dione
14,17-ethano~-19-norpregna-4,9,15-triene-3,20~-dione
21-methyl-14,17—ethano-19-norpregn-4-ene-3,zo-dione;
21-methyl-14,17-ethano-19-norpregna-4,9-diene-3,20-dione;
21-methy1—14,17-ethano—194norpregna-4,6-diene-3,zo-dione;
21-methyl-14,17-ethano-19-norpregna-4,15-diene-3,20-dione
21-methy1-14,17-ethano-19-norpregna-4,9,15—triene-3,20-dibne
14;17-etheno-19éﬁorpregh-4-ene-3,zo-dione;
14,17-etheno~19-norpregna-4,6-diene~3,20-dione;

14,17-etheno~-19-norpregna-4,9-diene-3,20~dione;



[ er r }=+#-3fer
089p
(s, 3H,
~(d, J—

ri—(CHACI Terr]; c = 0.545) [err]HNWR (CDCl [err]): d

i e I

64 c)

3- Met hoxy- 21- et hyl - 14, 17- et hano- 19- nor pr egna- 2, 5(10) - di en-  20- ol
2.70 g of the conpound that is described under 18b) IS reacted according
to the method that is indicated in Exanple 1d) 1. 75'&F0f 18c¢)

obtained

21mmekhy botu 171#&!:31%?1!}@91'**9“"{'@4‘? Mﬁ?‘%m [err]):

= 0.86 ppm (s, 3H H 18

98
meth%1-14 17-etheno-1 19-norpregna-4,6-diene-3,20-dione

21-methyl-14,17-etheno-19-norpregna-4,9-~diene-3,20~dione;

2

d

21-methyl-14,17~etheno-19-norpregna-4,9,11-triene-3,20-dione

21-hydroxy-14,17-etheno~19~norpregn-4-ene-3,20-dione
21-hydroxy-14,17-etheno-19-norpregna-4,9-diene—3,20-dione
17'-methyl~14,17-etheno-19-norpregn-4-ene-3, 20-dione
17'-methyl-14,17-etheno~19~norpregna-4,6~diene-3,20-dione
172-methyl-~14,17-etheno-19-norpregn-4~ene-3, 20-dione
17z~methy1-14,17-etheno-19-norpregna-4,9—diené-3,zo—dione
153,16a—dimethy1¥14,17-etheno-19-n6rpregn-4-ene-3,20-dione.
6-methyl-14,17~ethano-19-norpregna-4,6~-diene-3,20-dione;
6-chloro-14,17-ethano-19-norpreqna¥4,6—diene-3,20-dione%

6a-methyl-14,17-ethano~19-norpregn-4-ene-3,20-dione;

- 6,21~dimethyl-14,17-ethano-19-norpregna-4, 6-diene-3,20-

dione;

158,16a-dimethyl-14,17-ethano~19-norpregn-4-ene-3,20-~-dione

6-chloro-21-methyl-14,17-ethano-19-norpregna-4,6-diene-3,20~

dione;

l6a-methyl-14,17-ethano-19-norpregn-4~ene-3,20-dione;
l16a-methyl~14,17-ethano~19-norpregna-4, 6-diene-3,20-dione;
l6a-methyl-14,17-ethano-19-norpregna~4,9-diene-3,20-dione;

16a,21—dimethY1-14,17-ethano-19-norpregna—4,9-diene-3,20-

dione

21-hydroxy-16a-methyl-14,17-ethano-19-norpregn-4-ene-3,20-

dione

16a-ethyl-14,17-ethano~19-norpregn-4-ene-3,20-dione;



(t,J=7Hz, 3H,H22); 3.55 (s,3H,3-0CCH3); 4.66 (s broad, 1H, H 2) d)

21-Me 19- nor pregn- 4- en- 20- ol - 3-one 356 ng of the
conpoﬂlmmm{ﬂimmﬂﬁml bed under 18c) 132 reacted according to the nethod
that i% |%dﬂcaﬁed5|n*Exanple le). 300 ng of 18d) is obtained.

[err]HNWR (CDCl [err]): d 0.91 ppm (s,3H,H18); 0.98 (t,J=7Hz, 3H H 22);
3.55-3.63 (n11H H 20); 5. 81 (s broad, 1H, H 4) e)

21- Vet hy |- 14, LG HaRGa 194795 068005 4- 3023 p2B5HL00Ene s, 203401 (°

conpound tha esc 'Under ed accor met hod

“t hat di L _130Q 8 _ = h
S 1500 8-EethyI E1aTR L ethihh érarfl Phrabpata) 163 1ssaem,anaeao dione Flas

[ egrzl I(t_ N'Qfoé SWHiﬁﬂ‘)-méihyl‘ll% mma&ﬁn%liﬁ-%pﬂeg@m-@nel-a? o -d1idne??) ;
(17'8)-1714methy1-14 17-ethano-19-norpregn-4-ene-3,20-dione
(17'R) -17'-methyl-14, 17-ethano-19-norpregna-4,9-diene-3,20~

dione |
(171IS) -17'-methyl-14,17-ethano-19-norpregna-4,9-diene-3, 20~
dione
(17%R)-17z-methy1-14,17-ethano-19-norpregn-4-ene-3,20-dione
(172R) -172-methyl-14, 17-ethano-19-norpregna-4, s-diene-s , 20-
‘dione
(17°R) -17%-methyl-14,17-ethano-19-norpregna-4,9-diene-3, 20~
dione |
(17°R) -172,21~dimethyl~14, 17-ethano-19-norpregna~-4, 6~diene-
3,20~-dione
(172R) =172, 21-dimethyl-14,17-ethano-19-norpregna-4,9-diene-
3,20—dione |
(17?R) -172,21-dimethyl-14,17-ethano-19-norpregna-4,9,11-
triene-3,20-dione
| l16-methylene-14,17~ethano-19~-norpregn-4-ene-3,20-dione
16-methylené-14,17fethano-19-norpregna-4,6-diene-3,20-dione
16-methylene-14,17~-ethano~-19-norpregna-4,9-diene~3,20~dione
21-hydroxy-14,17-ethano-19-norpregn-4-ene-3,20-dione;
21—hydroxy-14,17—e£hano-19-norpregna-4,6—diene—3,zd-dione;
21-hydroxy—14,17-ethano-19-norpregna—4,9~diene-3,20-dioné;
21-hydroxy-14,17-ethano-19-norpregna-4;9,15-triene-3,20-

dione



Example 19 21- thhyl 14, 17- et hano- 19- nor pr egna- 4, 9- di ene- 3, 20- di one

770 ny that is described under 18c) is reacted according
to the”Ml“Mslmnﬂﬂl“mL indi cated in Exdrd es 4a), 4b) and 16f). 170 ng of
19) is bbta@ired® $ * Flash point: 130[err]C [err] = -251.2[err]

(CHA [err]; c = 0.470) [err]HHNVR (CDCl [err]): d = 1.02 ppm

(t,J=7Hz, 3H, H22); 1.05 (s, 3H H18); 5.68 (s br oad, 1H, H- 4) Exarrple 20
tzﬁewgz)%l)u%g% aﬁ | S del'égrﬂ:]:g’égrungl?ét’[i@d;j'l rea% ed-o'ldrbg-c%orr regq?ig
met hods t§§§ogﬁfbﬁ§plcated I n Exanpl es
| (218)-21~hydroxy-21-methyl-14,17-ethano-19-norpregn-4-ene-
3,20-dione; |
(21R) -21-hydroxy-21-methyl-14,17-ethano-19-norpregna=-4,9-
diene-3,20-dione;
(218)-21-hydroxy-21-methyl—14,17-ethano—19-norpregna-4,9-
diene-3,20-dione;
(21R)-21-hydroxy-21-methy1-14,17-ethano-19-norpregna-4,6-
diene~3,20~dione;
(215)-21-hydroxy-21-methyl-14,17-ethano~19-norpregna-4, 6-
diene-3,20-dione; |
(21R)-21~-hydroxy-2l1-methyl-14,17-ethano~19-norpregna-4,9, 15~
triene-3,20~dione
(218)-21-hydroxy-21-methyl-14,17~ethano~19-norpregna-4,9,15-
triene-3,20-dione
14,17-ethano-laa-homo-19-norpréqn-4-ene—3,zo-dione
'14,17-ethano-18a~homo-19-norpregna-4,6-diene-3,20-dione
. 14,17-ethano-18a-homo-19-norpregna-4,9~diene-3,20-dione
14,17-ethano-18a—homq-19-norpregna-4,15-diene-3,20-dione
21-methyl~-14,17-ethano-18a-homo~19-norpregn-4-ene-3,20~-dione
21-methyl-14,17-ethano-18a-homo-19-norpregna-4, 6-diene~3, 20~
dione '
21-methyl-14,17-ethano-18a-homo-19-norpregna-4,9~-diene~3,20~-
dione |
(21R) ~21-hydroxy-21-methyl-14,17~-ethano-18a-homo-19~

norpregn-4-ene-3,20~dione



52)5 1§E wmn ‘\!\ \“\+20 8];) (2(3—6 [Se?lr:)]%.%‘I (r:lec:i. 0. 490) Flash ngr Pi |-|. NVR

errf): = 0.96 ppm(s,3H H18); 1.02 (t,J=7Hz,3H H22); 5.78 (s
broad 1H H4); 6 15-6.23 (m2H, H6 and H7) Exampl e 21

21,21-Di ”Eth '211#—%1- Erh Skylﬁlﬂﬂéﬁhgﬁlﬂilzz419-étﬁaﬁo3139-ﬂbﬁ63193) 3,3-[2,
2- D met hyl - 1, 3- propanedi yl bi s(oxy)]-21 nethy 14, 17-

et hano- ﬁ%r@Q@@heg Ren?3Qp02a@ibhedi en- 20- one 18.3 g of the conpound
that is described under 18c) is reacted according to the nmethods that are
i ndi cat ed i n (BAR)pi2dshydaxpxy4R)-methydnili4 /1Y -ethdng-bv8aZhanotr39obt ai ned.
o norpregna-4,9-ene-3,20-dione
(21S) ~21-hydroxy-21l-methyl~14,17-ethano-18a-homo-19-
norpregna-4,9-ene-3,20~-dione
(21R)—21—hydroxy-21-methyl-14,17-éthano-18a—homo—19-'
norpregna-4, 6~ene-3,20-dione |
(21S) -21-hydroxy-21-methyl-14, 17-ethano-18a-homo-19-
norpregna-4, 6-ene-3,20-dione. '
11. Pharmaceutical preparations that contain at least one
compound of general formula I according to claim 1 as well as a
pharmaceutically.compatible vehicle.
12. Use of the compounds of general formula I according to

claim 1 for the production of pharmaceutical agents.

13. Intermediate products of general formula II

in which

R® = -cH;; R® = hydrogen, C,-C; alkyl or



[err] . 4 = 0.85 and 0. 885ppm (2s, 6H, ketal -CH err]): 1.03
(tJ:;}Em“mm'&M (s,3H H18): 3.42-3.52 (m2H ketal - OCH2):
3.57-3. m eH, ketsal =0CH err]); 5.50-5.55 (m 1H, H 11); b) .

21, 21-Di net hyl - 14, 17- et hano- 19- nor pr egha- 4, 9-di ene- 3, 20- di one 210
ng of the compsund idjgt RY degcLébediyidang?la) is reacted according to
the methods that are indi cat ed‘_i T Exanples 7a) and le). 108 ng of 21b) is
obt ai ned. R'7'[ and] RITAMR {fd¥béndéntly of dndlamyther, hydrogen or C,-C,
(d, J=6Hz, 6H, H 22, H22"); 1.05 (s,3H H18); 5.68 (s broad, 1H, H 4)

Exanpl e 32ky8-Met hyl - 14, 17- et hano- 19- nor pr egha- 4, 6- di ene- 3, 20-di one a)

6- Met hyl ene- 14,I /- et hanlgz-,19- nor pregn- 4- ene- 3, 20-di one 6.10 g of the
conpound t hat R's ARG R bed=uiBerag¢hapape hydrogen or together a bond.

14. Intermediate products of general formula III

in which

R® = -cH;, -C,H,,

R'7! and R = independently of one another, hydrogen or C,-C;
alkyl,

R'7Y and R' = in each case hydrogen or together a bond,

K = a ketal prbtective group,

R¥ = hydrogen, C,~C; alkyl.



react he met hod that is*%escribed in Exanple 2a) to the
corregmﬂﬁﬂﬁmuﬂlﬂﬂ ther, which is taken up as a crude product in 60 n
of di nkt hyl ftormansdesand is mxed at Oferr]Cwith a solution of 5.2 m of
phosphorus oxychloride in 30 m of dinethyfornmam de. After one hour, the
reaction m xsur eThePHd@faté NprbdRStd b QRN RISk Uy bi carbonat e
solution and extracted with ethyl acetate. The organi c phase is washed
with water and concentrated sodi um chloride solution, dried on sodium
sulfate, filtered off and concentrated by evaporation. 5.27 g of the
6-fornyl conmpound is obtained as a crude product, which is dissolved in 14
m of ethanol and 28 ml of dinethylformam de and

67 is mxed in portions with 0.66 g of sgzii um bor ohydride. After

in which

R"® = cH;, -C,H,,

R'® = -cooalkyl, whereby alkyl is a C,-C, alkyl radical, or -
CH,O0H or CHO, or methylene,

R'!" and R = independently of one another, hydrogen or C,-C;

_alkyl,
R'" and R = in each case hydrogen or together a bond,
K = an oxygen atom or a ketal protective group,

R?' = hydrogen, c,-c; alkyl.



one hour, ric acid i ¢*dded in drops. After 15 mnutes,.
the reacti oﬁm*l mﬁmﬁl ted with 120 mMl of water, neutralized with
concentrat ed enate sol uti on and extract ed with ethyl acetate.
The organi ¢ phase is washed with water and concentrated sodi um chloride
solution, drig¢d omtEadediatd/dridductd |deiRh&d1 Fymarcentrated by
evaporation. 4.31 g of 22a) is obtained 'as a crude product.
[err]HNVR (CDCl [err]): d 0.93 ppm(s,3H,H18); 2.12 (s,3H H21); 4.94
and 5.18 (2s broad, 1H, 6- :CH[ err] each), 6.11 (s broad, 1H H 4) b).

6- Met hyl - 14, 17- et hano- 19- nor pr egna- 4, 6- di ene-gg,; 20- di one 1.05 g of

pal | adi um on carbon (5% is refluxed in 50 nmj of nethanol for 30 m nutes
and then mixed with a solution of 2.15 &g of _{t he conpound, described under
22a), in 90 m of nethanol and refluxegisor 90.mnutes. The catalyst is
filtered off and after the concentrati R{aporation, the residue is
chromat ographed on silica gel w et hyl acetate and hexane.

88 ng

in which

3 = -CH;, -CH;,

R® and R = together a ring of partial formulas

Y
ciﬁ—{
0  ¢gs—o g
ctS-—-< >=° | > /"
O
X cli—o c1s___°

or
in which
X and Y = independently of one another_, in each case an
oxygen atom or two hydrogen atoms and
R" = C,-C; alkyl
or
R¥ and RY = each per se for an -OH group or
R and R = together a bond |

and



of 22bm|m”ml [err]HNNR&&BCI[err]) d = 0.95 ppm

(s 3H ﬁ mum}oad 1H,6-CH3); 2.12 (s,3H H21); 5.93 and 5.99 (2s
broad, 2H H4 tantl H 7)+ Exanpl e 23

6a- Met hyl - 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20- di one A sol ution of

2.15 g of t hgHompAURGT deiﬁdéb@ﬁdéﬁ@'ﬂr @f%ne anbtiky) WdrddEndr ic,-T;xed

with 3 m of cycl ohexane and 0. 25

68 ofalxatl adi um on "car bon (10% and refluxed for 75 m nutes. The

catalyst is filtered off and after the concentration by evaporation, the

residue is ciR SWaaDQrRHﬁeé dn eachceagel hydirbgen qrxtqgetbﬁre@hlypndcet ate

and hexane. 140 ng of 23) is obtained.

K = an oxygen atom or a ketal protective group,
R?' = hydrogen or c,-C; alkyl.

17. Intermediate products of general formula VI

in which
R® = -cH;, -C,H;,
R and RY = in each case hydrogen or together a bond,

R"™ = hydrogen or C,-C; alkyl,

R16’

-CO0Oalkyl, whereby alkyl is a C,-C, alkyl radical, or
CH,OH or CHO or a C,-C; alkyl radical,

R and R'? = independeﬁtly of one another, hydrogen or C,-C;
alkyl,

R and R = in each case hydrogen or together a bond,

K = an oxygen atom or a ketal protective group ,

R¥ = hydrogen or C,-C; alkyl.



H N = 0.95 pn1(s,§&@#18); 1.12
Immmul m L 12 (s,3H, H21); 5.86 (s broad, 1H, H 4) Exanpl e
z 2 1- Hydr oxy-44, 4 7/-set ano-19-norpregn-4-ene-3,20-dione 4.9 g of the
conpound that is described under 17a) is reacted according to the nethods

that are indagat edntermedinkesprdauctBChf §eherht) forgudyg) IT253cograings)

I S obtai ned. [err] = +65.9[err] (CHO[err]; c = 0.525)

[err] H N¥R €CBdm ddr,] in @hich. &5sppndés £8H, & 132 -eBhdBedlylbiSRXYH, group) ,
4.24 and 4.27 (2d,J=5Hz, 1H H 21 each), 5.72 ss broad, 1H, H 4) Exanpl e
25 21- H?GrGx?‘94mth¥ﬂhéné'PgOEépﬁﬁégﬂblﬁ(QXH eHEOYP20- di one 805 ny

of the conpound that is g&scrlbed under 6f) is reactef accordin to t@
met hods t hat 18re IRECEREEIATS BXQAPFES of general formula IV a°°° ding to

claim 15, in which K, if this is a ketal protective group, stands
for a 1,2~ethanediylbis(oxy) group or 2,2-dimethyl-1,3-
propanediylbis (oxy) group.

20. Intermediate products of general formula V according to
claim 16, in which K, if this is a ketal protective group, stands
for a 1,2-ethanediylbis(oxy) group or 2,2-dimethyl-1,3-
propanediylbis (oxy) group.

21.” Intermediate producté of general formula VI acgording to
claim 17, in which K; if this is a ketal protective group, stands
for a 1,2-ethanediylbis(6xy)'gxoup or 2,2-dimethyl-1,3~
propanediylbis(oxy) group.



9a), 5c¢), 5d), le) and 5g). 110 ng of 25) is obtai ned. [err]

1y 1l
M
5

-23Z.°8[err] (CHCOJerr],; ¢ = 0.500) [ETT]FNVR (CDCl [efT] ). O
ppm (s, 3H,H18); 3.32 (t,J=5Hz,IH 21-0OH); 4.23 and 4. ~
each); 5.68 (s broad, 1H H 4)

Exanpl es 26 anPCT 26: waLmnoAmAnongmaaés&Gssmamm

(21R) - 21- Hy ATIONALE) UNG MERGFFENTLI m%%mmnmo-di one
57 (21S) . INTHENATIONALE ZUSANMENARBET) AUFDEM,G S PATENTWESENS (PCT)

di end-(8) BEmnstiomirPatentilasifikiod®: g of the ¢auIseAdodl Firsmaidiegatnied WiOI06/20200
IS rleacCerd 5300071200, 461K031/56; 31758 hoplA2 %tl‘?are i ndi cated in Exanpl es

erSlfentlichungsdatum: 4, Juli 1996 (04.07.96)
(21) Internationales Aktenzeichen: PCI/EPY5/05107 | (81) Bestimmungsstasten: AU, BG, BR, BY, CA, CN, CZ, EE, FI,
_ HU, JP, KR, LT, LV, MX, NO, NZ, PL, RO, RU, SG, 8],
{22) Internationales Anmeldedatum: 23, December 1995 SK, UA, curopiisches Patent (AT, BE, CH, DE, DK, ES,
(23-12-95) ml GBI GRI m- l'rl LU. MC' NLD "’ SE)'

{30) Prioritiitsdaten: Verdffentlicht

P44 47 Q1.6 23. December 1994 (23.1294) DE Ohne internationalen Recherchenbericht und erneut u
verdffentlichen nach Erhalt des Berichts.

(71) Anmelder: SCHERING AKTIENGESELLSCHAFT [DE/DE];
' Mollerstrasse 178, D-13353 Berlin (DE).

(72) Erfinder: SCHOLLKOPF, Klaus; Kurstrasse 6, D-14129
Berlin (DE). HALFBRODT, Wolfgang; Scharfenberger
Strasse 42, D-13505 Berlin (DE). KUHNKE, Joachim;

g 274, D-14089 Berlin (DE). SCHWEDE,
Wolfgang: Klosterheider Weg 35, D-13467 Berlin (DE).
FRITZEMEIER, Karl-Heinrich; Rohrwejhstrasse 32, D-
13505 Berlin (DE). KRATTENMACHER, Rolf: Am
Seeschiof 3, D-13467 Berlin (DE). MUHN, Hans-Peter;
Markgrafenstrasse 61, D-13465 Berlin (DE).

{54) Tifle: 14cx,17-Cy-BRIDGED 19-NOR-PROGESTERONE DERIVATIVES
(54) Bezelchnung: 14a,17a-C3-UBERBRUCKTE 19-NOR-PROGESTERONDERIVATE

(57) Abstract

The invention concerns 14,17-Ca-bridged steroids
of general formula (), wherein: R3 represents an oxy-
gen atom, the hydroxy amino group or two hydrogen
atoms; RS represents either a hydrogen, flucrine, chlo-
rine or bromine atom or a C1~Cy alkyl group at the o
or § position, RS and R7 then representing hydrogen
atoms; or altematively, RS represents a hydrogen, fluo-
rine, chlorine or bromine atom or a Ci-Cq alkyl group,
RS and R7 then sepresenting a common additional bond;
R7 represents a C;-Cq alky! group at the & or 8 posi-
tion, RS and RS' then representing hydrogen atoms; or
altemnatively R and R7 together represent a methylene
group at the o or S position and RS’ represents a hydro-
gen atom; or RS and RS’ together represent an ethylene
or methylene group and R7 represents a hydrogen atom;
R? and R0 each represent a hydrogen atom or a com-
mon bond; R!! and R12 each represent a hydrogen atom
or a2 common bond; R13 represents a methyl or ethyl

group; K15 represents a hydrogen atom or a C3-C3 alkyl

group; RS and R'€’ independently of one another repre- Cis a
sent a hydrogen atom, a C3-Cs alkyl group, or a C2-Ce

alkenyl group, or together represent a Cy-Cs alkylidene

group; RS and R16 represent a common bond and R'6 Cis

represents 2 hydrogen atom or & Cy-Cs atkyl group, or
ﬂtemmwelyk"wdk"wgeﬂm.mmuﬁngofﬁlemfomula(l)shown,inwhichn- 1 and 2 and X represents a methylene
group or an oxygen atom; and R'6 upmemnhydrogenmknlnprem-ahydromamoracl-(:salkylgronp;m'ﬂlepresenu
a hydrogen atom, a C1-Cs alky} mwaCz-Culhenyl;rour; R17Y and R172 each represent 2 hydrogen atom or a common bond;
R2! represents a hydrogen atom or a C1-Cs alky! group; and R2!" represents a hydrogen atom, C;-Cs alkyl group or hydroxy group. The
claimed compounds do not include 14,17-ethano-19-norpregn-4-en-3,20-dione. The novel compounds, unlike the one disclaimed, show a
high level of gestagenic activity even afier peroral adminisiration and are suitable for usc in the production of medicaments.




5d), l1le) and 5g). 640 ng of the 21-epimer mxture is obtained, which
I s separated by chromatography on silica gel w tf—a—+ixture of ethyl
acetate and hexane in 210 ng of 26) and 230 ng of 27). 26: [err] = -1.6
(CHC [err]; c = 0.495) [err]H-NVMR (CDCl [err]): d = 1.03 ppm
(s,3H,H18); 1.32 (d,J=6Hz,3H H22); 3.60 (d,J=6Hz, 1H, 21-OH); 4.37-4.46

(m1H H

21); 5.68 (s broad, 1H H4) 27: [err] = -1.0 (CHC [err]; c =

T I N W a .\ 4

3- Met ho

TerT A NvR(CoCHerT i) —d— 1t 07 ppm{s—SHH18)—1—29
Y fompupenfisung 10 (d, J=7Hz, | H, 21-OH), 4.33-4.44 (m1H H 21); 5.68

, | HpiehElfndung bdscibi01487-€Swerbriickee Steroide der en Formel (I), worin R® filr ein Sauerstoffatom, dic
& +~ FhioB, Ghlor- Bromatom oder fiir cinen a- oder §-

1#ﬁmmmwn 2lr a1 WasiSsialB. Fhios, \Ghl a‘ﬂrn T fur cinen a- oder f

y IME afg asserstoff-, Fluor-, Chlor- oder
m%‘n%ﬁ%nm mn%mg%ﬁmﬂmm zmigeigr ung darstellen, R? fiir einen a- oder
B-stiindigen C;-Cs-Alkylrest, wobei dann RS und R’ Wasserstoffatome darstellen, oder aber RS und R? gemeinsam flir eine a-oder 8-
stiindige Methylengruppe und R for ein Wasserstoffatom oder RS und RS’ gemeinsam fur eine Bthrlen— oder Methylengruppe und R7 fiir ein
Wasserstoffatom, R und R'© jeweils fir ein Wasserstoffatom oder eine gemeinsame Bindung, R!{ und R12 jeweils fiir ein Wasserstoffatom
oder eine gemeinsame Bindung, R'? fir einc Methy)- oder Ethylgruppe, RIS fir ein Wasserstoffatom oder einen Cj-Ca-Alkylrest, R16
und R'S" unabhiingig voneinander fir ein Wasserstoffatom, einen C;-Cs-Alkylrest oder einen Ca-Cy-Alkenylrest oder gemeinsam fir eine
C1-Ca-Alkylidengruppe, R'S und RS filr eine gemeinsame Bindung sowie R!6" fiir ein Wasserstoffatom oder einen C;-Cs-Alkylrest oder
RS und RS gemeinsam fir einen Ring der Teilformel (i), worin n = 1 und 2 und X eine Methylengruppe oder ¢in Sauerstoffatom
bedeuten sowic RI€’ fir ein Wasserstoffatom, R17! fily ein Wasserstoffatom oder einen Cy-Cs-Alkylrest, R172 fiir ein Wasserstoffatom,
cinen C;-Cs-Alkylrest oder einen Cz2-Ca-Alkenylrest, R17!" und R17%' jeweils fur ein Wasserstoffatom oder fiir eine gemeinsame Bindung,
R2! for ein Wasserstoffatom oder einen Cy-C3-Alkylrest, R2!" fiir ein Wasserstoffatom, einen C;-Cs-Alkylrest oder eine Hydroxygruppe
stehen, susgenommen der Verbindung 14,17-Ethanc-19-norpregn-4-en-3,20-dion. Die neuen Verbindungen verfiigen im Gegensatz zu der
disclaimten Verbindung auch nach peroraler Applikation tiber hohe gestagene Wirksamkeit und sind zur Herstellung von Arzneimitteln
geeignet.
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16a- carboxylic acid nethyl ester 19.4 g of the conpound that is
described in Example la), 37 nl of freshly.distilled met hyI acryl ate and

200 g of =70 trydroguimome—ar-e

left in a closed tube for 7 days at 120[err]C. ~ After cooling and

distilling off all volatile conmponents under reduced pressure, the residue

I s chr oRpg eggeaghed on silica gel wth a mxture of ethyltrpeifosfes and

hexane. 21.0 g of 28a) is obtained. Fl ash point: 145-146[err]C

[err] = +216.4[err] (CHO[err]; c = 0.505) [err]H-NVMR (CDdO [err]): d -
0.96 ppm (s, 3H H18); 2.29 (s, 3H, H—21) 3. 60 (s 3H, CJerr]CHerr]); 3.78

(s 3H, 3-CCH err]); 3.84 J=9.5 and 16); 6.15 and 6. 27

(2d, J=6Hz, 1H, H 17[er r}“‘;ﬂg" ?%Prﬁ}cké%% °f-Pr°85fer°ndema*°

Die vorliegende Erfindung betrifft 14,17-C5-iiberbriickte Steroide der allgemeinen
Formel (T),

Rt

worin
R3- fiir ein Sauerstoffatom, die Hydroxyiminogruppe oder zwei
Wasserstoffatome,

R6  fiir ein Wasserstoff-, Fluor-, Chlor- oder Bromatom oder fiir cinen a- oder
-stindigen Cj-Cg4-Alkylrest, wobei dann RS und R7 Wasserstoffatome
darstellen, oder aber

R6  fiir ein Wasserstoff-, Fluor-, Chlor- oder Bromatom oder fiir einen C1-Cs-
Alkylrest, wobei dann R und R7 cine gemeinsame zusiitzliche Bindung
“darstellen,

R7  fiir einen a- oder B-stindigen C;-C4-Alkylrest, wobei dann RS und RS
Wasserstoffalome darstelien, oder aber



6.64 (d,J=3Hz,1H, H4); 6.72 (dd,J=9 and 3Hz,1H,H2); 7.19 (d,J=9Hz, 1H H 1)
b) 20, 20-[ 1, 2- Ettranedi yl bi s(oxy) ] - 3- net hoxy—rzt—ﬁ—et heno- 19-

norpregna-1, 3,5(10)-triene-16[err]-carboxylic acid nethyl ester 20.8

g of the compound that is described under 28a) is reacted according to the
. method thatyd ssapsi@l Cated in Exanple 1c). 17.0 g of 28b) ijbﬁiﬁﬁmﬂﬁﬁ

Fl ash point: 28-130C J[err] = +141.2[err] (CHCl [err]; c 0. 505)

[err]HHNMR (CDCl [err]): d = 1.03 ppm (s, 3HyH 18); 1.32(5,3H,H—21) 3. 38
-(dd,J=9.5 and 4.5Hz, 1H H 16); 3.60 (s, 3H, err]CHerr]),; 3.78
(s,3H,3-CCHerr]); 3.82-4.18 (m4H, 20-CCH err]CH err]O); 6.00 and 6.23
(2d,J=6Hz, 1H H 17[err] and H 17[err] each); 6.63 (d,J=3Hz,1H H4); 6.71
(

dd, J=9 and 3kE yddirRM geineinéant Giil éine! 3O bHer P-btitdige Methylengruppe und R’ fiir ein

Wassersloffatom oder

R‘5 und R6' gemeinsam fur eine Ethylen- oder Methylengruppe und R7 fiir ein
Wasserstoffatom,

R% und R10 jeweils fiir ein Wasserstoffatom oder cine gemeinsame Bindung,
R11 und R12 jeweils fiir ein Wasserstoffatom oder eine gemeinsame Bindung,
R13  fiir eine Methyl- oder Ethylgruppe,
R15  fiir ein Wasserstoffatom oder einen C1-C3-Alkylrest,
" R16 und R16' unabhingig voneinander fiir cin Wasserstoffatom, einen C1-C3-
Alkylrest ' |
oder einen Cz-C4-Alkenylrcsl oder gemeinsam fiir eine C;-C3-
Alkylldengmppc _ :
R15 und R16 fir eine gemeinsame Bindung sowie R16 fiir ein Wasserstoffatom
oder

cinen C;-C3-Alkylrest oder

R15 ynd R16 gemeinsam fiir einen Ring der Teilformel |

_—(CHn
N\

worin n = 1 und 2 und X eine Methylengruppe oder ein Sauerstoffatom bedeuten
sowie

~ R16 fiir ein Wasserstoffatom,

R17! fiir ein Wasserstoffatom oder einen C-1-C3-Alkylrest.



71 c) 20, 20-[ 1, 2- Et hanedi yl bi-s(oxy) ] - 3- net hoxy-14, 17-etheno- 19-
norpregna-1, 3,5(10)-triene-16[err]-nethanol A soI ution of 8.2 g of

t he—conpou er 280y IB0 Nnor tetrahydiofaran 1 s added
in drops to a suspension of 2.84 g of lithium alum numhydride in 100 m
of tetrahydrofuran that is cooled to O[err]C After 2 hours of stirring at
room tenpeygdhy , It is slowy mxed with 5 nm of waterpchibasipsionnot her 20
mnutes, 1t Ts tiltered off on Celite, rewashed with dichloromethane,
dried on sodiumsulfate and concentrated gy evaporation. 7.1 g of 28c) is
obtai ned. For analytical purposes, a sanple of pentane is crystallized.
Flash point: 162-164[err]C J[err] = +104.2[err] (CHCl [err]; c = 0.520)
[err]H-NVR (CDCl [err]): d = 1.05 ppm (s, 3H, H-18) 1.48 (s,3H H 21);
3.18-3. 44 (PRS- Ghi stlu.%ﬂbffatamnetﬁ&r 34:!@? :40&1 4inkR C>-
(m4H,20-OCI-|Al¢r=crr)JCJ-|[err]O) 795 and 6. 00 (2d. J=6Hz, 1M, H17[err]
H17[err] b

and

R171' und R172 jewsils fir ein Wasserstoffatom oder fir eine gemeinsame
Bindung, o o '

R21 e cn Wassrstoffton odercnen Cy-C3-Allyes

R21' fiir ein Wasserstoffatom, cinen '_Cl'-'C3-Al'kylrest oder eine Hydroxygruppe
stehen,
ausgenommen der Verbmdung 14 17-Ethano-19-norpregn-4-en-3 20-dmn

Die Schlangenlinien AMA in den 'a]lgé:meirien 'Form'éln der vorliegcndcn
Erfindung bedeuten, daB der betreffende Substituent sich in dcr a- oder B-Position
an dem entsprechenden Kohlenstotfatom befinden kann.

Bei den vorstehend als mdgliche Substituenten genannten Cj-C3-Alkylgruppen
kann es sich um eine Methyl-, Ethyl-, n-Propyi- oder i-Propyl- und bei den Cy-Cy-
Alkylgruppen zusdtzlich um eine n-Butyl-, i-Butyl- oder tert.-Butylgmppc handc!n
Eine Methyl- oder Ethylgruppc ist in allen Fillen bevorzugt.

Im Falle des C5-Cg4-Alkenylrestes fiir R16, R16 und/oder R172 handelt es sich um
einen Vinyl-, Allyl- oder But-3-enylrest; der Vinylrest ist bevorzugt.

Bevorzugt gemiB vorliegender Erfindung sind solche Verbindungen der
aligemeinen Formel (I) , in denen '

R3 fiir ein Sauerstoffatom oder zwei Wasscrstoffatéme, und/oder

R6 fiir ein Wasserstoffatom oder fiir einen - oder B-sténdigen C1-Cg-Alkylrest,
- wenn R6' und R7 Wasserstoffatome darstellen, oder aber

fiir ein Wasserstoff-, Chlor- oder Bromatom oder filr einen Cq-C4-Alkylrest,
wenn R6' und R7 eine gemeinsame zusiitzliche Bindung darstelien und/oder



each); 6.62 (d,J=3Hz, 1H, H-4); 6.72 (dd, J=9 and'3Hz 1H H2); 7.21
(d, J=9Hz, 1H, H- 1)  —eh— —_— —

20, 20-[ 1, 2- Et hanedi yl bi s(oxy)] - 3- et hoxy- 14 17- et; hano 19-
nor pregna- 1, 3, 5(10) -tri ene- 16[err] met hanal 7.8 g of the corrpound

~that is de %&pﬁg”under 28c) is reacted according to the ,ﬂg@mk
I ndi cat ed ?f\é anpl e 16a) 7.4 g of 28d) is obtained. Pk ash poi nt
190- 193[err] C [err] =.+5.5[err] (CHCI[ = 0. 505) [ err] H NVR

~(CDCl[err]): d=1.05 ppm(s 3HH 18) ; é(s 3H H21); 3.54
(m 1H, 16- Cl-l[er,(gra-i) 3.78 (s, 3H, 3- OCH[err]) 3.69-4.10 (m 5H,

72 20- OCHR @ jevteils fanein Mnsstipbffa!om—bqweﬂs dr (xdt; Meliylgrippe-bdey; 6. 70
(dd, J=9 der
eine dieser beiden Substituenten fiir eine C1-C4-Alkyl- oder eine Vinylgruppe
und der andere dieser beiden Substituenten fiir ein Wasserstoffatom stehen,
oder

beide gemeinsam eine Cl-C3-Alkylidengruppe bilden  und/oder

R17} und R172 unabhiingig voneinander fiir ein Wasserstoffatom oder eine
Methylgruppe und/oder | | |

R171" und R172 jeweils fiir ein Wasserstoffatom oder eine gemeinsame Bindung
und/oder '

R2! fiir ein Wasserstoffatom oder einen Cj-C3-Alkylrest sowie R21' fiir ein
Wasserstoffatom oder eine Hydroxygruppe

stehen,

sowic die anderen Subsmuemcn alle dic in Formel (T) angegebenen Bedeutungen
haben kénnen. :

Die nachstehend gcnanmcn Verbindungen sind crﬁndungsgemﬁB insbesondere
bevorzugt:

14,17-Ethano-19-norpregna-4,9-dien-3,20-dion;
14,17-Ethano-19-norpregna-4,6-dien-3,20-dion;
14,17-Ethano-19-norpregna-4,15-dien-3,20-dion _
14,17-Ethano-19-norpregna-4,6,15-trien-3,20-dion
14,17-Ethano-19-norpregna-4,9,15-trien-3,20-dion
21-Methyl-14,17-ethano-19-norpregn-4-en-3,20-dion;
21-Methyl-14,17-ethano-19-norpregna-4,9-dien-3,20-dion;
21-Methyl-14,17-ethano-1 9-nor_pregna-4,6-dieh-3,_20—dion;
2'1-Methyl-14.17-ethano-19-norpregna-4,1_5'-.dien_-3,20-dion
21-Methyl-14,17-ethano-19-norpre_gna-4,9.15-trien-3,20-dion
14,17-Etheno-19-norpregn-4-en-3,20-dion;
14.17-E_theno-19-norpregna-4,6_-dien-_3,20.-dion;
14,17-Etheno-19-norpregna-4,9-dien-3,20-dion;



and 3Hz, 1H H2); 7.21 (d,J=9Hz, 1H H 1) e)

16[ err] - (Brononet hyl)-20, 20-[ 1, 2- et hanedi yl bi s(oxy) ] - 3- net hoxy-

147 T7=ethano- 19-morpregna- 1, 3, 5(Toy=tTTene 6.8 g of the compound that
i s descri bed under 28d), 7.2 g of tetrabrononethane and 5.7 g of

tri phenyl phosphi ne are stirred in 250 m of dichloronethane for 16 hours

at room tWH’Wre After concentration by evaporati onpciipésiosie?
raphe

chr omat og “on silica gel with a mxture of ethyl acetate and hexane.
2.2 g of 28e) is obtained. Fl ash ppint: 176-177[err]C [err] = -21.7
(CHA [err]; c = 0.505) [err]H—NIVR(CDCI[err]) d = 1. 02 ppm

(s, 3HH18); 130 (s,3H,H21);...3.34 .(dd,J=10 and 12Hz, 16-CH err]Br); 3.78
(s, 3H 3-OCH Z‘I-Me)hyl-%az-ezheo@-l9{mrmn24}e@§;ﬂpdmn] CHerr]O and 16-CH err]Br);
| ]? 63 (28 %03 1- MéuJ[?l 42,178thého-1690rpleghadsidienis,20iidk 2) ; 7. 20 (d, J=9Hz, 1H, H-1)
) [211- ?%4?9“1'&:135- g }ergna-{@&:e )2950416({ F:‘I’I’] et hyI 14, 17-
_ 21-Methyl -14 17-etheno-19¥norpreg -4 9, 11-tncn-3 20-dlon |
21-Hydroxy-14, 17-etheno-19-norp ______gn-4-en-3 20-dlon
21-Hydroxy-14, 17-cthcno-19-norpfegna-4 9-d|cn-3 20-dxon
171-Methyl-14,17-ctheno-19-norpregn-4-en-3,20-dion
171-Methyl-14, 17-cthcn__ '§-norpregna-4 6-dien-3, 20-dlon L
172-Methyl-14, 17-ctheno-l9-norpregn-4-en-3 20-dion |
172-Mcthyl-14 17-etheno-19-norpregna-4 9-dien-3, 20-d|on N
15,16a.-Dimethyl- 14'17-et"heno-l9-norpregn-4-en-3 20-dxon "
6-Methyi-14, 17-ethano-19—norpregna-4 6-dien-3,20-dion;
6-Chlor -14, 17-ethano-19-norpregna-4 6-dien-3 20-dxon, L
60-Methyl-14,17-ethano-19:n 4-en-320diom;
6,21-Dimethyl-14, 17-ethano- 19-n0 pregna-4 6-dien-3, 20-d|on,
158, 16a-D1mcthyl-14 17-ethano-19-norpregn-4-en-3 20-dion
6-Chlor-21-methyl-14, 17-ethano-l9-norprcgna-4 6-dien-3 20-d|on,
16a-Methyl-14 l7-ethano-19-norpregn-4-en-3 20-dnon,
16a-Methyl-14 17-cthano-19-norpregna-4 6-dien-3,20-dion;
16a-Methyl-14, 17-ethano-19-norpregna-4__9-d1cn-.:,20-dlon, o
16a,21-Dimethyl-14, 1‘7-ethano-1f

-

orprcgna-4 9-dien-3, 20-dion
21-Hydroxy-160-methyl-l4 17-ethano-19-norprcgn-4—en-3 20-dion
16a-Ethyl-14, 17-ethano-19-norprcgn-4-en-3 20-dion; =
16a-Ethenyl-14, 17-ethano-19-norpregn-4-cn -3 20-dxon, ) -
16-Methyl-14, 17-ethano-19-norprcgna-4 15-d|cn-3 20-d!on
(171R)-171-Methyl-14,17-cthano; 6rprcgn-4-en-3 20-dlon
(1715)-171-Methyl-14, 17-cthano-19-norpregn-4-en-3 20-dion
(171R)-171-Methyl-14,17-cthano 9-norpregna-4 9-dien-3,20-dion

(171s)- 171-Methyl-14 17-cthano __ 9-norpregna-4 9-d|en-3 20-dxon
(172R)-172-Methyl-14, 17-elhano-19-norpregn-4-en-3 20.dion
(172R)-172-Methyl-14,17-ethano 9-norpregna-4,6-d1cn-3 20-dion
(172R)-172-Methyl- 14, 17-ethano‘ 9-xiorpregna-4 9-dien-3,20-dion
(172R)-172,21-Dimethyl-14, 17-elhano-19-norpregna-4 6-dien-3, 20-dion |
(172R)-172,21-Dimethyl-14, 17-elhano-19-norprcgna-4 9-dien-3,20-dion o
(172R)-172, 21-D1methy| -14, 17-ethanc .19-norprcgna-4 9 ll-tncn-a 20-dion
16-Methylen-14, 17-ethano-19-norpregn-4-en-a,20-dlon :




o R

et hano- 19- nor pr egna- 2, 5(10) - di ene . 1.78 g of the conpound that is
descri bed under 28€T—T§ reacted'atcordlng tothe nethod that is indicated
in Exanpl e 1d). 1 g of .28f) is obtained. Fl ash p0|nt

174-178[err] C [err] = +41. Alerr] (CHO [err]; 50) [ err] H NWR

.(cDd [err] 99 ppm (s, 3H, H-18): 1.06 (d,"J=7Hz, 16- Bboshisor 1- 25
(s, 3H, |—|-21§w°%@%8(s 3H 3-OCH err]); 378401(m4H bet 107

20-CCH[err]CH err]O); 4.64 (m 1H H2)

- 73 g) 16[ err] - Met hyl - 14 17- et hano- 19- norpregn 4- ene- 3, 20-di one

1.05 g of the conpound that is described under 28f) is reacted according
to the net hod6eMethyles-14idrathanocl Snorpixgnast.6-dics)3,20-diog g of 28g) is obt ai ned.

16-Methylen-14,17-¢thano-19-norpregna-4,9-dien-3, 20-dion ~
21-Hydroxy-14,17-cthano-19-norpregn-4-en-3,20-dion;
21-Hydroxy-14,17-ethano-19-norpregna-4,6-dien-3,20-dion;
21-Hydroxy-14,17-ethano-19-norpregna-4,9-dien-3,20-dion;
21-Hydroxy-14,17-ethano-19-norpregna-4,9,15-trien-3,20-dion
(21R)-21-Hydroxy-21-methyl-14,17-ethano-19-norpregn-4-en-3,20-dion;
(215)-21-Hydroxy-21-methyl-14,17-ethano-19-norpregn-4-en-3,20-dion;
(21R)-21-Hydroxy-21-methyl-14,17-ethano-19-norpregna-4,9-dien-3,20-dion;
(213)-21-Hydroxy-Zl-methyl-l4;17-ethaho-l9-;iorpregna-4,9-dien -3 ,20-dion;
(21R)-21-Hydroxy-21-methyl-14,17-ethano-19-norpregna-4,6-dien- 3,20-dion;
(216')-21-Hydroxy-21-methyl-14.17-ctl_1anoo19-norpregna-4,64dien- 3,20-dion;
(21R)-21-Hydroxy-21-methyl-14,17-ethano-19-norpregna-4,9,15-trien-3,20-dion
(215)-21-Hydroxy-21-methyl-14,17-ethano-19-norpregna-4,9,15-trien-3,20-dion
14,17-Ethano-18a-homo-19-norpregn-4-en-3,20-dion

14,17-Ethano-1 8a-homo-19-norprcgna-4,6-dien—3,2_04dion
14,17-Ethano-18a-homo-19-norpregna-4,9-dien-3,20-dion

14,17-Ethano-1 8a-homo;19-ndtprégni-4, 15-dien-3,20-dion

21-Methyl-14,1 7-ethano-1 Sa-homd;l9-norpregn-4-en-3,20-dion
21-Methyl-14,17-ethano-18a-homo-19-norpregna-4,6-dien-3,20-dion
21-Methyl-14,17-¢thano-18a-homo-19-norpregna-4,9-dien-3,20-dion
(21R)-21-Hydroxy-21-methyl-14,17-ethano-18a-homo-19-norpregn-4-en-3,20-dion
(215)-21-Hydroxy-21-methyl-14,1 7-cthano-18a?hdmo-19-norprcgn-4-en-3,20-dion
(21R)-21-Hydroxy-21-methyl-14,17-ethano-18a-homo-19-norpregna-4,9-en-3,20-
dion _ . _
{215)-21-Hydroxy-21-methyl-14,17-ethano-18a-homo-19-norpregna-4,9-en-3,20-
dion | _
(21R)-21-Hydroxy-21-methyl-14,17-ethano-18a-homo-19-norpregna-4,6-en-3,20-
dion | |
(215)-21-Hydroxy-21-methyl-14,17-ethano-18a-homo-19-norpregna-4,6-en-3,20-
dion

Im Gestagenrezeptor-'Bi'ndimgst'eSl auf g'é'stagéne" Wirkun_g unter Verwendung von
Cytosol aus Kaninchenuterushomogenat und von 3H-Progesteron als
Bezugssubstanz zeigen die neuen Verbindungen eine sehr starke Affinitit zum



Fl ash point: 172-173[err]C [err] = +52.7[err] (CHC[err]; c = 0.485)
[err]HNMR (CDCl [err]): d = 0.96 ppm(s;3H H18); 0.96 (d,J=7Hz, 16-
CH'err]); 2.09 (s,3H F2I); 5.81I (T, J=FZ, FF2) Exanpl e 29
16[ err]-Ethyl - 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20-di one a)
20, 20-[ 1, 2- Et hanedi yl bi s(oxy)] - 3- nmet hoxy- 14, 17- et hano- 19- i _
norpregnaﬂo%ﬁw) triene-16[err]-carbal dehyde 2. }Cq. sigp conpound:
that is described under 28d) is reacted according to the od that is
indicated in Exarrple 7c). 2.4 g of 29a) s obtained. [err]H-NI\/R
(cbcferr]): d =1.02 ppm(s,3H,H18); 1.34 (s, 3H, H-21) 3.78

(s,3H,3-CCH err]); 3.82-4.16_(m 4H,.20- OCH[err]CHerr % 6.61 .

(d, J=3Hz, 1H, Festigentezoptor. il jSaywangersshpfiserhaltyngpiest 7 am rler (Rattp-geigen die+ 1) ;

9. 88 (d, J=2Herficti)gsgemidBen Vcrbmdungcn der allgemeinen Formel (I) cine sehr hohe

20, 20-[ 1, 2- Eégﬁ%ggéwl&gﬂ%y)] 16[err] et henyl - 3<net’ hoxy 14,

Die Verbindungen der allgemc:nen Formel ()] zelgen auch erkungen an anderen
Steroidrezeptoren.

14 17-Ethano-19-norpregn-4-en-3 20—d|on, die aus dem Umfang der allgememen
Formel I disclaimte Verbmdung, wurde bereus von A J Solo und J. N, Kapoor in J.
Med. Chem 1_6_. 270 (1973) beschneben Dlese Verbmdung besitzt im
Endometrmmstransfonnauonstest (Clauberg-‘l‘est) auf gestagene erkung nach
subcutaner Apphkatlon gute, nach oraler Gabe aber nur noch eine gcnnge Wirkung.
Der Faktor zwischen subcutaner und peroraler erkung hegt laut der genannten
Lneraturstelle iber20.

Zusitzlich zur  sehr hohen g&étagené | Wirksamkcit im
Schwangerschaftserhaltungstest dle grﬁBtentells sogar dle der disclaimtem
Verbindung ubermffl zexgen dle erf' ndungsgemichn Verbmdungcn der
allgemeinen Formel I im Gegensatz zur bereits bekanmen Vcrbmdung 14,17-
Ethano-19-norpregn-4-en-3 20-dion aber grdﬂtentexls auch nach oraler Gabe eine
gute gestagene erkung Der Faktor zwnschcn subcutancr und peroralcr erkung
liegt fiir die erfindungsgemﬁﬁcn Verbmdungcn ungefﬁhr zmschen 3 und 5. Die

~erfi ndungsgemﬁﬁcn Verbmdungen unterscheiden sich also von der disclaimten
Verbindung durch ein deutlich ve_rhgss:ngs Wirkungsspektrum.

Aufgrund ihrer hohcn gestagenen | Wirksamkeit kénnen die neuen Verbindungen der
‘allgemeinen Formel @ belspxelswelse aliein oder in Kombmanon mit Estrogenen in
Priiparaten zur Kontrazeption verwendet werden. Aber auch alle anderen heutzutage
fir Gestagene bckanmen Verwendungsmﬁghchkenen stchen den neuen
Verbindungen offen.

Geeignete Dosierungen konnen routinemiiBig bestimmt werden, z. B. durch

Bestimmung der Bioet;uivalenz gegeniiber einem bekannten Gestagen fiir eine

bestimmte Vcrwendung, belsplelswelse eine Menge, dle bloequlvalent zu 30 bis 150
Mg Levonorgwtrel fﬁr dne Komrazepnon ISl :



et hano- 19- nor pregna- 1, 3, 5(10)-tri ene - 10.7 g of

nmet hyl t ri phenyl phosphe-n-r—u—m bronide is suspendgee—tn, 70 m of  -—

t et rahydrofuran and m xed"at 0C drop by drop w t 1“2 total of 18 m of a
1.6 nol ar solution of n-butyllithiumin hexane, :After 20 minutes of

_stirring at 0OC and 1 hour of stirring at roomterrperature t he
conpound, JERWIREy pqéx&sﬂs@id

29a), in 40 m of tetrahydrofuran is addedg n drops. After 2 hours, solid
-.components are filtered out, and it is concentrated by evaporation. The
residue is dispersed between water and et hyl acetate, the organic phase is
washed with ©ieDosienmgaiir 2cfindongsgeméBasnVerbindnagee is dlontiageptiovspriprazen sodi um

sul fate, fil t@&l?%éﬁﬁlv&%@%ﬂﬁ?ﬁﬁ%ﬂﬁﬁﬁaﬁg@ﬁ.i on. Aff er

Die  gestagenen und estrogenen Wirkstoffkomponenten werden in
Kontrazeptionspriparaten vorzugswerse zusammen oral appliziert. Die téghche
Dosis wird vorzugsweise einmalig verabfolgt.

Als Estrogene kommen vorzugsweise synthetische Estrogene wie Ethinylestradiol,
14a,17a-Ethano-1,3,5(10)-estratrien-3,17-diol (WO 88/01275) oder 14a,17a-
Ethano-1,3,5(10)-estratrien-3,160.,17f-triol (WO 91/08219) in Betracht.

Das Estrogen wird in einer Menge verabfolgt, die der von 0,01 bis 0,05 mg
Ethinylestradiol entspricht.

Die neuen Verbindungen der allgcrhcincn Formel (I) kdénnen auch in Priparaten zur
Behandlung gynikologischer Slﬁruhgcn und zur Substitutionstherapie eingesetzt
werden. Wegen ihres giinstigen Wirkungsprofils sind die erfindungsgemiiBen
Verbindungen besonders gut geeignet zur Behandlung primenstrueller
Beschwerden, wic Kopfschmerzen, depressive Verstimmung, Wasserretention und
Mastodynie. Die Tagesdosis bei der Behandlung primenstrueller Beschwerden liegt
bei etwa 1 bis 20 mg.

SchlieBlich kdnnen die neuen Verbindungen auch als gestagene Komponente in den
neuerdings bekannt gewordenen Zusammensetzungen fiir die weibliche
Fertilitdtskontrolle, die sich durch die zusitzliche Verwendung eines kompetitiven
Progesteronantagonisten auszeichnen, zum Einsatz kommen (H.B. Croxatto und
A.M. Salvatierra in Female Contraception and Male Fertility Regulation, ed. by
Runnebaum, Rabe & Kiesel - Vol. 2, Advances in Gynecological and Obstetric
Research Series, Parthenon Publishing Group - 1991, Seite 245).

Die Dosierung liegt im bereits angegebenen Bereich, die Formulierung kann wie bei
konventionellen OC-Priiparaten erfolgen. Die Applikation des zusitzlichen,
kompetitiven Progesteronantagonisien kann dabei auch sequentieil vorgenommen
werden. '

Die Formulierung der pharmazeutischen Priparate auf Basis der neuen
Verbindungen erfolgt in an sich bekannter Weise, indem man den Wirksioff,
gegebenenfalls in Kombination mit einem Estrogen, mit den in der Galenik



chromat ography on silica gel with a m xture of ethyl acetate and hexane,
1.6 g of 29b) is obtained. [err] = +13. 7[err] (CHCI[err] c =

4

0. 5T0) [erTTAFRvR(CoCHerri—d—103ppmr{s, 3H, H 18)—%—-38
(s,3H H21); 3.78 (s,3H,3-0CCH3); 3.84-4.03 (m4H,20-OCH err]CH err]O);
496508 (m2H,vinyl -CH2); 6.02-6.17 (mIH vinyl-CH); 6.62 (d,J=3Hz, 1H, H

6.71 ( and 3Hz, | H H2); 7,21 (d,J=9Hz, 1H, H 1)
20 20-[ 1, Mgm yl bi s(oxy)]-16[err]-ethyl - 3- met hoxy- 1Zcf

et hano- 19- nor pregna- 1, 3, 5(10)-tri ene o L. 0 g of the corrpound that is
descri bed under 29b) is reacted according to the met hod that is indicated
I n Exarrple -.16a)., 1.0 g of 29c)..is-obtained. .. [err]H-NVR (CDCl [err]):

d 0.91 ppm@hrﬁﬂchﬁbhnnSH Mag;rdtp&taﬁb[l,er r Merduhnﬂigsm(tmerH Hgégtbenehfahe

3H, H 21 Bs
Efn 1 20 O)CHLerr ﬁ%@'ﬁs@% %5"‘3‘%91}‘141513@ 4fcw%nss}lite (\a)gllﬁatgmsfogn
3Hz, | H, H2) ; Bhe 'fdJ9HzIHH—1)
- Fr die bevorzugte orale Apphkanon kommen msbtsondere Tablctten, Dragees,

‘ Kapseln, Pillen, Suspensxoncn oder Lﬁsungen in Frage el
Fiir die parenterale Applikation sind insbesondere Blige Lﬁsungen, wie zum Benspxcl
Lisungen in Sesamél, -Rizinusdl und Baumwollsamenbl geeignet. Zur Erhdhung
der Laslichkeit kbnnen lﬁsungsvermlttler. _w1e zum Benspxel Benzylbenzoat oder
Bcnzylalkohol zugesctz er :
Die Verbindungen der allgememen Formel (l) kdnnen auch kommmerhch durch ein
intrauterines Frelsetzungssystem (IUD) applnznert werden, dle Prexsetzungsrate der
aktiven Vcrbmdung(en) wird dabei so gewihli, daB die tﬁghch freigesetzie Dosis
innerhalb der bereits angegebenen Dosnerungsberexche Izegti o
Es ist auch mﬁghch dne erﬁndungsgemﬁﬁen Subs_ anzen in ein transdermalcs
System emzuarbelten und sie damn transdermal zu apphzieren
Die zur Herstellung der Verbmdungen der allgememen Formel (I) zunhchst
benbtxglen Ausgangsverbmdungen sind gemiB nachstehender Syntheseroutc
zuganghch




75 d) 20, 20-[1, 2- Et hanedi yl bi s(oxy)]-16[err] -ethyl - 3- met hoxy- 14, 17-
et hano- 19- nor pr egna=2;5(10) - di ene 1. 0-g-of the-eenpound thatis
descri bed under 29c) is reacted according to the.nmethod that is indicated
in Exanple 1d). 1.07 g of 29d) is obtained, WhICh i's further reacted as a

crude prodygg [ err] H NVR ( CDCl [err]) d =°3.54 ppm
(s,3H 3-0CCH err "3.75-4.01 (m 4H, 20- OCH[err]CH[err]O); PCHEPISHSHOTH H- 2)
L) 16a- Et hyl - 14 17- et hano- 19- nor pr egn- 4- ef- 3, 20-di one 0.97 g of

the compound that is described under 29d) is reacted according to the

met hod t hat ISSéhrL%aCﬁt ed in Exanple 1§)

R13 - -CH3, -C3Hs; R21 = Wasserstoff, C1-C3-Alkyl; A und B = unabhanglg
voneinander Wasserstoff oder Cl-C3-Alkyl



After chromatography on silica gel with a mxture of ethyl acetate and
hexane, 0.56 g of 29e) is obtained, which is crystallized fromdii sopropyl

etﬁ'@F’._—— Frasm pornt:, — 145-TA7{ertTC [err—=+42. 9[ errt—(CHCrfterTi—T—
= 0.515) [err]H-NVMR (CDCl[err]): [err] = 0.96 ppm
(t J 7Hz, 3H, 16-ethyl -CH err]); 0.96 .(s,3HH18); 2.10 (s,3H H21); 5.81

16[ er r] Et henyl - 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20-di one a)

20, 20-[ 1, 2- Et hanedi yl bi s(oxy)] - 16a- et henyl4- 3- met hoxy- 14, 17-

et hano- 19- nor pr egna- 2, 5(10) - di ene 0.5 g of the conpound that is
descri bed under 29b) is reacted according to the nethod that is described
in Exanple 1d). 0.5 g of 30a) is obtained, which is further processed

Wi thout purGemndfitSchema 1 kann beispiclsweise eine an sich bekannte Verbindung der

allgememen Formel 1 (siche beispielsweise DE 43 26 240 Al) durch Addition des
Anions eines termmalen Alkins in einc an sich bekannte Verbindung der
allgemeinen Formel 2 uberfﬁhrt werden Dlesc wird durch Reakuon mit einer Siure
wie belspnelswexsc Schwcfelsiurc. Salzsﬁurc, p-Toluolsulfonsiurc. Ameisensiiure
oder Essigséure in Gcgenwan oder Abwesenheit von inerten’ Losungsmitteln wie
zum Beispiel Toluol, Tetrahydrofuran oder chhlorrne!han in eine Verbindung der
allgemeinen Formel 3 tiberfiihrt (siche beispielsweise D. K. Phillips, P.P. Wickham,
G.O. Potts und A. Amold J. Med. Chem 11, 924 (1968)) Falls gewiinscht, kann
eine Verbindung der allgemeinen Formel 3 mit ge_e_xgn:ten Nucleophilen,
beispielswéise Dialkylkupferverbindungen. gefolgt von einer Oxidation,
bcispielsWeise einer mdgli_fizierlcn Saegusa-Oxidation (vergleiche I. Minami et al.,
Tetrahedron 42, 2971 (1986) oder EP-A 0299913) in eine Verbindung der
allgemeinen Formel 4 iibérfiihrt werden, wobei B dann filr einen Alkylrest steht.
Ansonsten steht B fiir Wasserstoff
Die Verbindung der allgememen Formel 4 kann dann mlt Ethen unter Druck und bei
erhthter Temperatur nach an sich bekannten Verfahren m einer Cycloaddition in
eine Verbindung der allgememen Formel 5 uberfxihrt werden. Diese 148t sich dann
nach Standardverfahren durch eine Hydrierung der 171 172-Doppelbmdung
(Kohlenstoffatom 171 bzw 172 bezeichnet das Kohlenstoffatom, an dem sich der
Substituent R171 bzw. R'”Z befindet) mit Edelmetallkatalysatoren wie zum
Beispiel Platin oder P_a!ladmm in eine Vcrbmdung der allgemeinen Formel 6
tiberfithren. Die Verbindungen der 'a(lgcmcincn Forme! § und 6, in denen R21 fiir
ein Wasserstoffatom steht, konnen auch nach Standardverfahren alkyliert werden
und so in die entspreche_ride_n Verbindungen der aligemeinen Formel 5 und 6, in
" denen R21 fiir cine Cl-C3-Alk'ylgtuppe steht, . diberfilhrt werden (siche
beispiclsweise R. Bloch ‘Tetrahedron 39, 639 (1983)) Die Verbindungen der
aligemeinen Formel §. lasscn sich nach Standardmethoden. zu Verbindungen der
allgemeinen Formel 7 ketahsleren. die durch Hydrierung in die Verbindungen der
allgemeinen Formel 8 iiberfiihrt werden konnen. Diese Verbmdungen lassen sich
auch durch die Kctahsnerung der Verbindung der allgememen Formel 6 erhaiten.
Dabei sind anstelle der 1 Z-Ethand1ylb|s(oxy)-Schngruppe am Kohlenstoffaiom 20
generell auch andere - bekannte Ketoschutzgruppen wie beispielsweise die 2,2-
Dimethyl-1.3-propandi'_y:lbis(oxy)-Gruppe- ‘erfindungsgemaB - - geeignet.  Weitere
Schutzgruppen, die im _Rah_men vorliegender Erfindung verwendet werden k&nnen,



76 [err]HHNVMR (CDCl [err]): d_:102 ppm(s 3H, H-18); 1.23
(s,3HH21); 3.56-ts73H-3=CCH[ err]); 3. 82- 4—62—(111-4H 20-OCHerr]C€H err] O);
4.64 (m1H H 2); 49350'1(m2HV|nyI CH err]d5%6. 08 (m 1H, vi nyl - CH)

b) 16[ err] - Et henyl - 14, 17-et hano- 19- nor pr egn- 4- ene- 3, 20- di one 0.49
.g of 30a) i I d accor di ng to the nethod that is descﬁw gzcanmpl e
le). After cﬂ ogr aphy on silica gel wth a mxture of acetate
_and hexane, 0.27 g of 30b) obt ai ned. 4 £Elash point: 171[err]C [err]
.= +26.7[err] (CHO [err]; 0515) [err]H—NI\/R(CDCI[err]) d = 1.00
ppm (s, 3H, chf 208(s 3H H 21) 5.03-5 émZHylnI-CHZQ” 72-5. 87
(m 2H, vi nyl asseml sighabei "Prmm‘gogg_s in Orgamc ynthesis”, Theodora W. Greene,

Peter G. N. Wuts, John Wiley and Sons, Inc., New York, 1991, S. 178 - 210,
entnehmen.

Dicjenigen Verbindungen der aligemeinen Formeln § und 6, in denen R13 eine
Ethylgruppe und R21 cin Wasserstoffatom oder eine C1-C3-Alkylgruppe oder R13
cine Methylgruppe und R2! cine C1-C3-Alkylgruppc bedeuten, gehdren zusammen-
genommen als Zwischenverbindungen der allgemeinen Forme! IT zum Gegenstand
der vorliegenden Erfindung:

worin

R13 = .CoHs; R2! = Wasserstoff, C1-C3-Alkyl oder

R13=.CH;; R21=C;-C3-Alkyl und

R17! ypd R172 = unabhiingig voneinander Wasserstoff oder C;-C3-Alkyl,
R171 und R172 = jeweils Wasserstoff oder gemeinsam eine Bindung
bedeuten. |

Die durch Ketalisierung der Verbindungen der allgemeinen Formeln 5 bzw. 6
erhaltenen Verbindungen der aligemeinen Formeln 7 und 8 sind alle neu und
gehoren zusammengenommen als Zwischenverbindungen der allgemeinen Formel
III ebenfalls zum Gegenstand der vorliegenden_Erfindimg:_



16- Met hyl ene- 14, 17- et hano- 19- nor pr egn- 4-ene- 3 20-di one a)

- 20, 20-[ 1, 2- Et hanedi yl bi s(oxy) ] - 3- net hoxy- 16- net hyl ene- 14, 17-

et Tano-—19=norpregma- 1,3, 5(10) - t rreme 2786~y of the -compoumnd—that—ts
descri bed under 29a) is dissolved in 268 m of tetrahydrofuran and m xed
at O[err]Cwith 26.6 g of potassium hexanethyl disilazide. After 1 hour,
17.8 ml ~aenaflyl fluoride (1,1,2,2,3,3,4,4,4-nonafl nesul f onyl
fI-uoridefalo ed in drops. After 3 hours of stirring %&@&%
tenperature, it is dispersed between wat §r3 and ethyl acetate, and the
organi ¢ phase is washed with concentrated sodi um bi carbonate solution and
comon salt solution. After drying the organic, phase on sodiumsulfate, it
is filtered, concentrated by evaporation, an@ the residue is taken up in
546 m of - ' o Ky 77 -

worin

R13..CH3 -CoHs,

R171 ynd R172 = unabhéingig voneinander Wasserstoff oder C1-C3-Alkyl,
R171 und R172 = jeweils Wasserstoff oder gemeinsam eine Bindung,

K =e¢ine Ketaisc_:_hngfuppe_,

R21 = Wasserstoff, C1-C3-Alkyl

bedeuten. I

Schema 2




di met hyl formam de. After 111.5 ml of triethylamne, 2.0 g of

bi s- (triphenyl phosphime) - pal | adi-unt!l1)-chl ori de—ane—19.5 nl of -fermc acid
are added, it is heated tg 80[err]C for 7 hours and then left overnight at
roomtenperature. After dlsperS| ng between ethyl ‘acetate and water, the

organi c ph shed with concentrated common salt sol yt] jed on
sodi um sul ?ﬁ'?’e"ao | tered and concentrated by evaporati on. li'thl ue is
chromat ographed on silica gel with a m xturng of ethyl acetate and hexane.
5.33 g of 3l1la) is obtained. ~ [err] = +21.1[err] (CHC [err]; c = 0.530)

[err] HNWR ( err]): d =0.9 %(s 3H, H-18) 1.44 (s, 3H, H-21) 3.78
(s, 3H, 3-OCH g?ﬂ% 7 -G2H3: Brri?er seopffeC1{arAkyl | Ound B 5onghbéngig
br oad, 1H, 16- we&dhnineﬁua}w&séﬁoﬁ%dar@gct 3 ATk MO - et hyl eney; 6.63

(d,J=3Hz, 1H, H-4); 6.72 (dd,J=9 and 3Hz, 1H H2); 7.23 (d,J=9Hz, 1H, H 1)
b) 16- Met hyl ene- 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20-di one

GemiB Schema 2 gelingt die Umsetzung einer Verbindung der aligemeinen Formel
4 auch nach an sich bekannten Verfahren mit Phenylvinylsulfon in inerten
Lésungsmitteln zu einer Verbindung der allgemeinen Formel 9 (J.R. Bull und R.L.
Thomson S.AfrJ.Chem. 44, 87 (1991)). Die Reduktion dieser Verbindung durch
Metalle wie Raney-Nickel oder Magnesium in niederen Alkoholen wie Methanol
.oder Ethanol fithrt zu Verbindungen der allgemeinen Formeln 6 und 10, die durch
Oxidations- beziehungsweise  Reduktionsverfahren, - beispiclsweise  mit
Pyridiniumdichromat oder unter den Bedingungen einer Oppenauer-Oxidation bzw.
mit Natriumborhydrid oder Lithiumaluminiumhydrid. incinander iiberfithrt werden
kdnnen. '

Die Herstellung der erfindungsgemiBen Verbindungen, die in den Positionen 15
und/oder 16 substituiert sind, erfolgt durch die Umsetzung einer Verbindung der
allgemeinen Formel 4 mit geeigneten Olefinen wie zum Beispiel Propen, 2-
Methylpropen, 2-Buten, Cyclopenten, Cyclohexen oder 2,5-Dihydrofuran und
gegebenenfalls der Hydrierung der entstandenen 171,172-Doppelbindung. Die
weiteren Umsetzungen der so erhalienen Verbindungen erfolgen analog zu den
weiteren Reaktionen der Verbindungen der aligemeinen Forme! 6.

Zur Herstellung der erfindungsgemifen Verbindungen, die in Position 16 einen
Alkyl- oder Alkenylrest tragen, kann eine Verbindung der allgemeinen Formel 4
auch mit einem Acrylsgureester der Formel HyC=CH-COOAIlky! (Alkyl = C;-C4-
Alkyl) gem4B8 Schema 3 umgesetzt werden.



510 ng of the conpound that is described under 31a) is reacted according
~to the nethods that are described in Exanples 1d) and l1le). 440 ng of 31b)

i sTobtained, wnrcn 15 drgestedwtiT— arSopropy——et her.
(cbcferr]): d=1.09 ppm(s,3H H18); 2.22 (s,3H H21); 4.83 (s
br oad, 1H, 16- rret hyI ene) 4.90 (s broad, 1H, 16-net hyl ene); 5. 82 (s

br oad, 1H% \ 78 1 32
16- Met hyl ené-"14,"17- et hano- 19- nor pr egna- 4, 9- di ene- 3, 20- di B

20,20-[1,2-Ethaned|ylbls(oxy)] 16- et hyl gge- 14, 17- et hano- 19-
nor pr egn- 5(10) - en- 3- one 6.8 g of the conpound that is described under

Schema 3

3la) is

R13 = -CH3 -C2H5. R21 = Wasserstoff, Cl-C3-A1kyl Aund B = unabhinglg
voneinander Wasserstoff oder C1-C3-Alkyl 3

Die so erhaltenen Verbindungen der allgemeinen Formel 11 werden nach
Ketalisierung der 20-Ketogruppe und Hydrierung der entstandenen 171,172
Doppelbindung zu den Verbindungen der al_lgemcinen_l’lpn_:_::_c:_l__:_lz umgesctzt, welche
mit Lithiumaluminiumhydfid zu - den 16-Hydmxymcthylirefbindungcn der
aligemeinen Formel 13 un‘igesctzt werden kdnnen.

Die Verbindungen der aligemeinen Formel 13 lassen sich nach Standardverfahren
(siche beispiclsweise J. Hooz und S. S. Gilani, Can. J. Chem. 46, 86 (1968)) in die
entsprechenden 16-qumme_thylverbindungen tiberfilhren, welche unter den
Bedingungen einer Birch-Reduktion zu den 16-Methylverbindungen reduziert
werden. Dabei wird auch der aromatische A-Ring unter Ausbildung der 2,5(10)-
Dienstruktur reduziert.



reacted according to the nethods that are described in Exanples 1d) and
8c). After chronatograpty on silita gel with—anrxture of ethyl. acetate
and hexane, 4.9 g of 32a) i*s-obtained. In addltl on 600 ny of

20, 20-[ 1, 2- et hanedi yl bi s(oxy)] - 16-net hyl ene-

- 14, 17- et haggy deoad” Pr €gn- 4- en- 3-one is obt ai ned. [err 107

(CDCl [err]) tor compound 32a): d = 0.98 ppm (s,3H,H18); 1.41 (s,3HH21);
. 2.68 and 2.78 (2d broad, J=20Hz, 1H H 4 eacfg; 3.84-4.05

*(m4H, 20-CCH err] CH err] O ); 4.89 (s broad, 1H, 16-rrethy| ene); 5.12 (s

br oad, 1H, 16- net hyl ene) err]H-NVR (CDCl [err]) for

20, 20- (1, 2- et %§gpyngpge@cgg,y}lgwnen Formel 13 lassen sich durch Oxidation nach an

met hyl ene- 14, gich eb&kammxwveffammgrbei% RBwaisonmit P dmnalbm:n{aﬁ 3, 4tel8) ;

o oad, 11 16- YRR R A oyl r gy giz%eé mit
br oad, 1H, H- 4) entspreshendeng- N@bﬁgnhewéldgm 172vet h&po- 19eriiml
9- di ene- 3, 20- Al@Avervindungend fUhieh, tdie siomPouIel éihat Hyﬁnéiﬁﬁglrianﬁ'e I ns-Exarml e

32a) is Alkylverbindungen tiberfiihren lassen.

Die 16-Aldehyde kdnnen durch Erwidrmen mit Arylhydrazinen nach an sich
bekannten Verfahren (vergleiche beispiclsweise M. Pieper et al., Liebigs Ann.
Chem., 1334 (1986)) in die Arylhydrazone iiberfiihrt werden, welche bei
Basenbehandlung im Sinne einer Shapiro- bzw. Bamford-Stevens Reaktion zu den
16-Exomethylenverbindungen fragmentieren. Alternativ lassen sich die 16-
Aldehyde durch Umseizung mit  Sulfonsdure-Derivaten wie  etwa
Sulfonsiurehalogeniden oder Sulfonsaurcanhydriden in Gegenwart von Basen wic
etwa Lithiumdiisopropylamid oder auch Kaliumhexamethyldisilazid in inerten
Lisungsmittein wie z.B. Tetrahydrofuran in die Enolsulfonsiureester iiberfiihren,
die durch reduktive Spaltung, beispiclsweise durch Behandlung mit
Ammoniumformiat in Gegenwart katalytischer Mengen eines Palladium(ID)-
Katalysators wie etwa Palladium(Il)-acetat in pgeeigneten Losungsmitteln,
beispielsweise Acetonitril, in die 16-Exomethylenverbindung iibergehen.

Die Verbindungen der aligemeinen Formeln 11, 12 und 13 zusammen mit den im
Text beschricbenen Derivaten sind alle neu und gehoren als Zwischenverbindungen
der allgemeinen Formel IV zum Gegenstand vorliegender Erfindung:

worin



reacted according to the nethods that are described in Exanples 4b) and
le). After chronmatography on silica gel with a mxture of ethyl acetate

and hexane and di gesting the prGHUET Th dirsopropyl ethér, I.52 g of
32b) is obtained. 79 Fl ash
point: 141[err] C (deconposition) [err] = -358.8[err] .(CHC[err]; c =

0. 515) woodsthgel H NVR (CDCl [err]): d = 1.19 ppm (s, 3HpdTiEPYs0510722

(s,3H, H21); 4.84 (s broad, 1H, 16-nethyl ene); 4.90 (s

broad, 1H, 16-nmet hyl ene); 5.68 (s broad, | Hift 4) Exanpl e 33

16- thhylene 14, 17- et hano- 19- nor pr egna- 4, 6- di ene- 3, 20 dlone 600 ng of

20, 20-[1, 2-et h@e%}fll_t‘)ésl_‘oxy)] 16- net hyl ene- 14, 17- -

R16 = -COOAlkyl wobe: Alkyl ein C1-C4-Alkylrest nst, oder -CH20H, oder
CHO, oder Methylen,

R171 und R172 = unabhﬂnglg voneinander Wassetstoff odcr C1-C3-Alkyl
RI7V ynd R172 = Jewenls Wasserstoff oder gememsam elne Bmdung,

K = ein Sauerstoffatom oder eine Ketalschutzgruppe,

R21 = Wasserstoff, Cl-C-'-Alkyl

bedeuten.

~ Die Verbmdungcn dcr allgememcn Formcl 12 lasscn SlCh durch alkallschc

' ‘Hydrolyse in die cntsprechcndcn Carbonsiiurcn uberfuhren welchc durch
Decarboxyhcrung und Ox:datlon, bexsplclswelse durch Erhntzen mit Blenetraacctat
und Kupfer(n)-acetat in Toluol (sxehe belsplelswclse J. D Bacha und J. K. Kochi,
Tetrahedron 24, 2215 (1968}) m Derlvaten mit einer 15 16-Doppelbmdung fiihren.
14, 17-02-ubcrbruckte Denvate mit einer 15 16-Doppelbmdung sind auch auf
anderen Wegen zugangllch

1. Die Umsetzung einer Verbindung  der. allgémeinen Formel 4 mit
Maleinsdureanhydrid zum Dlels-Alder Produkt gefolgl von. der katalytischen
Hydrierung _(_i'.-,rE 7t 172-Doppelbmdung ergibt nach Erhitzen mit
Bistriphenylphosphinnickeldicarbonyl in geeigneten Lésungsmitteln wie Diglyme
das entsprechende 15 16-Doppelb1ndungsdenvat (s:ehe belsplelswelse K. Wiesner et
al., Can. J. Chem. 52, 640 (1974)). Alternativ kann ausgehend vom 171,172.
gesittigten Anhydnd mit Basen, wie etwa wissriger Natronlauge, zur 15,16-
Dicarbonsiure umgesetzt werden, welche via doppelter Decarboxilierung in das
entsprechende 15,16-Doppelbindungsderivat {iberfiihrt wird (siche beispielsweise C.
M. Cimarusti und J. Wolinsky, J. Am. Chem. Soc. 90, 113 (1968)). Beispielsweise
wird die Dicarbonséure mit Bleitetraacetat in geeigneten Ldsungsmiticln,
beispielsweise Pyridin, auf Temperaturén von 30-100°C erwirmt.

Das Diels-Alder Addukt 1Bt sich auch fiir die Synthese anderer Derivate nutzen:
Reduktion des Diels-Alder Produktes zum Lacton mit geeigneten
Reduktionsmitteln, wic etwa Natriumborhydrid (siche beispiclsweise D. M. Bailey
und R. F. Johnson, J. Org. Chem. 35, 3574 (1970)), Oxidation des entstandenen 20-
Alkoholes, beispiclsweise mit Pyridiniumchlorochromat und Schutz des Ketons als
Ketal fiihrt nach Reduktion des Lactons mit geeigneten Reduktionsmitteln, wie etwa



et hano- 19- nor pregn-4-en-3-one of Exanple 32a) is reacted according to the
nmet hods that are #desertbed in Exanples 2a), 2by—and le). After

chromat ogr aphy on silica.gel with a mixture of ethyl acetate and hexane
and crystallization of t he product from dii sopropyl ether, 70 ng of 33) is
. obt ai ned. rr]H NVR(CDA [err]): d = 1.'10"ppm (s, 3 21

(s, 3H, I—I-Zl)w‘”if2 (s broad, | H 16-nethylene); 4.92 (s M"ﬁ

broad, | H, 16-net hyl ene); 5.78 (s broad 1H, klg4); 6.10-6.26 (m 2H H 6 and
*HT) Exanple 34 16[err]-Methyl -

17- et hano- 19- nor pr egna- 4, 6- di ene- 3, 20 di one a)

20, 20-[ 1, 2- Et riamaunglumm(md;ip 3- rmhoxys.mpeahyc}roxymethylverbmdung Die

[1[1(r7ret m(;:‘sglhfe co oun %ﬁhk&s‘wrﬁgﬂ?g %g?ﬂ%i ﬂéten goald € thghge) zﬁri =ne
u | s v
ni xt u?e of 15 °FH° <Y, G?"F‘ n%‘hﬁrn WSW of l&ﬁl ¥ g’ W&’H at

O[ err] C sl ow \Bedingungen; wiie oétwa durch Behandlung mu Sulfonsﬁuredenvaten wie
Sulfonséurehalogeniden oder Sulfonséureanhydriden in Gegenwart von Basen wie
beispielsweise Pyridin, durchgefiihrt.

2. Die Umsetzung ciner Verbindung der allgemeinen Formel 4 mit Vinylencarbonat
(zu Diels-Alder Reaktionen mit Vinylencarbonat siche beispielsweise Y. Shizuri et
al,, J. Chem. Soc., Chem. Commun. 292 (1985) oder G. H. Posner et al,
Tetrahedron Lett. 32, 5295 (1991)) im Sinne einer Diels-Alder Reaktion gemiB
Schema 4 fiihrt zu einem Cycloadditionsprodukt der Formel 14. Nach Hydrierung
der 171,172.Doppelbindung und Spaliung des cyclischen Carbonates nach
Standardverfahen, wie etwa der Umsectzung des Carbonates in cinem geeigneten
Lésungsmittel wie z.B. Methanol mit ciner Base wie z.B. Kaliumcarbonat, wird ein
Diol der Formel 17 erhaiten. Die Reihenfolge von Hydrierung und
Carbonatspaltung ist beliebig.



I
|
I
i
i
|
|
i

net hanesul fonic acid chloride. After 24 hours at room
80 tenperature, it is mxed wth concentrated, ice-cold sodium

bi carbonat’e solution.” The organi cphase s wasned—thr ee ti mes—with

concentrated, ice-cold sodium bicarbonate solution, dried on sodium

sul fate and filtered. Under reduced pressure, all volatile conponents are
renmoved. WoosHea@! 34a) is obtained, which is further r ;Eg %qg! hout
purification. [err]HHNVMR (CDCl [err]): d = 1.11 ppm‘i’?g‘, ' @8); 1.31

(s,3H H21); 3.02 (s,3H,SOerr]CHerr]);163.68 (s,3H,3-OCCH err]); 3.82-4.06
(m5H 20- OCH err]CHerr]O); 4.12 (dd,J=9 and 10Hz, 1H, 16-CH err]); 4.80
(dd,J=4 and 10Hz, 1H, 16-CH err]); 6.62 (d,J=3Hz, 1H, H4); 6.70 (dd, J=9 and

| 3Hz, 1H, H-2); 7.20 (d, J=9Hz, 1H, H 1)

Schema 4

o
T Y
- 18

R13 = .CH3, -CoHs; R?1 = Wasserstoff, C;-C3-Alkyl; A und B = unabhiingig
voneinander Wasserstoff oder C1-C3-Alkyl



b) 20, 20-[ 1, 2- Et hanedi yl bi s(oxy)] - 3- met hoxy- 16a- net hyl - 14, 17-

et hano- 19- nor pregnma=173, 5(10) -tTTeENe “¥4-3 g of the conpound that is
descri bed under 34a) is su_sp"ended' in 20 mM of tetrahydrofuran and m xed
with 150 m of a 1 nolar.solution of lithiumtriethyl borohydrlde in

=tetrahydro Mter 5.5 hours of heating under argon, M S{ot, for 15
hour s at erature and dispersed between ethyl ace e an

concent rat ed ammoni um chl ori de solution. Thg organic phase is washed with
‘concentrated sodi um bi carbonate solution, dried on sodiumsulfate,

filtered and concentrated by evaporation. After chromatography on silica
gel with a m xture of ethyl acetate and hexane, 6.0 g of 34b) is obtained.

Fl agt{ El?ilgt D 1Rg-URdasditddvon vicindi@ Didted\MRO(eEiREIstefiér leine %nze f!!e‘ilib 8dnn

Ez 3H 3- OC%—I[ erfiof ll;m x§ @iﬁ 1ger|_gle&nod r.&]skvhhl](verglegcgé %enkplelsw ISe Ando et
al., Chemistry Letters 879 (1986)). Beispielsweise 148t sich ein Diol der allgemeinen
Formel 17 mit einem Orthoester, wie beispielsweise Trimethylorthoformiat mit
Séurekatalyse, beispielsweise mit Pyridiniumparatoluolsulfonat, in einem geeigneten
Losungsmittel, hier sei als Beispiel Dichlormethan genannt, oder ohne Losungsmittel
zu dem entsprechenden Orthoester umsetzen, der bei Erwirmung in geeigneten
Lasungsmitteln wie z.B.. Acetanhydrid zu einem Olefin der aligemeinen l'-'ormel 18
fragmentiert.

Die Verbindungen der allgemeinen Formein 14, 15, 16, 17 und 18 zusammen mit
den im Text beschriebenen Derivaien sind alle neu und gehéren als
Zwischenverbindungen der aligemeinen Formel V zum Gegenstand vorliegender

Erfindung:
R
K |
W
worin
R13 = °CH3, -Csz ’
R15 und R16 = gemeinsam einen Ring der Teilformein
' Y

c16_<

o ¢—o c'%—o Vai
c'5——< >==-o )—o

X, 6 ¢c¥—o oder C'*—0 bedeuten,

worin
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3-

tri en-20-o0ne

4.04 (m5H 20-OCH err]CH err]O); 6.62 (d,J=3Hz, 1H, H4); 6.7
(dd, J=9 and 3Hz, 1H, H-2) 7.22 (d, J=9Hz, 1H, H 1) c)

1

""" er'ha'n'o—rg"n'm'p'r'eg'na-—l—, 3,5(107=
5.96 ¢ of the conpound that is described under 3

reacted according to the method that is described in Exanple le).
of 34c)

[err]

i syosdrmgecd as a crude product.
+51. 3[err] (CHO[err]; C = 0.530

Fl ash poi ntpcTibesosio]
[err]H-NMR (CDd [ e

= 0.93 ppm (s, 3H H 18); 0.99 (d,J='7.5Hz,£'B-CH[err]) 2.11 (s, 3H, H
3.78 (s, 3H,3-OCH3): 6.62 (d,J=3Hz, 1H, H-4): 6.71 (dd.J=9 and 3Hz, 1H H 2):

(d, J=9hg undu?";"tiln)abhingig voneinander jeweils ein Sauerstoffatom oder zwei Wasserstoffatome

7.21

' R =C;-C3-Alkyl
" bedeuten, oder

R15 und R16 = ]edes fitr sich eine -OH Gruppe odcr
R15 und R16 = gememsam ecine Bmdung

R171 ypd R172 = 'uﬁabhﬁngn'g voneinander Wasserstoff oder C1-C3-Alkyl,

R171 und R17Z = jeweils Wasserstoff oder gemeinsam eine Bmdung,
K = ein Sauerstoffatom oder eine Ketalschutzgruppe, :
R21 = Wasserstoff oder C1-C3-Alkyl

bedeuten.

‘Weitere Substitutionsmuster am D-Ring der 14,17-Cp-iiberbriickten Steroide lassen

sich z.B. ausgehend von den Diels-Alder Produkten der Formel 19, darstellbar durch
Umsetzung eines . Diens der allgemeinen Formel 4 mit einem
Acctylcncarbonsﬁurealkylcst_cr (Alkyl = C1-C4-Alkyl), erzeugen:

4b) is
5.58 ¢
err]C

rr]):
21);

d



d) 3- Met hoxy-16[ err] - met hyl - 14, 17- et hano- 19- nor pregna- 1, 3, 5(10) -
trien-20[err]-ol —5:53 g of —the conpound—titat—Ts descri bed—umnder 34c)
is dissolved in a mxture of 90 m of methanol and 130 m of

di chl oronet hane and mixed in portions with 2.37 g of sodium borohydride.
_After 2 houggoghebpom tenperature, it is mxed wth water pcaEpelindsiegryd Wt h
2N hydrochloric acid, and the water phase is extracted twice with

di chl oronet hane. After the organic phase 8 washed with water,
.concentrated sodi um bi carbonate solution and concentrated comon salt
solution, it is dried on sodium sulfate, filtered and concentrated by
evaporation. After chromatography on silica gel with a m xture of ethyl
acetate and IfchemaS 4 28 g of 34d) |F‘as1 obt ai ned. :

82

R13 = .CH3, -CoHs; R21 = Wasserstoff, C1-C3-Alkyk; A und B = unabhiingig
voneinander Wasserstoff oder C1-C3-Alkyl; R15 = Wasserstoff, C1-C3-Alky!

Ketalisicrung des Cycloadditionsprodukies 19 ergibt eine Verbindung der
allgemeinen Formel 21. Die selektive Reduktion der 15,16-Doppelbindung gelingt
mit Magnesium in einem geeigneten Lisungsmitiel, bevorzugt einem Alkohol wie
etwa Methanol, und ergibt eine Verbindung der Formel 23, worin R15 dann ein



rr ] NVR (CDCl[err]): d = 0.98 ppm (s,3H H18); 1.04 (1.13)
,J=7.5Hz, 16-CHerr]); 1.24 (1.22) (d,J=6.5Hz,3H H 21); 3.78

n oo

[

(

( ,—S'H—3-—G3H["€TT']‘)"_3—8'8_3._98—(|” THH20) 0. 02 (O, J=3Hz, 1H, HA) 671 -
(dd,J=9 and 3Hz, 1H H2); 7.21 (d,J=9Hz, 1H H 1) (Signals fromthe 2nd
di ast ereoner in parentheses) e) 3- Met hoxy-16[err] - nmethyl - 14,

17- et hanowp¥sAged’ €gna- 2, 5(10)-dien- 20[err]-ol Yciifpednsior t he
conmpound that is described under 34d) is reacted according to the nethod
that is described in Exanple 1d). 4 45 @30f 34e) is obtained as a crude
product . [err]H-NVMR (CDC [err] 0.94 ppm (s, 3H H18); 1.02

d, J=7.5Hz, 1 .
S 819,06 ( e’%ﬁ%ﬂl@mﬁ%%? t(q*’“@‘aﬁ%ﬂﬂ“ ibdingeh O Fofmel MEAERER O
mai n di ast er paghkepy sich bekarmten Methoden durchgefilhrt. So ergnbt beispielsweise dxe

Umseizung mit Dlmethylkupfer in geelgnetcn Ldsungsmitteln wie etwa
Tetrahydrofuran eine Verbindung der aligemeinen Formel 23, worin R15 dann cine
Methylgruppe bedeutet. Durch katalytische Hydnerung an Edelmetallkatalysatoren
188t sich bei Bedarf auf jeder Zwischenstufe die 171, 172-Doppclbmdung selektiv
entfernen. Die Esterfgnl_guo_n an C16 kann in vielfaltiger Weise modifiziert werden.
Zustzlich zu den bereits fir dic Folgechemic  ‘der Cycloaddition mit
Acrylsturealkylestern beschricbenen Mbglichkeiten seien hier die folgenden
erwﬁhnt

a,B-gesiittigte Ester, wie etwa Verbindungen der aligemeinen Formeln 23 und 24,

- ergeben nach Reduktion  mit Lilhiumal'uminili'mhydrid Uberfiihrung  des
entstandenen Alkohoics in eine Abgangsgruppe, wie etwa einen Sulfonséureester,
der z.B. durch Umsclzung mit einem Sulfonsdurchalogenid unter Verwendung
geeigneter Basen wie ctwa Pyridin mil oder ohne Zuhilfenahme eines inerten
Lasungsmittels wie tha Dichlormethan erhalten wird und anschlieBender
Reduktion mit ~  geeigneten Reduktionsmitteln, beispielsweise
Lithi'umtricthylborhydrid, die 16-Methylderivate

B-ungesiittxgte Ester, wie etwa Verbmdungen der allgemcmen Formeln 21 und 22,
ergeben bei Behandlung mit geelgnelen ‘Reduktionsmitteln wie etwa
| Dnsobutylalummmmhydnd gegebenenfalls unter Zuhilfenahme von Lewissiiuren,
beispielsweise Zinkchlorid, die 15,16-ungesittigten I&Hydroxymethyldenvate Die
Uberfihrung  in dle entsprechenden  Carbonséureester  bezichungsweise
Sulfonsdureester gelingt nach an sich bekannten Methoden. Beispielsweise wird der
Allylalkohol mit Acetyléhlorid in Pyridin zum emsPrcchendcn Essigsidureester
umgesetzt. Unter den Bedingungen einer - Birch-Reduktion ‘wird dann das
entsprechende 15 16-ung&s§mgle 16-Methylderivat. crhaltcn (zur Birch-Reduktion
von Allylacetaten vcrglelche beispiclsweise R. T. Jacobs et al,, J. Org. Chem. 55,
4051 (1990)). Dabei wird auch der aromatische A-Ring unter Ausbildung der
2,5(10)-Dienstruktur reduziert.

Die Verbindungen der aligemeinen Formeln 19, 20, 21, 22, 23 und 24 zusammen
mit den im Text bcjsthiebengn Derivaten sind alle neu und gehSren als



f) 16[ err] - Met hyl - 14, 17- et hano- 19- nor pr egna- 4, 6- di ene- 3, 20- di one 2
g of the conpound i-hat—-s descri bed under 34e—+s—reacted according to the
met hods that are described in Exanples le), 2a),...2b) and 7c). 446 ng of
34f) i s obtai ned. Ef ash poi nt : 165C [ert +16.4[err] (CHC [err]; c
= 0.525) ‘f%&él—laH- NVR ¢EB0 [err]): d = 0.98 ppri (s, 3H, pei@vesniiodO

(d J=7. 5Hz“f#? 2.11 (s, 3H, H-21)' 5 78 (s broad, 1H, H4); 6.08-6.22
(m2H H6 and H7) 83 Exanpl e
235 16[err]-Methyl-14 17-et hano-19- norpregna 4, 9-di ene- 3, 20-di one 2.5
g of the conpound that is described under 34e) is

.Zwischenverbindungen der aligemeinen Formel VI zum Gegenstand vorliegender
Erfindung:

~ worin
R13 = .CH,, -C,H;, . :
R15und R16 = jeweils Wasserstoff oder gemeinsam eine Bindung,
R15'= Wasserstoff oder C1-C3-Alkyl,
_R16' = -COOAIlkyl, wobei Alkyl ein C1-C4-Alkylrest ist, oder CH,OH, oder CHO,
oder einen C;-C3-Alkylrest,
Rln"1 und R172 = unabhiingig voneinander Wasserstoff oder C1-C3-Alkyl,
R17Y ynd R172' = jeweils Wasserstoff oder gemeinsam eine Bindung,
K = ein Sauerstoffatom oder eine Ketalschutzgruppe,
R21 = Wasserstoff oder Cq - C3 -Alkyl

~ bedeuten.

In den vorstehenden Verbindungen der allgemeinen Formeln IIL IV, V und VI steht
K, wenn es sich” um eine Ketalschutzgruppe handelt, vorzugsweise fiir eine
1,2-Ethandiylbis(oxy)- oder 2,2-Dimethyl-1,3-propandiylbis(oxy)gruppe.

Die Reduktion der so erhaltenen Verbindungen der allgemeinen Formeln 6, 7, 8 und
9 als auch der entsprechenden Derivate, die in den Positionen 15, 16, 171 oder 172
substituiert sind unter den an sich bekannten Bedingungen einer Birch-Reduktion
(siche beispielsweise J. Fried, J.A. Edwards, Organic Reactions in Steroid
Chemistry, von Nostrand Reinhold Company 1972, S. 1-60) filhrt zu den
entsprechenden 3-Methoxy-A2,A5(10)-Derivaten. Diese konnen durch Reaktion mit
verdiinnten Mineralsiduren und gegebenenfalls einer anschlieBenden Oxidation der
20-Hydroxygruppe nach  Standardverfahren, wie zum Beispiel mit
Pyridiniumdichromat, zu den erfindungsgemiBen A4-3-Ketonen der allgemeinen
Formel (I) umgesetzt werden. Die 3-Methoxy-A2,A5(10)-Derivate kdnnen aber auch



reacted according to the nethods that are described in Exanples 4a), 4b)
and 7c). 410 ng of 35) is obtained. Flash point: - 125-126[err]C
[eT‘I’TT_S'OO TI[erri (CHCH[err]; T="0. 530" ferT]H N :

0.98 (d,J=7.5Hz, 3H,16-CH3); 1.07 ppm (s,3HH18); 2.11 (s,3H H21); 5.68
(s broad, 1H, H 4) Exanpl e 36

16[err], thmyl 14, 17- et hano- 19- nor pr egna- 4, 9- di ene- :}ci-mi@
3.2 ¢ of the conmpound that is described under 34e) is reacted according to

the met hods that are described in Exanpl &6 4a) 4b), 9a), 7c), 7a) and ’
le). 308 ng of 36) is obtained. [err] = -274.3[err] (CHCI[err] c =

2 527, s g o s - ks

Exanpl e 37 Soc., 364 (19 zu AS( 09 etonen umgesetzt werden, die sich durch eine

21- Hydr oxy- 18tdMiehmpiehydrobrémictufi hama- 1pBRunBfRIN- 4inkh €-adschiieBtindte
Oxidation der 20-Hydrox§gr’uppe in die erﬁndungsgémiﬂen A4,A9-3-Ketone der
allgemeinen Formel (I) ﬂberfﬁhren lassen (siche bcxspnelswelse J. Fried, J.A.
Edwards, Organic Reacuons m Steroid Chem:stry, von Nostrand Reinhold
Company 1972, S. 265-374) Ketahslerung der A4,A9-3-Ketone nach
Standardverfahren fiihrt zu den A5(10) A9(11)-3-Ketalen, die sich unter mild sauren
Bedingungen, belsplelswexse mu wﬁssnger Essigsdure, zu den AS5(10),A9(11)-3-
Ketonen spaiten Ia_ssen Die Dekonjugauon dei * A4,A9-3-Ketone kann

gegebenenfalls auch durch Behandlung mit Siiuren, beispiclsweise wiissrige
Salzséiure unter Zusatz eines Losungsvermittlers wie etwa Aceton, durchgefiihrt
werden. Die Umsetzung der erhaltesen dekonjugierten Dienone  mit
Oxidationsmitteln (vergleiche belspnelswexse DE 2748250 C2), w1e etwa 2,3-
Dichior-5 6-d1cyano-p-bcnzochmon in gec:gneten I.bsungsmltteln, beispielsweise
Dichlormethan, fithrt nach Emfcrnung gegcbcnenfalls noch vorhandener
Schutzgruppen zu dcn erﬁndungsgemﬁﬁen A4 A9,A11-3-Ketonen der allgemeinen
Formel (I). '

Die niichsten Schritte gelten in aliér Regel dem Aufbau der Reste RS, RS und R7.
Die Einfiihrung einer 6,7-Doppelbindung gélingt iiber eine ﬁie'nolctherbmmigmng
und anschlieBende Bromwasserstoffabspaltung (siche beispielsweise J. Fried, J.A.
Edwards, Organic Reactions in Steroid Chemistry, von Nostrand Reinhold
Company 1972, S. 265-374) oder auch durch Umsetzung mit Chloraml oder 2,3-
Dichlor-5 6~d|cyano-p-benzochmon o
Die Dienoletherbromierung kann zum Belsplel analog der Vorschrift i m Sterouts' 1,
233 (1965) erfolgen. Die Bromwasserstoffabspaltung gelingt durch Erhitzen der 6-
Bromverbindung - mit basnschen Mitieln, wie zum Beispiel Lithiumbromid “oder
- Lithiumcarbonat in. aprouschen Losungsmitteln wie : Dimethylformamid  bei
| Temperaturen von 50-150°C oder aber indem die 6-Bromverbindungen in Collidin
oder Lutidin erhitzt wcrqen. '

Fiir Verbindu_ngen muemer _6,7-_M91hylehfunlgtion:erf_ol_gg die Einfiihrung cbenfalls
aus dem Dienon durch Umsetzung mit Dimethylsulfoxoniummethylid, wobei hier
" allerdings ein Gemisch der ai- und B-Isomeren auftritt (das Verhiitnis ist abhiingig



I |

1.25 g of the conpound that is described under 34e) is reacted according
to the nethods that--are—described in Exanpl-es—ic),""9a), 7c), 5c), 5d), le)
and 5g). 73 ng of 37) is-obtained. [err]_ -56. 4[err] (CHC [err]; ¢
= 0. 250) [err]H—NI\/R(CDCI[err]) d = 0.97%(d, J=7. 5Hz, 3H, 16- CH[err])
-0.98 ppm (wodhéded8); 4.22 (s broad, 2H, H-21) 5.82 (s brommusm

84 Exanpl e 38 1-7[err] Met hyl - 14, 17- et heno- 19- nor pr egn- 4- ene- 3, 20- di one
a) 17[ err] - Et hi nyl - 3- net hoxy- 15- net hyl es@fa- 1, 3, 5(10), 15-tetraen- 17B-ol
‘At O[err]C, acetyl ene is intrdduced into 500 m of#¥tetrahydrofuran for 30

m nutes. Then’vog?’&nnirergltn&’etén §uﬂya@5 und liegt bei ca. 1:1), die zum Bexspxel iiber
' Skulenchromatographxe getrennt werden konnen. _

Verbindungen mit R7 g!eic_h Alkyl werden aus den 4,6-Dien-3-on-veibindungen
durch 1,6-Addition nach bekannten Methoden hergestellt (J. Fried, J.A. Edwards:
Organic Reactions in Steroid Chemistry, von Nostrand Reinhold Company 1972,
Seite 75-82; A. Hosomi und H. Sakurai, J. Am. Chem. Soc. 99, 1673 (1977)) Die
Einfilhrung der 7-Alkylfunktlonen erfolgt hierbei in der Regel iiber die
Dialkylkupferlithiumverbindungen.

Verbindungen in denen RS ein Chloratom darstelit ‘und R6' und R7? eine
gemeinsame zusitzliche Bindung bilden, werden ebenfalls ausgehend von den 4,6-
Dien-3-on-verbindungen dargesielit. Hierzu wird zuniichst die 6,7-Doppelbindung
unter Verwendung organischer Peraauren. wic zum Beispiel mela-
Chlorperbenzoesiure in Methylenchlond gegebenenfalls in Gegenwart von
Natrmmhydrogencarbonatlosung, epoxidiert (siche W. Adam, J.-C. Liu und O.
Rodriguez, J. Org. Chem. 38, 2269 (1973)). Die Offnung dieses Epoxids und die
Elix'ninie'ruhg der primar gebildeten 7a-Hydroxygruppe erfolgt zum Beispiel durch
Umsetzung mit Chlorwasserstoffgas in Eisessig (siche u.a. DE-A 11 58 966 und
DE-A 40 06 165).

Die Einfiihrung einer 6-Methylengruppe kann zum Beispiel ati'sgehénd von cinem 3-
Amino-3,5-dien-derivat durch Umsetzung mit Formalin in alkoholischen Lésungen '
unter Bildung einer 6a-Hvdroxymclhylgruppe und anschlicBender saurer
Wasserabspaltung zum Beispiel mit Salzséurc in Dloxan/Wasser erfolgen Die
Wasserabspaltung kann aber auch in der Weise erfolgen, daB zundchst eine
Fluchtgruppe eingefithrt und dann eliminiert wird. Als Fluchtgruppen sind zum
Belsmel das Mesylat, Tosylat oder Benzoat geeignet (siche DE-A 34 02 329, EP-A
150157, US 4.584.288(86); K. Nickisch, S. Beter, D. Bittler, W. Elger, H. Laurent,
W. Losert, Y. Nishino, E. Schillinger und R. ‘Wiechert, J. Med. Chem. 34, 2464
(1991)). | -

Eine weitere Moglichkeit zur Darstellung der &Methylenverbtndungen besteht in
der direkten Umsetzung der 4(5) ungesittigten 3-Ketone mit Acetalen des
Formaldehyds in Gegenwart von 'Natriumacetat mit zum Beispiel
Phosphoroxychlorid oder Phosphorpentachiorid in geeigneten LOsungsmitieln wie
Chloroform (siche zum Beispiel K. Annen, H. Hofmeister, H. Laurent und R.



solution of n-butyllithiumin hexane is added in drops. After another 30
m nutes, a solution of 12.1 g of 3-nethoxy-15-nethyl -

estra-1,3,5(10), Ib-tetraen-17-ong (5ee Dt 4326240 Al) in 250 m—of
tetrahydrofuran is added in drops. After 30 mnutes, it is dispersed

bet ween sem saturated common salt solution and ethyl acetate, the organic
phase is wasdsed2osi t h senm saturated and saturated comDnPEREPISHSIOIti on,
dried on sodiumsulfate, filtered and concentrated by evaporation. In this

case, crystallization occurs. O/eral |, 18712 g of 38a) is obtained.
[err] = -191.4[err] (CHCI[err] c 0500) [err]H-NVR (CDCl [err]): d
= 0.95 ppm ( swiREhes, ¥ %hesle bEia@Qus%Huéh"e

br oad

(s, 1H 17 et hl &,;,k e%a‘e % nghe ef_’g ;li?:hﬁélozur%uﬁﬁhrun dﬁ}
(d, J=3Hz, 1H, RETYRpe Bychiia der Hm iejes Ad3: °F+1)
b) 3- Met ho>dpssti [Umse}amgtmy lD:m&;hjzll‘emtahnm aad Q‘hosphplmgﬂﬂmid Zymp (Alﬁ&hyd
trien-20-one und dessen Reduktion mit komplexen Borhydriden und anschlieBender
Wasserabspahung m1t Mmeralsaiurcn nach an smh bekanntcn Vcrfahren (snchc wO
190/12027). -
Die 6-Methylenverbmdungcn konncn Zur Darstellung von Vcrbmdungen der
allgemeinen Formel @, in denen R6 glelch Methyl lSt und RS und R7 eine
gemeinsame zusatzhche Bmdung bilden, genutzt werden.
Hierzu kann man zum Beispiel ¢in von D. Bumn, D.N. Kirk und V. Petrow in
Tetrahedron 21,1619 (1965) beschrlebenes Verfahren _nutzen, bei dem eine
| Isomenslcrung der Doppelbmdung durch Erwarmen der 6-Me!hylenverbmdungen in
Ethanol mit 5% Palladmm-Kohle als Katalysator, der emweder mit Wasserstoff
‘oder durch Erwarmen mll einer germgen Menge Cyclohexen vorbehandelt wurde,
errelcht wird. Dle Isomensnemng kann auch mit emem mcht vorbehandelten :
Katalysator erfolgen, wenn zur Reaknonsmlschung exne gerlnge Menge Cyclohexcn
zugesetzt wird. Das Auftreten gennger Amelle hydrleﬂer Produkle kann durch
Zugabe cines Uberschusses an Natnumacelal verhmdert werdcn
Die Darstellung von 6-Methyl-4 6-dien-3-on-derivaten kann aber auch direkt
erfolgen (siche K. Annen, H. Hofmeister, H. Laurent und R. Wiechert, Liebigs Ann.
Chem. 712, (1983)). '

-':Ocn

Verbmdungen, in denen R6 eme a-Methylfunkuon darstellt konncn aus den 6-
Methylenverb:ndungen durch Hydrlerung unter geexgnetcn Bedmgungen dargestellt
werden. Die besten Ergebmsse (scleknve Hydnerung der cxo-Mcthylcnfunktmn)
werden durch Transfer-Hydnerung erreicht (E A. Brande, R P Lmstead und P W.D.
Mitchell, J. Chem. Soc 3578 (1954)). Erhltzt man dle 6-Methylendenvatc in einem
geeigneten I.nsungsmlttel ‘wie zum Bclsplcl Ethanol. in Gegenwart eines
Hydriddonators, wie zum Beispiel Cyclohexcn. und emes Edelmetallkatalysators,
beispielsweise Platin oder Palladlum, so kommt man in sehr guten Ausbeuten zu 6o
-Methylderivaten. Geringe Anteile an 6[3-Methylverbmdungen kénnen sauer
isomerisiert werden (s:ehe zum Beispiel D. Bum, D N K:rk und V. Petrow,
Tetrahedron 21, 1619 (1965)) '



12.10 g of the conpound that is described under 38a) is reacted according
to the nethods tha-t—aﬁe—descrl bed in Exanples -1 ) _a-nd 1b). 8.95-g of 38b)
I s obt ai ned. R Fl ash

point: 123 5-125[err]C ~ ° [err] = -207.5[err c = 0.520)

e [ '
: [err]HNNRvG&EﬂoWr]) ¥d = 0.86 ppm (s, 3HH18); 1.88 (S Pepifosnsih
17[err]-CHerr]); 2.21 (s,3H H21); 3.79 (s,3H 3-CCH err]); 5.66 (s
broad, 1H, H 17[err]); 6.63 (d,J=3Hz, 1H H 4)286.73 (dd,J=9 and 3Hz, 1H, H 2);
. 7.22 (d,J=9Hz, 1H, H 1) c) 20, 20- 1, 2-Ethanediyl bis (oxy)

-3~ met hoxy- 17[Derr kyﬂ‘i;uhﬁ von 17-Acetylde?itvgt%rr1] gu é)n l?o%& e%r}&toden(k]égs mci'ne l?lﬁ’.
wie bereits beschrieben, an Verbindungen mit aromatischem A-Ring erfolgen,
sondern auch im weiteren Verlauf der Synthese an geeignet geschiitzten Derivaten.

Die Einfilhrung eines 21-OH-Substituenten erfolgt an geeignet geschiitzten 20-
Ketoverbindungen nach an sich bekannten- Verfahren, wie der direkten Oxidation
eines Enolats (siche beispielsweise E. Vedejs, D. A. Engler und J. E. Telschow, J.
Org. Chem. 43, _188 (1978) und J. C. Anderson und S. C. Smith, Synlert 1990, 107)
oder der Umsetzung des Enolats zum entsprechenden Iodid, Substitution des Iodids
durch Acetat und Hyd_rolyée des Acetats. Die dabei gegebenenfalls entstehenden
Diastereomerengemische kénnen durch Chromatographie getrennt werden.

Nach Einfihrung aller Reste werden noch vorhandene Schutzgruppen nach
Standardverfahren abgespalten.

Dic erhaltenen Verbindungen der aligemeinen Formel (I) mit R3 gleich Sauerstoff
konnen gewiinschtenfalls durch Umsetzung mit Hydroxylaminhydrochlorid in
Gegenwart von tert. Aminen bei Tcmperaturen zwxschen -20 und +40°C in die
Oxime {iberfiihrt werden (allgememe Formcl () mit R3 in der Bedeutung von N-
OH, wobei die Hydroxygruppe syn- oder anu-standxg sein kann).

Die Entfernung der 3-0_:_:ogruppe zu einem Endprodukt der aligemeinen Formel (I)
mit R3 in der Bedeutung von zwei Wasserstoffatomen kann beispielsweise nach der
in DE-A-2805490 angegebenen Vorschrift durch reduktive Spaltung des Thioketais
erfolgen.

Die nachfolgenden Beispiele dienen der néheren Erliidtcrung der Erfindung:



1.50 g of the conpound that is described under 38b) is reacted according
to the nmethods that are described in Exanples 1c) and 1d). 1.65 g of crude
38¢)~ 15 obtai ned: ferr] H NVMRCCIrTerriT—d—==0: 92 ppmr{s;SHH 18—
1.32 (s,3H,H21); 1.80 (s broad,3H 17[err]-CHerr]); 3.56
(s,3H,3-CCHerr]); 3.83-4.02 (m4H, 20-CCH err]CHerr]O); 4.65 (s

br oad, 1H, Kygsée800°3 (s broad, 1H H 171) d) PCT/EP9S/05107

17[ err] - Met hyl - 14, 17- et heno- 19- nor pr egn- 4- ene- 3, 20- di one 270 ng of

t he conpound that is described under 38c)29s reacted according to the

met hod that is described in Exanple le). After HPLC, 126 ng of 38d) is

obt ai ned. Beis]pi'H*‘INNR' (CbCferr])y d = 0.90 ppm (s, 3H H18); 1.82 (s

broad, 3H, 17[err[-CH err]); 2.18 :(s,3H, H21); .5.63 (s broad, 1H ' H17[err]);
5.85 (s broad, 1H H 4) S - . .. 86

-'a)-3-Met'hoxy'-19-n6rpr"é_gxii_=i.3,5(10);1'4,16-peritaen-20-di_1_ o

842 g 3-Methoxy-19-nor-17a-pregna-1 3 5(10),15-tetraen-20-m 17[5-0! . Med
Chem., 11, 924 (1968)) werden in 875 ml 86-prozentlger Amelsenshure unter Riih-
ren auf 110 °C erlmzl Nach 2 Stunden 1581 man unter Zugabe von 1000 mil Wasser
abkihlen. Der ausgefallene Fesistoff wird abfiltriert, getrocknet und an Kleselgcl
mit einem Gemisch aus Ethylacetal und Hexan chromatograph:ert Es werden 47,8 g
1a) erhalten.

Fp.: 152-155°C

H-NMR (CDCl3): = 1,22 ppm (s, 3H, H-18); 2,35 (s, 3H, H-21); 3,78 (s, 3H, 3-
ocn3) 6,08 (m, 1H, H-15); 6,68 (d, J = 3 Hz, 1H, H-4); 6,74 (44, J =9, 3Hz, 1H,
H-2); 723(d I= 9Hz, 1H, H-1); 727(d J=3Hz 18, H-16)

b) 3-Methoxy-14,17-etheno-1 9.norpregna-1 .3',-5(1'0)-trien-20’-0n

Eine Lésung von 200 g dcr unter 1a) beschncbencn Substanz in 2,5 | Benzol wird
unter einem Ethylcndruck von 300 bar fiir 240 Stunden auf 160 °C erhitzt. Nach
dem Erkalten wird das Reaktionsgemisch cmgcengl und der Riickstand an Kieselge!l
mit einem Gemisch aus Ethylacetat und Hexan chromatographiert. Es werden 175 g
1b) erhalten.

1H-NMR (CDCl3): d = 0,91 ppm (s 3H, H-18); 2,22 (s, 3H, H-21), 3,78 (s, 3H, 3-
OCH3); 6,07 und 6,14 (2d, J = 6 Hz, je 1H, H-171 und H-172); 6,65 (d, J = 3 Hz,
1H, H-4); 6,73 (dd, J = 9, 3 Hz, 1H, H-2); 7,22 (d, J = 9 Hz, 1H, H-1)

c) 20,20-[1,2-Ethandiylbis(oxy)]-3-methoxy-14,17-ctheno-19-norpregna-1,3,5(10)-
trien

Zu einer L8sung von 25 g der unter 1b) beschriebenen Verbindung in 175 ml
Dichlormethan werden bei Raumiemperatur unter Rithren 75 ml Ethylenglykol,



Exanple 39 17[err]-Methyl-14,17-etheno-19-nor pregna-4, 9-di ene-3 20-di one
1.41 g of the conpeurd—that— s deseri bed under—38e)—i s reacted according
to the nmethods that are descrl bed in Exanples 4a) .and 4b). After HPLC, 178
ng of 39) is obtained. [err] = -306.2[err]" (CHO[err] c = 0.510)

[err] H NWVR r]): d ="0.98 ppm (s, 3H, H18);"1. 73 (SP&MM@H
17[err]-CH[‘fa’rr 26;2 18 (s,3H H21); 5.67 and 5.73 (s broad and
H 171 each) Exanpl e 40

30
(17[err] R -17[err]-Met hyl - 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20-di one a)
(172R) - 3- Met hoxy-172- et hyl -14 17- et hano- 19- nor pr egna-

1,3,5(10)-tri e$dmb Taimethylorthoformist ynd)1,35hg n:mp@atﬂ&mﬁm gegehgas Maclh &8 under
38b) is Minuten werden 15 ml Triethylamin und 100 ml Dichlorméthan zugesetzt und das

Reaktionsgemisch dreimal mit konzentrierter NatriumhydrogencarbonatiGsung
gewaschen. Die organische Phase wird iiber Kaliumcarbonat getrocknet, abfiltriert
und cingeengt. Es werden 31 g 1c) erhalten.

1H.NMR (CDCl3): d = 0.98 ppm (s, 3H, H-18); 1,37 (s, 3H, H-21); 3,78 (s, 3H, 3-
OCHj); 3,95-4,05 (m, 4H, 20-OCH;CH,0-); 5,97 und 6,01 (2d, J = 6 Hz, je 1H,

. H-171 und H-172); 6,65 (d, J = 3 Hz, 1H, H-4); 6,72 (dd, J = 9, 3 Hz, 1H, H-2);
7,22 (d, ] = 9 Hz, 1H, H-1)

d) 20 ,20-(1 Z-Ethandlylbls(oxy)] -3-methoxy-14, 17-etheno- 9-norpregna-2 5(10)-
dxen

Zu 2,2 | fliissigem Ammoniak wird bei -70 °C eine Losung von 31 g der unter 1c)
beschriebenen Verbindung in einem Gemisch aus 400 ml Tetrahydrofuran und 70
mi tert.-Butanol gegeben. Zu diesem Gemisch werden unter Rithren 16 g Lithium
portionsweise zugegeben. Man it auf -40 °C erwiirmen, tropft nach 5,5 Stunden
350 m! Ethanol zu, 148t die Mischung dann auf Raumtempcratur' erwarmen, ver-
diinnt mit Wasser und extrahiert mit Ethylacetat. Die organische Phase wird mit
Wasser und konzentrierter Natriumchloridlésung gewaschen, iiber Natriumsulfat
getrocknet, abfiltriert und im Vakuum eingeengt. Es werden 23,1 g kristallines 1d)
erhalten, welches ohne weitere Reinigung in Folgestufen umgesetzt wird.

1H.NMR (CDCl3): d = 0,96 ppm (s, 3H, H-18); 1,33 (s, 3H, H-21); 3,55 (s, 3H, 3-
OCH3); 3,88-4,03 (m, 4H, 20-OCHCH0-); 4,63-4,67 (m, 1H, H-2); 5,93 und
6,07 (2d, ] = 6 Hz, je 1H, H-171 und H-172)

¢) 14,17-Etheno-19-norpregn-4-en-3,20-dion

Eine Lisung von 2,7 g der unter 1d) beschriebenen Verbindung in 30 ml Tetra-
hydrofuran und 150 ml Aceton wird unter Riihren mit 7,8 m! 4-normaler Salzsiure
versetzt. Nach 2 Stunden wird das Losungsmittel entfernt und der Riickstand aus
Diisopropylether umkristallisiert. Es werden 1,72 g 1¢) erhalten..

Fp.:139- 143 °C



reacted according to the nethod that is described in Exanple 12a). 6.97 ¢
of 40a) is obtained. Fl ash poi nt: 107.5-109. 5[err]C [err] H NMR
(COTerr): —d =092 ppm (s, . : :

(d,J=7.5Hz,.3H,17[err]-CHerr]); '2.11 (s,3H,H—21); 3.78 (s,3H 3-CCHerr]);

6.61 (dJ=3Hz, 1H, H4);

1H H 1) Wwoser020¢172R) -20,20- [1, 2-Et hanedi yl bi s (OXY)Pd:'rmmsmsm'l

- 3- net hoxy-

of the conpound that is described under ¥0a) is
met hods that are descri bed in Exarrpl es

87

172-met hyl - 14, 17- et hano- 19- nor pregna- 2, 5(10) - di ene

1H-NMR (CDCl3): d = 0,92 ppm (s, 3H, H-18); 2,18 (s 3H, H-21) 5,88 (s breit,

" 1H, H-4), 6,04 (s, ZH, H-171 und H-172)

Beispiel 2

a) 3-Ethoxy-14,17-ethénb¥'19-rid'rpregha-3,5-dier"1-20—on |

Zu ciner Lisung von 2, 02 8 der unter le) beschricbenen Verbmdung in 80 mil
Tetrahydrofuran werden unter Riiliren'6;1 ml Ethanol, 6, 1 ml Triethylorthoformiat
und 145 mg p-Toluolsulfonshure gegeben. Nach 2 Stunden bei Raumtemperatur
werden 2,5 ml Tnethylamm zugegeben, mit Namumhydrogencarbonatlbsung ver-
diinnt und das Gemisch' mlt Ethylacetat extrahierl. Die’ orgamsche Phase wird mit
Wasser und konzenmener Natnumchlundlﬁsung gewaschen, dber Natriumsulfat
getrocknet, abfiltriert und emgeengt Es werden 3, 3g 2a) als farbloses Ol erhaltcn,
welches ohne weitere Rem1gung in der Folgestufe umgesczzt wn‘d ' o

b) 14,17-Etheno-19-norp'_r'egna-4,6-dién-_3,20-did_ri_ "

Eine Losung von 3,3 g der uniér 2a) beschricbenen Verbindung in 41 ml Dioxan
und 10 m! Wasser wird’mit 16 ml einer 10-prozentigen Natriumacetatiésung und
dann bei 0 °C unter Rilhren mit 890 mg 1,3-Dibrom-5,5-dimethylhydantoin ver-
setzt. Nach 15 Minuten’ wn-d das’ Reaknonsgemnsch auf Elswasscr gegossen ‘und mit
Ethylacetat extrahieri. Dle orgamsche Phase wu'd mit konzentnerter Natrium-
chloridlésung gewaschen, diber Natriumsulfat gctrocknct und in eine Suspension aus
2,4 g Lithiumcarbonat und 3,4 g Lithiumbromid in 120 m] Dimethylformamid fil-
triert. Das Gemisch mrd unter Abdestillieren des Ethylacetats auf 150 °C erhitzt.
Nach einer Stunde 1481 __r_nan_ abkiihlen, verdiinnt das Reakuonsgemxsch mit Wasser
und extrahiert mit Ethylacetat. Die organische Phase wird mit ' Wasser und konzen-
trierter Natriumchioridldsung gewaschen, iiber Natriumsulfat-getrocknet, abfiltriert
und eingeengt. Der Rﬁbks’tand' wird an Kieselgel mit einem Gemisch aus n-Hexan
und Ethylacetat chromatographiert. Es werden 880 mg 2b) erhalten.

Fp.: 150-152°C [a Jp20 = + 172,3° (CHCl3; ¢ = 0,510)

6.72 (dd,J=9 and 3Hz, 1H, H2); 7.23 (d, J=9Hz,

3.5 ¢

reacted according to the



1c) and 1d). 4.0 g of crude 40b) is obtained, which is further reacted
wi thout purificationm—— [err]H NVR (CDC [err]) a-= 0.99 ppm-
(s,3HH+18); 0.99 (d,J=7.5Hz,3H 17[err]-CHerr]).;..2.11 (s, 3H H21); 3.55
(s,3H,3-OCH err]); 3.83-4.00 (m 4H, 20- OCH[err].H[err]C)) 4.64 (s
broad, 1H, H %o ssr2e80 (17[err]R) PCT/EP95/05107
-17[err] Met hyl <14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20 di one ~ 0.27 g of
t he conpound that is described under 40b) i8 reacted according to the
method that is described in Exanple le). 0.14 g of 40c) is obtained.
[err]H-NMR (CDCl [err]): d = 0.95 ppm (s,3H H 18); 1.05
(d,J:7.5FE,3H,17[err]-CH[err]); 2.05 (s,3H H21); 5.79 (s broad, 1H, H 4)

Exanpl e 41 NMR (CDCl3): d = 0,95 ppm (s, 3H, H-18); 2,19 (s, 3H, H-21); 5,82 (s breit,
17 R) - 17 t 1 one
( [ o r] ) [ ?Hfi‘l JYES bihnééﬂlgéﬁgﬁﬂgglg %nlgg:’}pgg%i)iﬁﬁ ﬁrzgact e%gg.glg %I ng to

1.1 g of the c £

the nmethods th scribed in Exarrpl es

Beispiel 3
-14,17- -19- -en-3.20-dj

Eine Suspension aus 1,9 g Kupfer(T)jodid in 25 ml Diethylether wird bei 0 °C trop-
fenweise mit 8,5 ml einer 1,6-molaren Lsung von Methyllithium in Dié.thylcthcr
versetzt. Nach 30 Minuten Rithren bei 0 °C werden 40 ml Tetrahydrofuran zugesetzt
und dann bei -40 °C 1,23 m! Bortrifluoridetherat und danach cine Losung aus 340
mg der unter 2b) beschriebenen Verbindung in 15 ml Tetrahydrofuran zugetropft.
Man 148t innerhalb von 4 Stunden auf Raumtcmper'atur'erwiirmen. rithrt noch 72
Stunden und gieBt das Reakuonsgemlsch in 100 ml konzentrierte Ammomum-
chloridldsung. Das Gemisch wird viermal mit Ethylacetat extrahiert, die verelmgten
orgamschen Phasen mit Wasser gewaschen, uber Natrmmsulfat getrocknet, abfil-
triert und emgecngt Nach Chromatographle an Kmelgel mit einem Gemisch aus
Ethylacetat und Hexan werden 46 mg 3) erhalten.

Fp.: 133-135°C

1H-NMR (CDCl3): d = 0,94 ppm (s, 3H, H-18); 1,07 (d, J = . 7,5 Hz, 3H, 7-CHz3);
2,20 (s, 3H, H-21); 5,83 (s breit, 1H, H-4); 6,05 (s, 2H, H-171 und H-172)

Beispiel 4
7- -19- -4.9-dien-
a) 14,17-Etheno-19-nommgn-5(10)£n-3,204im
~Zu ciner Suspension von 3,0 g der unter 1d) beschriebenen Verbindung in 60 m!
Aceton wird unter Rithren bei Raumtempcratur eine Lasung von 2,1 g Oxalsdure-

dihydrat in 30 ml Wasser zugetropft. Nach 2 Stunden wird mit 150 ml konzentrier-
ter Natriumhydrogencarbonatldsung versetzt und dreimal mit Ethylacetat extrahiert.



le), 2a) and 2b). 0.21 g of 41) is obtained. [err] = +117.3[err]
(CHO [err]; c = 0.450) [err]HHNMR (CDCl[err]): d = 0.98 ppm
(d7J=7.5HZ, 3R, I7[erT]-CH®err]); 099 15, S I8 —208 (sr3H 2568
(s broad, 1H,H4); 6.11-6.27 (m2HH6 and H 7)

. 88 Exanpl e 42 L

(17[ er r] Rwolsépezon] - Vet hyl - 14, 17- et hano- 19- nor pr egna- 4, 9- gicfRpospsity- di one
1.4 g of the conpound that is described under 40b) is reacted according to
the met hods that are described in Exanpl 88 4a) and 4b). 0.56 g of 42) is

obt ai ned. Fl ash point: 118- '120[err]C [err] = -270.5 (CHC [err]; ¢ =
0. 495) D{eer rtl.img[\Ien orgaCDCthn P'i'lls)en wcrd'cn mlt%%‘&;&esm?’ |i'ﬂatrmm hlor}dlg-g

sung gewaschen. uber Natnumsulfat gctrocknel abfnltrlert und eingeengt. Der
Riickstand wird an Kxcselgcl mit einem Gemisch aus Ethylacetat und Hexan chro-
matographiert. Es wcrdcn 1,51 g 4a) erhalten.

Fp.: 96-110 °C [ Jp20 = + 231,6° (CHCl3; ¢ = 0,505)

IH.NMR (CDCl3): 8 =1 §o3' ppm (s, 3H, H-18); 2,20 (s, 3H, B-21); 2:72 und 2,82
(2d breit, J = 20 Hz, ]e 1H, H-4); 6,04 und 6,10 (2d, I = 6 Hz, je 1H, H-171 und H-
172) | |

b) 14,17';Ethend-19_-'norp;¢gné-4.§-d_ie:i-s,_zo_-_c_iion

Eine Losung von 500 mg der umer 4a) beschnebenen Vcrbmdung in 6 5 ml Pyndm
_wu‘d unter Riihren mn 530 mg Pyrldlmumbromld-perbromld versetzt fur eine
Stunde bei Raumtemperatur und dann noch fiir 2 Stunden bei. 50 °C gertibrt. Nach
_dem Erkalten wu'd das Reaktionsgemlsch in 20 ml 6-normale Salzsﬁure eingeriihrt
und dreimal mit Ethylacetat extrahiert. Die vercxmgtcn orgamschen Phasen werden -
'mit Wasser und konzentrierter Natnumchlondlbsung gewaschcn, {iber Natriumsulfat
getrocknet, abfiltriert und eingeengt. Der Riickstand wird an Kieselgel mit einem
Gemisch aus Ethylacetat und Hexan chromatographiert. Es werden 0,31 g 4b) erhal-
ten.

Fp:152-158°C  [a]p?0=-200° (CHCl, ¢ = 0,496)

1H-NMR (CDCl3): d = 1,04 ppm (s, 3H, H-18); 2,20 (s, 3H, H-21); 5,72 (s breit,
3H, H-4); 6,03 (s, 2H, H-17! und H-172)

Beispiel §

a) 3,3 20, 20-Bls[2 2-dlmethyl -1 3-propand 1yibls(oxy)] 14 17-etheno-19—norpregn-
' 5(10)-en



(d, J=7.5Hz, 3H, 17[err] CHerr]); 2.09 (s,3H H21); 5.66 (s broad, 1H, H 4)
Exanpl e 43 o — . —
(17[err] R -17[err], 21- Di pmet:hyl - 14, 17- et hano- 19-#6r:pr egna- 4, 9- di ene- 3, 20-
di one a) ;o ' R

(17T err] R wdbédohde 21- D net hyl - 20, 20-[ 1, 2- et hanedi yl bi s( oxy¢ymissnsditr

et hano- 19- nor pregn-5(10) - en- 3- one 3.65 g of the conpound that is
descri bed under 40a) is reacted according34o the nethods that are
-descri bed i n Exanpl es 7a) 1c), 1d) and 8c). 2.33 g of 43a) is obtained,

ot hanedi yl bi s C T Lamng Yo oy derumies b Pt ichbass. Verbiiiund in 0 tnf Boldt
(CDC [err]): werden(ni$ Rihren 2,08 272, 2{RimetHylpropin:1, D48, 2,7 spl3Ftinetb@lorthd- 00
(d, J=7.5Hz, 3 ﬁ%@ﬂfmgﬂfom&% fonsHhre (5; n. (et 226taKden Nrbed udle S3AI)

3.90-4.08 ( m 17

-17[ err], 21- DIRgihylamin xerseizy ity c%(' %}@ald?'é%’mf und cinmal mit
konzentrierter Natriumchloridiésung gewaschen, iiber Namumsulfat getrocknet,
abfiltriert und eingeengt. Der Riickstand wird an Kiesclgel mit einem Gemisch aus
Ethylacetat und Hexan chromatographiert. Es werden 3,85 g Sa) als Schaum erhal-

ten.

1H-NMR (CDCl): d = 0,72, 0,88, 0,94, 1,07 und 1,19 ppm (5s, 15H, Ketal-CH
und H-18); 1,43 (s, 3H, H-21); 3,17-3,78 (m, 8H, Ketal-OCHy); 5,88 und 5,95 (24,
¥ = 6 Hz, je 1H, H-171 und H-172)

b) 3,3-[2,2-Dimethyl-1 a-propandlylbls(oxy)]-u 17-etheno-l9-norpregn-5(10)-en-
20-on

Eine Losung aus 3,85 g der unter 5a) beschricbenen Verbindung in 50 ml Dichlor-
methan wird mit 11 g Kieselgel (0,063 - 0,2 mm) und 1,1 m] konzentrierter wiBri-
ger OxalséurelGsung versetzt und fiir 30 Minuten intensiv geriihrt. Man gibl 100 ml

" 1-normale Natronlauge und 100 ml Dichlormethan zu, rithrt fiinf Minuten, 148t ab-
sitzen, filtriert, wischt den Riickstand mit Dichiormethan, wischt die vereinigten
organischen Phasen mit konzentrierter Natnumchlondldsung, trocknet {iber
Natriumsulfat, filtriert und engt cin. Der Riickstand wird an Kieselgel mit einem
Gemisch aus Ethylacetat und Hexan chromatographiert. Es werden 1,93 g 5b) als
Schaum erhalten. |

1H-NMR (CDCl3): d = 0,85 und 0,88 ppm (2s, 6H, Ketal-CHz); 1,08 (s, 3H, H-18);
2,18 (s, 3H, H-21); 3,42-3,70 (m, 4H, Ketal-OCHz) 5,98 und 6,07 (2d, J = 6 Hz, je
1H, H-171 und B-172)

c) 3,3-[2,2-Dimethyl-1,3-propandiyibis(oxy)]-21 -jod-14,17-etheno-19-norpregn-
5{10)-en-20-on

~ Zu einer lﬁsung von 1,9 m! N-Cycloheiyliéoprdﬁylamin in 10 ml Teirahydrofuran
werden bei -40 °C 3,9 ml einer 1,6-molaren Lsung von n-Butyllithium in Hexan
| getropft Nach 15 Minuten Rithren wird eine Ldsung von 1, 93 g der unter 5b) be-



3, 20-di one - 2.33 g of the conpound that is described under 43a) is
reacted according to the nethods that are described in Exanpl es

89 4b) and Ie). U.8 g of 43Db) 1S obtarned, and, in addition, U.48 g of
(17[err] R -17[err], 21-di met hyl - 14, 17- et hano- 19- nor pr egna- 5(10), 9(11) -
di ene- 3, 20- di one. [err] for conpound 43b) = -285.4[err] (CHC [err]; c

= 0.515) woosnd2esr]H NVR (CDCl [err]) for conpound 43b): BCEEPSO90DPM
(t,J=7.5Hz, 3H, H-22): 1.05 (s, 3H H18); 1.08 (d, J=7.5Hz, 3H, 17[err] -

CH err]); 5.67 (s broad, 1H, H 4) [ er SPH- NVR (CDCI[err]) for
(17[err] R -17[err], 21- di net hyl - 14, 17- et hano- 19-

nor pregna- 5( 19&11‘1%&1& Sgﬁs?ﬂfe i ig Ga q‘e&ﬂfydr&uran ané@roﬂpﬁhéhssd)’ﬂmﬁten Riihren
“bei -30 °C wird die Lbsung auf -50 °C gekuhlt und dann via Teflonschlauch zu
einer auf -S0 °C gekdhlten Ibsung aus 1, 37 g Jod in 10 ml Tetrahydrofuran ge-
pumpt. Die Reakuonsmxschung wird bmnen 2 Stunden auf Raumtemperatur er-
wiirmt, dann auf konzenmerte Ammomumchlondlésung gegossen und mit
Ethylacetat extrahxert Dle orgamsche Phase wird mit  konzentrierter
' Natrmmthnosulfauosung “und konzemnerter Natrmmhydrogencarbonatlﬁsung
gewaschen, iiber Natriumsulfat getrocknet und eingeengt. Es werden 2,6 g Sc) als
heligelbes Harz erhalten, welches ohne weitere Reinigung in der Folgestufe
umgesetzt wird. " o -

1H-NMR (CDCl3): d = 0,88 ppm (s, 6H, Ketal-CHz): 1,08 (s, 3H, H-18); 3,42-3,70
(m, 4H, Ketal-OCHp); 3,90 und 3,99 (2d 1= 12 Hz, je 1H, H-21); 6,07-6,18 (m,
2H, H-171 und H-1 72) '

d) 21-(Acetyloxy)-3,3- [2,2-d|methyl -1 3-propand|ylb|s(oxy)]-14 17-etheno-19-nor-
prcgn-S(lO)-cn-ZO-on

Eine Lésung von 2, 6 g der unter Sc) bcschr:ebenen Substanz in 10 ml Dxmethyl-
formamid wird mit 4, 9 g Kahumacetat versetzt 80 Mmuten bei 80 °C geriihrt, nach
dem Erkalten auf Wasser gcgossen und mit Ethylacctat cxtrahlert. Die orgamsche
Phasc wird mit konzcnmertcr Natnumchlondlﬁsung gewaschen, iiber Natriumsulfat
getrocknet und emgeengt Es werden 1,99 g Sd) als farbloses Harz erhalten,
welches ohne weitere Relmgung in der Folgestufe umgcsetzt wird.

lH-NMR (CDCl3): d = 0,88 ppm (s, 6H, Ketal-CH3). 1,08 (s, 3H, H-18); 2,17 (s,
3H, Acetyloxy-CHz); 3,42-3,72 (m, 4H, Ketal-OCHy); 4,67 und 4,85 (2d, J = 15
Hz, je 1H, H-21); 5,99 und 6,12 (2d, J = 6 Hz, je 1H, H-171 und H-172)

¢) 21-(Acetyloxy)-14,1 7-etheno-19-norpregn—5(10)-en__-_3,20_-dionl

Eine Losung von 1,99 g der unter 5d) beschricbenen Substanz in 10 m! Tetra-
hydrofuran wird mit 100 m] 70%iger Essigsdure versctzt und fiir 60 Minuten bei
Raumtemperatur und anschlleﬁend 60 Mmutcn ‘bei 40 °C geruhrt Das
Reaktionsgemisch wird auf Wasser gegossen, mit’ Natronlaugc neutralisiert und mit
Ethylacetat dreimal exlrahlerl Die vctemlgten orgamschen Phasen werden mit



18); 1.00 (t,J=7.5Hz,3H, H22); 1.04 (d,J=7.5Hz,3H, 17[err]-CHerr]); 2.88
(s broad, 2H, H4); -5—-59—-5-6&(m 1HH 11) Exa'rrpfe—tl

(17[err]R) 17[err], 21- Di net hyl - 14, 17- et hano- 19- nofpr egna- 4, 9, 11- triene-
3, 20- di one 0.45 g of ‘the conpound (17[ert]R)-172

. 21-di et hy wd¢knbimet hano- “19- nor pr egna- 5(10), 9(1i§ di ene- ﬁ:ﬁﬁgﬂmmy&,
described in Exanple 43b), is reacted according to the nethod that is

described in Exanple 90). 0.16 g of 44) i ggobtai ned. [err] =

-48. 1 err] (CHCI[err] C 0. 455) [err]H—NI\/R(CDCI[err]) d =1.00
ppm (s, 3H, H18); 1.02 dJ 75Hz 3H, 17[err] CH[ er 1{ 03

(t,J=7.5Hz, 3H qunmﬂen&r irjumchiriglisung gewasg eneﬁml‘{ﬂ I“M!_fﬂzsemchei ¥nd 6 48
(d, J=12Hz; 1H, Hirge¢ngt. Der Riickstand wird an Kieselgel mit einem Gemisch aus Ethylacetat und

Hexan chromatographiert. Es werden 1,15 g Se) erhalten.
Fp.: 126-128 °C [a)p20 = +199,6° (CHCl3, ¢ = 0,500)

H-NMR (CDCl3): d = 0,90 ppm (s, 3H, H-18); 2,18 (s, 3H, Acetyloxy-CHg); 4,67
und 4,84 (2d, J = 16 Hz, je 1H, H-21); 6,02 und 6,14 (2d, J = 6 Hz, je 1H, H-171
und H-172)

f) 21-(Acetyloxy)-14,17-ethcno-_1__9-n6rpregn-4-cn-3,20-dion

Eine Losung von 500 mg der unter Se) beschriebenen Substanz in 25 ml Aceton
wird mit 1 ml 4-normaler Salzsiure versetzt, fiir 30 Minuten bei Raumtemperatur
geriihrt und dann bis zur Trockene eingeengt. Es werden 500 mg 5f) als Schaum er-
halten, welcher ohne weitere Reinigung in der Folgestufe umgesetzt wird.

1H.NMR (CDCl3): d = 0,93 ppm (s, 3H, H-18); 2,18 (s, 3H, Acetyloxy-CHj3); 4,68
und 4,83 (2d, J = 16 Hz, je 1H, H-21); 5,86 (s breit, 1H, H-4); 6,02 und 6,10 (2d, J
= 6 Hz, je 1H, H-171 und H-172)

g) 21-Hydroxy-14,17-etheno-19-norpregn-4-en-3,20-dion .

Eine Losung von 500 mg der unter Sf) beschriebenen Substanz in 15 ml Methanol
wird mit 1,8 ml la%iger wifiriger Kaliumcarbonatldsung versetzt, fiir 30 Minuten
bei Raumtemperatur geriihrt und dann auf Wasser gegossen. Man sduert mit 1-
normaler Salzsiure auf pH S an, extrahiert dreimal mit Ethylacetat, wiischt die
vereinigten organischen Phasen mit koniemriener Natriumchloridlsung, trocknet
iiber Natriumsulfat,' filtriert und engt ein. Der Riickstand wird an Kieselgel mit
einem Gemisch aus Ethylacetat und Hexan chromatographiert. Es werden 282 mg
5g) erhalten. '

Fp.: 160-163 °C [a ]p?0 = +162,3° (CHCl3, ¢ = 0,510)



90 Exanpl e 45
(17[err] R -17[err], 21-D met hyl - 14, 17- et hano- 19- nor pr egna- 4, 6- di ene- 3, 20-

di one 0. 62 g of tne conpourd
(17[err]R-17[err], 21-di met hyl - 20, 20-[ 1, 2-

et hanedi yl bi s(oxy)]- 14, 17- et hano- 19- nor pr egn- 4-en- 3-one, described in
Exanpl e 4$y9spdver eact ed according to the nethods that pcempespsigzbed in
Exanpl es 2a), 2b) and l1le). 0.13 g .of 45) is obtai ned. [ err] H NVR
(CbC[err]) for conpound 43b): d = 0.93-3702 ppm

(m9H, 17[err]-CH err], H 18 and H-22) 5.76 (s broad, | H H4); 6.12-6.24

(m2H H6 and pl.

14, 17~ Et hano- it ngﬁﬁ % oS ehm (1,34, 83301 1 = S Ha, 1H. OHD; 4,23 und
4,42 (2dd, ] = 16qund 5 Hz je 1H, H-21); 587 G bren 1H H-4); 5,87 und 6,10
(2d,J = 6 Hz, je 1H, H-171und H-172)

Beispiel 6

2) 21-(Acetyloxy)-14,17-etheno-19-norpregn-4,9-dien-3,20-dion

540 mg der unter Se) beschrieberien Substanz werden nach der in Beispiel 4b) be-
schriebenen Methode umgesetzt. Man erhilt 292 mg 6a).

Fp:182-184°C [a ]'D?-Oe -106,6° (cHC13_. c=0495)
1H-NMR (CDCl3): d 1, 04 ppm . 3H, H-18), 2,19 (s, 3H, Acetyloxy-CH ) 4,69
und 4,83 (2d, I = 16 Hz, je 1H, H:21); 5,72 (s breit, 1H, H-4); 6,02 und 6,10 (24, J
=6Hz, je 1H, H-171 und H- 172) '

b) 21-Hydroxy-14,17-etheno-1 9-norprcgna-4,9-dicri-3;20-dion

270 mg der unter 6a) ‘beschriebenen Substanz werden nach der in'Béiéfici 5g) be-
schriebenen Methode umgesetzt. Man erhéilt 159 mg 6b).

Fp:143-146°C  [a]p?0=-1714° ((_:Hc13. c= 0.505)" |
1H-NMR CDCI3): d = 1,04 ppm (s, 38, H-18); 3,3 (s breit, 1H, OH); 4,24 und

4,43 (2d breit, J = 16 Hz, jé 1H, H-21); 5,72 (s breit, IH, H-4), 5,95 und 6,10 (2d, J
=6 Hz, je 1H, H-171 und H-172)

Beispiel 7

2) 3-Methoxy-21-methyl-14,17-etheno-19-norpregna-1,3,5(10)-trien-20-on



a) 15[ err], 16[ err]-Di hydro- 3- net hoxy[ 1, 3] di oxol o[ 4", 5" : 15, 16] - 14, 17-

et heno- 19- norpregna-—i—-—3—5{—1—€)) triene-2', 20- etore—— 56 g of the conpound
that is described in Exanple la) is m xed with:-90.5 m of vinylene
carbonate and 50 ng of hydroqui none and held at a bath tenperature of

. 170[err] C &W@;ﬁq%gon for 18 hours. After all volatile c?@ﬁﬂgg@ﬁ re
renoved under I'gh -vacuum the residue is chromatographed on si |gg gel
with a mxture of ethyl acetate and hexangg After crystallization from a

m xture of diisopropyl ether and acetone, 56.04 g of 46a) is obtained.

S PO e e 5 ol eyt B b i ms )

(s, 3H, 3- OCH[ erbei 520 °C &6 nrlriheb 1,66mélarkn I58birg WB&tyﬂttﬁuﬁﬁm Hexaf, 1riihrt an-

91 schilicBend noch 30 Minuten bei 0 °C, tropft dann bei -30 °C eine Lisung aus 2,4 g
der unter 1b) beschriebenen Substanz und 0,78 ml 1,3-Dimethylimidazolin-2-on in
46 ml Tetrahydrofuran zu und 8t noch 30 Minuten bei -30 °C rithren.
AnschiieBend tropft man 0,66 ml Methyljodid zu und 138t auf 0 °C erwiirmen. Man
riilhrt die Reaktionsmischung in konzentrierte Ammoniumchloridlosung ein,
verdiinnt mit Wasser, extrahiert dreimal mit Ethylacetat, wiischt die vereinigten
organischen Phasen mit konzentrierter Natriumchioridisung, trocknet iber
Natriumsulfat, filtriert und engt ein. Der Riickstand wird aus Diisopropylether
kristallisiert. Es werden 2,12 g 7a) ethaiten.

Fp.:94°C  [a]p20 = +170,8° (CHCl3, ¢ = 0,505)

1H.NMR CDCl3): d = 0,89 ppm (s, 3H, H-18); 1,08 (¢, ] = 7,5 Hz, 3H, H-22); 3,79
(s, 3H, 3-OCH3); 6,05 und 6,12 (2d, J = 6 Hz, je 1H, H-171 und H-172); 6,64 (d, J
= 3 Hz, 1H, H-4); 6,72 (dd, J = 9, 3 Hz, 1H, H-2); 7,22 (d, ] = 9 Hz, 1H, H-1)

b) 21-Methyl-14,17-etheno-19-norpregn-4-en-20-0l-3-on

1,9 g der unter 74) beschricbenen Substanz werden nach der in Beispicl 1d) be-
schrichenen Mcthode umgesetzt. Das Rohprodukt wird an Kieselgel mit einem
Gemisch aus Ethylacctat und Hexan chromatographiert. Es werden 750 mg
Zwischenprodukt erhalten, die nach der in Beispiel 1e) beschricbenen  Methode
umgesetzt werden. Nach Chromatographle an Kieselgel mit einem Gexmsch aus
Ethylacetat und Hexan erhilt man 317 mg 7b)

1H.NMR (CDCl3): d = 0,89 (0,92) ppm (s, 3H, H-18); 1,05 (1,03) (t, J = 7,5 Hz,
3H, H-22); 3,70 (dd, J = 8 und 3 Hz, 1H, H-20); 5,83 (5,85) (s breit, 1H, H-4); 5,89
und 5,94 (5,96 und 6,02) (2d, J = 6 Hz, je 1H, H-171 und H-172)

(Signale des 2. Diastéreomeren in Klammern)

c) 21-Methyl-14,17-etheno-19-norpregn-4-en-3,20-dion

Zu einer Suspension von 1,67 g Pyridiniumdichromat in 15 m! Dimethylformamid
wird unter Rithren eine Losung von 300 mg der unter 7b) beschriebenen Verbin-



and'6.40 (2d,J=6Hz, IH H 171 and H 17[err] each); 6.66 (d,J=3Hz,1H H 4);
6.72 (dd,J=9, 3Hz,1H H2); 7.18 (d,J=9Hz, 1H H 1) b)

15B,16B- D hydro- 3- net hoxy[ I, 3] di oxot o[ &, 5 . I, 106] - 1t4,17-
et hano- 19- nor pregna-1, 3,5(10)-tri ene- 2’ 20 di one 56 g of the compound

that is described in Exarrpl e 46a) is react ed according to the nethod that
i s descri bwogsm2bcanpl e 12a). 56 g of 46b) is obtained. poygpesimigph point:
223-224[err]C [err] = -111.2[err]. (CHC[err]; c = 0.515) [err] H NWVR
(cbcferr]): d = 0.94 ppm(s,3H H18); 2.2 (s,3H H21); 3.78 _
(s, 3H, 3-OCH[err]) 4.68 and 5.48 (2dd,J=1.5 and 9Hz, 1H, H-l?[err] and
H 172 each = 6. 73.:(dd, J=9,- 3Hz | H 7.19
(d, J=9Hz, 1?4 (4% Sgﬁlormet an éegeben ?)ug Mischung - w:rd eine Stunde be% Raum-
15[ err], 16[ er te]np&ah;r(gemhyt, mmmwyu E(hvla%elatmm Hhelmm&ﬁ&ﬂﬁde gerlihrt
3,5(10) - tri ggy dddin Hiffiert. Das Filtrat wird wird filnfmal mit Wasser und dann mit konzen-
trierter Namumchlondliisung gewaschen, iiber Natnumsulfat gctrocknet abfiltriert
und emgeengt Der Ruckstand wird mittels HPLC gerclmgt Es werden 100 mg 7c)

erhalten.
Fp.:140-149°C [ p20 = +147,0° (CHCl3; c = 0,510)

1H-NMR (CDCl3): d = 090 ppm s, 3H, H-18); 1,06 t, ] = 7,5 Hz, 3H, H-22); 5,86
(s breit, 1H, H-4); 6,02 (s. 2H, H-17! und H-172)

Beispiel 8

a) 20,20~[1,2-Ethandiy1bis(oxy)_]-3-metﬁoxy-31-methyl-l;i.l7-etheno-19-norpregna-
1,3,5(10)-trien

Zu ciner Ldsung von 21,3 g der unter 7a) beschriebenen Verbindung in 250 ml
Toluol werden bei Raumtemperatur unter Riihren 62 ml Ethylenglykol, 52 m! Tri-
methylorthoformiat und 1,0 g p-Toluolsquonsiure gegeben Man erhitzt fiir 8 Stun-
den auf 60 °C, Nach dem Erkalten werden 15 ml Tnethylamm und 250 ml
Ethylacetat zugesetzl und das Gemlsch drelmal mn konzentrierter Natriumhy-
drogcncarbonatlﬁsung gewaschcn Die orgamsche Phase wxrd iiber Kaliumcarbonat
getrocknet, abfiltriert und eingeengt. Es werden 27 g 8a) erhalten, welches ohne
. weitere Reinigung in der_l-‘olg_cstufc umgesetzt wxr_d.

H-NMR (cnc13) d = 0,94 ppm (t, 1 =175 He, 3H. H-22) 0,96 (s, 3H, H-18);
3,78 (s, 3H, 3-OCH3); 3,95-4,18 (m, 4H, 20-OCH2CH0-); 5,98 (s, 2H, H-171 und
H-172); 6,64 (d, ] = 3 Hz, 1H, H-4) 6,72 (dd, J =9, 3 Hz, 1H, H-2); 7,21 (d, } = 9
Hz, 1H, H-1) -

b) 20,20-[1,2-Ethandiylbis(oxy)]-3-methoxy-21-methyl-14,17-etheno-19-
norpregna-2,5(10)-dicn '



50 g of the conpound that is described in Exanple 46b) is heated to
boiling with 26 g of "potassium carbonate in amxture of 250 nf of N

met hanol, 500 m of tetrahydrofuran and 150 nl .of.. water for 6 hours. After
substantial renoval of the solvent, it is poured ‘onto 2 liters of ice

. water, sucwospdef f. and the fllter cake is washed wi th fdcirbsesiet water.
45.80 g of 46¢) 'i's -obtai ned. [err]HHNMR (CDCl [err]): d = 0.91 ppm
(s,3H H18); 2.18 (s,3HH21); 3.78 (s,3H® OCCHerr]); 3.84-3.93 and

- 4.62-4.71 (2m 1H H17[err] and H 17[err] each); 6.63 (d,J=3Hz, 1H H4);

0n" 198 77" 27 ek ol o) plachfisheply 3 %}‘Eﬁa gﬁg&%a? dr1 1) BigpiEl 19.15. 20.

schnebenen Methode umgesetzt, Man e

1H.NMR (CDCl3): d = 0,93 ppm (1, J = 7,5 Hz, 3H, H-22); 0,95 (s, 3H, H-18); 3,56
s, 3H, 3-0CHz); 3,93-4,10 (m, 4H, 20-OCH,CH20-); 4,62-4,67 (m, 1H, H-2);
5,92 (s, 2H, H-17! und H-172)

©) 20,20-{1,2-Ethandiylbis(oxy)]-21-methyl-14,17-etheno-19-norpregn-5(10)-en-3-
on '

Eine I.Bsimg aus 18,2 g der unter 8b) beschricbenen Substanz in 700 ml Tetra-
hydrofuran wird unter Rithren mit 250 m! konzentrierter Ammoniumchloridlﬁsung
und 18 ml konzentricrter Oxalsdurelésung versetzt und fiir 6 Stunden geriihrt. An-
schlicBend wird mit Wasser verdiiont und dreimal mit Ethylacetatl extrahiert. Die
vereinigten organischen Phasen werden mit konzentrierter Natriumchlorididsung
gewaschen, liber Natriumsulfat getrocknet, abfiltriert und eingeengt. Der Riickstand
wird an Kieselgel mit einem Gemisch aus Ethylacetat und Hexan chromatogra-
phiert. Es werden 11,0 g 8c¢) als Schaum erhalten.

[a 20 = + 169,6° (CHCl5; ¢ = 0,510)
1H-NMR (CDCl3): & = 0,92 ppm (1, J = 7,5 Hz, 3H, H-22); 0,97 (s, 3H, H-18);
2,72 und 2,82 (2d breit, J = 20 Hz, je 1H, H-4); 3.95-4,12 (m, 4H, 20-OCHCH0-
); 5,87-5,98 (m, 2H, H-171 und H-172)

d) 21-Methy}-14,17-etheno-19-norpregna-4,9-dien-3,20-dion

11 g der unter 8c) beschriebenen Substanz werden nach der in Beispiel 4b) be-
schriebenen Methode umgesetzt. Man erhiil 3,75g 8d).

Fp.: 145-146 °C [2 Jp20 = -180,1° (CHCl3, ¢ = 0,510)

1H.NMR (CDCl3): d = 1,03 ppm (s, 3H, H-18); 1,08 (1, J = 7,5 Hz, 3H, H-22); 5,72
(s breit, 3H, H-4); 6,03 (s, 2H, H-171 und H-172)



one 45.7 g of the corrpound that is described in Exanple 46¢) is
dissolved in 1.5 liters of dichloronethane and m xed at O[err]Cwth 150

m TOof trimetnhyl ortnotornate as Well—as © g ol pyridrnium
parat ol uenesul fonate. After 6 hours at roomtenperature, the batchis
filtered with a silica gel colum and concentrated by evaporation. The
evapor ati owowsgzozedue is taken up in 1 liter of acetic animoivErdsnesiond heat ed
to boiling for 5 hours. After concentration by evaporation, the residue is
di spersed between concentrated sodi um bi%hrbonate sol uti on and

di chl oronmet hane. After the organic phase is washed with concentrated
common sal't * gmipdiigon, dried on sodium sul fate,” fi'ltered and concentrated
by evaporation, it is chromatographed on silica gel - witha mxture of

et hyl acetate and hexane 6.75 g of 46d) S obt ained. All polar fractions
of chromat ogr2dg¥Mgthgl-B - ) orpregna:d.S @ vaporation. The
residue is heated to boiling vmth 20 g of potassmm carbonate in 800 m of

met hanol for 3 h
5 "0 5.9 bhiee, 3-propand1ylb:s(oxy)]-21-methyl-14 17-ctheno-19-nor-
pregna-S(lO),Q(ll)-d:en-ZO-on

Zu ciner Lésung von 3,5 g der unter 8d) beschriebenen Verbindung in 30 ml
Dichlormethan werden unter Rithren 2,87 g 2,2-Dimethylpropan-1,3-diol, 1,4 ml
Tnmethylonhoformlat und 100 mg p-Toluolsulfonsﬁure gegeben. Nach 3 Stunden
wird mit chhlormethan verdunnt, mit Wasser und mit konzemnerter Natrmm-
chlondlbsung gewaschen, uber Natnumsulfat getrocknet, abfiltnen und eingeengt.
Der Riickstand wu'd an Kleselgel mn einem Gemlsch aus Ethylacetat und Hexan
chromatographxert Es werden 3, 84 g 9a) als Schaum efhalten

H-NMR (CDCl3): d = 0,82 und 0,89 ppm (2s, 6H, Ketal-CH3), 1,09 s, 3H, H-18);
1,09 (t, J = 7,5 Hz, 3H, H-22); 3,42-3,52 (m, 2H, Ketal-OCHp); 3,57-3,68 (m, 2H,
Ketal-OCHp); 5,45-5,53 (m, 1H, H-11); 6,03 und 6,12 (2d, J = 6 Hz, je 1H, H-171
und H-172)

b) 21-Methyl-14,1 7-et_heno-19-norpregna-S(l0),9(1_1)-dien-3.,20-dion

' 500 mg der unter 9a) beschricbenen Verbmdung wcrdcn mlttels Uhraschall in 25 ml
70%iger Essigsdure und 5 ml Tetrahydrofuran gelﬁst und anschlicBend bei Raum-
temperatur 4 Stunden geriihrt. AnschlieBend wird unter Riihren mit konzentrierter
Natnumhydrogencarbonatlﬁsung neutralisiert. Man extrahiert dreimal mit
Ethylacetat, wiischt dic vercmlgten orgamschen Phasen mit konzentrierter Natrium-
chioridisung, trocknet iiber Natnumsulfat, filtriert ab und engt em Es werden 480
mg 9b) erhalten, welches ohne weitere Relmgung in der Folgestufe umgesetzt wird.

H-NMR (CDCl3): b = 0,87 ppm (s, 3H, H-18); 1,08 (1, J = 7,5 Hz, 3H, H-22);
2,91 (s breit, 2H, H-4); 5,53-5,60 (m, 1H, H-11); 6,07 und 6, 13 (2d J=6Hz, je 1H,
H-171 und H-172) B

¢) 21-Methyl-14,17-ctheno-19-norpregna-4,9,11-trien-3,20-dion



onto 2 liters of ice water, suctioned off, and the filter cake is° washed
with 0.5 liter of water— 27.5 g of—the conpourd—titat—is described in
Exanpl e 46¢) is obtained,. fromwhich another 4,50 g of 46d) is obtained
according to the nmethod that is described in Exanple 46d). [err] =
.+0.5[err] @fdbddosuor]; c = 0:-505) ‘Terr] HHNVMR*¢CDC [ erp¢i/EPIS5109. 91 ppm
(s,3H H18); 2.23 (s,3H, H21); 3.79 (s,3H,3-0OCH err]); 6.22 and 6.13
(2d,J=6Hz, 1H, H 15 and H 16 - 42 93
-each); 6.66 (d,J=3Hz, 1H, H4)i 6.73 (dd,J=9, 3Hz, 1H'H2); 7.21
(d, J=9Hz, 1H H 1 e) . . . .
20, 20-[ 1, 2- Et rﬁ.@?e‘as yep uater, Pb) pesshrigbepen, Verbindyng wepden jo AQ ml Dichlormethan
geldst und mit 600 mg 2,3-Dichlor-5.6-dicyan-p-benzochinbn versetzt. Man riihrt 4

Stunden bei Raumtemperatur, filtriert, wischt d?s Filtrat mit konzentrierter
Natriumhydrogencarbonatldsung, konzentrierter Natriumthiosulfatldsung und erneut
mit konzentrierter Natriumhydrogencarbonatldsung, trocknet iiber Natriumsulfat,
filtriert ab und engt ein. Der Riickstand wird an Kieselge! mit einem Gemisch aus
Ethylacetat und Cyclohexan chromatographiert. Es werden 206 mg 9¢) erhalten.

Fp.:117-119°C  [a ]p20 = -278,8° (CHCl3, ¢ = 0,500)

1H-NMR (CDCl3): d = 0,97 ppm (s, 3H, H-18); 1,11 (1, J = 7,5 Hz, 3H, H-22); 5,80
(s breit, 3H, H-4); 5,99 und 6,08 (2d, J = 6 Hz, je 1H, H-171 und H-172); 6,04 (d, J
= 12 Hz; 1H, H-11); 6,44 (d, J = 12 Hz; 1H, H-12)

Beispiel 10

171:Methy}-14,17-etheno-19-norpregn-4-en-3,.20-dion
a) 3-Methoxy-16-methyl-19-norpregna-1,3,5(10),14,16-pentaen-20-on

Eine Suspension aus ‘15,2 g Kupfer(I)jodid in 50 m! Diethylether wird bei 0 °C
tropfenweise mit 90 ml einer 1,6-molaren Losung von Methyllithium in
Diethylether versetzt. Nach 30 Minuten Rithren werden bei -70 °C tropfenweise 12
m! Triethylamin und danach 11 ml Trimethylchlorsilan zugesetzt. AnschlicBend
wird eine lﬁsung* aus 15 g der unter 1a) beschricbenen Verbindung in 220 ml
‘Tetrahydrofuran zugetropft. Man (6t noch 2 Stunden bei -70 °C riihren, setzt dann
100 ml konzentrierte Ammoniumchloridiésung zu, 156t auf Raumtemperatur erwir-
men, schiittelt mit 400 ml Ethylacetat, filtriert feste Bestandteile ab und extrahiert
die wiissrige Phase erneut mit Ethylacetat. Die vereinigten organischen Phasen wer-
den viermal mit halbkonzentrierter Ammoniumchloridldsung gewaschen, iber
Natriumsulfat getrocknet, abfiltriert und eingeengt. Der Riickstand wird mittels
Ultraschall in 500 ml Acetonitril geldst. Zur Losung gibt man 10,9 g Pal-
ladium(ID)acetat und erhitzt fir 20 Stunden auf 80 °C. Nach dem Erkalten gibt man
400 ml Ethylacetat zu, saugt iiber Celite ab und engt ein. Der Riickstand wird an
Kieselgel mit einem Gemisch aus Ethylacetat und n-Hexan chromatographiert. Es
werden 5,03 g 10a) erhalten.



nor pregna- 2, 5(10), 15-tri ene 4.5 g of the conpound that is described
I n Exanpl e 46d) IS reacted according to the nethods that are described in

Exanptres—tc)——amd—td—5-33- g of—Trude#6T)TS obtarned. [err ] NVR
(cbcferr]): d=10.98 ppm(s, 3H H18); 1.32 (s,3H H21); 3.56

(s, 3H,3-0CCH3) ; 3. 93 4. 07 (m4H, 20-CCH err].CH err]O); 4.65 (s .

broad, 1H, Gosizesee 94 and 6.03 (2d,J=6Hz, 1H H 15 and H l6pefePysnsiorf )

14, 17- Et hano- 19- nor pr egna- 4, 15- di ene- 3, 20- di one 2.0 g of the conmpound
that is described in Exanple 46e) is reggted according to the nethod that
I's described in Exanple le). 1. 32 g of crude 46f) is obt ai ned. Fl ash
point: 131-133[err]C [err] =+32.0[err] (CHO [err]; -0. 505)
[err]HNMR (CDCl [err]): d = 093 ppm. (s, 3H, H 18); 220(5 3H, H21); 5.85
(s broad, 1Hpﬂ-%5-167@6 and{ﬁ}@{%&k’%ﬂClﬁHJ&ﬂ(ﬁ)and H 16 each)

1H.NMR (CDCl3) b=1, 2p'pm (s 3H, H-18); 2,37 und.'2.40 (s, 6H, 16-CH3 und
| H-21); 3,80 (s, 3H, 3-OCH); 5,92 (d, J = 2 Hz, 1H, H-15); 6,68 (4, J = 3 Hz, 1H,
H-4); 6,75 (dd, J =9, 3 Hz, 1H, H-Z),‘72$(d J =9 Hz, 1H, H-1)

b) 3-Methoxy-1 71-met:hyil-_14,1 7-etheno-19-norpregna-1,3,5(10)-trien-20-on

~ 5,0 g der unter 10a) beschriebenen Verbindung werden nach der in Beispiel 1b) be-
schncbencn Methode umg&ctzt Man erhilt 3,38 g 10b) als Schaum

1H-NMR (CDCl3): d = _o.ss" ppm (s, 3H, H-18); 174 (s br'ei':.'171-cn3);"'z,zo (s.
3H, H-21); 3,79 (s. 3H, 3-OCH3); 5,67 (s breit, H-172); 6,66 (d, ] = 3 Hz, 1H, H-4);
6,73 (dd, ] = 9, 3 Hz, 1H, H-2); 7.22 (d, ] = 9 Hz, 1H, H-1) '

) 171-Methyl-14.17-ethéno-1'9-norpreg'n-4-en-3.20-dion"

500 mg def uhter 1'0b")' Beschfiebeneh Verbindung werden nach den in den Bei-
.s;nelen 1c), 1d) und 1e) beschnebenen Methoden umgesetzt. Man erhélt 344 mg
10c) -

Fp: :'13'7_ °C [a]p20 = +1096° _(CHCI3, ¢ =0,500)

NMR (CDClg) d o 86 ppm (s, 3H. H-18), 1,70 (s brelt 171-CH3), 2,16 (s,
3H, H-21), 5,58 (s brelt, 1H, 'H-172); 5,84 (s breit, 1H, H-4)

Beispiel 11

250 mg der unter 10c) beschnebcncn Vcrbmdung werden nach den m dcn Bei-
splelen 2a) und 2b) bwchncbcncn Methodcn umgesetzt Man erhﬁlt 102 mg 11)

Fp.:132136°C



Exanpl e 47 14, 17- Et hano- 19- nor pregna-4. 6, 15-tri ene- 3, 20- di one 1.2 g
of the corrpound that—Ts descri bed™in Exanpl e 46f) Ts™ reacted actordi.ng to
the nmethods that are descri bed in Exanpl es 2a) and 2b). 0.54 g of 47) is
obt ai ned. Fl ash poi‘nt;: 138-140[ err] C

- 94 wd Sidodos= - 28. 7 (CHO [err]; c = 0.480) [ er pdwrkvdkivsior

(CDClf[err]): d=0.94 ppm(s,3H,H—18); 2 21 (s, 3HH-21); 5.79 (s
broad, 1H H4); 6.14 to 6.34 (m4H H 6 and #7 and H 15 and H 16)
'Exarrple 48

H-NMR (CDCl3): d = 0,89 ppm (s, 3H, H-18); 1,69 (s breit, 171-CHz); 2,17 (s,
3H, H-21); 5,47 (s breit, 1H, H-172) 5,80 (s breit, 1H, H-4); 6,17-6,30 (m, 2H, H-6
und H-7)

Beispiel 12
(171R)-171-Methy|-14.17-¢thano-19-norpregn-4-en-3.20-dion
a) 3-Methoxy-171-methyl-14,17-ethano-19-norpregna-1,3,5(10)-trien-20-on

2,75 g der unter 10b) beschriebenen Verbindung werden in einer Schiittelente in 125
m] Tetrahydrofuran geldst. Man setzt 765 mg Palladium auf Aktivkohle (10%) zu,
setzt die Apparatur unter Wasserstoff und schittelt bis zum Ende der Wasserstoff-
aufnahme. Nach Filtration der Lésung iiber Celite wird im Vakuum eingeengt. Es
werden 2,9 g 12a) als Schaum erhalten.

1H-NMR (CDCl3): d = 0,88 (0,92) ppm (s, 3H, H-18); 0,99 (1,10) (d, J = 7,5 Hz,
3H, 171-CH3); 2,08 (2,11) (s, 3H. H-21); 3,78 (s, 3H, 3-OCH3); 6,62 (d, J = 3 Hz,
1H, H-4); 6,73 (dd, J = 9, 3 Hz, 1H, H-2); 7,22(d, ] =9 Hz, 1H, H-1)

(Signale des 2. Diastereomeren in Klammern)

b) (171R)-171-Methyl-14,17-ethano-19-norpregn-5(10)-en-3,20-dion

2,9 g der unter 12a) beschricbenen Verbindung werden nach den in den Beispiclen
1c), 1d) und 8c) beschriebenen Methoden umgesetzt. Man erhilt 209 mg 12b), 310
mg der beiden C-171-Epimere ‘von 20,20-{1,2-Ethandiylbis(oxy)]-1 71.methyl-
14,17-ethano-19-norpregn-4-en-3-on im Gemisch mit (171S)-171-Methyl-14,17-
ethano-19-norpregn-5(10)-en-3,20-dion sowie 1,36 g der beiden C-171-Epimere
von 20,20-[1,Z-E.thandiylbis(oxy)]-l‘ll-methyl-M,17-ethano-19-norpregn-5(10)—en-
3-on.

1H-NMR (CDCl3):d = 0,90 pPm (s, 3H, H-18); 1,07 (d, I = 7,5 Hz 3H, 171-CHy);
2,06 (s, 3H, H-21)

¢) (171R)-171-Methy}-14,17-ethano-19-norpregn-4-en-3,20-dion



14, 17- Et hano- 19- nor pregna- 4, 9, 15-tri ene- 3, 20- di one 3.33 g of the
conpound that is described in Exanple 46e) is reacted according to the
nmefNods that are described i n Exanpres 8c) and 4b). 1.08 g of "48) 15

obt ai ned. [err] = -272.4[err] (CHC [err]; c = 0.475) [ err] H NWVR
(Chd[err]): d =1.01 ppm(s,3H H18); 2.21 (s,3H H21); 5.70 (s~

br oad, 1H, lWwd d6r080006 and 6. 23 (2d, J=6Hz, 2H, H 15 and H 16) PCI/EPs50SM? 49

21- Hydr oxy- 14, 17- et hano- 19- nor pregna- 4, 9, 15-tri ene- 3, 20-di one a)

3,3-[1, 2- Et hanedi yl bi s(oxy)]-14, 17- et hano-489- nor pr egna-

5(10), 9(11), 15-tri en-20-one 1.0 g of the conpound that is described

I n Exanpl e 48 ed _accordi ng,t.o .t t hat . i.s .described in
ot o 10y 15g S 55 Peiartieg o, RopHEt ) WeichebbE arifaf St

cor r espondi ngMaBprhﬁDlﬂSmgeHg) . [errTHNWR (CDCl [err]): .d = 0.82 ppm

g (s, 3H H18); 2.22 (s, 3H H 21);
I

1H.NMR (CDCl3): d = 0,95 ppm (s, 3H, H-18); 1,05 (d, ] = 7.5 Hz, 3H, 171-CH3);
2,07 (s, 3H, H-21); 5,81 (s breit, 1H, H-4)

Beispiel 13
ﬂllﬂ_—_ll]-; ._'.-'i  agbarie G - .-j':--'_ '

300 mg ‘des unter 12b) beschnebenen Gemlsches aus bexden C-171-Ep|meren von
- 20,20-{1, 2-Ethandylbls(oxy)] 171-methyl 14 17-ethano-19-norpregn-4-en-3-on und
(1718)-171-Methyl-14 17-ethano-19-norpregn-5(10)-en-3 20-dion werden nach der
in Beispiel 1e) beschriebenen Methode umgesetzt. Man erhilt 77 mg 12c) und 122
‘mg 13).

1H-NMR (CDCl3): d= 068ppm (dd,J = 6 Hz und 13 Hz 1H. H-172), 0,92 (s, 3H,
H-18); 0,9 (d, J = 7,5 Hz, 3H, 171.CHs); 2,08 (s, 3H, H-21); 5,82 (s breit, 1H,
H-4)

Beispiele 14 und 15

1,30 g des unter 12b) beschnebcnen Gemxsches aus bexden C-171-Ep|meren von
20,201, Z-Ethandlylbls(oxy)]-ﬂl-mcthyl-14 17-cthano-19-norpregn-5(10)-cn-3-on

~ werden nach den in den Bexsplclen 4b) und le) beschnebenen Methoden umgesetzt.
Man erhilt 200 mg 14) und 120 mg 15).

14):
~ 1H.NMR (CDCl3): d = 1,04 ppm (s, 3H, H-18); 1,06 (d, J = 75Hz 3H. 171-CH3),
2,07 (s, 3H, H-21); 5,65 (s breit, 1H, H-4)



4.00 (s, 4H, 3- OCH[err]OCI—l[err]O) 5.51 (s broad,lH,H—ll); 6.04 and 6. 22

185): .

1H-NMR (CDCl3): d = 0,76 ppm (dd, J = 5 Hz und 12 Hz, 1H, H-172); 0,95 (d, J =
7,5 Hz, 3H, 171-CH3); 1,01 (s, 3H, H-18); 2,09 (s, 3H, H-21); 5,66 (s breit, 1H, H-
4)

Beispiel 16

. =19 =4,9- - -

a) 3-Mcthoxy-l6a-ph¢nylsulfonyl-14,17-etheno-19-norpregna-1,3.5(10)—trien-20-
on

Eine Mischung aus 14,7 g der unter 1a) beschriebenen Substanz und 24,0 g
Phenylvmylsulfon wird in 100 m| Benzol 10 Tage auf 155 °C erhitzt. Nach dem Er-
kalten wird das Reaktionsgemisch eingeengt und der Riickstand an Kieselgel zu-
néchst mit Dichlormethan und dann mit einem Gemisch aus Ethylacetat und Hexan

_chromatographiert. Es werden 14,9 g 16a) erhalten.

Fp.: 178-179 °C

1H-NMR (CDCl3): d = 0,84 ppm (s, 3H, H-18); 2,30 (s, 3H, H-21); 3,77 (s, 3H, 3-
OCH3); 4,58 (dd, J = 8, 4 Hz, 1H, H-16); 6,48 und 6,50 (2d, J = 5 Hz, je 1H, H-
171 und H-172); 6,64 (d, J = 3 Hz, 1H, H-4); 6,72 (dd, ] = 9, 3 Hz, 1H, H-2); 7,18
(d,J =9 Hz, 1H, H-1); 7,52-7,87 (m, 5H, SO2CgHs)

b) 3-Mcthoxy-14,17—ethano-i9-norpregna-1,3;5(10)-trien-20-ol

120 g wasserfeuchtes Raney-Nnckcl werden mehrfach mit Ethanol gewaschen und
schlieBlich in 900 ml Ethanol suspendiert. Zu dieser Suspension werden 6,95 g der
unter 16a) beschricbenen Substanz zugegeben und fiir 16 Stunden am RickfluB er-
hitzt. Nach dem Erkalten wird vom Raney-Nickel abdekantiert, mehrmals mit
Ethanol nachgewaschen' und cingeengt. Der Riickstand wird an Kieselgel mit einem
Gemisch aus Ethylacetat und Cyclohexan chromatographiert. Es werden 1,40 g 3-
Methoxy-14,17-ethano-19-norpregna-1,3,5(10)-trien-20-on mit einem Fp. von 140-
142 °C und 2,70 g 16b) erhalten.

(2dJ=6Hz, 2H, H 15 and—t+ 16) _ 95 . b)
21- Fydroxy 14, 17-ethano-19-nor pregna- 4,9, 15- trlene 3 20- dione 0. 28
g of the compound that is described in Exanpl e 49a) react ed accordi ng
.to the net kpgogdohed are described in Exanples 5c), 5d) Immsm 11 ngy
of 49b) is obtai ned. [err]HHNVMR (CDCl[err]): d = 1.00 ppm’

(s,3H, H18); 4.33 and 4.42 (2d,J=20Hz, 2H, Hsg21); 5.70 (s broad, 1H H4);
-6.12 and 6.15 (2d, J=6Hz, 2H, H 15 and H 16) Exanpl e 50



21- Met hyl - 14, 17- et hano- 19- nor pr egna- 4, 15- di ene- 3, 20-di one a)

20, 20-[ 1, 2- Et hanedi yl bi s(oxy)]-21-net hyl - 14, 17- et hano- 19-

norpr egna- 4, I5- di en- 3- one 6.6 g or tne conpound that i"s described in
Exanpl e 46d) is reacted accordi ng to the methods that are described in
Exanples 7a), 8a), 1d) and 8c). 0.605 g of 50a) is obtained, as well as
3.70 g of wige202M01, 2- et hanedi yl bi s(oxy)]-21-net hyl - 14, 17m}uyms1o7

19- nor pregna- 5(10), 15-di en- 3- one. [err]HNVMR (CDCl [err]) for conpound
50a): d = 0.93 ppm (t,J=7Hz, 3HH22); 0.9 (s, 3H, H18); 3.98-4.15 (m 4H,
20-CCH err]CH err]O); 5.83 (s broad, 1H H4); 5.96 (s,2H H 15 and H 16)
[err] HHNMR ( d_%d.}@) for 20,20-[1, 2-et hanedi yl bi s(oxy)]-21-net hyl -

14, 17- et hano- 9 nor pregna- 5(10),.15-di en-3-one: -d = .0.94 ppm-.

(t,J=7Hz, 3H, H22); 0.96 (s,3H H 18); 2.70 and 2. 80 “(2d,J= 20Hz 2H, H 4) ;

3.96-4. 14 (n{HAYMR-(CDR5 5}=0:8%und €97 ppid (24 SHNH-1B),0112 ¢, I8-@cz J 36 H- 15 and
H16) Hz, 3H, H-21); 3,78 (s, 3H, 3-OCHg); 3,95 (g, J = 6 Hz, 1H, H-20); 6,63 (d, J = 3
Hz, 1H, H-4); 6,72 (dd, J = 9, 3 Hz, 1H, H-2); 7,21 (d, J = 9 Hz, 1H, H-1)

c) 3-Methoxy-14,1"I-ethano-l9-norp;e_g1;a-2_,5(10)-d_ie|_1-_20-pl

5,50 g der unter 16b) bmchncbenen Vcrbmdung werdcn nach der in Bclspnelen ld)
~ beschriebenen Methode umgesetzt 'Man erhilt 5,50 g 16c)

1H-NMR (CDCl3): 8 = 0,87 und 0,90 ppm (25, 3H, H-18); 1,10 und 1,16 (2d, J = 6
Hz, 3H, H-21) 3,55 (s 3H, 3-0CH3) 387-3 98 (m, 1H H- 20) 4,65 (m, 1H, H-2)

d) 14.17.Emano-19-no_rpr¢gn75(1o);cn-zo-ol;s-on -

1,70 g der unter 16¢) bcschﬁeberien Verbindung werden nach der in 'Bcis'piél 4a)
beschricbenen Methode umgesetzt. Man erhilt 0,80 g 16d).

Fp.: 103-117°C

1H-NMR (CDCI3) 6 = 0,87 und 0,90 ppm (2s, 3H, H-18), 1,11und 1,16 (2d, J = 6
Hz, 3H, H-21); 2,60 und z 78 (Zd Ju zo Hz, je1H, H-4), 3, ss-3 98 (m, 1H, H-20)

¢) 14.17-Ethano-l9--.norpregna_-4,9-dien-zo-ol-3-on

Zu einer Losung von 0,16 ml Brom in 10 ml Pyndm wird unter Eiskilhlung und
Riihren eine Losung von 0, 80 g der unter 16d) besc!mebenen Verbindung in 10 m!
Pyridin zugetropft. Nach 3 Stunden wird das Reakuonsgemlsch in 2-normale Salz-
sdure gegossen und auf emen pH-Wert zwischen 4 und 5 eingestellt. Es wird mit
Ethylacetat extrahiert. Die orgamsche Phase wird mit Wasser und konzentrlerter
Natrmmchlondlﬁsung gewaschen, iiber Natnumsulfat getrocknet, abfiltriert und
eingeengt. Der Riickstand wird an Kneselgel mit einem Gemisch aus Ethylacetat und
Hexan chromatographnen Es werden 0,22 g 16¢) crhaltcn



96 b) 21- Met hyl - 14, 17- et hano- 19- nor pr egna- 4, 15-di ene- 3, 20- di one

142 ng of the

conpeura—that i s described i n-Bxanple 50a) is reacted

according to the nmethod that is déscribed in Exanple le). 127 g of 50b) is
obt ai ned. Fl ash point: 140-141[err]C [err] = +25.4[err]
.(CI-lCI[err];Wb,‘—ang%) [err]H—NIVR(CDCI[err]) d 5107

(s, 3H H18); 1.07 (t,J=7Hz, 3H H22); 5.85 (s broad, 1H, I—|-4)&q.éﬂg§hénd 6. 20

(2d, J=6Hz, 2H, H 15 and H- 16) Exanpl e 51 48

21-Methyl -14, 1
of the conpoun
the nmethods th

7- et hano- 19- norpregna 4,6,15-tri ene-3,/20-di one 460 ngy

TR (b 80, DB upd @ng& s P 18); 1131630 49 to

Hz, 3H, H-21); 3,88-4 00 (m, 1H, H-20); 5,67 (s breit, 1H, H-4)
f) 14,17-Ethano-19-norpregna-4,9-dien-3,20-dion

Zu einer Lisung von 220 mg der unter 16e) beschriebenen Verbindung in 20 ml
Dichlormethan werden unter Eiskiihlung 360 mg Pyridiniumchlorochromat zugege-
ben. Die Mischung wird 2 Stunden bei Raumtemperatur geriihrt und dann filtriert.
Deas Filtrat wird eingeengt und an Kieselgel mit einem Gemisch aus Ethylacetat und
Hexan chromatographiert. Es werden 130 mg 161) als Schaum erhalten.

[a 120 = -255,3° (CHCl3, ¢ = 0,600)

- TH-NMR (CDCl3): d = 1,04 ppm (s, 3H, H-18); 2,12 (s, 3H, H-Zl), 5,67 (s breit,

3H, H-4)

Beispiel 17

a) 14,17-Ethano-19-norpregn-4-cn-3,20-dion

5,50 g der unter 16¢) beschricbenen Verbindung werden nach den in den Beispielen
1¢) und 16f) angegebenen Methoden umgesetzt. Man erhilt 2,80 g 17a2).

Fp.: 140-145 °C [a ]p20 = +67,6° (CHCI3; ¢ = 0,550)

1H-NMR (CDCl3): d = 0,94 ppm (s, 3H, H-18); 2,10 (s, 3H, H-21); 5,83 (s breit,
1H, H-4)

b) 14,17-Etheno-19-norpregna-4,6-dien-3,20-dion

326 mg der unter 17a) beschriebenen Verbifldung werden nach den in den
Beispielen 2a) und 2b) angegebenen Methoden umgesetzt. Man erhilt 160 mg 17c).

Fp.:126-132°C  [a Jp20 = + 31,8° (CHCl3; ¢ = 0,575)



2a), 2b) and l1le). 210 ng of 51) is obtained. Fl ash point:

153. 5-154-5[err]C [err] = -37.9 (CHO [err]; c = 0.490) [ err] H NMR
(COOTerr)T d = 0.93 ppm(s; 3HH 18108 —(t3=#z, 3H, H 22)—586—=s

broad, 1H H4); 6.16 to 6.36 (m4H H6 and H7 and H.15 and H 16)
21- Met hyl - 14, 17- et hano- 19- nor pregna- 4, 9, 15-tri ene- 3, 20-di one

3.7 g of %M 2-et hanedl yl bi s(oxy)]-21-methyl -14, 17- perpposnsior
et hano- 19- nor pr egna- 5(10) , 15- di en-3-one of Exanple 50a) is reac%ed

Exanpl e 52

according to the nmethods that are descrihgd in Exanples
of 52) is obtained.

[err]HNWR (CDCl [err]): d = 1.00 ppm(s 3H H-18) 1. 08

1H.NMR (CDCl3): d = 0.9 | ppm (s, 3, H-18), 211 (s, 3H, H-21), 5,78 (s breit,
1H, H4); 6,14-6.23 (m, 2H, H6 und H-7)

Beispiel 18

a) 3-Methoxy-21-m§thy-l-i4,17_;_eih:ano-19-no:pfeg_na-i;3,5'(1(_).)-Itrien-20-on

133 g der unter 1b) beschricbenen Verbindung werden in einer Schiittelente in 2 |
Ethylacetat gel6st. Man setzt 13 g Palladium auf Aktivkohle (10%) zm setzt die
Apparatur unter Wasserstoff und schﬂttclt bis zum Ende der Wasserstoffaufnahme.
Nach Filtration der Lbsung iiber Celite wird eingeengt. Nach Kristallisation aus
Ethylacetat erhiilt man 129 g 18a).

Fp.:146-147°C  [a]p20 =+ 66,7° (CHCl3; ¢ = 0,490)

IH.NMR (CDCl3): d = 0,90 ppm (s, 3H, H-18); 2.23 (s, 3H, H-21); 3,78 (s, 3H, 3-
OCHs); 6,63 (d, J = 3 Hz, 1H, H-4); 6,73 (dd, J = 9, 3 Hz, 1H,H-2),722(d 1=9
Hz, 1H, H-1)

b) 3-Methoxy-21-nict_hyl-l4,_1_7-cthano_—.l9-norptegna?i,3,5(lOj-u,ieﬁ-20-on |

5,00 g der unter 18a) beschriebenen Verbindung werden nach der in Beispiel 7a)
angegebenen Methode umgesetzt. Man erhilt 4,4 g 18b) als Schaum.

[a]p20 = + 71,3° (CHCl3; c = 0,545)

1H-NMR (CDCl3): d = 0,89 ppm (s, 3H, H-18); 1,03 (, J = 7 Hz, 3H, H-22); 2,40-
2,50 (m, 2H, H-21); 3,78 (s, 3H, 3-OCH3); 6,63 (4, J = 3 Hz, 1H, H-4); 6,72 (dd, ]
=9, 3 Hz, 1H, H-2); 7,22 (d, J = 9 Hz, 1H, H-1)

¢) 3-Methoxy-21 -meihyl;léi,17?ethéno-19-norpregﬁa-Z,S(l0)-dien-20-ol

4b) and le).
97

2.1 g



(t,J=7Hz, 3H, H22); 5.70 (s broad, 1H H 4); 6.06 and 6.24 (2d,J=6Hz, 2H, H 15
and H 16) Exanpl es—53—and 54 -53:

(21R) - 21- Hydr oxy- 21 rret hyI 14, 17- et hano-19- nor-pregna-'4"9 1'5'-

triene-3, 20-di one :

(21S)-21-Hy rreth - 14, 17- et hano- 19- nor pr egna- 4, 9, 155

triene-3, Zod‘gaéﬁ%&k 1 72 g of the conpound that is descﬂ% 'Exarrpl e
52) is reacted according to the methods th are described in Exanpl es
9a), 5c), 5d), le) and 5g). 198 ng of 53) and 250 ng of 54) are obtained.
53: [err] =-290.0 (CHC [err]; c = 0.520) [err]HNWR (CDCl[err]): d
= 0.95 ppm (s, B7MHgkiey unter 38b) Yescliriehppen3Verbindayg wardeg nach dersie Beispied, 1d)21) ;
5.68 (s broad, liggegeefby MEhdGe dfigesbz? s oiied 16157 Ad) bhridfrerand H- 16)

Fp.: 137-143 °C

H-NMR (CDCl3): d = 0,86 ppm (s, 3H, H-18); 0,98 (t, 1 = 7 Hz, 3H, H-22); 3,55
. (s, 3H, 3-OCH3); 4,66 (s breit, 1H, H-2) -

d) 21-Methy!-14,17-ethano-19-norpregn-4-en-20-ol-3-on

356 mg der unter 18¢c) beschriebenen Verbindung werden nach der in Beispie! 1¢)
angegebenen Methode umgesetzt. Es werden 300 mg 18d) erhalten.

1H-NMR (CDCl3): d = 0,91 ppm (s, 3H, H-18); 0,98 (t, J = 7 Hz, 3H. H-22); 3,55-
' 3,63 (m, 1H, H-20); 5,81 (s breit, 1H, H-4)

¢) 21-Methyl-14,17-ethano-19-norpregn-4-en-3,20-dion

300 mg der unter 18d) beschriebenen Verbindung werden nach der in Beispiel 141')
angegebenen Methode umgesetzi. Es werden 200 mg 18e) erhalten.

Fp.:123-128°C  [a Jp20 = +63,8° (CHCl3; ¢ = 0,525)

1H.NMR (CDCl3): d 0 93 ppm (s, 3H, H-18); 1,00 (1, J = 7 Hz, 3H, H-22), 5,82
(s bren ll-l, H-4)

Beispiel 19

770 mg der unter 18c) beschricbenen Vcrbindung werden nach den in den
Beispielen 4a), 4b) und 16f) angegebenen Methoden umgesetzt. Es werden 170 mg
19) erhalten. | '

Fp:130°C  [a p20 = -251,2° (CHCI3; ¢ = 0,470)



54: [err] = -218.4[err] (CHC[err]; C = 0.515) [err] H NWR
(cbcferr]): d = 0.98 ppm(s,3H H18); 1.38 (d,J=7Hz,3H H22); 4.41 to
4757 (M IH H21I) ,TTT('s—b'road:-i-H‘l'F—n‘)'t—&.-Te-hand 6. 18 ( 2e3F=6+Hz2HH-15—
and H 16) Exanpl e 55
16- Met hyl - 14, 17- et hano- 19- nor pr egna- 4, 15- di ene- 3, 20- di one a)
3- Met hoxywem 14, 17-etheno-19-norpregna-1, 3,5(10) ]Prl‘rmmmm
t etraene-16-carboxylic acid nethyl ester
98 20 g of the conpound that issgescri bed in Exanple la), 20 m
of propiolic acid nethyl ester and 50 ng~of hydroqui none are held at a
bat h terrperature of 110[err]C in-a closed tube under argon for

1H.NMR (CDCl3): d =1, 02 ppm (1, J = 7 Hz, 3H, H-22); 1 05 (s, 3H, H-18); 5,68

(s breit, 1H, H-4)

Beispiel 20

370 mg der unter 18d) beschricbenen Verbindung werden nach den in den
Beispielen 2a), 2b) und 16_t) angegebenen Methoden umgesetzt. Es werden 120 mg
20) erhalten. -

Fp.: 155-158°C  [a Jp20 = +20,0° (CHCl3; c = 0,490)

1H.NMR (CDCl3): d = 0,96 ppm (s, 3H, H-18); 1,02 (&, J = 7 Hz, 3H, H-22); 5,78
(s breit, 1H, H-4); 6,15-6,23 (m, 2H, H-6 und H-7)

Beispiel 21

2) 3,3-[2,2-Dimethyl-1,3-propandiylbis(oxy)}-21-methyl-14,17-cthano-19-
norpregna-5(10),9(11)-dien-20-on

18,3 g der unter 18¢c) beschnebenen Veibindung werden nach I('!en in den Béispielen
4a), 4b), 9a) und 7c) angegebenen Methoden umgesetzt. Es werden 1,0 g 21a)
erhalten.

1H-NMR (CDCl3): d = 0, 85 und 0,90 ppm (2s, 6H, Ketal-CHz); 1,03 (t, J = 7 Hz,
3H, H-22); 1,09 (s, 3H, H-18); 3,42-3,52 (m, 2H, Ketal-OCHy); 3,57-3,68 (m, 2H,
Ketal-OCHp); 5,50-5,55 (m, 1H, H-11); .

b) 21,21-Dimethyl-l4;1 7¥etﬁéno-19¥norpregiia-4;9-dien-§;20-dibn
210 mg der unter 21a) beschriebenen Verbmdung werden nach den in den

Beispielen 7a) und le) angegebenen Methoden umgesetzt. Es werden 108 mg 21b)
- erhalten.



34 hours. After cooling, renoval of volatile conponents and chromatography

of the residue on-sittca gel w-th—a m xture-of—=ethyl acetate and-hexane,

12. 66 g of 55a) is obtained. Fl ash point:. . 149-149.5[err]C [err] =

-8.3 (CHA [err]; ¢ = 0.505) [err]H-NMR (CDCl[err]): d = 1.30 ppm

_ (s, 3H H 18)oesméshe( s, 3HH21); 3.73 and 3.78 (2s, 3H, 3- 107
CJerr]CH err] each); 6.65 (d,J=3Hz,IH H 4); 6.73 (dd,J=9 and

3Hz, 1H,H2); 6.76 and 7.02 (2d, J=6Hz, 1H goH 17[err] and H 17[err] each);

-7.20 (d,J=9Hz, 1H, H1); 7.58 (sl HH 15) b)

20, 20-[ 1, 2- Et hanedi yl bi s(oxy)] - 3- met hoxy- 14, 17- et heno- 19-

nor pregna- 1, 3, 5(10), 15-t et raene- 16- car boxyli c acid nethyl ester 10. 83

g of the conmpdymNMR&EDCR;)0¢SCT,00 pmi (8, Fx 8 HE GHRT22) H-22ea05q8, 3 CH: di ng

to the net hod lwat,“%bgegtsﬁﬁ'ge@ in Exanple 1c). 11.46 g of 55b) is
'FPas "Nt 4

obt ai ned. 7-147.5[err]C [err] = -14.7[err]
(CHA [err]; ¢ = 0.530) [err]HNWVR (CDCl [err]): d = 1.28 ppm
(s,3H H18); Belpidd223H, H 21);

. 14,17 -19- . -3,20-
a) 6-Methylen-14,17-ethano-19-norprcgn-4-en-3,20’d'ion

6,10 g der unter 17a) beschriebenen Verbindung werden nach der im Beispiel 2a)
beschricbenen Methode zum entsprechenden Dienolether umgesetzt, welcher als
Rohprodukt in 60 ml Dimethylformamid aufgenommen wird und bei 0 °C mit einer
Lasung von 5,2 ml Phosphoroxi'chldrid in 30 ml Dimethylformamid versetzt wird.
Nach einer Stunde wird das Reaktionsgemisch in konzentrierte Natriumhydrogen-
carbonatldsung getropft und mit Et_hylacétat extrahiert. Die organische Phase wird
mit Wasser und konzentrierter Natriumchloridlésung gewaschen, iiber Natriumsulfat
getrocknet, abfiltriert und eingeengt. Es werden 5,27 g der 6-Formylverbindung als
Rohprodukt erhalten, welche in 14 i} Ethanol und 28 m! Dimethylformamid geldst
werden und portionsweise mit 0,66 g Natriumborhydrid versetzt werden. Nach einer
Stunde werden 7,5 ml zweinormale Schwefelsdure zugetropft. Nach 15 Minuten
wird das Reaktionsgemisch mil 120 ml Wasser verdiinnt, mit konzeatrierter
Natriumhydrogencarbonatldsung neutralisiert und mit Ethylacetat extrahiert. Die
organische Phase wird mit Wasser und konzentrierter Natriumchloridldsung
gewaschen, {iber Natriumsulfat getrocknet, abfiltriert und eingeengt. Es werden 4,31
g 222) als Rohprodukt erhalten. ' |

TH-NMR (CDCl3): d = 0,93 ppm (s, 3H, H-18); 2,12 (5, 3H, H-21); 4,94 und 5,18
(2s breit, je 1H, 6-=CH>), 6,11 (s breit, 1H, H-4)

b) 6-Methyl-14,17-cthano-19-norpregna-4,6-dien-3,20-dion

1,05 g Palladium auf Kohle (5%) werden in 50 ml Methanol 30 Minuten am
Riickflul erhitzt und anschlicBend mit einer Lésung von 2,15 g der unter 22a)
beschrichenen Verbindung in 90 ml Methanol versetzt und 90 Minuten am RiickfluB
erhitzt. Der Katalysator wird abfiltiert und nach dem Einengen wird der Riickstand



3.73 and 3.78 (2s, 3H,3-CCH err] and CJerr]CH err] each); 3.95 to 4.11
(m4H, 20 -CCH err]CH err]0O); 6.64 (d,J=3Hz,1H H4); 6.72 (dd, J=9 and

3Hz, ITA A 2); 6.67 and 6. 80 (2d,J=6HzZ, IR M L7rerr and H 17{erri eachy;
7.21 (d,J=9Hz, 1H, H 1); 7.50 (s, 1H, H 15)

99 . «©) 20, 20-[1, 2- Et hanedi yl bi s(oxy)] - 3-nmet hoxy- 14, 17- et hano- 19-

nor pr egna-vwodeddzdd) . 15-t et r aene- 16- car boxyl i ¢ acid nmet hyl pEegkRsnsior 2.50
g of the compound that is described in Exanple 55b) is. hydrogenated on 100
ng of palladiumon carbon (10% in a m xtgge of 250 m of nethanol and
ethyl acetate each at normal pressure, until 1 equivalent of hydrogen is
taken up. After_catalyst |is f| |tered _off, concentration by evaporation and
chr omat ogr api#p Kiselgs] mitceinem Gegpizch ays Fithyldcetat upd BPWI""M%E@P‘%H Esexane,
1.99 g of werden 88 mg 22b) erhalten.

1H-NMR (CDCl3): d = 0,95 ppm (5, 3H, H-18); 1,83 (s breit, 1H, 6-CHz) 2,12 (s,
3H, H-21); 5,93 und 5,99 (2s breit, 2H, H-4 und H-7)

Beispiel 23

Eine Lbsung von 2 15 g dcr untcr 223) beschnebcnen Vcrbmdung in 30 ml Ethanol
wird mit 3ml Cyclohcxan und 0, 25 8 Palladlum auf Kohle (10%) versetzt und 75
Minuten am Ruckﬂuﬂ crhltzt 'Der Katalysator w1rd abfilncrt und nach dem
Emcngcn wird der Ruckstand an chsc]gcl mit cmcm Gcmlsch aus Ethylacetat und
chan chmmatographlert Es werden 140 mg 23) crhalten

‘1H-NMR (CDCl3): d= 095 ppm (s. 3H, H-18), 112 @, J=7Hz, 3H 6-CI-13) 2,12
(s 3H ‘H-21); 5, 86 (] brc:t. 1H H-4)

Beispiel 24

4,9 g der umer 17a) beschnebenen Verbmdung werden nach den in den Beispielen
9a), 5¢), 5d), 1e) und Sg) angegebenen Methoden umgesetzt Es wcrden 253 mg 24)
erhaiten.

[a Ip20 = +65,9° (CHClg; ¢ = 0,525)

H-NMR (CDC13) d = 0,95 ppm (s, 3H, H-18); 3,35 (t, | = 5 Hz, 1H, 21-OH), 4,24
und 4,27 (24, J = 5 Hz, je 1H, H-21); 5,72 (s breit, 1H, H-4)

Beispiel 25




55c) is obtai ned [err]HNWR (CDCl [err]): d .97 ppm (s, 3H, H18);
1.54 (s,3H H21); =878 and 3.78-(2s, 3H, 3—®CH[err] and Cderr]CHerr] -
each); 3.90 to 4.06 (m4H, 20 OCH[err]CH[err]C}) 6.64 (d,J=3Hz, 1H, H 4);
672(de9and 3Hz, 1H, ¥ 2); 6.92 (s, 1H, H 15) 721(dJ9Hz 1H H 1)

: 20, 20!""?‘@ haned| yl bi s(oxy)] - 3-nmet hoxy- 14, 17- et han%&ﬁ,”m
norpregna- ), 15-t et raene- 16- net hanol 2.52 g of the conpound,
described in Exarrple 55c) and dissol ved |7€ 40 m of tetrahydrofuran, is
"m xed with 157 ng of zinc chloride. Terr]C 24 m of a 1.2 nolar

sol ution of diisobutylal um num hydr| de in toluene is added in drops. Then,
it is left fogos.mg durr oot 16f)i beschrigbeneat Meebindinge dedeh hnavht deén int demned and

Cxtrect o8 U Baghih i o ﬁ%ﬁ%w SRR Rt i werten,

concentrated BJ0wgRfdehaltem. After chronatography on silica gel with a
m xture of ethyl acetate and

[a 120 = -232,8° (CHCI3; ¢ = 0,500)

1H-NMR (CDCl3): d = 1,04 ppm (s, 3H, H-18); 3,32 ¢, J = § Hz, 1H, 21-OH), 4,23
und 4,27 (24, ] = 5 Hz, je 1H, H-21); 5,68 (s breit, 1H, H-4)

Beispiele 26 und 27

2,00 g der unter 21a) beschriebenen Verbindung werden nach den in den Beispielen
Sc), 5d), 1e) und Sg) angegebenen Methoden umgesetzt. Es werden 640 mg des 21-
Epimerengemischs erhalten, welches durch Chromatographic an Kieselgel mit
einem Gemisch aus Ethylacetat und Hexan in 210 mg 26) und 230 mg 27) getrennt
wird.

26: [a]p20=-1,6° (CHCl3; ¢ = 0,495)

1H-NMR (CDCl3): d = 1,03 ppm (s, 3H, H-18); 1,32 (d, ] = 6 Hz, 3H, H-22), 3,60
(d,J = 6 Hz, 1H, 21-OH), 4,37-4,46 (m, 1H, H-21); 5,68 (s breit, 1H, H-4)

27:  [a]p20=-1,0° (CHCl3; c = 0,475)

IH.NMR (CDCl3): d = 1,07 ppm (s, 3H, H-18); 1,29 (d, J = 6 Hz, 3H, H-22), 3,40
(d, ] = 7 Hz, 1H, 21-OH), 4,33-4,44 (m, 1H, H-21); 5,68 (s breit, 1H, H-4)

Beispiel 28

a) 3-Mcth6xy-20-oxo-14,i7-etheno-19-norpr¢gna_-1,3,$(10)-trien-1 6a-carbonsdure-
methylester '



hexane, 1.46 g of 55d) is obtained.

100

[err]HHNMR (CDCl [err]): d = 0.98 ppm(s,3H H18); 1.39

(s, 3H H21);
to 4.13 (m4H, 20 -OCCH err]CH err]O);

(s broad,

- 16-[ (Acetyl
. met hoxy- 14,

3.24 to 3.32 (m 1HTG- L;H[errj) 3. 78 (5, 3H, 3-

oo+ 1) e) . or
oxy) et hyl ] - 20, 20- [ 1, 2- et hanedi yl bi s(oxy)]-3- ~C Eromeo0?

4.18 to 4.26 (m 1H, 16- CH[err])
1H H15); 6.64 (d,J=3Hz,1H H4); 6.71 (dd,J=9 and 3Hz, 1H H 2);
7.20 (d, J=@ '

6. 00

. 17- et hano- 19- nor pregna- 1, 3, 5(&9) 15- tetraene 1.475 g of
. the corrpound described in Exanple 55d) 'n 60 mM of pyridine is m xed at
- O[err]C drop by drop with 1.3 m. of acetyl <chloride.  After 1.5 hours at
: roomtenperature, it is poured ont o

194 g der in Beispie! la) b&schnebenen Verbmdung, 37 ml fnsch dmnllnertcr
Acrylsiduremethylester und 200 mg Hydrochinon werden im geschlosscncn Rohr 7
Tage bei 120°C belassen. Nach Abkiihlung und Abdestillieren aller ﬂiichugen Be-
standteile unter vermindertem Druck wird der Ruckstand an Kieselgel mit einem

~ Gemisch aus Ethylacetat und Hexan chmmatographxcrt Es werden 21,0 g 28a)
erhalten.

Fp.: 145-146°C [2 Jp20 = +216,4° (CHCI3; ¢ = 0,505)

1H-NMR (CDCl3): d = 096 ppm (s. 3H, H-18); 2,29 (s, 3H, H-21); 3,60 (s, 3H,

| CO2CH3); 3,78 (s, 3H, 3-OCH3): 3,84 (dd, I = 9,5 und 4,5Hz, H-16); 6,15 und 6,27

(2d, T = 6Hz, je 1H, H-17! und H-172); 6,64 (d, J = 3Hz, 1H, H-4); 6,72 (dd, J = 9
und 3Hz, 1H, H-2); 7,19 (d, J = 9Hz. 1H, H-1)

'b) 20,201, Z-Ethandlylbls(oxy)]-:i-mcthoxy-l4 l7-ethcno-l9-norpregna-l 3,5(10)-
trien-1 6a-carbonsauremethylester

20.8 g der unter 28a) beschriebenen Verbindung werden nach der in Beispiel 1c)
angegebenen Methode umgesetzt. Es werden 17,0 g 28b) erhalten.

Fp.:128-130°C [a)p20=+141,2° (CHCl3; c = 0,505)

1H-NMR (CDCl3): d = 1,03 ppm (s, 3H, H-18); 1,32 (s, 3H, H-21); 3,38 (dd, J =
9,5 und 4,5Hz, 1H, H-16); 3,60 (s, 3H, CO2CH3); 3,78 (s, 3H, 3-OCH3); 3,82-4,18
(m, 4H, 20-OCH7CH30-); 6,00 und 6,23 (24, J = 6Hz, je 1H, H-171 und H-172);
6,63 (d, J = 3Hz, 1H, H-4); 6,71 (dd, J = 9 und 3Hz, 1H, H-2); 7,20 (4, = 9Hz, 1H,
H-1)

¢) 20,20-(1, 2-Ezhandlylbls(oxy)]~3-methoxy-14 17-ethcno-19-norpregna-1 3 »5(10)-
trien-16a-methanol

Eine Lbsung von 8,2 g der unter 28b) beschricbenen Verbindung in 150 ml Tetra-
hydrofuran wird in eine auf 0°C gekiihlte Suspension von 2,84 g Lithiumalumini-
umhydrid in 100 m! Tetrahydrofuran getropft. Nach 2 Stunden Riiiren bei Raum-
temperatur wird langsam mit Sml Wasser versetzt. Nach weiteren 20 Minuten wird



I ce-cold concentrated sodi um bi carbonate solution and extracted wth ethyl
acetate. The organit phtase is washed in successtom—wth concentrated
sodi um bi carbonate sol ution_and common salt sol Ut on, dried on sodium
sulfate, filtered and concentrated by evaporatl 61:7:1.85 g of crude 55e) S
obtained. woegbfer] HNVR (CDCl [err]): "d = 0.97 ppm(s 3hhctrErS0s197
(s,3H,H—21); 2.09 (s,3H acetate); 3.77 (s,3H,3-CCH err]); 3.92 to 4 12
(m4H, 20 -CCHerr]CHerr]O); 4.74 and 4.8 (2d,J=1.5 and 20Hz,

1H, 16-CH err] each); 5. 95 (s broad, 1H,H 15); 6.64 (d J=3Hz, 1H, H-4); 6.72
(dd,J=9 and 3Hz,1H H 2 720(dJ9Hz 1H H 1)

f)
16- Met hyl - 14, 1tlbmmma fijtrmt pmé@ndﬂmommhgeyamemmNatrmmsuifaVSe-g of
crude 55e) is d@éiﬁgbeﬁgt.nns werdeh §,1NE28E) haltér) Flir sHaBytidelfecZidtRe wifd

Egg‘r:rﬂ gZdlld)n E&'ﬁﬁ%ﬂﬁ”@%f ﬁé{%@%nd 92 ng of the conpound that is

Fp.: 162-164°C [a }p20 = +104,2° (CHCl3: ¢ = 0,520)

1H-NMR (CDCl3): d = 1,05 ppm (s, 3H, H-18); 1,48 (s, 3H, H-21); 3,18-3,44 (m,
2H, 16-CH0H); 3,77 (s, 3H, 3-OCHj3); 4,01-4,12 (m, 4H, 20-OCHCH0-); 5.95
und 6,04 (2d, J = 6Hz, je 1H, H-171 und H-172); 6,62 (d, ] = 3Hz, 1H, H-4); 6,72
(dd, J = 9 und 3Hz, 1H, H-2); 7,21 (d, J = 9Hz, 1H, H-1)

d) 20,20-[1,2-Ethandiylbis(oxy)]-3-meth_oxy-l4,17-cthano-19-norprcgna-1,3,5(10)-
trien-16a-methanol

7,8 g der unter 28c) beschricbenen Verbindung werden nach der in Beispiel 16a)
angegebenen Methode umgesetzt. Es werden 7,4 g 28d) erhalten.

Fp.: 190-193°C (a Jp20 = +5,5° (CHCl3; ¢ = 0,505)

1H-NMR (CDCl3): d = 1,05 ppm (s, 3H, H-18); 1,43 (s, 3H, H-21); 3,54 (m, 1H,
16-CH,OH); 3,78 (s, 3H, 3-OCH3); 3,69-4,10 (m, SH, 20-OCH>CH,0- und 16-
CH,OH); 6,62 (d, J = 3Hz, 1H, H-4); 6,70 (dd, J = 9 und 3Hz, 1H, H-2); 7,21 (d, J
= 9Hz, 1H, H-1)

¢) 16a-(Brommethyl)-20,20-[1, Z-ethandlylbls(oxy)]-3-methoxy-14 17-ethano-19-
norpregna-1,3,5(10)-trien

6,8 g der unter 28d) beschriebenen Verbindung, 7,2 g Tetrabrommethan und 5,7 g
Triphenylphosphin werden in 250 ml Dichlormethan 16 Stunden bei Raumtempera-
tur geriihrt. Nach Einengen wird an Kieselgel mit einem Gemisch aus Ethylacetat
und Hexan chromatographiert. Es werden 2,2g 28e) erhalten.

Fp:176-177°C  [a]p20 =-21,7° (CHCl3; ¢ = 0,505)

1H.NMR (CDCl3): d = 1,02 ppm (s, 3H, H-18); 1,30 (s, 3H, H-21); 3,34 (dd. ] = 10
. und 12Hz, 16-CH,Br); 3,78 (s, 3H, 3-OCHj3); 3,82-4,06 (m, SH, 20-OCH;CH,0-



101 [err]H-NVR (CDO [err]): d = 0.96 ppm (s,3H H18); 1.77 (s
broad, 3H, 16-CH err]); 2.17 (s,3H H21); 5.62 (s broad, 1H H 15); 5.84 (s

broad, TH, F4) EXanpl e o6 15[€rr], lojerr]-DO nethyl -14
17- et heno- 19- nor pr egn- 4- ene- 3, 20-di one a)

20, 20-[ 1, 2- Et hanedi yl bi s(oxy)]-3-nmet hoxy-15[err] -net hyl - 14, 17-.

et heno- 1Svee¢spaeona- 1, 3, 5(10) -tri ene- 16[ err] - car boxyl i c saixbosmsiby! ester
200 M of a 1.6 molar solution of nethyllithiumin diethyl ether is added
in drops to 30.47 g of copper(l) iodide js.p 420 M of diethyl ether at
O[err]C. After 30 mnutes at this tenperature, it is diluted wwth 500 m
of tetrahydrofuran. After cooling.to -50[err]C, 7.0 g of the conpound,
descri bed i nn&l6rGHBISR$3 (4. 268z, 1H, H-4); 6,71 (dd, J = 9 und 3Hz, 1H. H-2);

7,20 (d, J = 9Hz, 1H, H-1)

f) 20.20-[1,2-Ethandiylbi_s(oxy)].-3-methoxy-16q-methyl-14.17-cthano-19_-nor-
pregna-2,5(10)-dien

1,78 g der iuit_cr. 28e) hsjchrieben_cn.. Verbinduné_ wgrd_é_n nach der in Beispiel
1d)angegebenen Methode umgesetzt. Es werden 1,1 g 28f) erhalten.

Fp.:174-178°C  [a]p20 = +41.4° (CHCl3; ¢ = 0,50)

1H.NMR (CDCl3): d = 0,99 ppm (s, 3H, H-18); 1,06 (d, J = 7Hz, 16-CH3); 1,25 (s,
3H, H-21); 3,56 (s, 3H, 3-OCH3); 3,78-4,01 (m, 4H, 20-OCH,CH,0-); 4,64 (m,
1H, H-2)

B 16a-Methyl-14,17-cth_ano'-l9-norprchl-4-cn-3,204didn

1,05 g der unter 28f) beséh_riebenen .Verbindung werden nach der in Beispiel 1e)
angegebenen Methode umgesetzl. Es werden 0,7 g 28g) erhalten.

Fp.:172-173°C [ ]p20=+52,7° (CHCl3; c = 0,485)

1H.NMR (CDCl3): d = 0,96 ppm (s, 3H, H-18); 0,96 (d, J = THz, 16-CH3); 2,09 (.
3, H-21); 5,81 (t,J = 1Hz, H4))

Beispiel 29
B -. . - 4 . - ._ . . -4 . _- i -. i

2) 20,20-{1,2-Ethandiylbis(oxy)}-3-methoxy-14,17-cthano-19-norpregna-1,3,5(10)-
trien-16c-carbaldehyd R

2,7 g der unter 28d) beschricbenen Verbindung werden nach der in Beispicl 7c)
~ angegebenen Methode umgesetzt. Es werden 2,4 g 29a) erhalten.



m of tetrahydrofuran is added in drops. After heating to O[err]C, it is

l eft for 4 hours at-thts—tenperature. After eeneentrated ammoni um-chl oride
solution is added at -20[err]C, it is dispersed between water and ethyl
acetate, the organic phase is washed in successi‘ohw th amoni a sol ution,

water and c ted common salt solution, dried on sodi ,
filtered, cgﬁgcen rated by evaporation, and the residue is Wéfaphed
on silica gel wth a mxture of ethyl acet %te and hexane. 5.47 g of 56a)
is obtained. [err]H-NVR (CDCl[err]) 38 = 1.18 ppm

(d, J=7Hz, 3H, 15-CH err]); 1.20 (s,3H H18); 1.30 (s,3H H21); 3.14

(d, J=5Hz, 1H, H-1EANMR (EBCI)sd 3H,0hmn (4, OH, #1.18)) 1,38 s/ 8K §-31y; 370 3,13l ) ;
3.79 10 4. 13 (Gl 3,82.4,16 (m, 4H, 20-OCH,CH0-); 6,61 (d, J = 3Hz, 1H, H4}76,72 (dd,

J = 9 und 3Hz, 1H, H-2); 7,20 (d, J = 9Hz, 1H, H-1); 9,88 (d, J = 2Hz, CHO)

b) 20,20-[1,2-Ethéndiylbis(oxy)]-.16a-ethenyl_-3-methoxy-14,17-6thano-19-nor-
pregna-1,3,5(10)-trien ' : '

10,7 g Methyltriphenylphosphoniumbromid werden in 70 m! Tetrahydrofuran sus-
pendiert und bei 0°C tropfenweise mit insgesamt 18 m! einer 1,6 molaren Losung
von n-Butyllithium in Hexan versetzt. Nach 20 Minuten Riihren bei 0°C und 1
Stunde Riihren bei Raumtemperatur werden 2,6 g der unter 29a) beschriebenen Ver-
bindung in 40 ml Tetrahydrofuran zugetropft. Nach 2 Stunden wird von festen Be-
standteilen abfiltriert und eingeengt. Der Riickstand wird zwischen Wasser und
Ethylacetat verteilt, die organische Phase mit konzentrierter wiBriger Natriumchlo-
rid1dsung gewaSchen, iiber Natriumsulfat getrocknet, filtriert und eingeengt. Nach
Chromatographie an Kieselgel mit einem Gemisch aus Ethylacetat und Hexan wer-
den 1,6 g 29b) erhalten.

[a Ip20 = +13,7° (CHCl3; ¢ = 0,510)

1H-NMR (CDCl3): d = 1,03 ppm (s, 3H, H-18); 1,38 (s, 3H, H-21); 3,78 (s, 3H, 3-
OCH3); 3,84-4,03 (m, 4H, 20-OCH;CH70-); 4,96-5,08 (m, 2H, Vinyl-CHy); 6,02-
6,17 (m, 1H, Vinyl-CH); 6,62 (d, J = 3Hz, 1H, H-4); 6,71 (dd, J = 9 und 3Hz, 1H,
H-2); 7,21 (d, J = 9Hz, 1H, H-1)

c) 20,20-[1,2-Ethandiylbis(oxy)}-16a-ethyl-3-methoxy-14,17-cthano-19-nor-
pregna-1,3,5(10)-trien |

1,0 g der unter 29b) beschricbenen Verbindung werden nach der in Beispiel 16a)
angegebenen Methode umgesetzt. Es werden 1,0 g 29c) erhalten.

1H-NMR (CDCl3): d = 3,91 ppm (t, J = 7Hz, 3H, 16-Ethyl-CHz); 1,00 (s, 3H, H-

18); 1,30 (s, 3H, H-21); 3,77 (s, 3H, 3-OCH3); 3,70-4,02 (m, 4H, 20-OCH,CH,0-

) 6,61 (d, J = 3Hz, 1H, H-4); 6,71 (dd, J = 9 und 3Hz, 1H, H-2); 7,21 (¢, J = 9Kz,
~ 1H,H-1)



20 -OCH err]CH err]O); 5.98 and 6.30 (2d,J=6Hz, 1H H 17[err] and H 17[err]
each); 6.64 (d,J=3Hz,1H H4); 6.72 (dd,J=9 and 3Hz, 1H H2); 7.20

(d,J=9HzZ, IR I D)
15[err], 16[ err]-Di met hyl - 14, 17- et heno- 19- nor pr egn- 4- ene- 3, 20- di one
2.0 g of the compound that is described in Exanple 56a) is reacted

accor di ng g nmet hods that are described in Exanpl es ), 34b),
1d) and |§f€"?8§”ng of 56b) is obtained. [err] = +5§§M?ﬁ
(CHC [err]; ¢ = 0.510) [err] H NVR ng[err]): d = 0.88 and 1.05 ppm
(2d,J=7Hz, 3H, 15-CHerr] and 16-CHerr] each); 1.04 (s,3H H18); 2.14
(s, 3H, H-21) 5.85 (s broad,1H H4); 6.01 and 6,20 (2d,J=6Hz, 1H H 17[err]
and H 17[er r:]l) W21, Z-Ethmmlséowy] 16a-ethyl-a-methoxy-14 17-ethano- 19-nor-
15[err], 16[e§,(, nd-}, bmﬂenm 17- et hano- 19- nor pr egn- 4+ ene- 3, 20- di one
1.48 g of t he orrpound that is described in Exanple 56a) is react ed
according to the nethods that are described in Exarrpl es

1,0 g der unter 29c) beschnebcnen Vcrbmdung werden nach der in Beispicl 1d)

angegcbenen Methode umgcsctzt Es werden 1,07 g 29d) erhalten, welches als
Rohprodukt weiter umgesetzt wird.

1H.NMR (CDCl3): d = 3,54 ppm (s, 3H, 3-0CH3), 3,75-4,01 (m, 4H, 20-
OCH,CH0-); 4,63 (m, 1H, H-2) |

€) 16a-Ethyl-14,17-ethano-19-norpregn-4-cn-3,20-dion

0,97 g der unter 29d) beschrlebenen Verbmdung werden nach der in Belspu:l 1le)
angegebenen Methode umgesetzt Nach Chromatographxe an Kxeselgcl mit einem
Gemisch aus Ethylacctal und Hexan werden 056 g 29c) erhalten, welches aus
Diisopropylether knstalhslen wird. '

Fp.: 145-147°C [a ]p20 = +42,9° (CHCl3; c = 0,5 15)

1H.NMR (CDCl3): d = 0,96 ppm (1 J 7Hz, 3H, 16-Ethyl-CH3); 096(5, 3H, H-
18); 2,10 (s, 3H, H-21); 5,81 (1, 1 = 1Hz, 1H, H-4) '

Beispiel 30

a) 20,20-[1,2-Ethandiylbis(oxy)]-16a-ethenyl-3-methoxy-14,17-ethano-19-nor-
pregna-2,5(10)-dien

0.5 g der unter 29b) beschriebenen Verbindung werden nach der in Beispiel 1d) be-
- schriebenen Methode umgesetzt. Es werden 0 S g 30a) erhahen. welches ohne
Relmgung wenerverarbeuet wird. :

1H-NMR (CDCl3): d = 1,02 ppmn (s, 3H, H-18); 1,23 (s, 3H, H-21); 3,56 (s, 3H, 3-
OCHj3); 3,82-4,02 (m, 4H, 20-OCHpCH0-); 4,64 (m, 1H, H-2); 4,93-5,07 (m, 2H,
Vinyl-CHy); 6,08 (m, 1H, Vinyl-CH)



28c), 34a), 34b), 55c), 1d) and le). 223 ng of 57) is obtained. Fl ash

point: 212-2l14[errd&———Ferr] = +21.1[err] (EHeHer+} c = 0. 505}~
[err]HHNMR (CDCl [err]): d = 0.97 and 1.01 ppm (2d, J=7Hz, 3H, 15-CHerr]
and 16-CHerr] each); 1.08 (s,3H H18); 2.09 (s; 3H H21); 5.82 (s

broad | H, H 4 e 103 Exanpl e 58
2" 15[erP‘f Wr] Tetrahydrofuro [3',4':15, 16]-14, 17-&%?6‘%%}97

norpregn 4-ene- 3, 20-di one a)

15[ err], 16[err]- D| hydr o- 3- met hoxy[ 2H, 5H] f uP8[ 3' , 4' +15, 16] - 14, 17-

et heno- 19 nor pregna-1, 3,5(10)-triene-2',5", 20- trlone 10 0 g of the
conmpound that is described I n Exanple Ia) and 10.0 g of mal ei ¢ anhydri de

are stirred f %5 1&0. lg] eny? 14 qg—e afb qB-norprcgn-4-en-3 20-dl°n

0,49 g 30a) werden nach der in Beispiel le) beschricbenen Methode umgcsetzt
Nach Chromatograpme an Kieselgel mit einem Gemisch aus Ethylacetat und Hexan
0,27 g 30Db) erhalten.

Fp.:171°C  [a ]p?0 = +26,7° (CHCl3; c = 0,515)

1H-NMR (CDCl3): d = 1,00 ppm (s, 3H, H-18); 2,08 (s, 3H, H-21); 5,03-5,13 (m,
2H, Vinyl-CHy); 5.72-5,87 (m, 2H, Vinyl-CH und H-4)

Beispiel 31

a) 20,20-[1,2-Ethandiylbis(oxy)]-3-methoxy-16-methylen-14,17-ethano-19-
norpregna-1,3,5(10)-trien

27,86 g der unter 29a) beschricbenen Verbindung werden in 268 ml
Tetrahydrofuran gelést und bei 0 °C mit 26,6 g Kaliumhexamethyldisilazid versetzt.
Nach 1 Stunde werden 17,8 ml Nonaflylfluorid (1,1,2,2,3,3,4,4,4-
Nonafluorbutansulfonylfluorid) ~zugetropft. Nach 3 Swnden riihren bei
Raumtemperatur wird zwischen Wasser und Ethylacetat verteilt und die organische
Phase mit konzentrierter Namumhydrogencarbonatlﬁsung und Kochsalzldsung
gewaschen. Nach Trocknung der organischen Phase fiber Natriumsulfat wird
filtriert, eingeengt und der Riickstand in 546 m! Dimethylformamid aufgenommen.
Nach Zugabe von 111,5 m! Tricthylamin, 2,0 g Bis-(triphenylphosphin)-
palladium(I)-chlorid und 19,5 ml Ameisenséure wird 7 Stunden auf 80 °C erwérmt
und anschlieBend i{iber Nacht bei Raumtct_npe;aiur belassen. Nach verteilen
zwischen Ethylacetat und Wasser wird dic organische Phase mit konzentrierter
Kochsalzlﬁsung gewaschen, tiber Natriumsulfat gctrocknet; filtriert und eingeengt.
Der Riickstand wird an Kieselgel mit einem Gemisch aus Ethylacetat und Hexan
chromatographiert. Es werden 5,33 g 31a) crhalten.

[2 Jp29 = +21,1° (CHCl3; ¢ = 0,530)



at 95[err]C. After excess maleic anhydride is renoved under high vacuum
the residue is crystallized fromdiisopropyl ether. 9.8 g of 58a) is

obtatnetd————Fash—potnt . 186—18Fer-E—{tadeeorposi t i o) e+ —=
+197.0[err] (CHC[err]; c = 0.500) [err]HNWMR (CDCl [err]): d = 1.00
ppm (s,3H,H18); 2.35 (s,3H H21); 3.57 and 4.47 (2d,J=8Hz, 1H H 15 and

H 16 each).. . (s,3H 3- OCH3); 6.41 and 6.49 (2d,J=6 [err] and
Hl?[err]t]avosi’%g%,G 66 (d,J=3Hz,1H H4); 6.73 (dd, J=9 aM’ﬁﬁ 7.18
(d,J=9Hz, 1H, H 1) b)

20, 20-[ 1, 2- Et hanedi yl bi s(oxy)] - 14, 17 et héHo- 19- nor pr egna-

1,3,5(10)-triene-15[err],16[err]- d| nmet hanol 5.45 g of the conpound
that is described in Exanpl e 58a) is reacted according to the nethods that

are indicat egl,i 3 f crude 58b) is
obt ai ned. H- f&vﬁ Q&f 'B?%]?ﬁ'lﬁdu& i‘é% &ﬁni( éﬁa&"gﬂ&éﬂ 31. 42
(s, 3H, H 21) ; OCH3); 3,87-4,07 (m, 4H, 20-0CH2CH20 -); 4,90 ppm (s breit, 1H, 16-Methylen);

5,15 (s breit, 1H, 16-Methylen), 6,63 (d,J = 3Hz, 1H. H-4), 6,72 (dd, J = 9 und

3Hz, 1H, H-2); 7,23 (d, J = 9Hz, 1H, H-1)

b) 16-Methylen-14,17-ethano-19-norpregn-4-en-3,20-dion

510 mg der unter 31a) beschriebenen Verbindung werden nach den in den
Beispielen 1d) und 1€) beschnebenen Methoden umgmtzt Es werden 440 mg 31b)
erhalten, die mit Dusopropylether dlgenen werden.

1H-NMR (CDCl3): d = 1.09 ppm (s, 3H, H-18); 2,22 (s, 3H, H-21); 4,83 (s breit,
1H, 16-Methylen); 4,90 (s breit, 1H, 16-Methylen); 5,82 (s breit, 1H, H-4)

Beispiel 32

8) 20,20{1,2-Ethandiylbis(oxy)}-16-methylen-14,17-cthano-19-norpregn-5(10)-cn-
o iyl lano-19-norp:

6,8 g der unter 31a) beschnebenen Verbmdung werden nach den m den Benspnelen

1d) und &) bmhnebenen ‘Methoden | umgesetzt. Nach Chromatographle an
Kleselgel mit cinem Gemlsch aus Ethylacetat und Hexan werden 4,9 g 32a)
erhalten. AuBerdem werden 600 mg 20 20-[1,2-Ethand1ylb1s(oxy)]-16-methylen-
14 17-ethano-19-norpregn-4-en-3-on erhalten

1H-NMR (CDCI-) fﬂr Verbmdung 323) d= 0 98 ppm (s, 3H H-18), 1, 41 (s, 3H,
H-21); 2,68 und 2, 78 (2d breit, J = 20 Hz, je 1H, H-4); 3, 84-4,05 (m, 4H, 20-
0CH2CH20-) 4, 89 (s bren 1H, 16-Methylcn), 512 (s brelt 1H. 16-Methylen)

- 1H.NMR (CDCl3) " fiir 20, 20-[1 2-Ethand1ylb|s(oxy)]-16-methylen-14 17-ethano-
19-norpregn-4-en-3-on: d = 1,00 ppm (s, 3H, H-18); 1,42 (s, 3H, H-Zl) 3,84-4,04
(m, 4H, 20-OCHCH>0-); 4,88 (s breit, 1H, 16-Methylen) 5 13 (s breit, 1H, 16-
Methylen); 5,82 (s breit, 1H, H-4)



3.48 to 3.58 and 3.60 to 3.69 (2m 1H,CH err] OH each); 3.78 (s, 3H, 3-

CCH err]); 3.93 te-4—+6—m 6H CH err] OH and—2-e—eeH[-e|=F]CH[err]O)——5 96 and
6. 04 . 104 .. (2d,J=6Hz, 1H H17[err]
and H 17[err] each); 6. 63"(:d',J:3Hz, 1H, H—4); 6.72" (dd J=9 and 3Hz, 1H, H 2);

- 7.19 (d, J—W 1) C) 20, 20-[ 1, 2- Et hanedi yl bi s(ox%mgpxy 2'
, 5", 15[ err : -

tetrahydrofuro[S 4 : 15, 16] - 14, 17- et heno- 19- nor pregna- 1, 3, 5(10) triene
4.1 g of the conpound,that i s described i n®8xanple 58b) is cooled in a
m xture of 70 m of dichloromethane and 14 m of pyridine to O[err]C and
m xed drop by drop with a total of 3.34 m of nethanesulfonic acid

chlori de. Af tb% r16-Mcthy cn-12f17-s«=gl{a;1£118%ommgna &-dien-3,20-d:|on

4,9 g der in Beispicl 32a) beschriebenen Vcrbmdung werden nach den in den
Beispielen 4b) und 1e) beschnebenen Methoden umgesetzt Nach Chromatographie
an Kieselgel mit einem Gemisch aus Ethylaoetat und Hexan und digerieren des
Produktes mir Diisopropylether werden 1,52 g 32b) erhalten. '

Fp.: 141°C (Zersetzung)  [a Jp20 = -358,8° (CHCl3; ¢ = 0,515)

1H-NMR (CDCl3): d = 1,19 ppm (s, 3H, H-18); 2,22 (s, 3H, H-21); 4,84 (s breit,
1H, 16-Methylen); 4,90 (s breit, 1H, 16-Methylen); 5,68 (s breit, 1H, H-4)

Beispiel 33
- -14.17- -19- a-4,6-dj

600 mg 20,20-{1,2-Ethandiylbis(oxy)}-16-methylen-14,17-ethano-19-norpregn-4-
en-3-on aus Beispiel 32a) werden nach den in den Beispiclen 2a), 2b) und 1¢)
beschriebenen Methoden umgesetzt. Nach Chromatographie an Kieselgel mit einem
Gemisch aus Ethylacctat und Hexan und Kristallisation des Produktes aus
Diisopropylether werden 70 mg 33) erhalten.

1H-NMR (CDCl3): d = 1,10 ppm (s, 3H, H-18); 2,21 (s, 3H, H-21); 4,86 (s breit,
1H, 16-Methylen); 4,92 (s breit, 1H, 16-Methylen); 5,78 (s breit, 1H, H-4); 6,10-

6,26 (m, 2H, H-6 und H-7)
Beispiel 34
A .14 6-19. ; -dien-

a) 20,20-[1,2-Ethandiylbis(oxy)]-3-methoxy-16c-[[(methylsulfonyl)oxy)methyl]-
14,17-ethano-19-norpregna-1,3,5(10)-trien

11,7 g der unter 28b) beschriebenen Verbindung, geltst in einem Gemisch aus 15
m! Pyridin und 110 m! Dichlormethan, werden bei 0 °C langsam mit 4,7 ml



tenperature, it is mxed with concentrated sodi um bi carbonate sol ution.
After 20 mnutes, it is dispersed between water and ethyl acetate, the
orJantT phase TS5 washied W th concentratred sodrunmbicar bonate—sofutiom and -
comon salt solution, dried on sodiumsulfate, filtered, concentrated by
evaporation and chromatographed on silica gel with a mxture of ethyl '
acetate aw'we. 0.81 g of 58c) is obtai ned Fl

148- 150C err] = +135.0[err] (CHO[err]; c = 0.480) ierr?H-NIVR
(cdferr]): d=1.19 ppm (s, 3H, H 18); 16330 (s 3H, H21); 3.34 to 3.83
(m4H 15-CH err] and 16-CHerr]); 3.79 (s,3H,3-OCCH err]); 3.85 to 4.08
(m4H, 20-CCH err]CH err]O); 6.12 and 6.18 (2d,J=6Hz, 1H H 17[err] and H
17[ err] eachMetfanfiitfohshudeefildrid Merseiztl Nack 2% Stindeh Buglaurmbnﬂi&amﬂvhldmn 7.21

(d, J=9kz, 1H, ic_klgz)mmerter, eiskalter Namumhydrogencarbonatlbsung versetztl @ie organische
Phase wird dreimal mit konzenmertcr, eiskalter Natnumhydrogencarbonatlbsung
gewaschen, iiber Natrm s ulfat getrocknet und filtrlert Unter vcnmndertem Druck
werden alle ﬂuchugen : _tandtexlc entfcmt Es wcrdcn 14 3 g 34a) crhalten, die
ohne Reinigung welter umgesetzt werden '

1H-NMR (CDCl3): d = 1,11 ppm (s, 3H, H-18); 1,31'(s, 3H, B-21); 3,02 (s, 3H,
SO,CHj3); 3,68 (s, 3H, 3-OCHz); 3,82-4,06 (m, 5H, 20-OCH,CH20-); 4,12 (dd, J
= 9 und 10 Hz, 1H, 16-CHp); 4,80 (dd, J =4 und'10 Hz, 1H, 16-CHp); 6,62 (d, ] =
3Hz, 1H, H-4); 6,70 (dd, J ='9 und 3Hz, 1H, H-2); 7,20 (d, ] =9Hz, 1H, H-1) |

b) 20,20-[1,2-Ethandiylbis(oxy)]-3-methoxy-16a-methyl-14,17-cthano-19-
norpregna-1,3,5(10)-trien

14,3 g der unter 34a) beschriebenen Verbindu_ng werden in 20 ml Tetrahydrofuran
. suspendiert und mit 150 ml einer 1 molaren Lisung von Lithiumtriethylborhydrid in
Tetrahydrofuran versetzt. Nach 5,5 Stunden Erhitzen unter Argon wird 15 Stunden
"bei Raumtemperatur belassen und zwischen Ethylacetat und konzentrierter
Ammoniumchloridlésung . verteilt. Die organische Phase wird mit konzentrierter
Natriumhydrogencarbonatlésung gewaschen, iiber Natriumsulfat getrocknet, filtriert
und eingeengt. Nach Chromatographie an Kiesclge! mit einem Gemisch aus
Ethylacetat und Hexan werden 6,0 g 34b) erhalten. '

Fp.: 132-134°C

1H-NMR (CDCl3): d = 1,01 ppm (s, 3H, H-18); 1,19 (d, J = 7,5 Hz, 16-CH3); 1,30
(s, 3H, H-21); 3,78 (s, 3H, 3-OCH3); 3,83-4,04 (m, 5H, 20-OCH7CH70-); 6,62 (d,
J = 3Hz, 1H, H-4); 6,71 (dd, J = 9 und 3Hz, 1H, H-2); 7,22 (4, J = 9Hz, 1H, H-1)

. €) 3-Methoxy-16a-meth_y_l-_14,l7-elhano-19-norpregna-1,3,-5(10)-trien-20-on

5,96 g der unter 34b) beschrieb_cnen Verbindung werden nach der in Beispiel 1€)
beschricbenen Methode umgesetzt. Es werden 5,58 g 34c) als Rohprodukt erhalten.



d) 2',5 ,15[err],16[err] - Tetrahydrofuro[3 4':15,16]-14,17- et heno- 19-

norpregn 4 ene- 3, 20‘d|‘0‘n‘e 0741 g of th'e—tcm'pound that I s described in
Exanpl e 58c) is reacted according to the nethods that are indicated in
Exanples 1d) and l1le). 0.23 g of 58d) is obtai néd" Fl ash point:

+163. 5- 165 o rr] = +149.8[err] (CHC [err]; c = 0.485 _

[err] H NMR (?:%@Wr]) d = 1.08 ppm (s, 3H H18): 2.17 (s, ?ﬁ’ﬁt"ﬂ?,’” 3.33
to 3.46 and 3.60 to 3.76 (2m 2H, 15- CH[err]ﬁEnd 16-CH err] each); 5.88 (s
‘broad, 1H, H-4); 6.21 and 6 27 (2d, J=6Hz 17[€¥t] and H 17[err] each)

Exarrpl e 59
2',5",15[err], Eﬁ{els-]lla"élrahy{dr]g?@la@-[ss3°40H¢E3,ﬂ:6=]053¢1)17 et hano-19- .
norpregn 4- ene- 3, 20- di one 0.4 g of the conpound-that is described in

cording to the nethods that are indicated in
ggg: e 28¢) '§H-NM?<C B L 898 p (s I, 18y, 0,09 (4 T 75 fiz, 16-CHz); 2,11

(s, 3H, H-21); 3,78 (s, 3H, 3-OCH3); 6,62 (d, J = 3Hz, 1H, H-4); 6,71 (dd, ] = 9
und 3Hz, 1H, H-2); 7,21 (d, J = 9Hz, 1H, H-1)

d) 3-Methoxy-16a-methyl-14,17-ethano-19-norpregna-1,3,5(10)-trien-20k-ol

5,53 g der unter 34c) beschriebenen Verbindung werden in einem Gemisch aus 90
ml Methanol und 130 ml Dichlormethan geldst und portionsweise mit 2,37 g
Natriumborhydrid versetzt. Nach 2 Stunden bei Raumtemperatur wird mit Wasser
versetzt, mit 2-normaler Salzslure angesiuert und die Wasserphase zweimal mit
Dichlormethan extrahiert. Nach Waschen der organischen Phase mit Wasser,
konzentrierter Natriumhydrogencarbonatisung und konzentrierter Kochsalz!sung
wird iiber Natriumsulfat getrocknet, filtriert und eingeengt. Nach Chromatographie
an Kieselgel mit einem Gemisch aus Ethylacetat und Hexan werden 4,28 g 34d)
erhalten.

1H-NMR (CDCl3): d = 0,98 ppm (s, 3H, H-18); 1,04 (1,13) (d, J = 7,5 Hz, 16-
CH3); 1,24 (1,22) (4, J = 6,5 Hz, 3H, H-21); 3,78 (s, 3H, 3-OCH3); 3,88-3,98 (m,
1H, H-20); 6,62 (d, J = 3Hz, 1H, H-4); 6,71 (dd, J = 9 und 3Hz, 1H, H-2); 7,21 (d, J
= OHz, 1H, H-1) |

(Signale des 2. Diastereomeren in Klammern)

€) 3-Methoxy-16a-methyl-14,17-¢thano-19-norpregna-2,5(10)-dien-20&-ol

4,26 g der unter 34d) beschriebenen Verbindung werden nach der in Beispiel 1d)
beschriebenen Methode umgesetzt. Es werden 4,45 g 34¢) als Rohprodukt erhalten.

1H-NMR (CDCl3): d = 0,94 ppm (s, 3H, H-18); 1,02 (d, J = 7,5 Hz, 16-CH3); 1,20
(d, J = 6,5 Hz, 3H, H-21); 3,53 (s, 3H, 3-OCH3); 3,84-3-96 (m, 1H, H-20); 4,64 (s
breit, 1H, H-2)

(NMR-Daten nur fiir das Hauptdiastereomer)

)] 16a-Methyl-14,17-ethano;1-9-n6rpregna-4,6-dien-3,20-dion



55c), 1d) and l1le). 0.234 g of 59) is obtained. Fl ash point:
187-189[err] C [err] = +72.8[err] (CHCO[err]; c = 0:520) Exanpl e 60

147 T7-Ethano-1I8a- hono- 19- nor pr egna- 4, Io- dl ene- 3, Z0-di one a)
3- Met hoxy- 14, 17-et hano-18a-hono-19-nor pregna-1, 3,5(10), 15- tetraen-20-one
34.0 g of 3-nethoxy-15-nethyl -18a- honoestra-1, 3,5(10) , 15- ‘tetraen-17-one

(see DE 3%’%@1) I's reacted according to the nethods ' % sdescri bed
in Exanpl €s la), 58a), and 18a) and then with 2N sodi um hydroxi de
solution in tetrahydrofuran. 106

2.0 g of the dicarboxylic acid that S ;ﬁsoduced s di ssol ved as a

2 g der unter 34c) bcschnebenen Verbmdung werden nach den in den Bexsplelen
1€), 2a), 2b) und 7c) beschricbenen Methoden umgesetzt. Es werden 446 mg 34f)
erhalten. |

Fp.:165°C [ Jp20 = +16,4° (CHCl3; ¢ = 0,525)

1H-NMR (CDCls): d = 0,98 ppm (s, 3H, H-18); 1,00 (d, J = 7,5 Hz, 3H, 16-CH);
2,11 (s, 3H, H-21); 5,78 (s breit, 1H, H-4); 6,08-6,22 (m, 25, H-6 und H-7)

Beispiel 35

25g der unter 34e) beschfiébench _Verbihdun_g_'wétde:n_ héc.h den in dén Beispielen
4a), 4b) und 7c) besch_fie_ben_en Methoden umgesetzt. Es werden 410 mg 35)
erhalten.

Fp:125-126°C [a 1p20 = -300,7° ‘(CHCI_"; ¢=0,530) .

1H-NMR (CDCI3) d=0,98 (d I= 7 5 Hz, 3H 16-CH3), 1, 07 ppm (s. 3H, H-18)
2,11 (s, 3H, H-21); 5,68 (s breit, 1H, H-4)

Beispiel 36

3, 2 g der unter 34e) beschnebenen Verbmdung werden nach den m den Belspnelcn
4a), 4b), 9a), 7c), 7a) und le) beschriebenen Methoden umgesetzt Es werden 308
mg 36) erhalten.

[a Jp20 = -274,3° (CHCl3; ¢ = 0,535)

1H-NMR (CDCl3): d = 0,99 (d, J = 7.5 Hz, 3H, 16-CHs); 1,04 (t, T = 7 Hz, 3H, H-
22); 1,08 ppm (s, 3H, H-18); 5,69 (s breit, 1H, H-4)



crude product in 20 m of pyridine, mxed with 2.2 g of lead tetraacetate
and heated to 70[ erri€for 10 hours. Then, tfreTEaction m xture i's
i ntroduced into 4N hydrochloric acid. The precipitate is filtered off and
chr omat ographed on silica gel with a m-xture of n-hexane and et hyI

_ acetate. 60a) i s obtained. [err] FFRVR (cod = 0.62
" ppm (t,J=7 d%ﬁgﬁ’wa); 2.25 (s,3H H21); 3.78 (s, 3H, 3- ggﬂr’ 51 6. 10 and
6.26 (2dJ=6Hz, 1H H 15 and H 16 each); 6. (d, J=3Hz, 1H H 4); 6 72
- (dd, J=9, 3Hz,1H H2); 7.19 (d,J=9Hz, | H H b)
14, 17- Et hano- 18a- hono- 19- nor pr egna- 4, 15- di ene- 3, 20- di one 115 ng of

t he compound tBeddpiél37descri bed under 60a) is reacted according to the
nmet hods that are described in Exanples 1c), 1d) and '1e) 18 rrg of 60b) i's
obt ai ned. C - g = 0.

2.23 (s, 3H,
and H 16 each) .
1,25 g der unter 34e) beschrichenen Verbindung werden nach den in den Beispielen
1e), 9a), 7c), 5¢c,) 5d), 1¢) und 5g) beschricbenen Methoden umgesetzt. Es werden
73 mg 37) erhalten.

fa p20 = +56,4° (CHCl3; ¢ = 0,250)

1H-NMR (CDCl3): d = 0,97 (d, § = 7.5 Hz, 3H, 16-CH3); 0,98 ppm (s, 3H, H-18);
4,22 (s breit, 2H, H-21); 5,82 (s breit, 1H, H-4)

Beispie] 38

a) 17a-Ethinyl-3-methoxy~1S-mcthylestra-l,3.5(10),15-tetraen-17ﬁ-ol

Bei 0 °C wird fir 30 Minuten Acetylen in 500 ml Tetrahydrofuran eingeleitet.
AnschlieBend werden 230 ml einer 1,6 molaren Lésung von n-Butyllithium in
Hexan zugetropft. Nach weiteren 30 Minuten wird eine L3sung von 12,1 g 3-
Methoxy-lls-methyl-estra-1,3,5(10),15-tetraen—17-on (siche DE 4326240 A1) in 250
ml] Tetrahydrofuran zugetropft. Nach 30 Minuten wird zwischen halbgesittigter
Kochsalzlésung und Ethylacetat verteilt, die organische Phase mit halbgesittigter
und gesiittigter Kochsalzlésung gewaschen, {iber Natriumsulfat getrocknet, filtriert
und eingeengt. Dabei setzt Kiristallisation cin. Insgesamt werden 12,12 g 38a)
erhaiten |

(a Jp2° = -191,4° (CHCl3; ¢ = 0,500)

1H-NMR (CDCl3): d = 0,95 ppm (s, 3H, H-18); 1,90 (s breit, 3H, 15-CHz); 2,66 (s,
1H, 17-Ethinyl); 3,79 (s, 3H, 3-OCH3); 5,40 (s breit, 1H, H-16); 6,64 (d, J = 3Hz,
1H, H-4); 6,73 (dd, I = 9 und 3Hz, 1H, H-2); 7,22 (4, ] = 9Hz, 1H, H-1)



Cl ai ns
[err]

1. 14,17-C2-Bridged steroids of general formula (1),

WO 96120209 PCT/EPOSI0S107

67
b) 3-Methoxy-172-methyl-14,17-étheno-19-norpregna-1,3,5_(10)-trien-20-on

12,10g der unter 38a) besch'i'ie'benen Verbindung v'verdén.nach dén in den Béispielen
1a) und _Ib) bmhrie.bgqen_ Melhqée_n umgesetzt. E_.s_;we;dgn 8,95g 38_b) erhalten.

Fp.: 123,5-125°C  [a ]p20 = -207,5° (CHCl3; ¢ = 0,520)

1H-NMR (CDCl3): d = 0,86 ppm (s, 3H, H-18); 1,88 (s breit, 3H, 172-CH3); 2,21
(s, 3H, H-21); 3,79 (s, 3H, 3-OCH3); 5,66 (s breit, 1H, H-171); 6,63 (d, J = 3Hz,
1H, H-4); 6,73 (dd, ] = 9 und 3Hz, 1H, H-2); 7,22 (d, J = 9Hz, 1H, H-1)

¢) 20,20-{1,2-Ethandiylbis(oxy)}-3-methoxy-172-methyl-14,17-etheno-19-
norpregna-2,5(10)-dien

1,50 g der unter 38b) beschricbenen Verbindung werden nach den in den Beispielen
1c) und 1d) beschriebencn Methoden umgesetzt. Es werden 1,65g rohes 38c)
erhalten. |

1H-NMR (CDCl3): d = 0,92 ppm (s, 3H, H-18); 1,32 (s, 3H, H-21); 1,80 (s breit,
3H, 172-CH3); 3, 56 (s, 3H 3-OCH3) 3,83-4,02 (m, _4H, '20-OCHCH20-); 4,65 (s
breit, 1H, H-2); 5, 53 (s breit, 1H, H-171)

d) 172-Mcthyl-14,17¢théno-19-n6rpregn-4-en-3,20—dion

270 mg der unter 38c) beschnebeuen Verbmdung werden nach der in Be:spnel 1e)
beschriebenen Methoden umgesetzt Es werden nach HPLC 126 mg 38d) erhalten.

1H-NMR (CDCl3): d = 0,90 ppm (s, 3H, H-18); 1,82 (s breit, 3H, 172-CHg); 2,18
(s, 3H, H-21); 5,63 (s breit, 1H, H-171); 5,85 (s breit, 1H, H-4)

Beispiel 39



I n which R err] stands for an oxygen atom the hydroxyi m no group

or t wo—hydr ogen at ons, _ -Rerr] -stands for -a—hydrogen,
fluorine, chlorine or brom ne atom or R err] stands for a

err]-Cerr] alkyl radical in [err]- or [err]- posi tion,

-whereby th rr] and Rlerr] represent hydrogen - at ons, or
el se W w stands for a hydrogen, fluoriine, chl oPCREPEOSHION ne

atomor Rlerr] stands for a CJerr]-(err] al kyl radical, whereby
“then Rlerr] and Rlerr] represent a conmon 88diti onal bond, _
108 Rl err] stands for a Clerr]-Cerr] alkyl radical in [err]-

[err]-position 41 gder unter 38c) beschriebenen Verbindung werden nach den in den Beispielen
4a) und 4b) beschriebenen Metho_der_l umgesetzt. Es werden nach HPLC 178 mg 39)
erhalten. -

{a ]p20 = -306,2° (CHCl3; ¢ = 0,510)

1H-NMR (CDCl3): d = 0,98 ppm (s, 3H, H-18); 1,73 (s breit, 3H, 172-CH3); 2,18
(s, 3H, H-21); 5,67 und 5,73 (s breit, je 1H, H-4 und H-171)

Beispiel 40

(172R)-172.

a) (172R)-3-Methoxy-172-methyl-14,17-ethano-19-norpregna-1,3,5(10)-trien-20-on

7,95 g der unter 38b) beschriebenen Vefbindung werden nach der in Beispiel 12a)
beschricbenen Methode umgesetzt. Es werden 6,97 g 40a) erhalten.

Fp.: 107,5-109,5°C

1H-NMR (CDCl3): d = 0,94 ppm (s, 3H, H-18); 1,07 (d, J = 7.5 Hz, 3H, 172-CHy);
2,11 (s, 3H, H-21); 3,78 (s, 3H, 3-OCH3); 6,61 (d, J = 3Hz, 1H, H-4); 6,72 (dd, J =
9 und 3Hz, 1H, H-2); 7,23 (d, J = 9Hz, 1H, H-1)

b) (172R)-20,20+[1,2-Ethandiylbis(oxy)]-3-methoxy-172-methyl-14,1 7-ethano-19-
norpregna-2,5(10)-dien

3,5g der unter 40a) beschriebenen Verbindung werden nach den in den Beispielen
1c) und 1d) beschriebenen Methoden- umgesetzt. Es werden 4,0 g rohes 40b)
erhalten, welches ohne Reinigung weiter umgesetzt wird.

1H-NMR (CDCl3): d = 0,99 ppm (s, 3H, H-18); 0,99 (d, J = 7,5 Hz, 3H, 172-CH3);
2,11 (s, 3H, H-21); 3,55 (s, 3H, 3-OCH3); 3,83-4,00 (m, 4H, 20-0cazcazo.)
4,64 (s breit, 1H, H-2)

c)(1 72R)-172-Methyl-14,17-cthano-l 9-norpregn-4-en-3,20-dion



whereby then Rl err] and R err] represent hydrogen atons, or .
Rl err] and R[err] together stand f or a nethyl ene group

el se in a- or
B- positiomand R er ri—stamgs—or—ahydrogen—atomor

Rlerr] and Rlerr] together stand for an ethyl ene or nethyl ene group

and Rlerr] stands for a hydrogen atom Rlerr] and R err] each st and
for a hydrggelsdesm Of a comon bond, Rl err] and R[ stand
for a hydrogen atomor a common bond, Rl err] stan or a met hyl or
et hyl group, Rlerr] stands for a h glrogen atom or a Cerr]-Cerr]

al kyl radical, Rlerr] and Rerr], |ndependently of one anot her, stand
for a hydr ogen atom. a_C[err] Cerr] alkyl radical or a
Cerr]- Clerr] al kenyl r’adl cal or together for a (Jerr]- C[err]
al kyl i dene gig0i4@. der unter &?B&kh Verbindahg WrdeAn ?l@lj“]ﬁo QQFP (f’}

Rl err] stand r n,at o% éferr CFgr al’kyl

radi cal or “F&@F‘FM%H?&"R{"&F# 3&%0 364’98)?5 teg. v i ng of parti al

f ormul a

H-NMR (CDCl3): d = 0,95 ppm (s, 3H, H-18); 1,05 (d J = 7,5 Hz, 3H, 172-CHz);
2,05 (s, 3H, H-21); 5,79 (s breit, 1H, H-4) |

Beispiel 41

1,1 g der unter 40b) beschriebenen Verbindung werden nach den in den Beispielen
1e), 2a) und 2b) beschriebenen Methoden umgesetzt. Es werden 0,21 g 41) erhalten.

[a ]p20 = +117,3° (CHCl3; ¢ = 0,450)

1H-NMR (CDCl3): d = 0,98 ppm (d, J = 7,5 Hz, 3H, 172-CH3); 0,99 (s, 3H, H-18);
2,08 (s, 3H, H-21); 5,68 (s breit, 1H, H-4); 6,11-6,27 (m, 2H, H-6 und H-7)

Beispiel 42

1R

1,4 g der unter 40b) beschriebenen Verbmdung werden nach den in den Beispielen
42) und 4b) beschricbenen Methoden umgesetzl Es werden 0, 56 g42) erhalten

Fp.: 118-120°C [a 1D20 = -270.5° (CHCl3; c = 0,495)

H-NMR (CDCl3): d = 1,06 ppm (s, 3H H-18); 1,09 (d 1=7,5 Hz, 3H, 172-CH3);
2,09 (s, 3H, H-21); 5,66 (s breit, 1H, H-4) '

Beispiel 43



[err] in which n =1 and 2 and X neans a net hyl ene group or an oxygen
atom and Rlerr] stands -for a hydrogen atom—— Rlerr] stands for a
hydrogen atomor a (Cferr]-Clerr] alkyl radical, . 109

Rl err] stands for a hydrogen atom a (err]-Cerr]- alkyl radical or a

-Cerr]- radi cal , Rlerr] and Rlerr] each stand for a
hydr ogen atﬁmr -a common bond, R[ er EEPSOSWE for a

hydrogen atomor a Cerr]-Cerr] alkyl rad%;al,

a) (1'72R)-172 21-Dimethyl-20,20-[1, 2-cthand1ylb1s(oxy)] 14 17-ethano-19-
norpregn-5(10)-en-3-on

3,65 g der unter 40a) beschriebenen Verbindung werden nach den in den Beispiclen
7a), 1¢), 1d) und 8c) beschriebenen Methoden umgesetzt. Es werden 2,33 g 43a)
ethalten und  dancben 0,63 g  (172R)-172,21-Dimethyl-20,20-1,2-
ethandiylbis(oxy)]-14,17-cthano-19-norpregn-4-en-3-on.

1H-NMR (CDCl3): d = 0,86 ppm (1, J = 7,7 Hz, 3H, H-22); 0,99 (s, 3H, H-18); 1,00 -
(d, J = 7,5 Hz, 3H, 172-CH3); 2,67 und 2,78 (d, ] = 20 Hz, je 1H, H-4); 3,90-4,08
(m, 4H, 20-OCH2CH20-)

'b) (172R)-172,21-Dimethyl-14,17-cthano-19-norpregna-4,9-dien-3,20-dion

2,33 g der unter 43a) beschriebenen Verbindung werden nach den in den Beispielen
4b) und 1e) beschriebenen Methoden umgesetzt. Es werden 0,8 g 43b) erhalten und
daneben 0,48 g (172R)-172,21-Dimethyl-14,17-ethano-19-notpregna-5(10),9(11)-
dien-3,20-dion. '

[a Jp20 fiir Verbindung 43b) = -285,4° (CHCl3; ¢ = 0,515)

1H-NMR (CDCl3) fir Verbindung 43b): d = 1,00 ppm (t, J = 7,5 Hz, 3H, H-22);
1,05 (s, 3H, H-18); 1,08 (d, J = 7,5 Hz, 3H, 172-CHjz); 5,67 (s breit, 1H, H-4)

IHNMR (CDClz) fir (172R)-172,21-Dimethyl-14,17-ethano-19-norpregna-
5(10),9(11)-dien-3,20-dion: d = 0,86 ppm (s, 3H, H-18); 1,00 (t, J = 7,5 Hz, 3H, B-

© 22); 1,04 (d, J = 7,5 Hz, 3H, 172-CH3); 2,88 (s breit, 2H, H-4); 5,59-5,68 (m, 1H,
H-11)

Beispiel 44

0,45 g der in Beispiel 43b) m_dhr;ebenen Verbindung (172R)-172,21-Dimethyl-
14,17-cthano-19-norpregna-5(10),9(11)-dien-3,20-dion werden nach der in Beispiel
9c) beschriebenen Methode umgesetzt. Es werden 0,16 g 44) erhalten.



Rlerr] stands for a hydrogen atom a C[err]-'C[err] al kyl radical or a
hydr oxy group, except for the conpound 14, 17-et hano-19-

Nnorpr egn- 4- ene- 3, 20- arone. Z2—conpoundsof—gereral formol a1
according to claim1, <characterized in that R err] stands for an oxygen
atomor two hydrogen at ons. 3. Compounds of general formula I

accor di ngﬁ@,@%m 1, wherein Rerr] stands for a hydr oggq m@r R err]
stands for err]-Cerr] alkyl radical in [err]- or [err]-position, if
Rlerr] and Rlerr] represent hydrogen at@qs. 4. Compounds of general
formula | according to claim1, wherein R err] stands for a hydrogen,
chlorine or bromne atomor R err] stands:.for a (Jerr]-Cerr] alkyl
radical, if Rlerr] and Rlerr] represent a comon additional bond. 5.
Oorrpounds of[aqﬁﬁﬁaahsfm(mtg t =453y ding to claim1; wherein Rerr] and
Rl err] each stand for a-hydrogen atom each for a met hyl group or one of
these two supstituents stands for. ]8) '
H-NMR (CDCl3): d = 1,00 ppm (s, 3H, H-18); 1,02 (d I = 7,5 Hz, 3H, 172-CH3);
1,03(,J= 75Hz 3H,H-22),576(sbreu 3H, H-4),644(d J-12Hz 1H, H-

11); 6,48 (d, J = 12 Hz; 1H. H-12)

Beispiel 45

(172R)-17

0,62 g der in Beispicl 43a) beschrlcbcnen Verbindung (172R) 172 ,21-Dimethyl-
20,20-[1, 2-cthandnylb1s(oxy)]-l4 17-cthano-19-norprcgn-4—cn-3-on werden nach
den in den Beispiclen 2a), Zb) und lc) bcschrlebcncn Mcthoden umgesetzt Es
'werden 0,13 g 45) erhalten '

1H-NMR (CDCl3) fiir Verbindung 43b): d = 0,93-1,02 ppm (m, 9H, 172-CH3 H-
18 und H-22); 5,76 (s breit, 1H, H-4); 6,12-6,24 (m, 2H, H-6 und H-7) |

Beispiel 46

a) 156,16B-D1hydro-3-mcthoxy[1 3]dioxolo[4',5":15,16]-14, 17-etheno-19-
norpregna-1, 3 5(10)-tnen-2’ 20-d|on -

56 g der in Beispiel 1a) beschriebenen' Verbindung werden mit 90,5 m!
Vinylencarbonat und 50 mg Hydrochmon versetzt und unter Argon fiir 18 Stunden
bei einer Badtemperatur von 170 °C gehalten. Nach Entfernung aller ﬂuchngcn
Bestandteile im Hochvakuum wird der Riickstand an Kieselgel mit einem Gemisch
aus Ethylacetat und Hexan chromatograph:crt Es werden nach Kristallisation aus
einem Gemisch von Dnsopropylether und Aceton 56,04 g 46a) ethalten.

Fp.:217-217,5°C  [a Jp20 =-219,8° (CHCl3; c = 0,495)



al kyl group or a vinyl group and the other of these two substituents
stands for a hydrogem—atom or both substituernts together stand for—a

Clerr]-Cerr] alkylidene group. 6. Conpounds of general fornula -
according to claim1, wherein R err] stands for'a hydrogen atomor a

Cerr]-Cer radi cal 110  and R[err] ~stands mi?i?ds ogen
atom aC[e‘&%’ - rr] alkyl radical or a (Jerr]- ({err] a?%‘ny.rg(gical
and wherein R err] and R err] .each stand fg& a hydrogen atom or together
-for an additional bond. 7. Conpounds©of general formula | according

to claim1, wherein Rerr] stands for a hydrogen atomor a (Cerr]-(err]
al kyl radical THNMIR(EDCI3)sdl ar0je4 pym (s 38y B-18)e2.30(S3H) H-21 ) g0 3HIrsoup.

8. ~Corpounds gk -aﬂjg'ad il '-eaﬁfﬁkiiﬂg 0161 8ist" &jx%e'gsatk,y'
e el e R R R Y o
2); 7,18 (d, J = 9 Hz, 1H, H-1) _

b) 158,16p-Dihydro-3-methoxy[1,3]dioxolo[4',515,16]-14,1 7-cth_ano-19-
norpregna-1,3,5(10)-trien-2',20-dion

~ 56 g der in Beispiel 46a) bcschricbcneh Verbindung werden nach der in Beispiel
12a) beschricbenen Methode umgesetzt. Es werden 56 g 46b) erhalten.

Fp:223224°C  [a}p20=-111.2° (CHClz; c = 0,515)

1H.NMR (CDCl3): d = 0,94 ppm (s, 3H. H-18); 2,20 (s, 3H, H-21); 3,78 (s, 3H, 3-
OCH3); 4,68 und 5,48 (2dd, J = 1,5 und 9 Hz, je 1H, H-171 und H-172); 6,64 (d, J
=3 Hz, 1H, H-4); 6,73 (dd, ] = 9, 3 Hz, 1H, H-2); 7,19 (d, ] = 9 Hz, 1H, H-1)

c) 1Su,16u-Dihydrdxy__-3-methoxy-14_,.17-ethano-19-norpregn_a—1,3,5(10)-trien-20-
on |

50 g der in Beispiel 46b) beschriébenen Verbindung wer'den_' mit 26 g
Kaliumcarbonat in einem Gemisch aus 250 mi Methanol, 500 ml Tetrahydrofuran
und 150 ml Wasser 6 Stunden zum Sieden erhitzt. Nach weitgehender Entfernung
der Lasemittel wird auf 2 Liter Eiswasser gegossen, abgesaugt und der Filterkuchen
mit 1 Liter Wasser gewaschen. Es werden 45,80 g 46c¢) erhalten.

1H-NMR (CDCl3): d = 0,91 ppm (s, 3H, H-18); 2,18 (s, 3H, H-21); 3,78 (s, 3H, 3-
'OCHg); 3,84-3,93 und 4,62-4,71 (2m, je 1H, H-171 und H-172); 6,63 (4, J = 3 Hz,
1H, H-4); 6,72 (dd, T = 9, 3 Hz, 1H, H-2); 7,21 (d, J = 9 Hz, 1H, H-1)

d) 3-Methoxy-14,17-cthano-19-norpregna-1,3,5(10),15-tetraen-20-on

45,7 g der in Beispiel 46c) beschricbenen Verbindung werden in 1,5 Liter
Dichlormethan geldst und bei 0°C mit 150 ml Trimethylorthoformiat sowie 6 g
Pyridiniumparatoluolsulfonat verseizt. Nach 6 Stunden bei Raumtemperatur wird
der Ansatz iiber cine Kieselgelsiiule filtriert und eingeengt. Der Eindampfriickstand



Is a nmethyl or ethyl radical. 9. Conpounds of general formula I
according to claiml1l, whereinthe (Jerr]-(ferr] alkenyl radical for

R &FT], R err] andror RErr] isa VImyr raarcar. 10. Corrpounds of
general formula | according to claiml1, nanely:

14, 17- Et hano- 19- nor pr egna- 4, 9- di ene- 3, 20- di one;

14, 17- et hyipoealizg9 O P €gna- 4, 6- di ene- 3, 20- di one; PCT/EPIS/OS107
14, 17- et hano- 19- nor pr egna- 4, 15- di ene- 3, 20- di one

14, 17- et hano- 19- nor pr egna- 4, 6, 15-tri ene- 3 20- di one

14, 17- et hano- 19- nor pregna- 4, 9, 15-tri ene- 3, 20- di one

21-met hyl - 14, 17- et hano- 19- nor.pregn- 4- ene- 3 20-di:one; '
21- met hyl - 14wird inct hitercAcetanhyrist egsmommn anés §ll@dzozm §welen erhttzt Nach

gi net Ey: }Aeu?g)gai hﬂ@déﬁRﬁ%ﬁh@Q:Wi’scﬁetﬁkéhzerﬂﬁer&é'matﬂhﬁﬂﬁdrogencarbonat-

21" et yl - 1400F8 3R FEE bR LRI Npot e Sich 41 B prase i

14, 17- et hendcongeqmqgr g@nhsql@qsgng troglg)cmubwd\latnumsulfat filtncren und einengen
wird an Kieselgel mxt einem Gemisch aus Ethylacetal und Hexan
chromatographiert. Es werden 6758 46d) erhalten Alle polarercn Fraktlonen der
Chromatographie werden vereinigt und emgeengt Der Ruckstand wird mit 20 g
Kaljumcarbonat in 800 ml Methanol 3 Stunden zum Sleden erlmzt und auf 2 Liter
‘Eiswasser gegossen, abgesaugt und der Fnlterkuchen xmt 0,5 Lner Wasser
gewaschen. Es werden 27, 5 g der in Belspnel 46c) beschncbenen Verbmdung
erhalten, woraus nach der in Bexsplcl 46d) boschrlebenen Methode weitere 4,50 g 46
d) erhalten werden. -

[a ]p20 = +0,5° (CHCl3; c = 0,505)

1H-NMR (CDCl3): d = 0,91 ppm (s, 3H, H-18); 2,23 (s, 3H, H-21); 3,79 (s, 3H, 3-
OCH3); 6,22 und 6,13 (2d, ] = 6 Hz, je 1H, H-15 und H-16); 6,66 (4, J = 3 Hz, 1H,
H-4); 6,73 (dd, I = 9, 3 Hz, 1H, H-2); 7,21 (d, ] = 9 Hz, 1H, H-1)

¢) 20,20-(1, 2-Ethand1ylbxs(oxy)] 3-methoxy-14, 17-ethano-19-norpregna-
2.5(10) 15-trien

4,5 g der in Beispiel 46d) beschnebenen Verbmdung werden nach den in den
Bexsplelen 1c) und ld) beschnebenen Methoden umgmtzt Es werden S, 33 g rohes
46¢) erhalten. '
1H.NMR (CDCl3): d = 0, 98 pPpm G, 3H, H-18); 1,32 (s, 3H, H-Zl), 3,56 (s, 3H, 3-
OCHz); 3,93-4,07 (m, 4H, ZO-OCHZCHZO-). 4,65 (s brext, 1H H-2); 5, 94 und 6,03
(2d,J = 6 Hz, je 1H, H-15 und H-16) '

) 14,17-Ethano-19-norpregna-4,15-dien-3,20-dion

2,0 g der in Beispiel 46¢e) beschricbenen Verbmdung werden nach der in Bclsplel
1e) beschriebenen Methode umgesetzt Es werden 1,32° g rohes 46t) crhaltcn

Fp.: 131-133°C [a"-]D- - +320° (CHCl3; ¢ = 0,505) -



14, 17- et heno- 19- nor pr egna- 4, 6- di ene- 3, 20- di one;
14, 17- et heno- 19- nOT—p1—eg1'ra-—4- 9-di ene- 3, 20- drone; - —

21- et hyl -
21- et hyl -
. 21- net hyl

21- et hyl -

14, 17- et heno- 19- norpregn 4-ene- 3, 20-di one
14, 17- et heno- 19 ior pr egna- 4, 6- di ene- §,20-di one

%ﬁ%heno 19- nor pregna- 4, 9-di ene-3, 20-di ONE pCT/EPOSSIOT

heno- 19- nor pregna-4, 9, 11-tri ene-3 , 20-di one

21- hydr oxy- 14, 17- et heno- 19- nor pr egn- 4- ene-3, 20- di one

-21- hydroxy- 14, 17- et heno- 19- nor pr egha- 4, 9- |ene-3,20-dione
17[err]-met hyl - 14, 17- et heno- 19- nor pr egn- 4- ene- 3, 20- di one
17[err]-methyl - 14, 17- et heno- 19- nor pr egna- 4, 6- di ene- 3, 20- di one

757 T e (B gl o e Seal 0y g

H-4); 6,05 und 6,19 (2d, J =6H2101H,H-l und H-16

Beispiel 47

1,2 g der in Beispicl .46f)_ beschriebenen Verbindung werden nach den in den
Beispiclen 2a) und 2b) beschriecbenen Methoden umgesetzt. Es werden 0,54 g 47)
erhalten.

Fp.: 138-140°C

[a Jp20 = -28,7° (CHCl3; ¢ = 0,480)

1H-NMR (CDCl3): d = 0,94 ppm (s, 3H, H-18); 2,21 (s, 3H, H-21); 5,79 (s breit,
1H, H-4); 6,14 bis 6,34 (m, 4H, H-6 und H-7 und H-15 und H-16)

Beispiel 48

3,33 g der in Bei_;piél- 46¢e) beschriebenen Verbindung werden nach den in den
Beispielen 8c) und 4b) beschricbenen Methoden umgesetzt. Es werden 1,08 g 48)
echalten. |

(a Jp20 = -272,4° (CHCl3; ¢ = 0,475)

1H-NMR (CDCl3): d = 1,01 ppm (s, 3H, H-18); 2,21 (s, 3H, H-21); 5,70 (s breit,
1H, H-4); 6,06 und 6,23 (2d, J = 6 Hz, 2H, H-15 und H-16)

Beispiel 49

-Hvdroxv-14.17- -19- -4.9,15-trien-



15[ err], 16[err]-di net hyl -14, 17- et heno- 19- nor pr egn- 4- ene- 3, 20- di one
6- et hyl - 14, 17- et hano- 19- nor pr egna- 4, 6- di ene- 3, 20- di one;

6-ChTUTUTIﬁTI7_ETh§ﬁ6“I9_ﬁUTpregﬁa_H‘B'ﬁT§ﬁ§73'ZU‘d|one
6[ err]-net hyl - 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20- di one;
6, 21-di net hyl - 14, 17- et hano- 19- nor pr egna- 4, 6- di ene- 3, 20-  di one;

15[err], 1 %rh?l met hyl - 14, 17- et hano- 19- nor pr egn- 4- ene- &
6- chl or o- gﬁ' ‘H 14, 17- et hano- 19- nor pr egna- 4, 6- di ene- 3?’,20- di one;

16[ err] - met hyl - 14 17- et hano- 19- nor pregn- 4 gne-3,20-dione;
16[err]-nethy|-14,17-ethano-19-norpregna- , 6- di ene- 3, 20- di one;

16[ err]-methyl - 14, 17- et hano- 19- nor pr egna- 4, 9- di ene- 3, 20- di one;

16[err], 21-di a)ét&&[/]l,z-mm@iymw}-lﬁl hghhmlgﬁﬁmrprcsn@ﬁ(dﬁb%! 1R15-triegti26ne
21- hydroxy 16§£rr] - met hyl - 14, 17- et hano- 19-nor pr egn- 4-ene-3, 20- dione
16[err]-ethyl-14,17- et hano- 19 nor pregn- 4-ene- 3, 20-di-one;

1,0 g der in Beispiel 48) beschriebenen Verbindung werden nach der in Beispiel 1c)
beschricbenen Methode umgesetzt. Es werden 0,29 g 49a) crhalten, sowie 0,7 g des
entsprechenden 3,20-Bisketals.

1H-NMR (CDCl3): d = 0,82 ppm (s, 3H, H-18); 2,22 (s, 3H, H-21; 4,00 (s, 4H, 3-
OCH,CH20-); 5 51 (s brelt 1H, H-11); 6,04 und 6 22(2d J =6 Hz, 2H, H-15 und
H-16)

b) 21-Hydroxy-1 4,17-ethano-19-norpregna-4,9,15-trien-3,20-diox_1
0,28 g der in Beispiel 49a) beschriebenen Ve_rbindu___ng werden nach den in den
Beispielen 5c), 5d), 1€) und 5g) beschriebenen Methoden umgesetzt. Es werden 11

mg 49b) erhalten.

1H-NMR (CDCl3): d = 1,00 ppm (s, 3H, H-18); 4,33 und 4,42 (2d, J = 20 Hz, 2H,
H-21); 5,70 (s breit, 1H, H-4); 6,12 und 6,15 (2d, J = 6 Hz, 2H, H-15 und H-16)

Beispiel 50

2) 20,20-[1,2-Ethandiylbis(oxy)}-21-methyl-14,17-cthano-19-norpregna-4,15-dien-
3.on '

6,6 g der in Beispiel 46d) beschricbenen Verbindung werden nach den in den
Beispiclen 7a), 8a), 1d) und 8c) beschricbenen Methoden umgesetzt. Es werden
0,605 g 50a) erhalten, sowie 3, 70 g 20,20-{1, Z-Ethandlylbls(oxy)] -21 -methyl 14,17-
ethano-19-norpregna-5(10),15-d|en-3-on

1H.NMR (CDCls) filr Verbindung 50a): d = 0,93 ppm (t, J = 7 Hz, 3H, H-22);
0,99 (s, 3H, H-18); 3,98-4,15 (m, 4H, 20-OCHCH20-); 5,83 (s breit, 1H, H-4);
5,96 (s, 2H, H-15 und H-16)



112 16[ err] -et henyl - 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20-di one;
16-net hyl - 14, 17- ethaﬁc—igﬂnﬂrpregna 4, 15- di ene=8;726=drone (x7ferr] R
-17[ err] - met hyl - 14, 17- et hano- 19- nor pr egn- 4- ene- 3, 20- di one o
(17[err]S)-17[err]-net hyl-14, 17- et hano- 19- norpregn ‘4- ene- 3, 20-di one

-(17[err] R net hyl -'14; 17- et hano-19- nor pr €gna- 4, 9- di gaf di one
(17[err] S &égﬁgﬁﬂ ‘met hyl - 14 17- et hano- 19- nor pr egna- 4 9-di en’g?’:??o% di one
(17[err] R -17[err] -net hyl - 14, 17- et hano- 19-gor pr egn- 4- ene- 3, 20- di one
“(17[err] R -17[err]-nethyl - 14, 17- et hano- 19- nor pr egna- 4, 6-di ene- 3, 20- di one
(17[err]R) -17[err]-nethyl -14,17-et hano- 19- nor pr egna- 4, 9-di ene- 3, 20-

1H-NMR (CDCl3) fiir 20,201, Z-Ethand1ylbls(oxy)]-21-melhyl -14, 17-ethano-19-

norpregna-S(lO) 15-dien-3-on: d = 0, 94 ppm (t, J = 7 Hz, 3H, H-22); 0,96 (s, 3H,
H-18); 2,70 und 2,80 (2d, J = 20 Hz, 2H, H-4); 3,96-4,14 (m, 4H, 20-OCH,CH,0-
}; 5,94 und 6,01 (2d, J = 6 Hz, 2H, H-15 und H-16)

b) 21-Methyl-14,17-ethano-19-norpregna-4,15-dien-3,20-dion

142 mg der in Beispiel 50a) beschriebenen Verbindung werden nach der in Beispiel
1e) beschriebenen Methode umgesetzt. Es werden 127 g 50b) erhalten.

Fp:140-141°C [a Jp20 = +25,4° (CHCl3; ¢ = 0,495)

1H-NMR (CDCl3): d = 0,90 ppm (s, 3H, H-18); 1,07 t, J = 7 Hz, 3H, H-22); 5,85
(s breit, 1H, H-4); 6,05 und 6,20 (2d, J = 6 Hz, 2H, H-15 und H-16)

Beispiel 51

460 mg der in Beispiel 50a) beschricbenen Verbindung werden nach den in den
Beispielen 2a), 2b) und 1¢) beschriebenen Methoden umgesetzt. Es werden 210 mg
51) erhalten.

Fp.: 153,5-154-5°C [a ]p20 = -37,9° (CHCl3; ¢ = 0,490)

1H.NMR (CDCl3): d = 0,93 ppm (s, 3H, H-18); 1,08 (t, J = 7 Hz, 3H, H-22); 5,80
(s breit, 1H, H-4); 6,16 bis 6,36 (m, 4H, H-6 und H-7 und H-15 und H-16)

Beispiel 52

3,7 g8  20,20-{1,2-Ethandiylbis(oxy)}-21-methyl-14,17-ethano-19-norpregna-
5(10),15-dien-3-on aus Beispiel 50a) werden nach den in den Bcispielen 4b) und le)
beschriebenen Methoden umgesetzt. Es werden _2,1 g 52) erhalten.



di one
(17[err] R -17[err], 21-di met hyl - 14, 17- et hano- 19- nor pr egna- 4, 6- di ene-

3, Z0-di one
(17[err]R-17[err], 21-di met hyl - 14, 17- et hano- 19- nor pr egna- 4, 9- di ene-
3, 20-di one _

(17[ err] Rwhok@dans - 21- di net hyl - 14, 17- et hano- 19- nor pr egna- defieroknsior
triene-3, 20-di one

16- met hyl ene- 14, 17- et hano- 19- nor pr egn- 4- epge- 3, 20- di one

16- et hyl ene- 14, 17- et hano- 19- nor pr egna- 4, 6- di ene- 3, 20- dlone

16- met hyl ene- 14, 17- et hano- 19- nor-pr egna- 4, 9- di-ene- 3, 20-d

21- hydr oxy- 1AHNMR (CPGI3)al 710k00 prm (x4 3Hn H-B)b08i(toh= 7 Hz, 3H, H-ZZ)-570
21- hydr oxy- 13 s BréitCii Y, 1506 WHAs, 20(2A; ¥= 6 Hi, SHCHAS3Ad Bi-06)e;

21- hydr oxy- 14, 17- ethano "19-nor pr egna- 4, 9- di ene- 3, 20- di one;

21- hydr oxy- 14, 17- et hano- 19- nor pregna-4, 9, 15-tri ene- 3, 20- di one
Beispiele 53 und 54

1,72 g der in Beispiel 52) beschnebenen Vcrbxndung werden nach den in den
Beispielen 9a), 5¢), 5d), le) und 5g) beschriebenen Methoden umgesetzt. Es werden
198 mg 53) und 250 mg 54) erhalten.

§3:  [ap20 = -290,0° (CHCl3; ¢ = 0,520)

1H.NMR (CDCl3): d = 0,95 ppm (s, 3H, H-18); 1,38 (d, J = 7 Hz, 3H, H-22); 4,43
bis 4,56 (m, 1H, H-21); 5,68 (s breit, 1H, H-4); 6,15 und 6,22 (2d J = 6 Hz, 2H, H-
15 und H-16) |

54: [a ]p20=-218,4° (CHCl3; ¢ = 0,515)

1H.NMR (CDCl3): d = 0,98 ppm (s, 3H, H-18); 1,38 (d, J = 7 Hz, 3H, H-22); 441
bis 4,52 (m, 1H, H-21); 5,71 (s breit, 1H, H-4); 6,10 und 6,18 (2d, J = 6 Hz, 2H, H-
15 und H-16) . o |

Beispiel 55

a) 3-Mcthoxy-20-oxo-14 17-etheno-l9-norpregna-1 3 5(10),15-tetracn-16-carbonsainrc-
methylester '

20g der in Beispiel la) beschriebenen Verbmdung, 20 ml Proplolsﬁurcmcthylester und 50
mg Hydrochmon werden in emem gwchlosscncn Rohr unter ‘Argon 34 Stunden bei 110°C
Badtemperatur gehaltcn “Nach Abkuhlung. Entfemung fliichtiger  Bestandteile und



(21R) - 21- hydr oxy- 21- net hyl - 14, 17- et hano- 19- nor pr.egn- 4- ene- 3, 20- di one,

(21S) - 21- hydr oxy- 2Zi—fethyt—14, 17- et hano- 19-norpr egn- 4-ene- 3, 20=dtone;
(21R) - 21- hydr oxy- 21- et hyl - 14, 17- et hano- 19- nor-pr egna- 4, 9- di ene- 3,

20- di one; (21S) - 21- hydr oxy- 21- net hyl - 14, 17- et hano- 19- nor pr egna- 4, 9-
_di ene-3, 20-di ’ (21R) - 21- hydr oxy- 21- met hyl - 14, JEPOS/OS
17- et hano-‘f&%egna-4 6- di ene- 3, 20-di one; pcT 107

(21S) - 21- hydr oxy- 21- net hyl - 14, 17- et hano- 19 norpregna-4 6-
- di ene- 3, 20- di one;
(21R) - 21- hydr oxy- 21- net hyl - 14, 17- et hano- 19- nor pregna- 4, 9, 15-

triene- 3, 20- @npéifiatographie des Riickstandes an Kieselgel mit einem Gemlsch aus Ethylacetat und
(21S) - 21- hydr]_i)exxn %%rdggtlg%6g1§531)crha hano 19-nor pregna--4, 9, 15-

Fp.: 149-149,5°C  [a ]p20 = -8,3° (CHCl3; ¢ = 0,505)

1H-NMR (CDCl3): d = 1,30 ppm (s, 3H, H-18); 2,28 (s, 3H, H-21); 3,73 und 3,78
(25, jc'3H. 3-OCHj3 und COZCH;;); 6,65 (d, J = 3Hz, 1H, H-4); 6,73 (dd, J = 9 und
3Hz, 1H, H-2); 6,76 und 7,02 (2d, J = 6Hz, je 1H, H-171 und H-172); 7,20 (d, J =
9Hz, 1H, H-1); 7,58 (s, 1H, H-15)

b) 20,20-[1,2-Ethandiylbis(oxy)]-3-methoxy-14,17-ctheno-19-norpregna-
1,3,5(10),15-tetraen-16-carbonséuremethylester

10,83 g der in Beispiel 55a) beschriebenen Verbindung werden nach der in Beispiel
1c) beschriebenen Methoden umgesetzt. Es werden 11,46 g 55b) erhalten.

Fp: 147-147,5°C  [a ]p20 = -14,7° (CHCl3; ¢ = 0,530)

1H.NMR (CDCl3): d = 1,28 ppm (s, 3H, H-18); 1,55 (s, 3H, H-21); 3,73 und 3,78
(2s, je 3H, 3-OCH3 und CO>CH3); 3,95 bis 4,11 (m, 4H, 20 -OCH,CH,0-); 6,64
(d, J = 3Hz, 1H, H-4); 6,72 (dd; J = 9 und 3Hz, 1H, H-2); 6,67 und 6,80 (2d, J =
6Hz, je 1H, H-171 und H-172); 7,21 (4, J = 9Hz, 1H, H-1); 7,50 (s, 1H, H-15)

c) 20,20-[1,2-Elhandiylbis(oxy)]?3-methoxy-14,17.-ethano-19-norpregna-
1,3,5(10),15-tetraen-16-carbonsiuremethylester

12,50 g der in Beispiel 55b) beschriebenen Verbindung werden an 100 mg Palladium

auf Kohle (10%) in einem Gemisch aus je 250 m! Methanol und Ethylacetat bei
Normaldruck hydriert, bis 1 Equivalent Wasserstoff aufgenommen ist. Nach
-Abfiltern vom Katalysator, einengen und Chromatographie an Kieselgel mit einem
Gemisch aus Ethylacetat und Hexan werden 1,99 g 55¢) erhalten.

H-NMR (CDCl3): d = 0,97 ppm (s, 3H, H-18); 1,54 (s, 3H, H-21); 3,73 und 3,78
(2s, je 3H, 3-OCHj3 und CO2CH3); 3.90 bis 4,06 (m, 4H, 20 -OCHCH0-); 6,64
(d, J = 3Hz, 1H, H-4); 6,72 (dd, J = 9 und 3Hz, 1H, H-2); 6,92 (s, 1H, H-15); 7,21
(d,J = 9Hz, 1H, H-1)



triene-3, 20-di one 14, 17- et hano- 18a- hono- 19- nor pr egn- 4- ene- 3, 20- di one
14, 17- et hano- 18a- hono- 19- nor pr egna- 4, 6- di ene- 3, 20- di one -

147 T7-ethano-—18a-fhomo-19-Tor pr egma- 4, 9-ar ene- 3, 20-di one
14, 17- et hano- 18a- hono- 19- nor pr egna- 4, 15- di ene- 3, 20- di one
21- et hyl - 14 17 et hano- 18a- hono- 19- nor pr egn- 4- ene- 3, 20- di one

21-met hyl w4 t hano- 18a- hono- 19- nor pr egna- 4, 6- di ene- 3, gwmﬂgﬂge
21- et hyl - 14 -ethano 18a- hono- 19- nor pr egna- 4, 9- di ene- g%% I one
(21R) - 21- hydr oxy- 21- net hyl - 14, 17- et hano-4g3a- hono- 19-.

nor pr egn- 4- ene- 3, 20- di one o C 114

(2159) - 21 hydr oxy- 21- met hyI 14, 17-et hano- 18a- hon"-b"-.19-.:. :

d) 20,20-[1, 2-Ethand1ylbxs(oxy)]-3-mcthoxy-14 17-ethano 19-norpregna-1 3,5(10),15-
tetraen-16-methanol - :

2,52 g der in Belsplel §5c) _bwchnebenen Verbxpdung, gelést in 40 mi
Tetrahydrofuran werden mlt 1 mg kachlond_versg 1 Bei -78 °C werden 24 ml

Nach Chromatographle an chselgel mn emém Gel_
werden 1,46 g 55d) erhalten. S

H-NMR (CDCl3): d = 0, 98 m
(m, 1H, 16-CH); 3,78 (s, 3H

'!.-.

4,18 bls426(m, 1H, 16C1jl ) 600(s brclt IH H _'

erhalten.

1H-NMR (CDCl3): d = 0
Acetat); 3,77 (s, 3H, 3-0
4,82 (2d, J = 1,5 und 20 Hz, j
3Hz, 1H, H-4); 6,72 (dd,

CH2CH20-) 4,74 und
15, H-15); 6,64, =
#9Hz, 1H, H-1)

92 b 432 (m, 45,
3Hz' 1H H-Z), 7, 20

f) 16-Methyl-14,17-ethano-19; :‘f’--fP?éS'!?-MS _dlen_,,go N




nor pr egn- 4- ene- 3, 20- dlone o

(21R) - 21- hydr oxy- 21-metrnyt - 14, 173§rhano L8a hUﬂU_T9___ S T
nor pregna- 4, 9-ene- 3, 20-dione '

(21S) - 21- hydr oxy- 21- met hyl-14;17- et hano- 18a honD "19-
-nor pregna- 48 , 20- di one

(21R) - 21- hydr oxy- 1 nmet hyl - 14, 17- et hano- 18a honn 19-
nor pr egna- 4, 6- ene- 3, 20- di orie. - B a
(218) - 21- hydroxy 21- met hyl - 14 '17- et hano- 18a honn 194
nor pregna- 4, 6- ene- 3, 20- di one. 11. Pharmaceutical preparations that

contain at | eak{3 8riohes.5g) Jvarden, pachedes, in donoBoispielen 1d) und dribgsahsicbensnm 1 as
well as a phaviehodsat igéselet.CBSwirddnl 84 \ifiSsf)eund 92 mg er ils Bdpidl NB1b)
conpounds of %%ﬁt’egegw&gilk‘ga#ﬁ%gl ng to claiml for the productlon of

phar maceut i cal agents it &rmedi at e products of general formula Il
[err]
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1H-NMR (CDCl3): d = 0,96 ppm (s, 3H, H-18); 1,77 (s breit, 3H, 16-CH3); 2,17
(s, 3H, H-21); 5,62 (s breit, 1H, H-15); 5,84 (s breit, 1H, H-4)

‘Beispiel 56

a) 20,20-[1,2-Ethandiylbis(oxy)]-3-methoxy-158-methyl-14,17-etheno-19-
norpregna-1,3,5(10)-trien-16a-carbonsiuremethylester

Zu 30,47 g Kupfer(T)-jodid in 420 ml Diethylether werden bei 0 °C 200 ml einer 1,6
molaren Lisung von Methyllithium in Dicthyletlier getropft. Nach 30 Minuten bei

~ dieser Temperatur wird mit 500 m! Tetrahydrofuran verdiinnt. Nach Kiihlung auf -
50 °C werden 7,0 g der in Beispiel 55b) beschriebenen Verbindung in 200 ml
Tetrahydrofuran zugetropft. Nach Erwiirmung auf 0 °C wird 4 Stunden bei dieser
Temperatur belassen. Nach Zusatz von konzentrierter Ammoniumchloridlésung bei
-20 °C wird zwischen Wasser und Ethylacetat verteilt, die organische Phase
nacheinander mit Ammoniaklésung, Wasser und konzentrierter Kochsalzldsung
gewaschen, iiber Natriumsulfat getrocknet, filtriert, eingeengt und der Riickstand an
Kieselgel mit einem Gemisch aus Ethylacetat und Hexan chromatographiert. Es
werden 5,47 g 56a) erhalten. |

1H-NMR (CDCl3): d = 1,18 ppm (d, J = 7 Hz, 3H, 15-CH3); 1,20 (s, 3H, H-18);
1,30 (s, 3H, H-21); 3,14 (4, J = S Hz, 1H, H-16); 3,62 (s, 3H, CO,CH3); 3,78 (s,
3H, 3-OCH3s); 3,79 bis 4,13 (m, 4H, 20 -OCH,CH»0-); 5,98 und 6,30 (2d, J = 6Hz,
je 1H, H-171 und H-172); 6,64 (d, ] = 3Hz, 1H, H-4); 6,72 (dd, J = 9 und 3Hz, 1H,
H-2); 7,20 (d, ] = SHz, 1H, H-1)

b) 156,16a-Dimethyl-14,17-ctheno-19-norpregn-4-¢n-3,20-dion



in which
al kyl or

Rlerr] = -Cerr]Herr]; Rerr] = hydrogen, (ferr]-Cerr]
115

Rlerr]= -CHerr],;

Rlerr] = JerrJ-gerr] alkyt and Rerr] and Rerr] =i

one anot her,

hydrogen or Clerr]-Clerr] alkyl, Rlerr] and R err]

each case hydrogen or together a bond.
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2,0 g der in Bexsplel 56a) beschnebenen Verbmdung werden nach den in den
Beispielen 28c), 34a), 34b), 1d) und le) bcschncbenen Mcthoden “umgesetzt. Es
werden 303 mg 56b) ¢ crhalten

(2 120 = +99,8° (CHCl3; ¢ = 0,510)

1H-NMR (CDCl3): d = 0,88 und 1,05 ppm (2d, J = 7 Hz, je 3H, 15-CH3 und 16-
CH3); 1,04 (s, 3H, H-18); 2,14 (s, 3H, H-21); 5,85 (s breit, 1H, H-4); 6,01 und 6,20
(2d, J = 6Hz, je 1H, H-17! und H-172) .

Beispiel 57

1,48 g der in Beispiel 564) beschricbenen Verbindung werden nach den in den

Beiépielen 28c), 34a), 34b), 55c), 1d) und 1e) p¢s¢hxiebencn Methoden umgesetzi.
Es werden 223 mg 57) erhalten. '

 Fp.:212214°C [a 1D20 =421, 1° (CHCl3, c=0 505)

1H.NMR (CDC|3) d=0, 97 und 1,01 ppm (Zd 1=1 Hz je 3H, 15-CH3 und 16-

CH3); 1,08 (s, 3H, H-18); 2,09 (s, 3H, H-21); 5,82 (s breit, 1H, H-4)

Beispiel 58

a) 15|5,165-Dmydm-3-memoxy[zu,smfum[s' 4 15 ,16}-14,17-etheno-19-

norprcgna-l 3 5(10)-tnen-2' S 20-tnon

10,0 g der in Beispiel 1a) beschriebenen Verbindung und 10,0 g
Maleinsédurcanhydrid werden 18 Stunden unter Argon bei 95 °C gerithrt. Nach
Entfernung des uberschusslgen Malemsaureanhydnds im Hochvakuum wird der
Riickstand aus Diisopropylether kristallisiert. Es werden 9,8 g 58a) erhalten.

Fp.: 186-187°C (Zersetzung) [2 1p20 = +197,0° (CHCl3; ¢ = 0,500)

in
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1H-NMR (CDCl3): d = 1,00 ppm (s. 3H, H-18); 2,35 (s, 3H, H-21); 3,57 und 4,47
(24, J = 8 Hz, je 1H, H-15 und H-16); 3,79 (s, 3H, 3-OCH3); 6,41 und 6,49 (2d, J =
6Hz, je 1H, H-171 und H-172); 6,66 (d, J = 3Hz, 1H, H-4); 6,73 (dd, J = 9 und 3Hz,
1H, H-2); 7,18 (4, J = 9Hz, 1H, H-1) '

b) 20,20-[1,2-Ethandiylbis(oxy)]-14,17-etheno-19-norpregna-1, 3 +»3(10)-trien-
15a,16a-dxmethanol

5,45 g der in Beispiel 58a) beschriebenen Verbindung werden nach den in den
Beispielen 34d), 7c), 1c) und 28c) angegebenen Methoden umgesetzt. Es werden
4,13 g rohes 58b) erhalten.

1H-NMR (CDCls): d = 1,01 ppm (s, 3H, H-18); 1,42 (s, 3H, H-21); 3,48 bis 3,58
und 3,60 bis 3,69 (2m, je 1H, CHoOH); 3,78 (s, 3H, 3-OCHj3); 3,93 bis 4,10 (m,
6H, CH,OH und 20-OCH>CH0-); 5,96 und 6,04 (2d, J = 6Hz, je 1H, H-171 und
H-172); 6,63 (d, J = 3Hz, 1H, H-4); 6,72 (dd, J = 9 und 3Hz, 1H, H-2); 7,19(d, J =
9Hz, 1H, H-1) |

c) 20,20-[1,2-Ethandiylbis(oxy)]-3-methoxy-2',5',158,168-
tetrahydrofuro[3',4':15,16]-14,17-etheno-19-norpregna-1,3,5(10)-trien

4,1 g der in Beispicl 58b) beschricbenen Verbindung werden in einem Gemisch aus
70 ml Dichlormethan und 14 ml Pyridin auf 0 °C gekiihlt und tropfenweise mit
insgesamt 3,34 m! Methansulfonséurechlorid versetzt. Nach 3 Stunden rilhren bei
Raumtemperatur wird mit konzentrierter Natriumhydrogencarbonatidsung versetzt.
Nach 20 Minuten wird zwischen Wasser und Ethylacetat verteilt, die organische
Phase mit konzentrierter Natriumhydrogencarbonatiosung und Kochsalzitsung
gewaschen, Giber Natriumsulfat getrocknet, filtriert, eingeengt und an Kieselgel mit
einem Gemisch aus Ethyiaéetat und Hexan éhiomatographien.'Es werden 0,81 g
S8c) erhalten.

Fp. 148-150°C [a ]p20 = +135,0° (CHCl3; ¢ = 0,480)

- TH-NMR (CDCla): d = 1,19 ppm (s, 3H, H-18); 1,30 (s, 3H, H-21); 3,34 bis 3,83
(m, 4H, 15-CHp und 16-CHy); 3,79 (s, 3H, 3-OCHz); 3,85 bis 4,08 (m, 4H, 20-
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OCH,CH,0-); 6,12 und 6,18 (2d, J = 6Hz, je 1H, H-171 und H-172); 6,63 (d, J =
3Hz, 1H, H-4); 6,72 (dd, ] = 9 und 3Hz 1H, H- 2) 7,21 (d, J'= SHz, 1H, H-1)

d) 2,5',158, 16B-Tclrahydrofuro[3' 4" 15 16] -14, 17-etheno-19-norprcgn-4-cn-a,20-

dion

0,41 g der in Bclspwl 58c) beschnebenen Verbmdung werden nach den in den
Beispiclen 1d) und 1e) angegebenen Methoden umgesetzt. Es werden 0,23 g 58d)
erhalten

Fp.: 163,5-165°C  [a Jp?0 = +149,8° (CHCI3; ¢ = 0,485)
1H-NMR (CDCl3): d = 1,08 ppm (s, 3H, H-18); 2,17 (s, 3H, H-21); 3,33 bis 3,46

und 3,60 bis 3,76 (2m, je zn 15-CH; und 16:CHp); 588 (s. breit, 1H, “H-4), 621
und 6,27 (2d, J = 6Hz, je. 1H, H-171 und H- 72)

" Beispiel 59

0,4 g der in Bclsplel 58c) beschnebenen Vcrbmdung werden nach dcn in den
Beispielen 55c), 1d) und le) angegebenen Methoden umgesetzt Es werden 0,234 g

-59) crhalten

Fp.: 187-189°C (a jD_ZO = +72.8°(CHCI3,c = O.SiO) |

Beispiel 60

a) 3-Mcthoxy-14,17-ethano-18a-hom9-19.-_n_qrpr_eg|_1a-1,3,_5(10),1S-tetraen-ZO-on

34,0 g 3-Methoxy-15-methyl-18a-homoestra-1,3,5(10),15-tetracn-17-on (siche DE
3710728 Al) werden nach den in den Belspxelcn 38a), 1a), 58a), und. 18a)
beschricbenen Mcthoden und anschheBend mit, zwemormaler Natronlauge in

'Tetrahydrofuran umgesetzt 20 g der emstehenden Dxcarbonsﬂurc werden als
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Rohprodukt in 20 mi Pyridin geldst, mit 2,2 g Bleitetraacetat versetzt und fir 10
Stunden auf 70 °C erhitzt. AnschlieBend wird das Reaktionsgemisch in viernormale
Salzsdure eingetragen. Der Niederschlag wird abfiltriert und an Kieselgel mit einem
Gemisch aus n-Hexan und Ethylacetat chromatographiert. Es werden 90 mg 60z)
erhalten.

1H.NMR (CDCl3): d = 0,62 ppm (t, J = 7 Hz, 3H, H-18a); 2,25 (s, 3H, H-21); 3,78
(s, 3H, 3-OCH3); 6,10 und 6,26 (24, J = 6 Hz, je 1H, H-15 und H-16); 6,65 (d, J = 3
Hz, 1H, H-4); 6,72 (dd, ] = 9, 3'Hz, 1H, H-2); 7,19 (d, ] = 9 Hz, 1H, H-1)

b) 14,17-Ethano-18a-homo-19-norpregna-4,15-dien-3,20-dion
115 mg der unter 60a) beschricbenen Verbindung werden nach den in den

Beispielen 1c), 1d) und 1e) beschriebenen Methoden umgesetzt. Es werden 18 mg
60b) erhalten.

IH-NMR (CDCl3): d = 0,63 ppm (1, J = 8 Hz, 3H, H-18a); 2,23 (s, 3H, H-21); 5,86
(s breit, 1H, H-4), 6,03 und 6,24 (2d, J = SHz, je 1H, H-15 und H-16)



i n which RlerrT = -CHerr], -derr]Herr], Rlerr] and Rerr] =

together a ri ng of mﬂmmmmllam [err] in which X and Y
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each per se for an -OH group or -
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1) . 1417-Cp-tiberbriickie Steroide der allgemeinen Formel (I),

®

worin

R3 fir ein Sauerstoffatom, die Hydroxyiminpgruppe oder zwei
Wasserstoffatome, '

RS  fiir ein Wasserstoff-, Fluor-, Chior- oder Bromatdm oder fiir einen a- oder
-stindigen C;-C4-Alkylrest, wobei dann R5' und R7 Wasserstoffatome
darstellen, oder aber :

R6  fiir ein Wasserstoff-, Fluor-, Chlor- oder Bromatom oder fiir einen C;-Cy4-
Alkylrest, wobei dann R6' und R7 eine gcmemsame zusitzliche Bindung
darstellen,

R7 fiir einen a- oder P-stindigen Cj-C4-Alkylrest, wob¢i dann R6 und R6'
Wasserstoffatome darstelien, oder aber
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o

Rlerr] and Rerr] :togeLh%F»&—beﬁd——ﬁnd——* : C Rlerr] and R err] =

I ndependently of one—anot her Cﬁe-r-r—]— derr] alkyl, -—
Rlerr] and Rlerr] =in- e t“l igﬁﬂ or together a bond, K = an
oxygen atom or a ketal- Rlerr] = hydrogen or

g err] - er o dkiashe 17 I nt er rredl ate products of genggEpepdspsipy! 2 VI

[err]
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RS und R7 gemeinsam fiir cine a- oder B-stindige Methylengmppc und R fiir ein
Wasserstoffatom oder

RS und RS’ gemeinsam fiir eine Ethylen- oder Methylengruppe und R7 fiir ein
Wasserstoffatom,

R9 und R10 jeweils fiir ein Wasserstoffatom oder eine gemeinsame Bindung,
R11 und R12 jeweils fiir ein Wasserstoffatom oder cine gemeinsame Bindung,
R13 i eine Methyl- oder Ethylgruppe, |
R15  fiir ein Wasserstoffatom oder einen C1-C3-Alkylrest,
'R16 ynd R16 unabhanglg voneinander fiir ein Wasserstoffatom, einen Cy-C3-
Alkylrest
oder einen Cp-C4-Alkenylrest oder gemeinsam fiir eine C1-Cs-
Alkylidengruppe
R15 und R26 fiir eine gemeinsame Bindung sowie R16' fiir ein Wasserstoffatom
oder . |
cinen Cy-C3-Alkylrest oder
R15 und R16 gerqgi'nsém fiir einen Ring der Teilformel

__—(CHyn
Cis \x

C1 5\/

worin n = 1 und 2 und X cine Methylengruppe oder cin Sauerstoffatom bedeuten
sowie
R16' fiir ein Wasserstoffaiom,

R17! fir cin Wasserstoffatom oder einen C1-C3-Alkyirest,



in which R[err]—-——CH[’Er‘rT”_f[—EFr’]H[err] Rlerr] and R[err_] =in
each case hydrogen or R[err] = hydrogen or
gerr-Cerr] ar Ky, Jm@i\ “m“ W Aal kyl -its—a——

Clerr]-Cerr] alkyl r Lorm G—I[e*rr]O—I or CHO or a (err]-Clerr] alkyl

radi cal , Rlerr] and R[err] = i'ndependent |y  of; one anot her, hydrogen
or C[err]vﬁmojw al kyl , Rlerr] and Rlerr] =1in eap@mmﬁdrogen or
t oget her a bond, K = an oxygen atom or a ketal protective group,
Rerr] = hydrogen or Jerr]-Cerr] aI.kyI a7.

119 '

R172fiir cin Wasserstoffatom, emen C1-C3-Alkylrest oder elnen Cy-Cy-
Alkenylrest

R17Y und R17% jeweils fir ein Wasserstoffatom oder fut eme gememsame
Bindung,

R21 fiirein Wasserstoffatom oder einen C1-C3-Alkylrest

R21' fiir ein Wasserstoffatom, einen Cl-C3-Alkylrest oder eine Hydroxygruppe
stehen, :
ausgenommen der Verbindung 14, _1'7_-Et'h§no;19-n6rptcgn-4-cn-3,20-dion.

2) Verbindungen der allgcmcmcn Formcl I nach Anspruch 1, dadurch
gekennzeichnet, daB R3 fiir cin Saucrstoffatom odcr zwcl Wasserstoffatome stcht

3)  Verbindungen der allgeﬁieinen Formel I nach Anspruch 1, dadurch
gekennzeichnet, daB R6 fﬁr ein Wasserstoffatom oder fiir einen a- oder B-stindigen
C1-C4-Alkylrest steht, wenn R6' und R7 Wasserstoffatomc darstellen.

4) Verbindungen der allgememen Formel I nach Anspruch 1, dadurch
gekennzeichnet, daB RS fiir ein Wasserstoff- Chlor- oder Bromalom oder fiir einen
Cq-C4-Alkylrest steht, wenn R und R7 eme gememsame zusditzliche Bindung
darstellen. :

S} Verbindungen der aligemeinen Formel 1 nach Anspruch 1, dadurch
gekennzeichnet, daf R16 und R16 Jewenls fiir ¢in Wasserstoffatom, jeweils fiir eine
Methylgruppe oder der eine dieser be:den Subsmuentcn fiir eine Cp-C4-Alkyl- oder
eine Vinylgruppe und der andere dieser beiden Substituenten fiir ein
Wasserstoffatom oder beide Subsmuemen gememsam fir eine C1-C3-
Alkylidengruppe stehen.



18. Internediate products of general forrrula III accord| ng toclaim1l4, in

whi ch K st ands

for—-a OXY): —gf-eup or s _
2,2-dimethyl -1, 3-prop MﬂM‘Mﬂﬂlﬂfoup 19. Internmedi ate products

of general for

nul a |V atcdrditng®to® claim15, in which K, if thisis a

-ketal protegidokRofpoup, stands for a 1,2-ethanedi yI bi S(OXWWE ot éef

2, 2-di net hyl -1,

products of ge
‘is a ketal pro

2, 2-di net hyl - 1,

products of ge
is a ketal pro
2, 2-di net hyl -

3- propanediyl bi s(oxy) group. 20. Int

neral formula V according to _claim16, in which K if this
tective group, stands for a% 2- et hanedi yl bi s(oxy) group or
3- propanediyl bi s(oxy) group. 21. Internedi ate
a)eraverbﬁﬂﬂngendh’iawgtmﬂnrmnhalneémpﬁchu daduiaelich K if this

bt a0y o lerfofan Sabe s €L AR 58P ©
RI72 fir ein Wasserstoffalom, extz:n C1-C3-Alkylrest oder einen C-Cy-

Alkenylrest sichen und daB R171 und R172 jeweils fiir ein Wasserstoffatom oder

gemeinsam fiir eine zusétzliche Bindung stehen. |

7) Verbindungen der allgemeinen Formel I nach Anspruch 1, dadurch
gekennzeichnet, daB R21 fiir ein Wasserstoffatom oder einen Cj-C3z-Alkylrest
sowie R2Y' fiir ein Wasserstoffatom oder eine Hydroxygruppe stehen.

8) Verbindungen dbr allgemeinen Formel 1 nach Anspruch 1, dadurch
gekennzeichnet, daB der Alkylrest RS, R7, R15, R16, R16, R171, R172, g21
und/oder R21' ein Methyl- oder Ethylrest ist.

9) Verbindungen' der allgemeinen Formel I nach Anspruch 1, dadurch
gekennzeichnet, daB der Cp-C4-Alkenylrestes fiir R16, R16 und/oder R172 ¢in
Vinylrest ist.

10) Verbindungen der allgem_einen Formel I nach Anspruch 1, nimlich:

14,17-Ethano-19-norpregna-4,9-dien-3,20-dion;
14,17-Ethano-19-norpregna-4,6-dien-3,20-dion;
14,17-Ethano-19-norpregna-4,15-dien-3,20-dion
14,17-Ethano-19-norpregna-4,6,15-trien-3,20-dion
14,17-Ethano-19-norpregna-4,9,15-trien-3,20-dion
21-Methyl-14, 17-ethano-l9-norpregn-4-cn-3 20-d|on,
21-Methyl-14,17-ethano-19-norpregna-4,9-dien-3,20-dion;
21-Methyl-1 4,17-ethanq-19-norpregna-4,6-dien_-3,20-dion;
21-Methyl-14,17-cthano-19-norpregna-4,15-dien-3,20-dion
21-Methyl-14,17-ethano-19-norpregna-4,9,15-trien-3,20-dion
14,17-Etheno-19-norpregn-4-en-3,20-dion;
14,17-Etheno-19-norpregna-4,6-dien-3,20-dion;
14,17-Etheno-19-norpregna-4,9-dien-3,20-dion;
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21-Methyl-14,17-etheno-1 9-norpregn-4-cn-3 20-dlon
21-Methyl-14, 17-etheno-19—norpregna-4 6-d|cn- ,20.
21-Methyl-14, 17-cthcno—19-norpregna-4 9-d1e -
21-Methyl-14, 17-ethcno-19-norpregna, "9:11- : en-3' 20-dxon _': o
21-Hydroxy-14, 17-ethcno-19-norpregn-4—en-3 20-dnon '
21-Hydroxy-14, 17-ctheno-19-norpregna-4 9-dxen-3 +20-dion
171-Methyl-14,17-etheno-19-norpregn-4-en-3, 20-d10n ‘
171-Methyl-14, 17-etheno-19-norpregna-4 6-d|en ';20-;l|on
172-Methyl-14, 17-etheno-19-norpregn-4-en-3 20-dlon '
172-Methyl-14,’ 17-etheno-19-norpregna-4 9-d:en-3 20-dion
158,160-Dimethyl-14, 17—etheno-19-norpregn-4—en-3 20-dion
6-Methyl-14, 17-ethano-19-norpregna-4 6-dien-3, 20-chon,

~ 6-Chior -14,17-ethano-19-norpregna-4, 6-d:," 'n-3:'"20-d;on,
6a-Methyl-14 17-cthano-19-norpregn-4-en-' 0
6,21-Dimethyl-14 17-ethano-19-norprcgni-4 6-dxcn-3 ,20-dion;
158,16a-Dimethyl-14, 17-ethano-19-norpregn-4-cn-3 20-dion
6-Chlor-21-methyl-14,17-thano-19-norpregna-4,6-dien-3,20-dion;
'16a-Methyl-14 17-ethano-19-norprcgn-4-en-3 20-dxon.
16a-Methyl-14, 17-cthanq-19-norprc_gna_-4 6_ed_;c_n-$,20-d|on;
16a-Methyl-14,17-cthano-19-norpregna-4,9-dien-3,20-dion;
16,21-Dimethyl-14, 17-cthano-19-norprcgna-4,9-dnen-3 20-dion
21 -Hydmxy-16a-methyl-14 17-ethano-19-norpregn-4—en-3 20-dion -
16a-Ethyl-14, 17-cthano-19-norpregn-4-en-3 20-dlon,
16a-Ethenyl-14, 17-ethano-19-norprcgn-4-en-3 20-dnon,
16-Methyl-14, 17-cthano-19-norpregna-4 15-d|cn-3 20-dion
(171R)-171-Methy}-14,17-cthano-19-norpregn -en-'s.zo-dxon
(1715)-171-Methyl-14,17-ethano-19-norpregn-4-en-3,20-dion
(171R)-171.-Methyl-14, 17-ethano-19-norpregné-4 9-dien-3, 20-d|on
(1715)-171-Methyl-14,17-ethano-19-norpregna-4,9-dien-3, 20-dion -
(172R)-172-Methyl-14, 17-ethano-19-no regn-4-en-3 20-dion
(172R)-172-Methyl-14, l7-cthano-19-norpregna-4 6-dien-3,20-dion
(172R)-1 72-Methyl-14 17-emano-19-norpregna-4 9-d:en-3 20-dion
(172R)-172, 21-Dxmethyl 14,17-ethano-19-norpregna-4 6-dien-3,20-dion
(172R)-172,21 -Dimethyl-14 17-ethano~19-norprcgna-4 9.dien-3,20-dion
(172R)-172,21-Dimethyl-14, 17-cthano-19-norpregna-4 9,11-trien-3,20-dion
16-Methylen-14, 17-ethano-19-norpregn-4-cn-3 Zﬁ-dlon '
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16-Methylen-14,17-ethano-19-norpregna-4,6-dien-3,20-dion
16-Methylen-14,17-ethano-19-norpregna-4,9-dien-3,20-dion ~
21-Hydroxy-14,17-ethano-19-norpregn-4-en-3,20-dion;
21-Hydroxy-14,17-ethano-19-norpregna-4,6-dien-3,20-dion;
21-Hydroxy-14,17-ethano-19-norpregna-4,9-dien-3,20-dion;
21-Hydroxy-14,17-ethano-19-norpregna-4,9,15-trien-3,20-dion
(21R)-21-Hydro_xy-21-methyl-14,17-ethano-19-horpregn-4-en—3,20-dion;
(215)-21-Hydroxy-21-methyl-14,17-ethano-19-norpregn-4-en-3,20-dion;
(21R)-21-Hydroxy-21-methyl-14,17-cthano-19-norpregna-4,9-dien-3,20-dion;
(215)-21-Hydroxy-21-methyl-14,17-ethano-19-norpregna-4,9-dien-3 ,20-dion;
(21R)-21-Hydroxy-21-methyl-14,1 '7-éthano-19-norpre.gna-4,6-dien- 3,20-dion;
(215)-21-Hydroxy-Zl-mcthyl-M,l 7-ethano-19-norpregna-4,6-dien- 3,20-dion;
(21R)-21-Hydroxy-21-methyl-14,17-ethano-19-norpregna-4,9,15-trien-3,20-dion
(215)-21-Hydroxy-21-methyl-14,17-ethano-19-norpregna-4,9,15-trien-3,20-dion
14,17-Ethano-18a-homo-19-norpregn-4-en-3,20-dion
14,17-Ethano-18a-homo-19-norpregna-4,6-dien-3,20-dion
14,17-Ethano-18a-homo-19-norpregna-4,9-dien-3,20-dion
14,17-Ethano-18a-homo-19-norpregna-4,15-dien-3,20-dion
21-Methyl-14,17-cthano-18a-homo-19-norpregn-4-en-3,20-dion
21-Methy!-14,17-ethano-18a-homo-19-norpregna-4,6-dien-3,20-dion
21-Methyl-14,17-cthano-185-hbmo-l94ndrpreg'na-4;9-dien-3,20-dion
(21R)-21-Hydroxy-21-methyl-14,17-ethano-18a-h0mo-19-norpregn-4—en¥3,20-dion
(215)-21-Hydroxy-21-methyl-14,17-ethano-18a-homo-19-norpregn-4-en-3,20-dion
(21R)-21-Hydroxy-21-methyl-14,17-cthano-18a-homo-19-norpregna-4,9-en-3,20-
dion .
(215)-21-Hydroxy-21-methyl-14,17-ethano-18a-homo-19-norpregna-4,9-en-3,20-
dion
(21R)-21-Hydroxy-21-methyl-14,17-ethano-18a-homo-19-norpregna-4,6-en-3,20-
dion B
(215)-21-Hydroxy-21-methyl-14,17-cthano-18a-homo-19-norpregna-4,6-en-3,20-
dion -

11) Phammazeutische Priiparate, enthaltend mindestens eine Verbindung der
aligemeinen Formel I gem48 Anspruch 1 sowie einen pharmazeutisch vertriglichen
Tréger.
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12) Verwendung der Vcrbmdungen der allgememen Formel I gemiB Anspruch 1
zur Herstellung von Arzne:mltteln _

13) Zwischenprodukte _dc_i _ajl_gqmgin_cg Formelll

worin

R13 = .CoH5; R21 = Wassexstoff. C1C3-Alkyl oder

R13=-CH3 R21=C;-C3-Alkylund

R17! ypd R172 = unabhﬁnglg voneinander Wasscrstoff oder C1-C3-Alkyl
R17T ynd R17% = Jewexls Wassersloff oder gcmemsam eine Bmdung
bedeuten.

14) Zwischenprodukté dcr'allgerh_eix_;en Formel INI

worin
" R13=.CHj, -CoHs,
R17! ynd R172 = unabhiingig voneinander Wasserstoff oder C1-C3-Alkyl,
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R17!" und R172 = jeweils Wasserstoff oder gemeinsain eine Bindung,
K = eine Ketalschutzgruppe, :

R21 = Wasserstoff, C1-C3-Alkyl
bedeuten.

15) Zwischenprodukte der allgemeinen Formel IV

worin

R13 = CHj3, -CpHs,

R16 = .COOAIkyl, wobei Alkyl ein C1-C4-Alkylrest ist, oder -CH,OH, oder -
CHO, oder Methylen, . -

R171 und R172 = unabhiingig voneinander Wasserstoff oder C1-C3-Alkyl,
R17Y ynd R172' = jeweils Wasserstoff oder gemeinsam eine Bindung,

K = ein Sauerstoffatom oder eine Ketalschutzgruppe,

R21 = Wasserstoff, C;-C3-Alkyl

bedeuten.

16) Zwischenprodukte der allgemeinen Formel V
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worin

R13 = -CH;, -C,H;, 5
R15und R16 = = gemeinsam einen Ring der Tellformeln |

. Y
c‘ﬂ—< S o

o] clé—o C'%—o /n"'
os—( =0 —d

X,6 ¢'%—o0 oder ¢'*—o * bedeuten,

worin

X und Y = unabhiingig vonemander ]ewells ein Sauetstoffatom oder zwei Wasserstoffatome
und -

RM = C1-C3-Alkyl

bedeulen, oder ;

R15 und R16 = jedes fiir sich cine -OH Gruppe oder

R15 ynd R16 = = gemeinsam eine Bmd_ung

und S

R17) und R172 = unabhiingig voneinander Wasserstoff oder C1~C3-Alkyl
R171 und R172 = = jeweils Wasscrstoff oder gemcmsam eme Blndung, :

K = cin Sauerstoffatom oder eine Ketalschutzgruppe, SR ’
R21 = Wasserstoff oder C1-C3-Alkyl 2

bedeuten.

17) Zwischenprodukte der allgememen Formel VI
=

worin
R13 = .CH,, -C,H;,, | |
R15 und R16 = jeweils Wasserstoff oder gememsam eine Bmdung,
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R15'= Wasserstoff oder C1-C3-Alkyl,

R16' = .COOAIkyl, wobei Alkyl ein C1-C4-Alkylrest ist, odér CH,OH, oder CHO,
oder einen C1-C3-Alkylrest,

R17l ynd R172 = unabhiingig voneinander Wasserstoff oder C1-C3-Alkyl,

R171 und R172 = jeweils Wasserstoff oder gemeinsam eine Bindung,

K = ein Sauerstoffatom oder eine Ketalschutzgruppe,

R21 = Wasserstoff oder Cy - C3 -Alky!

bedeuten.

18) Zwischenprodukte der allgemeinen Formel IIT nach Anspruch 14, worin K fiir
eine 1,2-Ethandiylbis(oxy)- oder 2,2-Dimethyl-1,3-propandiylbis(oxy)gruppe steht.

19) Zwischenprodukte der allgemeinen Formel IV nach Anspruch 15, worin K,
wenn es sich um eine Ketalschutzgruppe handelt, fiir cine 1,2-Ethandiylbis(oxy)-
oder 2,2-Dimethyl-1,3-propandiylbis(oxy)gruppe steht.

20) Zwischenprodukte der allgemeinen Formel V nach Anspruch 16, worin K,

wenn es sich um eine Ketalschutzgruppe handelt, fiir eine 1,2-Ethandiylbis(oxy)-
oder

2,2-Dimethyl-1,3-propandiylbis(oxy)gruppe steht.

21) Zwischenprodukte der allgemeihcn Formel VI nach Anspruch 17, worin K,

wenn es sich um eine Ketalschutzgruppe handelt, fiir eine 1,2-Ethandiylbis(oxy)-
oder

2,2-Dimethyl-1,3-propandiylbis(oxy)gruppe steht.



