11 DEC 2006 WO 03/104253 PCT/ EP03/ 06172 9- Al pha- Substituted Estratrienes as
Sel ectively Active Estrogens Field of the Invention This invention relates
to new conpounds as pharmaceutical active ingredients, which have i BAC 308
a higher affinity to estrogen receptor preparations fromrat prostates than
to estrogen receptor preparations fromrat uteri and in vivo a preferential
action in the ovary in conparison to the uterus, their production, their

t herapeutic use and pharmaceutical dispensing fornms that contain the new
conpounds. The chem cal conpounds are new, steroidal, tissue-selective
estrogens. Background of the Invention The efficiency of estrogens in the
treatnent of hornone-deficiency-induced synptons such as hot flashes,

at rophy wD 331042880 target organs and inconti nence, PCSIT/ARPOB/08572 he
successful use of estrogen therapies for prevention of bone mass loss in
peri- and postnenopausal wonen, is well docunented and generally accepted
(Gady et al. 1992, Ann Intern Med 117: 1016-1037). It is also well
docunent ed that estrogen replacenent therapy in postnenopausal wonen or in
wonen with ovarian dysfunction that i s caused in sonme ot her way reduces the

risk of cardi ovasdliPha-Substituted Estratrienes as defectiyehbnAchits ESUEOZSBY "t reated with

estrogen (Grady et al., loc. <cit.). In conventional estrogen or hornone
repl acenent therapy (= HRT), natural estrogens, such as estradiol, and

conjugaqﬁgdqﬁiﬂé¥y;&§%ﬁpat consi st of equine urine are used either by
t hensel véS or 'I1n conbination with a gestagen. Instead of the natural

estrogens, dekiialdnies rdiftad o RWeoRodhdiod ph¥nRshRch A ingRdicAHCHNRR, €. J. .
17p-estradi ol -val erate, can al so be used.
have in vitro a higher affinity to estrogen receptor preparations from rat prostates than to estrogen
receptor preparations from rat uteri and in vivo a preferential action in the ovary in comparison to
the uterus, their production, their therapeutic use and pharmaceutical dispensing forms that

contain the new compounds.

The chemical compounds are new, steroidal, tissue-selective estrogens.

Background of the Invention

The efficiency of estrogens in the treatment of hormone-deficiency-induced symptoms
such as hot flashes, atrophy of estrogen target organs and incontinence, as well as the successful
use of estrogen therapies for prevention of bone mass loss in peri- and postmenopausal women,
is well documented and generally accepted (Grady et al. 1992, Ann Intern Med 117: 1016-1037).
It is also well documented that estrogen replacement therapy in postmenopausal women or in
women with ovarian dysfunction that is caused in some other way reduces the risk of
cardiovascular diseases compared to women who are not treated with estrogen (Grady et al., loc.
cit.).

In conventional estrogen or hormone replacement therapy (= HRT), natural estrogens,
such as estradiol, and conjugated estrogens that consist of equine urine are used either by
themselves or in combination with a gestagen. Instead of the natural estrogens, derivatives that

are obtained by esterification, such as, e.g., 17B-estradiol-valerate, can also be used.



11 DEC 2006 2 Because of the stinulating action of the estrogens that are
used on the endonetrium which results in an increase of the risk aoff DEC 2006
endonetrial carcinoma (Harlap, S. 1992, AmJ Cbstet Gynecol 166:

1986-1992), estrogen/ gestagen conbi nati on preparations are preferably used
in hormone repl acenent therapy. The géstageni c component in the
estrogen/ gest agen conbi nati on avoids hypertrophy of the endonetrium but
the occurrence of undesirable intracyclic nmenstrual bleeding is also |inked
to the gestagen-containing conmbination. Selective estrogens represent a nore
recent alternative to the estrogen/ gestagen conbination preparations. Up
until now, selective estrogens have been defined as those conpounds that
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to their antiuterotropic (i.e., antiestrogenic) partial action, but they do
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that partially neet the desired profile of a selective estrogen is the
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conparison to he uterus, their production, their therapeutic use and
phar maceuipoaids thiitHpeds dgof @it dffedf on the brain, bones and vascular system, owing to
their antiuterotropic (i.e., antiestrogenic) partial action, but they do not have a proliferative effect
on the endometrium.
A class of substances that partially meet the desired profile of a selective estrogen is the
so-called "Selective Estrogen Receptor Modulators" (SERM) (R. F. Kauffman, H. U. Bryant
1995, DNAP 8 (9): 531-539). In this case, these are partial agonists of estrogen receptor subtype
"ERo." This substance type is ineffective, however, with respect to the therapy of acute
postmenopausal symptoms, such as, e.g., hot flashes. As an example of a SERM, the raloxifene
that was recently introduced for the indication of osteoporosis can be mentioned.
DE-A-19906159 describes new compounds as pharmaceutical active ingredients that
have in vitro a higher affinity to estrogen receptor preparations from rat prostates than to estrogen
receptor preparations from rat uteri and in vivo a preferential action on bones in comparison to
the uterus, their production, their therapeutic use and pharmaceutical dispensing forms that
contain the new compounds. The compounds are 16a.- and 16p-hydroxy-estra-1,3,5(10)-
estratrienes that carry additional substituents in the steroid skeleton and can exhibit one or more
additional double bonds in the B-, C- and/or D-rings.
For the treatment of fertility disorders of women, frequently caused by ovarian

dysfunction that is caused by surgery, medication, etc., new possible therapies are also opened up



contain the new conpounds. The compounds are 16a- and

163- hydroxy-estra-1,3,5(10)- estratrienes that carry additional sub qqﬁquﬁs
in the steroid skeleton and can exhibit one or nore additional doubl e bonds
inthe B-, G and/or Drings. For the treatnment of fertility disorders of
wonen, frequently caused by ovarian dysfunction that is caused by surgery,
nmedi cation, etc., new possible therapies are al so opened up 11 DEC 2006 3
by the use of new selective estrogens. The in-vitro fertility treatnment is a
process that has been established for nore than 20 years. Numerous nethods
for treating ovarian-induced infertility wth exogenic gonadotropins are
known. By adm nistration of gonadotropins such as FSH (FSH =

fol I'i cl @y SHeluddlbAkdwge1Rak ens? The ittt fe@ilityPeatignt &/ ApioBSss thhasbebs t O
make possible a healthy follicular maturation, is to be produced. The
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accommodates the oocytes and provides for the latter the possibility for
growt h antli ekogenivegonadtiopims aFekromau | Bypenesistsatioo @figonaslesopinesuwbee FBH(ESH of an
ovarian follicle froma prinordial stage to a continuously increasing
antral fFdpllicletsimulgiing hormegned acstimyilation of thetovarniesgwhisbivioanakgwoatiblen heaiblyy an
optinalgﬁ.lggvelo ed antral f I%}cle can rel ease a mature ovocyte by

ovul at i SHlicusmatprationyis 19 bs\PEequsedi nduced infertility (PCOS = syndrome of
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ollicles is approximtely tw ce as hi ere as In the normal ovdty

(Hughesgdgfpidles fle-devaBsthétt of af¥NHeRA lfollicle TRYa SimorddP SagPR a @AtifdduslyThere are
i ndications that the early devel opnent stages of follTcul ogenesis (which

r el at esincreasing antral follicle, which represents the last stage before ovulation. Only an optimally
developed antral follicle can release a mature ovocyte by ovulation.

Patients with ovarian-induced infertility (PCOS = syndrome of polycystic ovaries) suffer
from a disrupted follicular maturation, which is associated both with hormonal and ovulatory
disruptions and with inadequately matured ovocytes. The number of primary and secondary
follicles is approximately twice as high here as in the normal ovary (Hughesden et al., Obstet.
Gynecol. Survey 37, 1982, pp. 59-77).

There are indications that the early development stages of folliculogenesis (which relates
to the development of primordial follicles to antral follicles) are gonadotropin-independent. It is
not clearly explained how great the influence of known paracrine and autocrine factors is on early
folliculogenesis (Elvin et al., Mol. Cell Endocrinol. 13, 1999, pp. 1035-1048; McNatty et al., J.
Reprod. Fertil. Suppl. 54, 1999, pp. 3-16).

Gonadotropins such as FSH are mainly involved in the last development stages of
folliculogenesis in follicular maturation, i.e., in the development of the early antral follicle to a
mature follicle that can undergo ovulation.

The in-vivo and in-vitro infertility is preferably treated with gonadotropins (FSH and
antiestrogens) (White et al., J. Clin. Endocrinol. Metab. 81, 1996, pp. 3821-3824). In in-vitro

fertilization treatment, oocytes are removed from preovulatory antral follicles to be able to



to the devel opment of prinordial follicles to antral follicles) are
gonadotropi n-i ndependent. It is not clearly explained how great thF1DEC2%5
i nfluence of known paracrine and autocrine factors is on early

follicul ogenesis (Elvin et al., MIl. Cell Endocrinol. 13, 1999, .
1035-1048; McNatty et al., J. Reprod.4FertiI. Suppl . 54, 1999, pp. 3-16).
Gonadot ropi ns such as FSH are nmainly involved in the | ast devel opnent stages
of folliculogenesis in follicular maturation, i.e., in the devel opnent of
the early antral follicle to a mature follicle that can undergo ovul ati on
The in-vivo and in-vitro infertility is preferably treated with
gonadotropins (FSH and antiestrogens) (Wite et al., J. din. Endocrinol.
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growh in the case of ovarian-induced infertility
treatment.
One method to avoid the above-mentioned drawbacks and risks is to ensure the

maturation and stimulation in vivo of follicular growth in the case of ovarian-induced infertility

with a suitable active ingredient before treatment with exogenic gonadotropins begins.

Estrogen Receptor Beta (ERP)

Several years ago, estrogen receptor B (ER) was discovered as a second subtype of the
estrogen receptor (Kuiper et al. (1996), Proc. Natl. Acad. Sci. 93: 5925-5930; Mosselman,
Dijkema (1996) Febs Letters 392: 49-53; Tremblay et al. (1997), Molecular Endocrinology 11:
353-365). The expression pattern of ERP differs from that of the ERa (Kuiper et al. (1996),
Endocrinology 138: 863-870). ERP thus predominates over ERa in the rat prostate, while ERa
predominates over ERJ in the rat uterus. The highest concentrations of ER3 and mRNA were
found in the ovaries (Couse et al. Endocrinology 138, 1997, pp. 4612-4613).

Other organ systems with comparatively higher ERp-expression comprise the bones
(Onoe, Y. et al., 1997, Endocrinology 138: 4509-4512), the vascular system (Register, T. C.,
Adams, M. R. 1998, J. Steroid Molec Biol 64: 187-191), the urogenital tract (Kuiper, G. J. M. et
al. 1997, Endocrinology 138: 863-870), the gastrointestinal tract (Campbell-Thopson 1997,
BBRC 240: 478-483), as well as the testis (Mosselmann, S. et al. 1996 FEBS Lett. 392, 49-53)



with a suitable active ingredient before treatnment with exogenic
gonadotropi ns begins. Estrogen Receptor Beta (ERR) Several years ag?ﬂECZM
estrogen receptor 0 (ER(3) was di scovered as a second subtype of th b
estrogen receptor (Kuiper et al. (1996), Proc. Natl. Acad. Sci. 93:
5925-5930; Mdsselman, Dijkema (1996) Pebs Letters 392: 49-53; Trenblay et
al. (1997), Mol ecul ar Endocrinology 11: 353-365). The expression pattern of
ERP differs fromthat of the ERa (Kuiper et al. (1996), Endocrinol ogy 138:
863-870). ERP thus predom nates over ERa in the rat prostate, while ERa
predom nates over ERP in the rat uterus. The highest concentrations of ERp
and nRNA were found in the ovaries (Couse et al. Endocrinol ogy 138, 1997,
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successful production of aERKO and BERKO mice. ERq consequently plays an important role
in the adult uterus, in mammary gland tissue, in the negative regulation of the gonadotropin
activity, while ER is mainly bonded in the processes of ovarian physiology, especially that of
folliculogenesis and ovulation (Couse et al., Endocrine Reviews 20, 1999, pp. 358-417).
Observations of BERKO mice provide an indication on a function of ERp in the prostate
and bladder: in the case of older male mice, symptoms of prostate and bladder hyperplasia occur
(Krege, J. H. et al. 1998, Proc Natl Acad Sci 95: 15677-15682). In addition, female ERKO mice
(Lubahn, D. B. et al. 1993, Proc Natl Acad Sci 90: 11162-11166) and male ERKO mice (Hess,
R. A.etal. 1997, Nature 390: 509-512) as well as female BERKO mice (Krege, J. H., 1998, Proc
Natl Acad Sci95: 15677-15682) have fertility disorders. Consequently, the important function
of estrogens with respect to maintaining testis and ovary functions as well as fertility is
confirmed.
It was possible to achieve a selective estrogenic action on specific target organs by
subtype-specific ligands based on the different tissue or organ distribution of the two subtypes of
the ERs. Substances with a preference for ERB compared to ERa in the in-vitro receptor binding

test were described by Kuiper et al. (Kuiper et al. (1996), Endocrinology 138: 863-870). A

selective action of subtype-specific ligands of the estrogen receptor on estrogen-sensitive



of estradiol are carried out in the ERKO nouse presumably via ER(3. The fact
that ERa and ER(3 have a functionally different action was confirnqdygggﬁmﬁ
successful production of aERKO and (3ERKO mice. ERa consequently pl'a
inmportant role in the adult uterus, in manmmary gl and tissue, in the
negative regul ati on of the gonadotropi® activity, while ER(3 is mainly
bonded in the processes of ovarian physi ol ogy, especially that of

follicul ogenesis and ovul ati on (Couse et al., Endocrine Reviews 20, 1999,
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function of ER(3 in the prostate and bladder: in the case of older nmale
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prepare conpounds that have in vitro a

protective action against hormone-deficiency-induced bone mass loss in comparison to uterus-
stimulating action.

In the broader sense, a structure-action relationship, which allows for access to
compounds that have the above-formulated pharmacological profile, is to be made available by
this invention. The compounds according to the invention are to produce enhanced fertility in
the ovary while at the same time affecting the uterus very little in cases of ovarian-associated
infertility.

According to the invention, the object above is achieved by the provision of

9a-substituted estra-1,3,5(10)-triene derivatives of general formula I

@



di ssociation wth respect to the binding to estrogen receptor preparations
fromrat prostates and rat uteri. The conpounds are to show in vitig %

hi gher affinity to estrogen receptor preparations fromrat prostat k16 2206
to estrogen receptor preparations fromrat uteri. The ER(3-specific
conpounds are to produce in vivo a profertility action in the ovary. At the
sane tinme, the conpounds are to exhibit ? di ssociation with respect to ovary
action in conparison to uterus action. The conpounds according to the
invention are to have a certain protective action agai nst

hor none- defi ci ency-i nduced bone nmass | oss in conparison to uterus-
stinulating action. In the broader sense, a structure-action relationship,
which allows for access to_ conpounds that have the above-fornul at ed

phar macol ingihiel ragicals R* &R, RS, R'o Rbs RitaseveihasiR andR hyindeppidently ofoneiaoptherThe
conpounds according to the invention are to produce enhanced fertility in

t he ovar yhawbitHedfoldwinpencaging: ti me affecting the uterus very little in cases
of ovarian-associated infertility. According to the invention, the object

above is achi efed Qmmhhghpﬁg%&ﬁﬁ@ﬁopﬁ Kﬁgg§yh§@hkyted estra-1,3,5(10)-triene
derivatives of general fornmula | R13 717 Rb RRSOR R~ (1) 11 DEC
2006 7 R'®  means a straight-chain or branched-chain, saturated or unsaturated

hydrocarbon radical with up to 6 carbon atoms, a trifluoromethyl group, an

aryl, heteroaryl or aralkyl radical, a substituted aryl, heteroaryl radical with

a methyl, ethyl, trifluoromethyl, pentafluoroethyl, trifluoromethylthio,

methoxy, ethoxy, nitro, cyano, halogen (fluorine, chlorine, bromine,

iodine), hydroxy, amino, mono(C,.s-alkyl)- or di(C;¢-alkyl)amino,

whereby both alkyl groups are identical or different, di(aralkyl)amino,

whereby both aralkyl groups are identical or different, carboxyl,

carboxyalkoxy, C;-Cy-acyl or C;-Cyp-acyloxy groups as substituents, an

acyl radical COR", in which R"? is a straight-chain or branched-chain

hydrocarbon radical with up to 10 carbon atoms that is saturated or

unsaturated in up to three places and partially or completely halogenated,

or

R'®  meansa group R* SO,, in which
R*  isanR* R*N group, whereby R*' and R, independently of one
another, mean a hydrogen atom, a C;-Cs-alkyl radical, a group

C(O)R®, in which R represents a straight-chain or branched-chain

hydrocarbon radical with up to 10 carbon atoms that is



in which radicals R3, R7, R', RO, R13, Rl16 as well as Rh and R 7,

i ndependently of one another, have the follow ng neani ng: R3 neans alDEE 10
hydrogen atom or a group R18, in which R18 neans a straight-chain or b
branched-chain, saturated or unsaturated hydrocarbon radical with up to 6
carbon atons, a trifluoronethyl group, an aryl, heteroaryl or aralkyl

radi cal, a substituted aryl, heteroaryl gadical with a nethyl, ethyl,
trifluoronethyl, pentafluoroethyl, triflUoronmethylthio, nethoxy, ethoxy,
nitro, cyano, halogen (fluorine, chlorine, brom ne, iodine), hydroxy,

am no, nono(Cl.6-al kyl)- or di(Cl-6-al kyl)am no, whereby both alkyl groups
are identical or different, di(aral kyl)am no, whereby both _aral kyl groups
are identical or di fferéﬁt‘rateéé’lfﬂtﬁ‘fﬂrate W%Vﬁ?ll'éﬁfiﬁanéllim@aé’dyl or

Cl- C20- acyl oxy groups as substituents, an acyl radical COR19, in which R19
is a straight-chain or b@ranlcwédladﬂmhated,Ia;ﬁ(sltrloprapﬂo%'d@dtyéa;b/cl\ﬂmﬂﬁylup to 10
carbon atons that is saturated or unsaturated in up to three places and

partially or conpl et el ycyddegeraicecdohepo gflklf, a€a0ss-aychpatkyplig2ads@P, in which
R20 is an R21 R22 N group, whereby R21 and R22 , independently of one

another, mean a hydrogewi#itia8)7 carbfom aforsah e cytRdikgRdortich &dovieh 4 O) R23, in
whi ch R23 represents a straight-chain or branched-chain hydrocarbon radical

with up to 10 carbon at QIS ;;(J?t%n Jﬁp% 8idbos Afoths & an aryl, heteroaryl or

aralkyl radical, or a substituted aryl, or heteroaryl radical, with a
methyl, ethyl, trifluoromethyl, pentafluoroethyl,
trifluoromethylthio, methoxy, ethoxy, nitro, cyano, halogen
(fluorine, chlorine, bromine, iodine), hydroxy, amino, mono(C.4-
alkyl)- or di(C,¢-alkyl) amino, whereby both alkyl groups are
identical or different, di (aralkyl)amino, whereby both aralkyl
groups are identical or different, carboxyl, carboxyalkoxy, C;-Ca.
acyl or C;-Cyp-acyloxy groups as substituents, or, together with
the N atom, a polymethylenimino radical with 4 to 6 C atoms or a
morpholino radical,

R”and R’, in each case independently of one another, are a hydrogen atom or a halogen

atom,

R’ is a straight-chain or branched-chain alkenyl or alkinyl radical with 2 to 6 carbon
atoms, which can be partially or completely fluorinated, or an ethinyl- or prop-1-
inyl radical,

R"  isamethyl group or an ethyl group,

R'®  is ahydroxy group or a group R'*0-, R¥S0;- or OC(O)R® with R'® | R and R®



saturated or unsaturated in up to three places and is partially or

conpl etely hal ogenated, a cycl opropyl, cyclobutyl, cyclopentyl, Fh@@gﬁﬂk
or cycl oheptyl group, a C4-Cl5-cycloal kylal kyl radical wth 3 to 7 car
atonms in the cycloal kyl portion and with an alkyl portion of up to 8 carbon
atons or an aryl, heteroaryl or aralkyl radical, or a substituted aryl, or
heteroaryl radical, with a nethyl, ethyl, trlfluoronethyl,

pent af | uor oet hyl , trifluoronethylthio, nethoxy, et hoxy, nitro, cyano,

hal ogen (fluorine, chlorine, brom ne, iodine), hydroxy, am no, nono(Cl. 4-

al kyl')- or di(ClL 5-al kyl) am no, whereby both al kyl groups are identical or
different, di (aral kyl)am no, wherehy both aral kyl sgroups are identical or
di fferent, carbox?ﬁmdb%F66%$8F¥%%9$ﬂ@ﬂmegh““%bv}ebRsCl C20- acyl oxy groups as
substltuents together with the N atom a polymethyleni mno radica
with 4 to 6 K amdrRs ,an each aasx ipependantly aél prednottRy, asgalh@Fogeni atore gt inhaogen

i ndependently of one another, are a hydrogen atomor a halogen atom R9 is
a straight-chain abmbranched-chain al kenyl or alkinyl radical with 2 to 6
carbon atons, which can be partially or conpletely fluorinated, or an

et hinyl - or RﬁOP'éahih@é/tha%&ﬁla»o%?oblﬁoﬁ net hyl group or an ethyl group,
R16 is a hydroxy group or a group , R20S02- or OC(OR21 wth R18 , R20

and Res 1 1 Rg&)r&gg ® a variant of the invention, gonatriene derivatives are preferred, in which R’
andR” are a hydrogen atom, Rlisa vinyl, ethinyl or prop-1-inyl group, R16 is a hydroxy group,
andR'” and R' in each case are a hydrogen atom.

In addition, the following combinations of halogen substitution, preferably fluorine, in C-
atoms 7 and 17 are preferred: 7-mono or 7-di and R as well as R”', in each case a hydrogen, 17-
mono or 17-di and R” as well as R, in each case a hydrogen as well as 7-mono/17-mono, 7-
mono/17-di, 7-di/17-mono, 7-di/17-di. The 7a-position or the 17B-position is preferred in the

monofluorine compounds.
. . . . . . 16
Another variant of the invention in particular calls for compounds in which R stands for

18 20 18 20
agroup R O-orR SO,-O-withR and R in each case in the meaning that is indicated under

3
R.

Preferred according to this invention are the following compounds:
9a-Vinyl-estra-1,3,5(10)-triene-3,16¢.-diol
9q-Allyl-estra-1,3,5(10)-triene-3,16q-diol
18a-Homo-9q-vinyl-estra-1,3,5(10)-triene-3,16¢-diol
18a-Homo-9q-allyl-estra-1,3,5(10)-triene-3,16q-diol
3-Methoxy-9q-vinyl-estra-1,3,5(10)-trien-16¢.-0l

9q.-Allyl-3-methoxy-estra-1,3,5(10)-trien-16¢.-0l



9 3 in each case in the neaning that is indicated under R'7 and R7 R, in
each case independently of one another, are a hydrogen atomor a haLpﬁﬁﬂuﬂ
atom R16 can in each case be in a- or R-position. According to a Vvar %f
the invention, gonatriene derivatives are preferred, in which R7 and R7

are a hydrogen atom R9 is a vinyl, et®?nyl or prop-l1-inyl group, Ri6 is a
hydr oxy group, and R1l7 and R17 in each case are a hydrogen atom In
addition, the follow ng conbinations of hal ogen substitution, preferably
fluorine, in G atons 7 and 17 are preferred: 7-nono or 7-di and R 7 as well
as R7~, in each case a hydrogen, 17- nono or 17-di and R7 as well as R7, in

each case a nono/ 17-di, 7-di/17-nono,
7-di/17-di. ?%pﬁgggg&ggﬁﬁg}b%sapéeﬁgﬁgé%éog%??bHifslpreferred in the

nonof | uori ne her varian t nvention in particular
calls for coh%oﬁﬁ‘&ggf’nalw}w%ﬂet SraHer: 2%%96) jga@i 20 a group RO- or RS0ZO-
with Rand Rin each case in the nmeaning that is indicated under 3 R
Preferred ac%ﬂ%fb%d)lﬂbomﬁlns’l)rqﬁi‘i%hﬁb%l’p)éﬂénet?né6¢ -diol owi ng conpounds:

9a-Vinyl-estra-1, 3,5(10)-triene-3, 16a-di ol
9a-(2° ,2‘-Diﬂu0r0viny1)-3 -methoxy-estra-l ,3,5(10)-trien-16¢-ol

16a-Hydroxy-9a-vinyl-estra-1,3,5(10)-trien-3yl-sulfamate
9a-Allyl-16a-hydroxy-estra-1,3,5(10)-trien-3yl-sulfamate
18a-Homo-16a-hydroxy-9qa-vinyl-estra-1,3,5(10)-trien-3yl-sulfamate
18a-Homo-9q-allyl-16¢-hydroxy-estra-1,3,5(10)-trien-3yl-sulfamate
9a.-Vinyl-estra-1,3,5(10)-triene-3,160-diyl-disulfamate
9a-Allyl-estra-1,3,5(10)-triene-3,16q-diyl-disulfamate
18a-Homo-9q-vinyl-estra-1,3,5(10)-triene-3,16q-diyl-disulfamate
18a-Homo-9q-allyl-estra-1,3,5(10)-triene-3,160.-diyl-disulfamate
16a-Hydroxy-9q-vinyl-estra-1,3,5(10)-trien-3yl-(N-acetyl)-sulfamate
9a-Allyl-16¢a-hydroxy-estra-1,3,5(10)-trien-3yl-(N-acetyl)-sulfamate
18a-Homo-16¢-hydroxy-9q-vinyl-estra-1,3,5(10)-trien-3yl-(N-acetyl)-sulfamate
18a-Homo-9a-allyl-16¢-hydroxy-estra-1,3,5(10)-trien-3yl-(N-acetyl)-sulfamate
9a~(Prop-(Z)-enyl)-estra-1,3,5(10)-triene-3,16a.-diol
9a-(n-Propyl)-estra-1,3,5(10)-triene-3,16q-diol
9q-Ethinyl-estra-1,3,5(10)-triene-3,16q-diol
9a.-Vinyl-estra-1,3,5(10)-triene-3,16q-diol-diacetate
18a-Homo-9q-vinyl-estra-1,3,5(10)-triene-3,16q-diol-diacetate

16¢-Valeroyloxy-9q-vinyl-estra-1,3,5(10)-trien-3-ol



9a-Allyl-estra-1,3,5(10)-triene-3,16a-di ol 18a-Hono-9a-vinyl-estra-1,3,5
(10)-triene-3,16a-diol | 8a-Honp-9a-allyl-estra-1,3, 5(10)-triene- 31 ?‘%@E%U@l
3- Met hoxy-9 a-vinyl-estra-1,3,5(1 0)-trien- 16a-ol

9a- Al l yl - 3-net hoxy-estra-1, 3,5(10)-trien-16a-ol 1 1 DEC 2006 10

18a- Hono- 3- net hoxy-9a-vinyl -estra-1, 3, %10) -trien-16a- ol

18a- Honp- 9a- al | yl - 3-nmet hoxy-estra-1, 3,5(10)-tri en- 16a- ol

9a-(2 ,2 -Difluorovinyl)-estra-1,3,5(10)-triene-3,16a-diol 9a-(2' ,2 -Di
fluorovinyl)-3 -methoxy-estra-1,3,5(1 0)-trien- | 6a-ol

16a- Hydr oxy-9a-vinyl -estra-1, 3,5(10)-tri en-3yl -sul famate

9a- Al | yl - 16a1hAvdr 5. 0SS an] _ LeLen-8yl -sul famate 18a- Hono-
y 160 AlcE%¥s-9§ JII?Y]%S%&? g,((’%%g(l) it 80Py

16a- hydroxy-9a-vinyl-estra-1, “trien-3yl-sul fanat e
18a- Hono- 9a- a} | vl -Ig - hydr oxy- est ra- 1 i )=trien-3yl-sul famte
9a- Vi nyl - est ?éaa-, Do %F‘iaycﬁt)ozq%fxévﬂ%zl??,sﬁr% 3 3’?@}8‘-“&!?‘5310? amat e
9a-Al lyl-estra-1,3,5(1Q)-triene-3, 16a-diyl-di sul famate
18a- Hono- 9a- V§i o-r%'gﬂ'r"ér-‘ﬂ',egt,ras(l ’fes)(lqjjftf‘%‘??é%-:&%é‘é’l di yl - di sul fanat e
18a- Hono- 9a- al II%J -estra-1,3, 5 %10 -triene-3, 16a-diyl -di sul famate
16a- Hydr oxy - 3e-Hyomng-Paadlyl-estra-133,5(10piriene3,16p-digl1- (N- acet yl ) - sul f amat e
9a- Al lyl - 16a- hydroxy-estra-1,3,5(10)-trien-3yl-(Nacetyl)-sul famate
18a- Hono- | 17B-Fluoro-9a-vinyl-estra-1,3,5(10)-triene-3,16¢.-diol
6a- hydr oxy-9a-vinyl -estra-1,3,5(10)-tri en-3yl-(N-acetyl)-sul famate
18a- Homo- 9a- @i f-¥iuodhds ANALRAN-1654 (18- thedo-3(4Quid1T i en- 3yl - (N-acetyl ) -sul famat e
18a-Homo-7q-fluoro-9a-vinyl-estra-1,3,5(10)-triene-3,16¢-diol
18a-Homo-7a-fluoro-9¢-allyl-estra-1,3,5(10)-triene-3,16¢-diol
18a-Homo-17p3-fluoro-9q-vinyl-estra-1,3,5(10)-triene-3,16a-diol
18a-Homo-17-fluoro-9a-allyl-estra-1,3,5(10)-triene-3,16a-diol
Other possible configurations of this invention will emerge from the subclaims.
18
Hydrocarbon radical R is, for example, a methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert.-butyl, pentyl, isopentyl, neopentyl, or hexyl radical.
18
Alkoxy groups OR  in the compounds of general formula I in each case can contain 1 to
6 carbon atoms, whereby methoxy, ethoxy, propoxy, isopropoxy and t-butyloxy groups are
preferred.
Representatives of the C;-Cs-alkyl radicals R and R* are methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl, pentyl, isopentyl and neopentyl.
As representatives of straight-chain or branched-chain hydrocarbon radicals R* with 1 to
a maximum of 10 carbon atoms, for example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,

tert-butyl, pentyl, isopentyl, neopentyl, heptyl, hexyl, and decyl can be mentioned; methyl, ethyl,

propyl and isopropyl are preferred.



9a- (Prop-(Z2)-enyl)-estra-1, 3,5(10)-triene-3, 16a-di o

9a- (n-Propyl)-estra-1,3,5(10)-tri ene- 3, 16a-di ol 1 DEC 2006
9a-Ethinyl -estra-1, 3,5(10)-triene-3, 16a-diol 9a-V inyI-estra-l,S,Sgl
0)-triene-3, 16a-diol -di acetate

18a- Honp- 9a-vi nyl -estra-1, 3,5(10)-tri eh?- 3, 16a-di ol - di acet at e

16a- Val er oyl oxy-9a-vinyl -estra-1, 3,5(10)-trien-3-0l 1 1 DEC 2006

16a- Acet oxy-9a-vinyl-estra-1, 3,5(10)-trien- 3-ol

18a- Hono- | 6a- acet oxy-9a-vinyl -estra-1, 3,5(10)-tri en- 3-ol

7a- Fl uoro-9a-vinyl -estra-1, 3,5(10)-tri ene- 3, 16a- di ol

7a- Fl uoro-9a;ally]-estra-1 3,5(10)-triene-3, 16a-di ql

1730 Fl vor o- 6489 G REloRli el 3 s lobop e Plgbu <y lgpentyl cyclohexyl o
173-Fluoro-9a-allyl-estra-1, 3,5(10)-tri ene-3, 16a-di ol

18a- HonfY 9?@%8@899gﬂvﬂﬁ?ﬁm@§%ra-1,3,5(10)-triene-3,16a-dio

18a- Honp- 7a-fl uoro-9a-al lyl -estra-1, 3, 5(10)-tri ene- 3, 16a- di ol

18a- Hono- 173Af0stloseydealiyladyl radicalzhag 3 39 B carbyn atpine ireths cy@aalkiylgiortion; typical
18a- Honp- 173-fl uoro-9a-al ly]-estra-1, 3,5(10)-triene-3, 16a-diol O her
possi bl esposaftatings atei tharsychfalkyh proupstherdre arentidriel desalygdot¢. OThe dileyl pohiohai ns.
18 Hydrocarbon radical Ris, for exanple, a nethyl, ethyl, propyl,

| Sopr op)isupttB¥harbonlafkut yl , tert.-butyl, pentyl, isopentyl, neopentyl, or

hexyl radical. 18 Al koxy groups OR in the conpounds of general forrmula | in
each case cagg g}gﬂﬁlﬁésrbf]a é4QC15-cycloalkylalky1 radical, the cyclopropylmethyl,
cyclopropylethyl, cyclopentylmethyl, cyclopentylpropyl groups, etc., can be mentioned.

In terms of this invention, an aryl radical is a phenyl, 1- or 2-naphthyl radical; the phenyl
radical is preferred.

Aryl always also includes a heteroaryl radical. Examples of a heteroaryl radical are the
2-, 3- or 4-pyridinyl, the 2- or 3-furyl, the 2- or 3-thienyl, the 2-or 3-pyrrolyl, the 2-, 4- or 5-
imidazolyl, the pyrazinyl, the 2-, 4- or S-pyrimidinyl or 3- or 4-pyridazinyl radical.

As substituents that can be present on an aryl or heteroaryl radical, for example, a
methyl-, ethyl-, trifluoromethyl-, pentafluoroethyl-, trifluoromethylthio-, methoxy-, ethoxy-,
nitro-, cyano-, halogen- (fluorine, chlorine, bromine, iodine), hydroxy-, amino-, mono(Cj.g alkyl)
or di(C;-s alkyl)amino, whereby both alkyl groups are identical or different, di(aralkyl)amino,
whereby both aralkyl groups are identical or different, carboxyl, carboxyalkoxy, Ci—Cazo—acyl or
Ci1—Cao—acyloxy groups can be mentioned.

An aralkyl radical is a radical that contains in the ring up to 14, preferably 6 to 10, C
atoms, and in the alkyl chain 1 to 8, preferably 1 to 4, C atoms. Thus, as aralkyl radicals, for
example, benzyl, phenylethyl, naphthylmethyl, naphthylethyl, furylmethyl, thienylethyl, and

pyridylpropyl are suitable.



6 carbon atons, whereby nethoxy, ethoxy, propoxy, isopropoxy and t-butyl oxy
groups are preferred. Representatives of the Cl-C5-al kyl radicals E@ﬂEﬁﬂﬂﬁ
R22 are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert- th

pentyl, |sopentyl and neopentyl As representatives of stralght chain or
branched chai n hydrocarbon radicals R233with 1 to a maxi mumof 10 carbon
atons, for exanple, nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butyl, pentyl, isopentyl, neopentyl, heptyl, hexyl, and decyl can be
menti oned; nethyl, ethyl, propyl and isopropyl are preferred. 1 1 DEC 2006
12 As a C3-Cr7-cycl oal kyl group, a cyclopropyl, cyclobutyl, cyclopentyl

| oh I | ohe L kylal kyl
hdi oal bas. e G451 GRRK i gonﬁr%@ﬁ@ee%”eﬁ.%%@#’y BT ERT EfLgRs!

representatives are the cycl oal k roups that are nmentioned directly above.
The aIk$@°€3VFWBﬁhyW§§y6HmP%°%cb FB@H”&F@W@ As exanpl es of a

C4-Ci s-cycl oal kyl al kyl radical, the c opro nethyl cycl opropyl et hyl ,
cycl opent yl mAthgyl ora ﬂlr@b@hnwrm%ﬂyﬂeféﬁd 66 alkemyh rashicakent i oned. |1 n

terns of this invention, an aryl radical |s a phenyl, | - or 2-naphthyl
radical; t heAp(hzeGyalkinyhdid'rca] is peeferatdf defired.as An ythirgd vadyal al sprop+ieinyidedica.
heteroaryl radical. Exanples of a heteroaryl radical are the 2-, 3- or

4-pyridi nyl, Ci.heA@yl radicals indin) for dxBRpR; adRtyl, ?pr&ﬂ]blﬁyMHutyrSIlhealaro@l’ 1s%vﬂ¥1f05119| yl,
the 2-, 4- or 5- imdazolyl, the pyrazinyl, the 2-, 4- or 5-pyrimdi nyl or

3- or 4 gﬁ&bgﬁéhﬂwyl5§gpﬁ&hdcﬁge§MQ§tltuents that can be present on an aryl
or heteroaryl radical, for exanple,” a

One or two hydroxyl groups at C atoms 3 and 16 can be esterified with an aliphatic,
straight-chain or branched-chain, saturated or unsaturated C;-Ci4-mono- or polycarboxylic acid
or an aromatic carboxylic acid.

Suitable as such carboxylic acids for esterification are, for example:

Monocarboxylic acids: formic acid, acetic acid, propionic acid, butyric acid, isobutyric
acid, valeric acid, isovaleric acid, pivalic acid, lauric acid, myristic acid, acrylic acid, propionic
acid, methacrylic acid, crotonic acid, isocrotonic acid, oleic acid, and elaidic acid.

Esterification with acetic acid, valeric acid or pivalic acid is preferred.

Dicarboxylic acids: oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid,
pimelic acid, suberic acid, azelaic acid, sebacic acid, maleic acid, fumaric acid, muconic acid,
citraconic acid, and mesaconic acid.

Aromatic carboxylic acids: benzoic acid, phthalic acid, isophthalic acid, terephthalic
acid, naphthoic acid, o-, m- and p-toluic acid, hydratropic acid, atropic acid, cinnamic acid,
nicotinic acid, and isonicotinic acid.

Esterification with benzoic acid is preferred.

As prodrugs, the esters of the 9q-substituted estratrienes according to the invention have



met hyl -, ethyl-, trifluoronethyl-, pentafluoroethyl-, trifluoronethylthio-
nmet hoxy-, ethoxy-, nitro-, cyano-, hal ogen- (fluorine, chlorine, qahgg@

i odi ne), hydroxy-, ami no-, nono(C _s alkyl) or di(Cl_s alkyl)am no, %y
both al kyl groups are identical or different, di(aralkyl)am no, whereby
bot h aral kyl groups are identical or dl%ferent, car boxyl, carboxyal koxy,

Ct - C20-acyl or Cil-C2o0-acyl oxy groups can be nentioned. An aral kyl radi cal
is aradical that contains in the ring up to 14, preferably 6 to 10, C
atons, and in the alkyl chain 1 to 8, preferably 1 to 4, C atons. Thus, as
aral kyl radicals, for exanple, benzyl phenyl et hyl , napht hyl net hyl,

napht hyl et hyl , furyl nmet hyl . thi. I r|d r r U|table

1" bec st ﬂﬁaﬁﬁﬁgﬂ%dwgas@dﬁacﬁ SihgtedRa Pispiek] 8GR meBofaf ' oty Tor
conpletegx substltuted 1-5 hal ogen, at orrs, hydroxy groups or G -C4-al koxy
gr oups Pistpfion £ %WO@%%&M&*}I #d duEatiqnief@Med with a C2- C6-al kenyl
radical. A C2-C6-alkinyl radical is preferably defined as an ethinyl radical
or a prop-| - Espgrialnthesnlfamate; of u-gubylituted ghicaitiencsraenerdifgto thg invphtéon haget yi |
propi onyl, butyryl, valeroyl, isovaleroyl, pivaloyl, hexanoyl, octyl,

nonyl , phardmathi‘ta’yib and))harmlacddyﬂarhiﬁdﬂmdgegrhelmd affedss wbmmﬂ;reé?d)afbﬂcrﬂtﬁdﬁxan be
esterified with an aliphatic, straight-chain or branched-chain, saturated

or unsabihedt@did@uiferhdteBPN Stersltl BASYh¥MANMIRXYBiot, S3C3TH-403 (18952 ERpEYdifion
carboxylic acid. Suitable as such carboxylic ‘acids for esterification are,

for exapRl&: pANRR9CHISL X cids: formc acid, acetic acid, propionic acid,
butyric aggd k?%obuéf%?% b@%? val eri c acid, isovaleric acid, pi val i c acid,

lauric acid, Innt%s pa%eng app%cgionagtgr%lds%n%%i&i thQ bgpslugsrt]llt&:ted estra-1,3,5(10)-triene

skeleton is based are described for the treatment of estrogen receptor B-mediated disorders and
conditions as selective estrogens, which have in-vitro dissociation with respect to their binding to
estrogen receptor preparations from rat prostates and rat uteri and which have in vivo preferably a
dissociation with respect to ovary action in comparison to uterus action. In addition, the
compounds have a certain protective action against hormone-deficiency-induced bone mass loss.

It was found that the 9¢-substituted estra-1,3,5(10)-trienes according to general formula I
are suitable as selective estrogens for the treatment of various conditions and disorders that are
characterized by a higher content of estrogen receptor B than estrogen receptor a in the
corresponding target tissue or target organ.

The invention also relates to pharmaceutical preparations that contain at least one
compound of general formula I (or physiologically compatible addition salts with organic and
inorganic acids thereof) and the use of the compounds of general formula I for the production of
pharmaceutical agents, especially for the indications mentioned below.

The new selective estrogens that are described here can be used as individual components

in pharmaceutical preparations or in combination especially with gestagens. Especially preferred



acid, nethacrylic acid, crotonic acid, isocrotonic acid, oleic acid, and
elaidic acid. Esterification with acetic acid, valeric acid or pivaHiﬁg@%Q&
is preferred. Dicarboxylic acids: oxalic acid, malonic acid, succinié i )
glutaric acid, adipic acid, pinelic acid, suberic acid, azelaic acid,
sebacic acid, maleic acid, fumaric aci# nuconic acid, citraconic acid, and
nmesaconi ¢ acid. Aromatic carboxylic acids: benzoic acid, phthalic acid,

i sophthalic acid, terephthalic acid, naphthoic acid, o-, m and p-toluic
acid, hydratropic acid, atropic acid, cinnamc acid, nicotinic acid, and
isonicotinic acid. Esterification with benzoic acid is preferred. As
prodrugs,.the esters_.of the 9a-substituted estratrienes according tQ the
Pvent | keI BRRESE <SG Rith ERaSCIsE s Reee B i ardrpf
active iagredients with respect to their pethod of L adm nistration, their
type of SACHIVEl actete biighAt dopt dassdbrousn e bloodibgn bpmisese pny el ag With sqlecti¥fmt es

of 9a-substituted estratrienes according to the invention have

phar mac exiogen jegepieromerhvdatons ¢ SERNamlbe ERBanleciinesconRobndseagcaflingde thewer e al r eady
described in other steroid-sulfamates (J. Steroid Biochem Ml ec. Biol, 55,
395- 403invEsiim)can B psed@p padtionlar fonwegiroductiolgsft pharrbateuh@ ageh®AB) freating t hi s
patent application, steroids on which the 9a-substituted

estra- 1fepilfty UQbrdefs), ﬁiﬂ@rev%ﬁtﬂirﬁén@ﬂhér&pg&ﬁ%%lt@é Bypéissid, Bepréwhtibignd r eat ment  of

estrogen receptor (3-nediated disorders and <conditions as selective

st 1 00 sy dHRoHANR deeithly Sl AT ilioihch SRRGRh oh@ el fn b ndi ng to

estrogen receptor preparations fromrat prostates and rat uteri and which
have in vivo Br ?fcer ax?tl % 2 &_}ﬁolci ation \6\/i teh. respect to ovary action in
conpar i 8SE TeRTasrmEntAigriRy,C L JEP AP Y Omehe

A therapeutic product that contains an estrogen and a pure antiestrogen for simultaneous,
sequential or separate use for the selective estrogen therapy of perimenopausal or
postmenopausal conditions is already described in EP-A 0 346 014.

Because of their dissociation of action in the ovary in comparison to the action of the
uterus, the substances and the pharmaceutical agents that contain them are especially suitable for
the treatment in the case of ovarian dysfunction that is caused by surgery, medication, etc., such
as female infertility for stimulation of folliculogenesis for treatment by itself in terms of
enhanced fertility, for supporting in-vitro fertility treatment (IVF) in connection with an in-vivo
treatment and for treatment of ovarian-induced disorders in later age (“late fertility”) as well as
for treatment of hormone-deficiency-induced symptoms.

The substances are also suitable for therapy of ovarian diseases such as polycystic ovarian
syndrome, POF (premature ovarian failure) syndrome, and ovulation disorders.

Finally, the compounds of general formula I can be used in connection with selective
estrogen receptor modulators (SERM) or raloxifene, specifically in particular for use in hormone

replacement therapy (HRT) and for treatment of gynecological disorders.



conpounds have a certain protective action agai nst

hor none- defi ci ency-induced bone mass |oss. It was found that the 11 pEC 2006
9a-substituted estra-1,3,5(10)-trienes according to general forrmula I are
suitabl e as selective estrogens for the treatnent of various conditions and
di sorders that are characterized by alfi gher content of estrogen receptor 0
than estrogen receptor a in the corresponding target tissue or target

organ. The invention also relates to pharmaceutical preparations that
contain at |east one conpound of general forrmula I (or physiologically
conpati ble addition salts with organic and inorganic acids thereof) and the
use of t he. C?FPQHJ@Q ce%faregaq&esru?t%lflggg {Hdt\ﬁ%dalf: otngrt?ts ?51‘qu8‘£ tI?lgntOOf
pharmaceut i cal agents, especially for the rndications nentioned bel ow. The
new sel ective estrogens that are descrihed here ﬁaghgg gﬁeddﬁs i ndi vi dual
conponeREEMERSPEsA, é’BﬂﬂeB%qa“Eﬂ?éﬂﬁ?tﬁP’?’dﬂga%‘F“liaﬁ UIRPI LB ‘sé'érb@lc?%tl ly with
gestagens. Especially preferred 1 1 DEC 2006 15 is the conbination of

sel ect i V@ tabdity.dpeakswWingsnineraiingascs ¥eginal aipphyasad hegeens-dofisiengy-ndpeadimanial al | v-
selectively active, i.e., that do not pass through the bl ood-brain barriers,
as wel | diwerdgist H'hs shistancesare als¢ swpble foekemooe substdtution ardsfof SEeRMrapyTife
ERp- sel ective conpounds according to the invention can be used in particular
f or t he hpmashealeficien@tingiivad BRapidins GabvaRe dysulcdion thae & danged Hysuidety, t y

di sorders, for prevention and therapy of prostate hyperplasia, for

pr event inRQicaish, elcr eat ment of hornone- defi ci ency-i nduced nood swi ngs in wonen
and nen and for use in hornone replacenent therapy (HRT) in nmen and wonen.
A therapeuti f, PftiChneiiMancONLAINS 1UsERbLAGER Ao Buli Sl 3L RAEN T Or
si mul t aneous, sequential or separate use for the selective estrogen therapy

of perinenopausal ar gostnenogausq{ conditions.is alteaq¥ qescri ed in EP-A
0 346 Oil}ilss 0S8 and OSl€0porosis, to prevent cardiovascular sysiem dlSCaSCS, 1n particular vascuiar

diseases such as arteriosclerosis, high blood pressure and to prevent hormone-deficiency-induced
neurodegenerative diseases, such as Alzheimer’s disease, as well as hormone-deficiency-induced
impairment of memory and learning capacity.

In addition, the substances can be used as active ingredients in preparations for treating
inflammatory diseases and diseases of the immune system, in particular autoimmune diseases,
such as, e.g., rheumatoid arthritis, multiple sclerosis, lupus, Crohn’s disease and other
inflammatory intestinal diseases, inflammatory diseases of the skin, such as psoriasis, as well as
for treating endometriosis.

In addition, the substances are effective against inflammatory diseases of the respiratory
system, the lungs and bronchial tubes, such as, e.g., asthma.

The medication is suitable for therapy and prophylaxis of estrogen-deficiency-induced
diseases both in women and in men.

In men, the compounds are especially suitable for therapy of hormone-deficiency-induced

bone mass loss and osteoporosis, for prevention of cardiovascular diseases, in particular vascular



Because of their dissociation of action in the ovary in conparison to the
action of the wuterus, the substances and the pharmaceuti cal agents1qutzmﬁ
contain themare especially suitable for the treatnent in the case

ovari an dysfunction that is caused by surgery, nedication, etc., such as
female infertility for stinulation of 1%I1i cul ogenesi s for treatnent by
itself in terns of enhanced fertility, for supporting in-vitro fertility
treatment (NF) in connection with an in-vivo treatnment and for treatnent of
ovari an-induced disorders in later age ("late fertility") as well as for
treatment of hornone-deficiency-induced synptons The substances are al so
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the immune system, in particular autoimmune diseases in men, such as, e.g., rheumatoid arthritis,
MS (multiple sclerosis) and Crohn’s disease and other inflammatory intestinal diseases, as well
as inflammatory diseases of the respiratory system, the lungs, and the bronchial tubes. The
amount of a compound of general formula I that is to be administered fluctuates within a wide
range and can cover any effective amount. On the basis of the condition that is to be treated and
the type of administration, the amount of the compound that is administered can be 0.01 pg/kg -
100 mg/kg of body weight, preferably 0.04 pg/kg - 1 mg/kg of body weight, per day.

In humans, this corresponds to a dose of 0.8 pg to 8 g, preferably 3.2 pg to 80 mg, daily.

According to the invention, a dosage unit contains 1.6 pg to 2000 mg of one or more
compounds of general formula L.

The compounds according to the invention and the acid addition salts are suitable for the
production of pharmaceutical compositions and preparations. The pharmaceutical compositions
or pharmaceutical agents contain as active ingredients one or more of the compounds according

to the invention or their acid addition salts, optionally mixed with other pharmacologically or



neur odegenerati ve di seases, such as Al zheiner's di sease, as well as
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mul tiple sclerosis, lupus, Crohn's di sease and ot her inflammtory intestinal
di seases, inflammatory di seases of the skin, such as psoriasis, as well as
for treating endonetriosis. In addition, the substances are effective
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and di seases of
Volume 52 (1963), page 918 ff., issued by Czetsch-Lindenwald, Hilfsstoffe fiir Pharmazie und
angrenzende Gebiete [Adjuvants for Pharmaceutics and Related Fields]; Pharm. Ind., Issue 2,
1961, p. 72 and ff.: Dr. H. P. Fiedler, Lexikon der Hilfsstoffe fiir Pharmazie, Kosmetik und
angrenzende Gebiete [Dictionary of Adjuvants for Pharmaceutics, Cosmetics and Related
Fields], Cantor KG, Aulendorf in Wiirttemberg 1971.

The compounds can be administered orally or parenterally, for example intraperitoneally,
intramuscularly, subcutaneously or percutaneously. The compounds can also be implanted in the
tissue.

For oral administration, capsules, pills, tablets, coated tablets, etc., are suitable. In
addition to the active ingredient, the dosage units can contain a pharmaceutically compatible
vehicle, such as, for example, starch, sugar, sorbitol, gelatin, lubricant, silicic acid, talc, etc.

For parenteral administration, the active ingredients can be dissolved or suspended in a
physiologically compatible diluent. As diluents, very often oils with or without the addition of a

solubilizer, a surfactant, a suspending agent or an emulsifying agent are used. Examples of oils

that are used are olive oil, peanut oil, cottonseed oil, soybean oil, castor oil and sesame oil.
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I for local administration, various polymers are suitable, such as, for example, silicone polymers,
ethylene vinyl acetate, polyethylene or polypropylene.

To achieve better bio-availability of the active ingredient, the compounds can also be
formulated as cyclodextrin clathrates. For this purpose, the compounds are reacted with a-, -, or
v-cyclodextrin or derivatives of the latter (PCT/EP95/02656).

According to the invention, the compounds of general formula I can also be encapsulated

with liposomes.

Methods

Estrogen Receptor Binding Studies:

The binding affinity of the new selective estrogens was tested in competitive experiments
with use of *H-estradiol as a li gand to estrogen receptor preparations from rat prostates and rat
uteri. The preparation of prostate cytosol and the estrogen receptor test with prostate cytosol was

carried out as described by Testas et al. (1981) (Testas, J. et al., 1981, Endocrinology 109: 1287-
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addition, for percutaneous admnistration, the active ingredients can be
added t @RBfperdomimatgslie thexrayabsatites over ERa, and ERa predominates in rat uteri over ERf.
Table 1 shows that the ratio of the binding to prostate and uterus receptors qualitatively coincides

with the quotient of relative binding affinity (RBA) to human ER and ERa of rats (according to

Kuiper et al. (1996), Endocrinology 138: 863-870) (Table 1).
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“Cited from: Kuiper et al. (1996), Endocrinology 138: 863-870

Table 2 shows the results for 4 of the 9g-vinyl-estra-1,3,5(10)-triene-3,160.-diol

derivatives (compounds 1; 2; 4; 5) according to the invention.



receptor of rat prostates than to estrogen receptors of rat uteri. In this
case, it is assuned that ERGS predominates in the rat prostates ovaqry 06
and ERa predom nates in rat uteri over ERP. Table 1 shows that the ratio of
the binding to prostate and uterus receptors qualitatively coincides wth
the quotient of relative binding affi n?gy (RBA) to human ERI 3 and ERa of
rats (according to Kuiper et al. (1996), Endocrinol ogy 138: 863-870) (Table
1). 1 1 DEC 2006 21 Table 1 Estrogen Structure hERa hERr ER(i/ Rat uterus
Rat prost. prost. RBA RBA ERa ER(RBA) ER(RBA) ER/ uterus ER Estradiol 100
100 1 100 100 1 Estrone 60 37 0.6 3 2 0.8 17a-Estra- 58 11 0.2 2.4 1.3 0.5
diol ' Estriol 14 21 1.5 4 20 5 5-Andro- 6 17 3 0.1 5 50 stene-diol p ~ o
Geni steimgle 36 7 0.1 10 100 Counes- aw 94 185 2 1.3 24 18 trol Cted
from Kuiper et al. (1996), Endocrinol ogy 138: 863-870

Compound RBA RBA
Rat Uterus Rat Prostate
9a.-Vinyl-estra-1,3,5(10)- 1.2 100

3.16¢-diol (1)

9a.-Vinyl-estra-1,3,5(10)-17F- | 2 200
3.16¢-diol (2)

9a.-Di-F-Vinyl-estra- 0.2 4
1,3.5(10)-3,16-diol (4)

9a.-Di-F-Vinyl-estra- 0.2 6
1,3,5(10)-13-Methyl-3,16a-

diol (5)

Compounds 1; 2; 4; 5 according to the invention show a higher binding affinity to the
estrogen receptor of rat prostates than to the estrogen receptor of rat uteri.

In addition, the predictability of the prostate-ER versus the uterus-ER test system was
confirmed with respect to tissue-selective action by in-vivo studies. Substances with a
preference for prostate-ER are dissociated in vivo preferably with respect to ovary and uterus

action as well as pituitary gland action in favor of action on the ovary.

Studies for Dissociation of Action of the Ovary/Uterus and Pituitary Gland

The studies with respect to the action on uterus growth and ovulation (indirect effect by
influencing the secretion of pituitary gland hormones) are performed on adult female rats (body
weight of 220-250 g). The substances are subcutaneously administered four times on four

consecutive days. The first administration is carried out in the metestrus. One day after the last



Table 2 shows the results for 4 of the
9a-vinyl-estra-1,3,5(10)-triene-3, 16a-di ol derivatives (conpounds X1 gfc %06
5) according to the invention. 1 1 DEC 2006 22 Table 2 Conpound RBA RBA

Rat Uterus Rat Prostate 9a-Vinyl-estra-1,3,5(10)- 1.2 100 3 16 -diol (1)
9a- Vinyl -estra-1,3,5(10)-17F- 2 200 3236 -diol (2) 9a-Di-F-Vinyl-estra- 0.2
4 13510 -3 16 -diol (4) 9a-Di-F-Vinyl-estra- 0.2 6
1,3,5(10)- 13- Met hyl - 3, 16a diol (5) Conpounds 1; 2; 4; 5 according to the

i nvention show a higher binding affinity to the estrogen receptor of rat
prostates than to the estrogen receptor of rat uteri. In addition, the
predictability of the prostate-ER versus the uterus-ER test system was
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Substances with a preference for prostate-ER arée dissociated in vivo

pr ef er ablylatidrl) Bs WeB pE e utRuPVepht addetttnfiidds action as well as pituitary

gland action in favor of action on the ovary. Studies for D ssociation of

Action of th&Hhleastydditleredicendddietdapdndent o@ilatich inhibition and an increase in uterus
weight with an EDso of 0.004 mg/kg of body weight, substance 1 according to the invention up to

a dose of 0.4 mg/kg of body weight does not exert any effect on ovulation and uterus weight.

Ovary Studies:

The substances were tested in vivo on hypophysectomized juvenile rats. Ina
modification of this operative method, a GnRH antagonist is administered to the animals. It is
examined whether the substance stimulates follicular proliferation (maturation) in the ovary. The
ovary weight is the measurement parameter.

In each case, five animals (body weight 40-50 g) are assigned randomly to the treatment
groups. The animals are fed as much as they want with a standard diet (altromin) in Makrolon
cages in air-conditioned rooms with a lighting program (10 hours of darkness, 14 hours of light)
and are given acidified tap water to drink. For the s.c administration, the test substance as well as
the control substance (estradiol E2) are dissolved in benzylbenzoate/castor oil (1+4 v/v).

Juvenile female rats are either hypophysectomized on day 0 and subcutaneously treated
(administration 1 x daily) from day 1 to day 4 with estradiol, compound 1 or 2 according to the
invention, or subcutaneously treated (administration 1 x daily) with a vehicle (castor oil/benzyl
benzoate). In the modified version of the method, 0.5 mg/animal/day of Cetrorelix is
administered to the animals simultaneously with compound 2 or the vehicle and the control
substance estradiol over four days of treatment. In both cases, the animals are sacrificed 24 hours
after the last administration, and the ovary weight is determined.

0.5 mg/animal/day of compound 1 that is administered subcutaneously over 4 days
produces a comparable increase in ovary weight in hypophysectomized animals like estradiol

with a dose of 0.1 mg/animal/day. The vehicle does not produce any effect.
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i nvention, or subcutaneously treated (admnistration 1 x daily) with a
vehicle (castor oil/benzyl benzoate). In the nodified version of thg1 DEC 2006
nmet hod, 0.5 ng/animal/day of Cetrorelix is admnistered to the aninals

si mul t aneously with conpound 2 or the vehicle and the control substance
estradi ol over four days of treatnent.2¥n both cases, the aninals are
sacrificed 24 hours after the last admnistration, and the ovary weight is
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treatnment of female infertility, because of its follicle-stinmulating
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Fig. 2: Positive effect of compound 2 in low dosage on the ovary weight during a combination

treatment with the GnRH antagonist Cetrorelix

[Key to Fig. 2:]
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wi th the GhRH antagoni st CetroreliXx [Ke¥ to Fig. 2:] Ovar = Ovary
Feuchtgewi cht (% = Mist weight (% 67003 ng = 0.003 ng 0,01 ng = 0.01 ny
0,03 ng =0.03 ng 0,1 ng=0.1nyg Substance 2 according to the invention thus
al so shows a clearly positive action on the

ovary by stimulating the follicular maturation and therefore is also suitable for the treatment of

female sub- or infertility.



1 1 DEC 2006 27 ovary by stimulating the follicular maturation and
therefore is also suitable for the treatment of female sub- or infertDEL 2406
1 1 DEC 2006 28 Production of the Conpounds According to the Invention For
t he production of the conpounds of general formula | according to the
invention, primarily two synthesis stf&tegies that can generally be applied
are used. On the one hand, in particular 3,16-protected derivatives of
estra-1,3,5(10)-triene-3,16~- diols, but also optionally the free diols, can
be used for nodifications of individual positions of the steroid skel eton.
On the other hand, correspondingly nodified estrone anal ogs, which can be
obtained in [|arge nunbers in known ways [for a typical synthesis process,
see J. Chem Soc. Perk. 1, 1973, 2095 for C(9); Steroids 54, 1989, 71 for
C(7)], include a flexible access to the conpounds according to the

i nventi : 11 f i it Z. Chem 1970, 221) from
IC( \1/7) Itgp‘if%é'g’ﬁ aggir%%f(tlléb@ghsdé %‘?@‘ﬁggéﬂkg?ﬁgﬁﬁﬁlhey (af ter the ketone i )s
converted into a sul fonyl hydrazone, the formation of the C(16)-C(17)

olefin (Z. Chgthe p3dRotiohdf tl?e?cjon‘fajlyfohn&s! AR Al NS B the th9ddioh/ ) . 1N

whi ch hypobromde is stored in regi o-/stereo-controlled way, 1s carried
o 1 SRS B R e e My V0 e
ot v SERME L P ekt L AR B0
diols, but also optionally the free diols, can be used for modifications of individual positions of
the steroid skeleton.
On the other hand, correspondingly modified estrone analogs, which can be obtained in
large numbers in known ways [for a typical synthesis process, see J. Chem. Soc. Perk. 1, 1973,
2095 for C(9); Steroids 54, 1989, 71 for C(7)], include a flexible access to the compounds
according to the invention by transposition of oxygen functionality (Z. Chem. 1970, 221) from
C(17) to C(16).
For the case of the 3-methyl ether, after the ketone is converted into a sulfonyl hydrazone,
the formation of the C(16)-C(17) olefin (Z. Chem. 1970, 10, 221 ff; Liebigs Ann. Chem. 1981,
1973 ff), in which hypobromide is stored in a regio-/stereo-controlled way, is carried out in the
simplest case by reaction with phenyl sulfonylhydrazide, in a degradation reaction. Reductive
dehalogenation and removal of the protective group of C(3) yield the 16B-alcohol, which can be
converted according to known methods into the 16¢o-epimer.
Another variant for the introduction of the hydroxyl group at C-atom 16 is in the
hydroboration of the 16(17)-double bond with sterically exacting boranes. It is known of this

reaction that it results in 16-oxidized products (Indian J. Chem. 1971, 9, 287-8). Consequently,

the reaction of estra-1,3,5(10),16-tetraenes with, for example, 9-borabicyclo[3.3.1]nonane after



Anot her variant for the introduction of the hydroxyl group at Catom 16 is
in the hydroboration of the 16(17)-double bond wth sterically exact{pge 2006
boranes. It is known of this reaction that it results in 16-oxidized
products (Indian J. Chem 1971, 9, 287-8). Consequently, the reaction of
estra-1, 3,5(10), 16-tetraenes wth, forz%xanple, 9- bor abi cycl o[ 3. 3. 1] nonane
after 1 1 DEC 2006 29 oxidation with al kaline hydrogen peroxide yields
16a- hydroxyestratrienes. To a | esser extent, the epineric 160-hydroxy
steroids are formed in this reaction. After the cl eavage of the 3- nethoxy
group, estra-1,3,5(10)-triene-3,16a-diols are obtained. By inversion of the
configu j ; by Mt gur | ( I 980, 1),
bRl ik &Ea;gfre gﬂ;%@ggrrﬁggomdp clts U BH AR [ RAGHCRE. (VDAL LSert

in turn the 16(3- trienes are o or further production

possi bi l,ities of e 16)-C(17) .ol efii.nj,c inter i aLe stage, .se al so DE
55°06 MesPRRert b AR AETEe SFmen iR e et R B P8R0 B % "ont v a
nucl eophi |.ic substitution reactions of hydroxyl %roups_mﬁth fl uor oam ne

r eagent BetOrYy SropR fstra- 1 9epth0)-thigne-4 4 Ba-fhioly are pptajried. Bpymyession offhgups are
converted into the corresponding tosylates in advance, then the fluorinated
conpounéenfigpeationatCatomn b ergdvtMosunabu reaetesmr(synthesist \WBntoinitumthe Laf-i de (J.
Chem Res. (M 1979, pp. 4728-4755). Fluorine conpounds are al so accessible
by reachydoxyeftratiience sgp@bdiineg. al cohol s with di et hyl am no sul fur trifluoride
(DAST) (US 3 976 691). Gem nal difluorine conmpounds are produced, for

exanpl e, by FaaGithe préducEst puaspilited Py i) w1 o%ﬁrfiwmerh@afa@fslta%@,rée@le (Us 3
413 321) or diethylamno sulfur trifluoride (DAST) (US 3 979 691). For

synt hesis, pE fob®s9aogybstituted 17(3-fluoroestra-1,3,5(10)-triene-3,16-diols
according to the invention, 17-oxo-estral,3,5(10)-trienes are converted

into the 17, 7e_ igllrgéu%ggr? &F hlgc%fne substituents is carried out via nucleophilic substitution

reactions of hydroxyl groups with fluoroamine reagents (Org. React. 1974, 21, 158-173). If the
hydroxyl groups are converted into the corresponding tosylates in advance, then the fluorinated
compounds are obtained by reaction with tetra-n-butylammonium fluoride (J. Chem. Res. (M)
1979, pp. 4728-4755). Fluorine compounds are also accessible by reaction of corresponding
alcohols with diethylamino sulfur trifluoride (DAST) (US 3 976 691). Geminal difluorine
compounds are produced, for example, by reaction of carbonyl compounds with sulfur
tetrafluoride (US 3 413 321) or diethylamino sulfur trifluoride (DAST) (US 3 979 691).

For synthesis of the 9a-substituted 17B-fluoroestra-1,3,5(10)-triene-3,16-diols according
to the invention, 17-o0xo0-estral,3,5(10)-trienes are converted into the 17,17-difluoroestra-
1,3,5(10)-trienes (US 3 976 691). The thus accessible 17,17-difluoroestra-1,3,5(10)-trienes are
converted by treatment with aluminum oxide into 17-fluoroestra-1,3,5(10),16-tetraene (US 3 413
321). Another possibility for the production of fluoro-olefins exists in the reaction of the
corresponding ketones with diethylamino sulfur trifluoride (DAST) in the presence of polar

catalysts, such as fuming sulfuric acid (US 4 212 815). The reaction of 17-fluoroestra-



1,3,5(10)-trienes (US 3 976 691). The thus accessible

17,17-di fluoroestra-1,3,5(10)-trienes are converted by treatnment WthJEC 2006
al um num oxi de into 17-fluoroestra-1, 3,5(10), 16-tetraene (US 3 413 321).
Anot her possibility for the production of fluoro-olefins exists in the
reaction of the corresponding ketones"W th diethylamno sulfur trifluoride
(DAST) in the presence of polar catalysts, such as fumng sulfuric acid (US
4 212 815). The reaction of 17-fluoroestra 1 1 DEC 2006 30

1,3,5(10), 16-tetraenes with boranes and subsequent oxidation with al kaline
hydrogen peroxide vyields the 17(3-fluoroestra-1, 3,5(10)-trien-16(x-o0ls

(Org. Reads(10)1888rachss with BdthnesAn8 §§b°se§1ﬁ:n’§ &ﬁdﬁ%m%lﬁﬁnﬂlme Qlydrogen peroxide
9a- al ki nyl -substituted estra-1, 3,5(10)-tri ene-3, 16a-di ol s° according to the

i nventi f t

3, 16-di ﬁgdfr 0X ecﬁrgsitl&qo%ﬂé' g(’ 1@? %F?g]rq rsl)?? @rg R%Ftel%?%tlét{ 5‘él)'i n 3- and
16-p05|t|on rea on With t t i.] ani d n the resence of
lithium per cﬁf%rs%ﬁoéﬁe %‘Hén‘?eﬁﬂl 5%%@ "E}/Xé'f g"qué‘é%?\}e” ﬁh@rt&a%é B diptls o

9a- cyano grouplngs(Synlett 1992, 821-2) is carried out. After the

pr ot ect PETdRGHIgRke Wventondacasticd i dirg drosy the 8, 6otstiery-¢sira- lh ) 8- risgesshat
reduction first into a 9a-fornyl conpound and then by a Wttig reaction
(Og. Regpoitectadin 3- 2dd 1@-p03itiomt By tehetidhavig tkiamytiyl sibyl cQanidd iithe/pressnbsefi t ut ed
conpound. The estratriene sul famates according to the invention are

accessi hthgun perahlomiye, thvakgioSandui@edselettieiftréductibn oM I eysorgrampan@iet,hydr oxy
steroids by esterification with sulfanmoyl chlorides in the presence of a

base [Zjodohem. o)z car%zg 08t! A ftek Heprotesti R Rbh afleleahtl, tzé@?-ﬁz}%%% InpomrPgequent

acylation of the sulfamate group results in the (Nacyl)sul famates according

" PR 8 AT e LT S

esteri fhgalaéttl\?orll 104f 29(%| 1Xtr(])ytl('?e 1ken -or a-al?(my Sl\l/gszltl?lte c%yn%%Elllltl uted and N-

The estratriene sulfamates according to the invention are accessible in a way that is
known in the art from the corresponding hydroxy steroids by esterification with sulfamoyl
chlorides in the presence of a base [Z. Chem. 15, 270-272 (1975); Steroids 61, 710-717 (1996)].

Subsequent acylation of the sulfamate group results in the (N-acyl)sulfamates according
to the invention. For the (N-acyl)sulfamates, pharmacokinetic advantages were already detected
(cf. DE 195 40 233 Al).

The regioselective esterification of polyhydroxylated steroids with N-substituted and N-
unsubstituted sulfamoyl chlorides is carried out after partial protection of those hydroxyl groups
that are to remain unesterified. Silyl ethers have turned out to be protective groups with selective
reactivity that is suitable for this purpose since these silyl ethers are stable under the conditions of
sulfamate formation, and the sulfamate group remains intact when the silyl ether(s) is (are) again
cleaved for regeneration of the (residual) hydroxyl group(s) still contained in the molecule

(Steroids 61, 710-717 (1996)).



unsubstituted sul famoyl chlorides is carried out after partial protection of
those hydroxyl groups that are to remain unesterified. Silyl ethersq]hage )06
turned out to be protective groups with selective reactivity that is
suitable for this purpose since these ilyl ethers are stabl e under the
conditions of sulfamate formation, the sul famate group remains intact
when the silyl ether(s) is (are) agaln cl eaved for regeneration of the
(residual) hydroxyl group(s) still contained in the nolecule (Steroids 61,
710-717 (1996)). 1 1 DEC 2006 31 The production of the sul famates according
to the invention with an additional hydroxyl group in the nmolecule is also

possible in Et@%rogltrf]@lo to"li[ﬂ:e' s'ﬂﬁ'arﬁ?t%@z{dc@lldl IBZ[ B%ﬁlﬂ%n Wéﬂra@%d)ﬁ&ﬁz{l pgroxgiet ones.

First, dependi t he goa one or hy roxyl groups t esent
are subjected to su fa atL the su fa aIIy can
e cony ERLRd frerir g bl S TR R in Al serilRe B R B S a RS e o

the (N a , uest The pr esent oxosulfanates or

oxo- (N 3&‘511% ﬁrrﬁ‘a@}e@@n& PR OT&WL PPeer Ia9r631éfe&9m BAuRs{ha afsRIcseRt 478 SPUTRiEthg
hydr oxysul f amat es or _hydroxy- (N-acyl)sul famates (Steroids 61, 710-717
(1996) ) to famapatiezs r Hrepdibe gel fapate gmpqmnan@lyonan@p sgnvesied pitha degirasiasxl ar e
consi dered as suitable reducing agents. The exanpl es bel ow are used for a
nor e dethiphdgindghkgpraseate offn dse irtie theriiNeasyl)omfamatks &l quystis]. yTHemowhgrestagr adat i on
of the 9a-vinyl grouping, other conpounds of general fornmula I can be

obt ai nedxavuttimatsEorxot BRSNS fAnthdds add @nhefed LyGediftibR irtd thelc@ABPOh&ing hat are
described in the exanples. Etherification and/or esterification of free

hydr oxy hgde ﬁna atesaarmyefé,xg D.Ea%s}g%%fghﬁes [Relohf 61MR10IPE8(1596). SfufOmMmON to

one skil e art

borohydride and the borane-dimethyl sulfide complex are considered as suitable reducing agents.
The examples below are used for a more detailed explanation of the invention.
Analogously to the degradation of the 9q-vinyl grouping, other compounds of general
formula I can be obtained with use of reagents that are homologous to the reagents that are
described in the examples.
Etherification and/or esterification of free hydroxy groups is carried out according to the

methods that are common to one skilled in the art.



32 Exanple 1 9a-Vinylestra-1,3,5(10)-triene-3,16a-diol Stage 1

9a- Cyano- 3- net hoxy-estra-1, 3, 5(10) trien-16a-yl-acetate A solution DBEQZM&
g (9.73 mmol ) of 2, 3-dichloro-5, 6-di cyano-1, 4-benzoqui none in 80 m  of

met hyl ene chloride is added drop by drog while being stirred to a suspension
that consists of 2.13 g (6.49 mvl) of

3-net hoxy-estra-1,3,5(10)-trien-16a-yl -acetate, 2.07 m (16.54 mol ) of
trimethylsilyl cyanide and 0.14 g of lithiumperchlorate in 100 m of

nmet hyl ene chloride. The reaction mxture is green in color. After 1 hour of
reaction time at roomtenperature, the mxture is mxed with sodi um
bicarbog&%& Fq]utlon The separated organi c phase is washed with water and
concentra Beby evaporation in a vacuum The product mxture is

chromat ographed on silica gel (cyclohexane/ethyl acetate, 6/1). 0.44 g
(21% of 9a-cyano- 3-nethoxy-estra-1,3,5(10)-trien- 1l6a-yl-acetate is
obt ai ned. Stage 2 9a-9§ano 3-hydroxy-estra-1,3, 5(10)-trien-16a--yl-acetate
7.51 g ?gf)’lnylﬁ#m}%ﬁ( daleuﬂﬁ»War@Jand 8.87 m (70.14 nmol) of
trinmethylchlorosilane are added to a solution that consists of 0.59 g (1.67
mol ) of 9a-cyano- 3-net hoxy-estra- 1,3,5(10)-trien-16a-yl-acetate in 30 mi

of acetonitrile while being stirred in an argon atnosphere. After about 3
hours ak:g®i70C, the reaction is conpleted. The reaction solution is added
to 1 1 DEC 2006 33 sodium hydrogen sulfite solution and extracted with

ethyl  aggiBhfo-31heheh I3k, 5128 mieh- 168 MEEkrate

A solution of 2.21 g (9.73 mmol) of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in 80 ml
of methylene chloride is added drop by drop while being stirred to a suspension that consists of
2.13 g (6.49 mmol) of 3-methoxy-estra-1,3,5(10)-trien-16¢-yl-acetate, 2.07 ml (16.54 mmol) of
trimethylsilyl cyanide and 0.14 g of lithium perchlorate in 100 ml of methylene chloride. The
reaction mixture is green in color. After 1 hour of reaction time at room temperature, the mixture
is mixed with sodium bicarbonate solution. The separated organic phase is washed with water
and concentrated by evaporation in a vacuum. The product mixture is chromatographed on silica
gel (cyclohexane/ethyl acetate, 6/1). 0.44 g (21%) of 9a.-cyano-3-methoxy-estra-1,3,5(10)-trien-

16¢-yl-acetate is obtained.

Stage 2
9a-Cyano-3-hydroxy-estra-1,3,5(10)-trien-16 o-yl-acetate

7.51 g (50.1 mmol) of sodium iodide and 8.87 ml (70.14 mmol) of trimethylchlorosilane
are added to a solution that consists of 0.59 g (1.67 mmol) of 9a-cyano-3-methoxy-estra-
1,3,5(10)-trien-16q.-yl-acetate in 30 ml of acetonitrile while being stirred in an argon atmosphere.

After about 3 hours at 60-70°C, the reaction is completed. The reaction solution is added to



several times with water, dried on MgSO4 and concentrated by evaporation in
a vacuumto the dry state. The crude product is chromatographed onmiﬁﬁcg%
gel (cycl ohexane/ ethyl acetate, 4/1). 0.43 g (76% of product is obtalned.
Stage 3 3, 169-D hydroxyestra-1,3, 5(10)-triene-9 carbonitrile At room
tenperature, 0.43 g (1.27 mmwol) of 9a-8¥ano- 3-hydroxy-estra-1,3,5(10)-trien-
l6a-yl -acetate is stirred for 2 hours with 1.0 g (7.24 mmol ) of potassium
carbonate in 40 m of nethanol (1% water). Then, the nethanol is distilled
off in a vacuum and the organic residue is dissolved in nethylene
chloride. The organic phase is washed with water and concentrated by

evaporation.,3.5 % 0f 9p,-cyanoszestra-1, 3, 5( -triene-3,169.-diol is
obt ot ot hiiroachsRe sebiom il SREARL S sBBpcei « THeaiard! Biadt Seshgie. A
suspensi on that consists of 100 (0.34 mmol ) of o

3, 169- dFeY§EH Bpsewith ataiqraf}rﬁémMgg& Aeonceatiplsd kY yaporation imp vaquupxtodhy yene i s
cooled to about -20C while being stirred. After 0.9 m (1.35 mmol) of

di i sobuystdteini ni um hydride is added, the reaction is mxed after about 10
m nutes with sodi um bi carbonate solution, filtered over Celite, and the

filtering adfhvande producxd chaahadgraptiedonwilida gel (eydlolaseiieddtryl atétetecd/ivhi 0usd
organi ¢ phases are washed with water. By concentration by evaporation of

t he sol gﬁ@/@ dfpraluéeie BUiained4. 6 ng of a light yellow foamis 1 1 DEC 2006 34
obtai ned. The product that is contained in the m xture corresponds to a

yield of about 52% of theory and is used w thout further chromatographic
wor ki ng-up in the next stage.

Stage 3
3,16a-Dihydroxyestra-1,3,5(10)-triene-9 carbonitrile

At room temperature, 0.43 g (1.27 mmol) of 9g-cyano-3-hydroxy-estra-1,3,5(10)-trien-
160i-yl-acetate is stirred for 2 hours with 1.0 g (7.24 mmol) of potassium carbonate in 40 ml of
methanol (1% water). Then, the methanol is distilled off in a vacuum, and the organic residue is
dissolved in methylene chloride. The organic phase is washed with water and concentrated by

evaporation. 3.5 g (93%) of 9a-cyano-estra-1,3,5(10)-triene-3,16¢.-diol is obtained.

Stage 4
3,16a-Dihydroxyestra-1,3,5(10)-triene-9 carbaldehyde

A suspension that consists of 100 mg (0.34 mmol) of 3,16a-dihydroxyestra-1,3,5(10)-
triene-9 carbonitrile in 40 ml of toluene is cooled to about —20°C while being stirred. After 0.9
ml (1.35 mmol) of diisobutylaluminium hydride is added, the reaction is mixed after about 10
minutes with sodium bicarbonate solution, filtered over Celite, and the filtering adjuvant is
extracted again with ethyl acetate. The combined organic phases are washed with water. By

concentration by evaporation of the solution in a vacuum, 84.6 mg of a light yellow foam is



Stage 5 9a- Vinylestra-1, 3, 5(10)-triene-3, 16a-di ol Under inert-gas
at nosphere, 3.1 g (7.9 mmol) of triphenyl nethyl phosphoni um i odi de 1qqﬂ1pwaﬁ
g (8 mml) of sodiumhydride (80%in paraffin oil) in 20 m of DMSO'in an
ultrasound bath are brought to reaction at about 55C. After 10 mi nutes, 80
ng (0.16 nmol, about 60% of 3,16a-diﬁ§droxyestra-l,3,5(10)-triene-9
car bal dehyde is added to the solution, and the mxture is allowed to react
for 60 nore mnutes at about 55C in an ultrasound bath. After water is
added, it is extracted with ethyl acetate. The coll ected organi c phases are
washed with water, and the organic phase is concentrated by evaporation in
a vacuu : t . S RHEL fil r silica
tgx%Q@. fﬁé’ﬂg?}%ﬁ B GlcohSid é‘} {Be%g)r(] Yesc(l?gljggg;gg% ?)r apﬁ@itd%q a ¥29hf

gel (cyc exane/ et acet at e, recrystallization from

chlorof grm Yiel d: .24 %, nelting. point 88-95C. | H NWVR (400 MHz,
B0, 6 g s SO sthgeneoTg e itic Pl T Sl o T 5
8.6/2.7 Hz, H2); 6.41 (d, J = 2.7 Hz, H4); 6.25 (dd, J = 17.2/10.5 Hz,
-CH=CH2); 5.00 (dd, 10.5/1.9 Hz, -CH=CHz); 4.47 (d, 4.69 Hz, 16a-OH); 4.
(dd, 17.2/1.9 Hz, -CH=CH2); 4.24 (m 16(3-H); 2.68 (m H6); 0.69 (s, H
1 1 DECS®?806 35 Exanple 2 9a-Vinyl-18a-h
onpb-estra-1,3,5(10)-triene-3,16a-diol Stage |

3, 16a- Bra{Hindeshradh 3)pglOarnicderd Jeaxygipt 18a- hono-estra-1, 3,
5(10)-triene-9-carbonitrile 1.03 g (2.26 nmol) of

3, 16a- bi s[ ( pehdy tcpPys AlnespibrOXY k(19 anhenes @phédinetByl3hbdShionium iodide

45
18)

and 0.24 g (8 mmol) of sodium hydride (80% in paraffin oil) in 20 ml of DMSO in an ultrasound
bath are brought to reaction at about 55°C. After 10 minutes, 80 mg (0.16 mmol, about 60%) of
3,160-dihydroxyestra-1,3,5(10)-triene-9 carbaldehyde is added to the solution, and the mixture is
allowed to react for 60 more minutes at about 55°C in an ultrasound bath. After water is added, it
is extracted with ethyl acetate. The collected organic phases are washed with water, and the
organic phase is concentrated by evaporation in a vacuum.

The crude product is purified by column chromatography on silica gel (cyclohexane/ethyl
acetate, 2/1) and subsequent recrystallization from chloroform. Yield: 24 mg (50%), melting
point 88-95°C.

'H-NMR (400 MHz, DMSO-d¢, TMS): 9.00 (s, 3-OH); 6.98 (d, J = 8.6 Hz, H-1); 6.49
(dd, J = 8.6/2.7 Hz, H-2); 6.41 (d, J = 2.7 Hz, H-4); 6.25 (dd, J = 17.2/10.5 Hz, -CH=CH>); 5.00
(dd, 10.5/1.9 Hz, -CH=CH,); 4.47 (d, 4.69 Hz, 16¢.-OH); 4.45 (dd, 17.2/1.9 Hz, -CH=CH>); 4.24

(m, 168-H); 2.68 (m, H-6); 0.69 (s, H-18)



triene, 48.2 ng (0.45 mml) of lithiumperchlorate and 0.71 m (5.66 mmol)
of trimethylsilyl cyanide are introduced into 10 m of nethylene ch{ ppirgdeys
(rmol ecul ar sieve) and cool ed under inert gas to about -70C while belng
stirred. Then, 0.77 g (3.39 mml) of 2, 3-dichloro-5,6-dicyano-
1,4-benzoquinone, di ssolved in 65 m d# met hyl ene chloride, is added in
drops within 1 hour. After about 1 hour (heating to roomtenperature), the
reaction solution is mxed with sodium bicarbonate solution, and the
reaction products are extracted with nmethyl ene chloride. The crude product
that is obtained by concentration by evaporation of the organic phases is
purifie ghronmat ogr aphy. After chromatography on silica gel
(cyclohexan%fethyl acetate, 4/1), 0.74 g (68% of theory) of product is
obt ai ned. Stage 2 3, 16a-Di hydr oxy- 18a- hono-estra-1, 3,

g( ig; L?%?%%?g} %g‘i/? aygggfhog}aféﬁg’j(s )egI ra-1,3,5(10)-triene-

O9-carbonitrile is dissolved in 40 mM of toluene and m xed at room
tenperature under inert gas wth 7.2 m (10.8 nmol) of diisobutylal um num
hydride solution (1.5 Min toluene). After a reaction time of 30 mnutes, a
m xt ur eS’ége B0 ni of nmethanol and 5 ml of dilute hydrochloric acid 1 1 DEC
2006 36 (1/1) is added to the reaction solution. The reaction solution is
concent 3,46 e Bishpesydppyedr- Bnl)oxyhrd 8a-hvmoreswy - | T 1 @) veiene Sicdeiwnitald aken up in
ethyl acetate. The organic phase that is obtained is extracted with water

and washed W.0hg 6126 MR &FB; R Ep TRy ddbpyedh-2-4A)6:8/]- 8RB omol détrh-a1B,3($0)dr | ed,
and after concentration by evaporatlon under vacuum 0.73 g (8696of theory)

of yell Qh&u¥3tAd f.49 SinfB F1HGHm pet@BRatd and 0.71 ml (5.66 mmol) of trimethylsilyl
cyanide are introduced into 10 ml of methylene chloride (molecular sieve) and cooled under inert
gas to about -70°C while being stirred. Then, 0.77 g (3.39 mmol) of 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone, dissolved in 65 ml of methylene chloride, is added in drops within 1 hour.
After about 1 hour (heating to room temperature), the reaction solution is mixed with sodium
bicarbonate solution, and the reaction products are extracted with methylene chloride. The crude
product that is obtained by concentration by evaporation of the organic phases is purified by
chromatography. After chromatography on silica gel (cyclohexane/ethyl acetate, 4/1), 0.74 g

(68% of theory) of product is obtained.

Stage 2
3,16 q-Dihydroxy-18a-homo-estra-1,3,5(10)-triene-9-carbaldehyde

1.3 g (2.7 mmol) of 3,16¢-bis[(perhydropyran-2-yl)oxy]-18a-homo-estra-1,3,5(10)-triene-
9-carbonitrile is dissolved in 40 ml of toluene and mixed at room temperature under inert gas
with 7.2 ml (10.8 mmol) of diisobutylaluminum hydride solution (1.5 M in toluene). Aftera

reaction time of 30 minutes, a mixture of 30 ml of methanol and 5 ml of dilute hydrochloric acid



9a-Vinyl- 18a-h ono-estra-1, 3,5(1 0)-triene-3,16a-diol Under inert gas

at nosphere, 13.7 g (34.8 nmol) of triphenyl nethyl -phosphoni um i odi dg 1 BRI7006
1.0 g (34.8 mml) of sodium hydride (about 80%on paraffin oil) in 80 nl of
DMSO is brought to reaction in an uItrasound bat h at about 50C. After 30
mnutes, 0.73 g (2.3 mol) of 36

3, 16a- di hydr oxy- 18a- hono-estra-1, 3,5(10)-tri ene-9-car bal dehyde, dissolved in
10 M of DMSO, is added to the reaction solution, and the m xture is
allowed to react in an ultrasound bath for another 60 m nutes. After water
is added, it is extracted with ethyl acetate, the organic phase is washed

Wi th Wagﬁ[) 1s9& A% ﬂ{%qeaccﬂeﬁg&hﬁ@rheﬂlquacﬁ 1‘"1‘9&[1{?611 1‘3?om£|ﬂﬁ-%8<ﬁﬂ &a@?ﬁ;ﬁ/fh‘?t IS

purifie y co um chromat ogra on si |ca exane/ acet at e,

2/ 1 d tall hl : 0 59 4 of Lt hear.
aiter agﬁ?%%ﬁ?%ﬁwaéz@%%%r "ieﬁsg e me?ayinace 42%0 NP0 Dk RS te
TV5): 9.00 (s, 1); .6. 49 dd, J 8.6/2.7 Hz,

H2): 6o%acked w1§j1 watgr arldp&ash‘# w)th S@% b(cawon@e solytior Affter eﬁ?lutw@mhjqé ): 5.00
(dd, J = 10.5/1.9 Hz, -CH=C-H2); 4.48 (d, J = 4.7 Hz, 16a-CH); 4.43 gﬁd J =
17. 2/ 1. and-pfter !EOIIEGEIEEDOBM6V313¥3UO@HFB®IZ\)%UIHD 1087 2{86¥eet thyory pofagllgwherysta
(t, J =6.8 Hz, H18a) Exanple 3 9a-(2,2
‘-[]flandmdmwm)-estra-l,S,5(10)-triene-3,16a-dio| Stage 1
3, 16a- Bi s[ (per hydropyran-2 yl)oxy]-estra-1, 3,5(10)-tri ene-9-carbonitrile
Reaction of 3, 16a-bi s[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene
anal ogously to
Stage 3
9a-Vinyl-18a-homo-estra-1,3,5(10)-triene-3,16 q-diol
Under inert gas atmosphere, 13.7 g (34.8 mmol) of triphenylmethyl-phosphonium iodide
and 1.0 g (34.8 mmol) of sodium hydride (about 80% on paraffin oil) in 80 ml of DMSO is
brought to reaction in an ultrasound bath at about 50°C. After 30 minutes, 0.73 g (2.3 mmol) of
3,160-dihydroxy-18a-homo-estra-1,3,5(10)-triene-9-carbaldehyde, dissolved in 10 ml of DMSO,
is added to the reaction solution, and the mixture is allowed to react in an ultrasound bath for
another 60 minutes. After water is added, it is extracted with ethyl acetate, the organic phase is
washed with water, dried and concentrated by evaporation.
The crude product is purified by column chromatography on silica gel (cyclohexane/ethyl
acetate, 2/1) and crystallization from chloroform.
Yield: 0.59 g (81% of theory) after chromatography
Melting point: 214 - 220°C
'H-NMR (400 MHz, DMSO-ds, TMS): 9.00 (s, 3-OH); 6.96 (d, J = 8.6 Hz, H-1); 6.49
(dd, J = 8.6/2.7 Hz, H-2); 6.41 (d, ] = 2.7 Hz, H-4); 6.29 (dd, ] = 17.2/10.5 Hz, -CH=CH2); 5.00

(dd, J=10.5/1.9 Hz, -CH=CH>); 4.48 (d, ] = 4.7 Hz, 16a-OH); 4.43 (dd, ] = 17.2/1.9 Hz,



Exanple 1, stage | yields

3, 16a- bi s[ (per hydropyran-2-yl)oxy]-estra-1, 3,5(10)-triene-9- carboniity 2006
Yield: 58%of theory Stage 2 3, 16a-Di hydroxy-estra-1, 3,

5(10)-tri ene-9-carbal dehyde Reacti on of

3, 16a- bi s[ (per hydropyran-2-yl)oxy]-estBd-1,3,5(10)-triene-9-carbonitrile
anal ogously to Exanple 1, stage 2 yields

3, 16a- di hydroxy-estra-1, 3,5(10)-triene-9-carbal dehyde. Yield: 83% of theory
Stage 3 9a-(2,2-Dii luorovinyl)-estra-1,3,5(10)-triene-3,16a-diol 1.5 nl of
di met hoxyet hane (nol ecul ar sieve), 0.3 ml of pentane and 0.13 ml (0.77 muol)

1 1 DEC 200 3 f di l) - e are introduced into
a reactléﬁ &ﬁé&glg 1&%2% %g%éng"?ﬁ%£¥#%3§g?§gg?§§ to about -75C. After
0.72 m (1.07 mmol) of tert-butyllithium (1.5 Min pentane) is added and
after 30 mnutes of reaction tinme, 0.14 g (0.31 nml) of 3, 16a-di hydroxy-
estra-1,3,5(10)-tri ene-9-carbal dehyde, dissolved in a mxture of 1.5 m of
di met hoxempdn®/ 0.3 nl of pentane, is added to the reaction solution. The
reaction solution is refluxed until the reaction is conpleted. After being
added into cool ed ammoni um chl oride solution, it is extracted wth ethyl
acetate. The organic phase is concentrated by evaporation under vacuum the

resi dueggi(ge, i‘aﬁﬁﬁo'r'&vnhgl) 5stP1 lng(i‘ﬁltPﬁH% 13ph;p0 xed with 0.5 nl of dilute
hydrochlorlc aci d acetate 1s added to the reaction solution,

t he organi c phase is mashed mnth sodi um bi carbonate sol ution and
concentrated by evaporati on under vacuum The crude product that is obtained

s Stage 1
3,16 a-Bis[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene-9-carbonitrile
Reaction of 3,16¢-bis[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene analogously to
Example 1, stage 1 yields 3,16q-bis[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene-9-
carbonitrile.

Yield: 58% of theory

Stage 2
3,16a-Dihydroxy-estra-1,3,5(10)-triene-9-carbaldehyde

Reaction of 3,16¢-bis[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene-9-carbonitrile
analogously to Example 1, stage 2 yields 3,16a-dihydroxy-estra-1,3,5(10)-triene-9-carbaldehyde.

Yield: 83% of theory

Stage 3
9a-(2,2-Difluorovinyl)-estra-1,3,5(10)-triene-3,16 o-diol

1.5 ml of dimethoxyethane (molecular sieve), 0.3 ml of pentane and 0.13 ml (0.77 mmol)



purified by col um chromatography on silica gel (cyclohexane/ethyl acetate
2/1). Yield: 22 ng (21% of theory) | H NWR (400 WHz, DVMSO-d6, TMS): @g;
3-OH); 7.10 (d, J =8.6 Hz, H1); 6.51 (dd, J 8.6/2.3 Hz, H 2); 41 (

J =2.3 Hz, H4); 4.76 (dd, J = 25.4/10.9 Hz, CH=CF2) 4.51 (d, J = 4.69
Hz, 16a-OH); 4.25 (m 16(3-H); 2.68 (nP8H-6); 0.68 (s, H 18) Exanple 4 9a- (2
",2 “-Difluorovinyl)-18a-hono-estra-1, 3,5(10)-triene-3, 16a-diol Stage 1

3,] 6a-Bi s[ (per hydr opyr an- 2-yl ) oxyJ- 18a- honp-estra-1, 3,5
(10)-triene-9-carbonitrile 1 1 DEC 2006 39 Reaction of

3, 16a- bi s[ (per hydr opyr an- 2- yI)oxy] 18a- hono-estra-1, 3,5(10)-tri ene

gnfigg gglus f%thgﬁfl.‘%ﬁ?{ﬁr’&?ﬁ‘a‘{b @ ﬁ}?)&g?]a}/i]gh ‘ﬁué;ﬁ% nte ?(rfactlon flask that was rendered

1, 3, 5(15% triene-9-carbonitrile. Yield. 58% of theo St age
o Di hy e PITBRIHS BB VAL, Kger 6740y (LPT wietelcirapg By e (REB on of
3, 16a- bls[(perhydropyran 2- yI)oxy] 18a- honp-estra-1,3,5 10 -triene-9-
car boni Pentpne) ipddedjaidsfier 8Q NMExuesaeaption timge0. 24 gi(@B bigmol) of 3,16a-dihydroxy-
3, 16a- di hydr oxy- 18a- hono-estra- 1, 3,5(10)-tri ene-9-carbal dehyde. Yield: 87%
of t heokestra- 58,401@)-Ficha-X-rbalddhyd¢, ldi:ss«iivé:d‘liylla)mikﬁae hb b nd sif dandthox3ethahe/0.3
0)-triene-3, 16a-di ol
ml of pentane, is added to the reaction solution. The reaction solution is refluxed until the
reaction is completed. After being added into cooled ammonium chloride solution, it is extracted
with ethyl acetate. The organic phase is concentrated by evaporation under vacuum, the residue
is taken up in 5 ml of methanol and mixed with 0.5 ml of dilute hydrochloric acid (1/1). Ethyl
acetate is added to the reaction solution, the organic phase is washed with sodium bicarbonate
solution and concentrated by evaporation under vacuum. The crude product that is obtained is
purified by column chromatography on silica gel (cyclohexane/ethyl acetate, 2/1).
Yield: 22 mg (21% of theory)
'"H-NMR (400 MHz, DMSO-ds, TMS): 9.08 (s, 3-OH); 7.10 (d, J = 8.6 Hz, H-1); 6.51
(dd, J =8.6/2.3 Hz, H-2); 6.41 (d, ] =2.3 Hz, H-4); 4.76 (dd, J = 25.4/10.9 Hz, -CH=CF?>); 4.51

(d, J=4.69 Hz, 160-OH); 4.25 (m, 16B-H); 2.68 (m, H-6); 0.68 (s, H-18)
Example 4
9a-(2¢,2¢-Difluorovinyl)-18a-homo-estra-1,3,5(10)-triene-3,16a-diol

Stage 1

3,16 a-Bis[(perhydropyran-2-yl)oxy]-18a-homo-estra-1,3,5(10)-triene-9-carbonitrile



Reaction of 3, 16a-di hydroxy-18a-hono-estra-1, 3,5(10)-triene-9-carbal dehyde;
Reaction conditions and execution of the reaction as well as nol ar rfat D68 2636
inthe 3°d stage of 9a- (2, 2-difluorovinyl)-estra-1,3, 5(|
O)-triene-3,16a-diol. The crude product is purified by colum chromat ography
on silica gel (cyclohexane/ethyl acetd?e, 2/1) and crystallization from
ethyl acetate. Yield: 12%of theory Melting point: 225-232'C ' H NWR (400
MHz, DMSO de, TM5): 9.06 (s, 3-OH); 7.08 (d, J = 8.6 Hz, H1); 6.50 1 1 DEC
2006 40 (dd, J =8.6/2.7 Hz, H2); 6.41 (d, J 2.7 Hz, H4); 4.78 (dd, J =
21.5/14.8 Hz, -CH=CF2); 4.47 (d, J = 4.50 Hz, 16a-OH); 4.18 (m 16(3-H);
2.68 (m H6); .72 .= 6.8 Hz, H.18a | e :

T7p-F wor o SRR PLE i?q-é1SE<p?hg‘arfayra{l?r%%@%‘?ﬂao-sﬁ%a-‘s% 39rfricge;

6a- Bi s[ ( per hydr opyr an-

yl ) oxy] @ a%@uf Vﬁfbﬁzﬁar’é@ﬁ#astqgeé Belde .1 pebish@edydiapani2e yoxa]- 1 fashenagestia-of

3, 16a- bls[(Perhydropyran 2-yl)oxy]-17(3-fluoro-estra-1,3,5(10)-tri ene
analogo&éﬁ&(Dﬁﬂﬂxdhgnbmzﬁlgtage 1 yields

3, 16a- bi s[ (per hydr opyr an- 2-yl ) oxy] -170-fl uoro-estra- 1, 3,

5(10) - tri eneY®ldaBboofitheary.e. Yiel d: 45% of theory Stage 2

3, 16a- Di hydroxy-17,. JlI uoro-estra-1, 3, 5 (10)-triene- 9-carbal dehyde
Reacti on of

3, 16a- bi s[ (per hydr opyran-2-yl )oxy] -17R-fl uoro-estra-1, 3,5(10)-tri ene- 9-

Stage 2

3,16 o-Dihydroxy-18a-homo-estra-1,3,5(10)-triene-9-carbaldehyde

Reaction of 3,16¢-bis[(perhydropyran-2-yl)oxy]-18a-homo-estra-1,3,5(10)-triene-9-
carbonitrile analogously to Example 1, stage 2 yields 3,16a-dihydroxy-18a-homo-estra-
1,3,5(10)-triene-9-carbaldehyde.

Yield: 87% of theory

Stage 3
9a-(2,2-Difluorovinyl)-18a-homo-estra-1,3,5(10)-triene-3,16 o-diol

Reaction of 3,16¢-dihydroxy-18a-homo-estra-1,3,5(10)-triene-9-carbaldehyde;
Reaction conditions and execution of the reaction as well as molar ratios as in the 3" stage of 9~
(2,2-difluorovinyl)-estra-1,3,5(10)-triene-3,16a-diol.

The crude product is purified by column chromatography on silica gel (cyclohexane/ethyl
acetate, 2/1) and crystallization from ethyl acetate.

Yield: 12% of theory

Melting point: 225 —232°C

'H-NMR (400 MHz, DMSO-ds, TMS): 9.06 (s, 3-OH); 7.08 (d, J = 8.6 Hz, H-1); 6.50



carbonitrile anal ogously to Exanple 2, stage 2 yields 3, 16a-di hydroxy-17[;
-fluoro-estra- 1,3,5(10)-triene-9-carbal dehyde. Yield: 83% of theorM1ln$:ﬁﬁp
2006 41 Stage 3 17/ 3-Fluoro-9a-vinyl-estra-1,3,5(10)-triene-3, 16a-di
Reacti on of

3, 16a-di hydroxy-17[ 3-fluoro-estra-1, 3,%010)-tri ene- 9- car bal dehyde

anal ogously to Exanple 2, stage 3 yields

17(3-fluoro-9a-vinyl-estra-1, 3,5(10)-triene-3, 16a-diol. The crude product
is purified by columm chromatography on silica gel (cyclohexane/ethyl
acetate, 2/1) and crystalllzatlon fromchloroform Yield: 51% of theory

R 6 LA Bl 8

H4); 6.22 (dd, J = 17.2/10.5 Hz, 5 Hz, 16a- CH)
5.01 (d&dJIF 45(11:1251/611; OHpiz4.18 cﬂ:tfrﬁzﬁ) 2@4@1 (H:té), 0J72:€t 7=€2$ HZQHHzSa) - CH=CHR) ;
4.35 (dd, J =55.1/4.7 Hz, H17(x); 4.11 (m 16[3-H); 2.68 (m H6); 0.79
(d, J =1.9 HL H 18) BmmﬂeG

17,17-Di fluoro-9a-vinyl-estra-1,3,5(10)-triene-3,16a-diol Stage | 3,1

6a- Bi s[ @xampkd opyran-2 yl)oxy]-17,17-di i

| uoro-estra-1,3,5(10)-triene-9-carbonitrile Reaction of

3, 16a- bi s[ (per hydr opyran-2-yl )oxy]-17, 17-di fl uoro-estra-1, 3,5(10)-tri ene

17@-Fluoro-9qa-vinyl-estra-1,3,5(10)-triene-3,16a-diol

Stage 1
3,16 a-Bis[(perhydropyran-2-yl)oxy|-17 p-fluoro-estra-1,3,5(10)-triene-9-carbonitrile

Reaction of 3,16q-bis[(perhydropyran-2-yl)oxy]-17B-fluoro-estra-1,3,5(10)-triene
analogously to Example 2, stage 1 yields 3,16¢-bis[(perhydropyran-2-yl)oxy]-17p-fluoro-estra-
1,3,5(10)-triene-9-carbonitrile.

Yield: 45% of theory

Stage 2
3,16-Dihydroxy-17 f-fluoro-estra-1,3,5(10)-triene-9-carbaldehyde

Reaction of 3,16a-bis[(perhydropyran-2-yl)oxy]-17p-fluoro-estra-1,3,5(10)-triene-9-
carbonitrile analogously to Example 2, stage 2 yields 3,16a-dihydroxy-173-fluoro-estra-
1,3,5(10)-triene-9-carbaldehyde.

Yield: 83% of theory



anal ogously to Exanple 2, stage 1 yields

3, 16a- bi s[ (per hydropyran-2-yl)oxy]-17,17-difluoro 1 1 DEC 2006 42 ;1DEC2WE
estra-1,3,5(10)-triene-9-carbonitrile. Yield: 46%of theory Stage 3,1 6a
D hydroxy-17, 17-di (fluoro-estra-1, 3,5(10)-triene-9-carbal dehyde Reacti on of
3, 16a- bi s[ (per hydr opyran- 2-yl ) oxy] - 17,4%-di f | uoro-estra-1, 3, 5(10) -t ri ene- 9-
carbonitrile anal ogously to Exanple 2, stage 2 yields

3, 16a-di hydroxy-17, 17-di fl uoro-estra- 1,3,5(10)-triene-9-carbal dehyde.
Yield: 88%of theory Stage 3 17,17-Dii

| uoro-9a-vinyl-estra-1,3,5(10)-triene-3, 16a-di ol Reaction of
3,16a-d5n%g§oxy-l7,l7-difluoro-estra-1,3,5(10)-triene-9-carbaldehyde

anal ogousPy to Exanple 2, stage 3 yields

17,17-di.f] uoro-9a-vinyl -estrag-1, 3, 5( -triene-3,16a- diol. The crude
productIh%ﬁ@ﬁprgﬁéﬂuﬁﬁﬂﬁﬁ'éﬁzl ﬁ?ﬁﬁﬁ%g 4%y on silica ge

(cycl ohexane/ethyl acetate, 2/1) and crystallization fromchloroform

Yi el d: 75% oReacHewef3, 1 ¢e-fiadioand 7ffuoracestrad, 3, 5(18) triene-Ggrarhpldehyde 8. 6 Hz,
H1); 6.63 (dd, J =8.6/2.7 Hz, H2); 6.54 (d, J = 2.7 Hz, H4); 6.23 (dd,
= 17. 2dalqgobslim ExabiptCRINkage. 98d{ UE3-fldoro-9bhvibyldesa-HiA,5(10)arte@H2 ) fadiol8 ( dd,
= 17.2/1.9 Hz, -CH=CH2): 4.44 (m 16(3-H); 2.79 (m H6); 0.95 (d, J =

9 Hz, H- 18The crude product is purified by column chromatography on silica gel (cyclohexane/ethyl

J
J
1.
acetate, 2/1) and crystallization from chloroform.
Yield: 51% of theory
Melting point: 94 - 98°C
'H-NMR (400 MHz, DMSO-ds, TMS): 9.02 (s, 3-OH); 6.97 (d, ] = 8.2 Hz, H-1); 6.51
(dd, J = 8.2/2.7 Hz, H-2); 6.42 (d, ] = 2.7 Hz, H-4); 6.22 (dd, J = 17.2/10.5 Hz, -CH=CHz); 5.09
(d, J=5.5Hz, 160-OH); 5.01 (dd, J = 10.5/1.9 Hz, -CH=CHy); 4.45 (dd, J =17.2/1.9 Hz,
-CH=CHy); 4.35 (dd, J = 55.1/4.7 Hz, H-17a); 4.11 (m, 16B3-H); 2.68 (m, H-6); 0.79 (d, ] = 1.9

Hz, H-18)

Example 6

17,17-Difluoro-9a-vinyl-estra-1,3,5(10)-triene-3,160-diol

Stage 1
3,16q-Bis[(perhydropyran-2-yl)oxy]-17,17-difluoro-estra-1,3,5(10)-triene-9-carbonitrile

Reaction of 3,160.-bis[(perhydropyran-2-yl)oxy]-17,17-difluoro-estra-1,3,5(10)-triene

analogously to Example 2, stage 1 yields 3,16q-bis[(perhydropyran-2-yl)oxy]-17,17-difluoro-



1 1 DEC 2006 43 Exanple 7 9a-(Hex-1

“-enyl)-estra-1, 3,5(10)-tri ene-3, 16a-diol Stage | 11DEC2MB
3, 16a- Bi s[ (per hydropyran-2-yl )oxy] -estra-1,3, 5(10)-triene-9-carbonitri
Reaction of 3, 16a-bi s[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene

anal ogously to Exanple 2, stage | yiebgls

3, 16a- bi s[ (per hydropyran-2-yl )oxy]-estra-1,3,5(10)-triene-9- carbonitrile.
Yield: 61 %of theory Stage 2

3, 16a- Di hydroxy-estra-1, 3,5(10)-triene-9-carbal dehyde Reaction of

3, 16a- bi s[ (per hydr opyran-2-yl )oxy] -estra-1, 3,5(10)-tri ene-9-carbonitrile
anal ogously to Exanmple 2, stage 2 yields

3, 16a- dFﬁVU*%QQQégﬁm&3ﬂ4¢Q%t -tri ene-9-carbal dehyde. Yield: 87% of theory
Stage 3 9a-(Hex-l-enyl)-estra-1,3,5(10)-triene-3,16a-diol 8.68 g (20 nmol)
of pentyltri Bidiy46%phdtheboni um bromi de + sodi um anmide (1 g contains 2.3 mol
of pentyltriphenyl - phosphoni um bromde), 0.2 g (0.67 mmol) of

3, 16a-di hydroxy- estra-1,3,5(10)-triene-9-carbal dehyde and 30 ml DMSO are
introduced into a reaction flask that 1 1 DEC 2606 44 was rendered inert.
The reaglgdopn m xture is treated for about 2 hours in an ultrasound bath at

3,16a-Dihydroxy-17,17-difluoro-estra-1,3,5(10)-triene-9-carbaldehyde

Reaction of 3,16q-bis[(perhydropyran-2-yl)oxy]-17,17-difluoro-estra-1,3,5(10)-triene-9-
carbonitrile analogously to Example 2, stage 2 yields 3,16¢-dihydroxy-17,17-difluoro-estra-
1,3,5(10)-triene-9-carbaldehyde.

Yield: 88% of theory

Stage 3
17,17-Difluoro-9q-vinyl-estra-1,3,5(10)-triene-3,16 a-diol

Reaction of 3,16q-dihydroxy-17,17-difluoro-estra-1,3,5(10)-triene-9-carbaldehyde
analogously to Example 2, stage 3 yields 17,17-difluoro-9¢-vinyl-estra-1,3,5(10)-triene-3,160.-
diol.

The crude product is purified by column chromatography on silica gel (cyclohexane/ethyl
acetate, 2/1) and crystallization from chloroform.

Yield: 75% of theory

'H-NMR (400 MHz, CDCls, TMS): 7.08 (d, ] = 8.6 Hz, H-1); 6.63 (dd, ] = 8.6/2.7 Hz,
H-2); 6.54 (d, ] = 2.7 Hz, H-4); 6.23 (dd, J = 17.2/10.5 Hz, -CH=CHy); 5.08 (dd, J = 10.5/1.9 Hz,
-CH=CH>); 4.48 (dd, J = 17.2/1.9 Hz, -CH=CH>); 4.44 (m, 16B-H); 2.79 (m, H-6); 0.95 (d, ] =

1.9 Hz, H-18)



60C. After the reaction is conpleted, water is added to the reaction
solution. The crude product is isolated by extraction with ethyl aggtges
washi ng of the organic phase with water and concentration by evaporation
until a dry state is reached. The crude product that is obtained is purified
by col umm chromat ography on silica gel43(cycl ohexane/ ethyl acetate, 1/1) and
crystallization fromethyl acetate. Yield: 0.18 g (75% of theory) according
to chromatography Melting point: 166 - 168C 'H NVR (400 MHz, DWVSO d6, TMS):
8.97 (s, 3-CH); 7.08 (d, J =8.6 Hz, H1); 6.49 (dd, J =8.6/2.7 Hz, H2);
6.41 (d, J = 2.7 Hz, H4); 573 (d, J = 12.5 Hz, -HH=CH CHz-); 5.20 (dt, J
= 12.5/ 4.4 I—%,,,-CH:CH-CHZ-); 4.48 (d, J = 4.7 Hz, 16a-OH); 4.24 (m 16(3-H);
2.66 (m gy ); 0.68 (t, J= 7.0 Hz, CH3-CH2-); 0.66 (s, H 18) Example 8

9a- (But-1'-enyl)-estra-1, 3,5(10)-triene-3,16a-di ol Stage |

3, 16a- Bi s[ (per hydropyran-2 yl)oxy]-estra-1, 3,5(10)-tri ene-9-carbonitrile
Reacti on of 3, 16a-bi s[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene

anal ogofeillex- ‘-CB!)iﬂ%rielégs(ﬁ)égiéﬂq—%liﬁe’r ol

3, 16a- bi s[ (per hydropyran-2-yl ) oxy] -estra-1, 3,5(10)-triene-9 1 1 DEC 2006 45
carbonitrile. Yield: 52%of theory Stage 2 3,1 6a-Di hydroxy-estra-1, 3,
5(10)-tri ene-9-carbal dehyde

Stage 1
3,16-Bis[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene-9-carbonitrile

Reaction of 3,16¢-bis[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene analogously to
Example 2, stage 1 yields 3,16a-bis[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene-9-
carbonitrile.

Yield: 61% of theory

Stage 2
3,16 -Dihydroxy-estra-1,3,5(10)-triene-9-carbaldehyde

Reaction of 3,16q-bis[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene-9-carbonitrile
analogously to Example 2, stage 2 yields 3,160-dihydroxy-estra-1,3,5(10)-triene-9-carbaldehyde.

Yield: 87% of theory

Stage 3
9a-(Hex-1-enyl)-estra-1,3,5(10)-triene-3, 16 o-diol

8.68 g (20 mmol) of pentyltriphenyl-phosphonium bromide + sodium amide (1 g contains
2.3 mmol of pentyltriphenyl-phosphonium bromide), 0.2 g (0.67 mmol) of 3,16q-dihydroxy-

estra-1,3,5(10)-triene-9-carbaldehyde and 30 ml DMSO are introduced into a reaction flask that



Reacti on of

3, 16a- bi s[ (per hydropyran-2-yl)oxy]-estra-1,3,5(10)-triene-9-carboni 4ri pE 2006

anal ogously to Exanple 2, stage 2 yields

3, 16a-di hydroxy-estra-1, 3,5(10)-tri ene-9-carbal dehyde. Yield: 87% of theory

Stage 3 9a-(But-I-enyl )-estra-l, 3,5(149)-triene-3,16a-diol 8.68 g (20 mmol)

of propyltriphenyl - phosphoni um brom de + sodiumamde (1 g contains 2.3

nmol of propyltriphenyl - phosphoni um brom de), 0.2 g (0.67 mmol) of

3, 16a-di hydroxy- estra-1, 3,5(10)-triene-9-carbal dehyde and 30 ml of DWMSO are

introduced into a reaction flask that was rendered inert. The reaction

m xture is tre ed f about 2 hours in an ultrasound bath at _60C. After

the rea®f{BRIST lesﬁp%f ERGCUIQRaIIUTE & tEalrd do% ForthoungrangHragd bha The

crude product is isolated by extraction with ethyl acetate, washing of the

or gani cOQkageftanitherreagiionris cammleted oratesrs 2ddedl enthpyeasterpinltiane A hgrerude pzoduety

state is reached. The crude product that is obtained is purified by colum

chr omat sgsadqitd/byoextmitioncwitly ethyl deetatsl whshwene/tht brghniapbisatvath Wdtdr)andYi el d: 0. 16
g (73% of theory) after chromatography Melting point: 140 - 148C 1 1 DEC

2006 4&)n|cé‘l|1tﬁiwﬁhbﬁ%pMﬂllonDh@Q&?sta%}eacl&d98 (s, 3-OH); 7.09 (d, J = 8.6
Hz, H1); 6.49 (dd, J = 8.6/2.7 Hz, H2): 6.41 (d, J = 2.7 Hz, H4); 570

d =
gf 47J (d 1§ il' ﬂé-zorude%rbhmh% &otaléd:k?]%lfrfﬁed b?r coluqn?n é(r(?méltoé'gp}ﬁ/_ %‘E@TA‘ %HZ

H-18); PcyaZhe(xtane/é]thﬂ azetgte!_'f/’l) anl_cigcryH %h%atlon }’rorI%E ct:hy% agéctate.
Yield: 0.18 g (75% of theory) according to chromatography
Melting point: 166 — 168°C
'"H-NMR (400 MHz, DMSO-ds, TMS): 8.97 (s, 3-OH); 7.08 (d, J = 8.6 Hz, H-1); 6.49
(dd, J = 8.6/2.7 Hz, H-2); 6.41 (d, ] = 2.7 Hz, H-4); 5.73 (d, J=12.5 Hz, -CH=CH-CH>-); 5.20
(dt,J = 12.5/7.4 Hz, -CH=CH-CH>-); 4.48 (d, J = 4.7 Hz, 160-OH); 4.24 (m, 16B-H); 2.66 (m,

H-6); 0.68 (t, J = 7.0 Hz, CH3-CH>-); 0.66 (s, H-18)

Example 8

9a-(But-1¢-enyl)-estra-1,3,5(10)-triene-3,16q-diol

Stage 1

3,16 a-Bis[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene-9-carbonitrile

Reaction of 3,16¢.-bis[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene analogously to

Example 2, stage 1 yields 3,16q-bis[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene-9-



4? Clainms 1. 9a-Substituted estra-1,3,5(10)-triene derivatives of general
formrulal 7 Ra RRlr RlI6 R R30\ 7, R7 (1) in which radicals RS, RF (R
R9, R13, Rl16 as well as R7 and R 7, independently of one anot her, % Z%%
foll owi ng neaning: R3 neans a hydrogen atomor a group R18, in which R18
means a strai ght-chain or branched-chath, saturated or unsaturated

hydr ocarbon radical with up to 6 carbon atons, a trifluoronethyl group, an
aryl, heteroaryl or aral kyl radical, a substituted aryl or heteroaryl

radical wwth a nethyl, ethyl, trifluoromethyl, pentafl uoroethyl,
trifluoronethylthio, nethoxy, ethoxy, nitro, cyano, hal ogen (fluorine,

chloringn(ﬁﬁ 1 ne, iodine), hydroxy, ammo, nono(C]_6-al kyl) or

di(Cl.G-aP y&g%nino, whereby both al kyl groups are identical or different,
di (aral kyl)agi np, 4, | C 2006 48 whereby both aral kyl groups are identi cal
or differen??LQ r%%@?f&ga?arboxyalkoxy, C - C20-acyl or G -C20-acyl oxy groups
as substituents, an

Stage 2
3,16 a-Dihydroxy-estra-1,3,5(10)-triene-9-carbaldehyde

Reaction of 3,16q-bis[(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene-9-carbonitrile
analogously to Example 2, stage 2 yields 3,16¢-dihydroxy-estra-1,3,5(10)-triene-9-carbaldehyde.

Yield: 87% of theory

Stage 3
9a-(But-1-enyl)-estra-1,3,5(10)-triene-3,16 a-diol

8.68 g (20 mmol) of propyltriphenyl-phosphonium bromide + sodium amide (1 g contains
2.3 mmol of propyltriphenyl-phosphonium bromide), 0.2 g (0.67 mmol) of 3,16a-dihydroxy-
estra-1,3,5(10)-triene-9-carbaldehyde and 30 ml of DMSQO are introduced into a reaction flask
that was rendered inert. The reaction mixture is treated for about 2 hours in an ultrasound bath at
60°C. After the reaction is completed, water is added to the reaction solution. The crude product
is isolated by extraction with ethyl acetate, washing of the organic phase with water, and
concentration by evaporation until a dry state is reached.

The crude product that is obtained is purified by column chromatography on silica gel
(cyclohexane/ethyl acetate, 1/1).

Yield: 0.16 g (73% of theory) after chromatography

Melting point: 140 — 148°C



acyl radical COR 9, in which R 19 is a straight-chain or branched-chain
hydrocarbon radical with up to 10 carbon atonms that is saturated or 11 [EC 7008
unsaturated in up to three places and is partially or conpletely

hal ogenat ed, or R18 neans a group R20S02, in which R20 is an RR1 R22 N
group, whereby R21 and R22 , independedfily of one another, nean a hydrogen
atom a Cl-C5- alkyl radical, a group C(OR23, in which R23 represents a
strai ght-chain or branched- chain hydrocarbon radical with up to 10 carbon
atons that is saturated or unsaturated in up to three places and is
partially or conpletely hal ogenated, a cyclopropyl, cyclobutyl,

cycl opentyl,, ¢ yl. o cl.ohe roup,..a - C15- 0 | al kyl
radical wt #gx&?‘&%ﬁﬂhﬁoﬁ%% th\%)%/%ﬁgg@y&%’ Q% Aot g%%%ﬁd%?‘ﬁ an

al kyl portion of up to 8 carbon atons or an aryl, heteroaryl or aralkyl

radi cal (ddo}=8.68/bHei HDeti4htdsV =o+7 Het BradaxI0 (dddi P Hzwi th a  nmethyl, ethyl,
trifluoronethyl, pentafluoroethyl, trifluoronethylthio, nethoxy, ethoxy,
nitro, «HFAH-Giblp§da (di T FUdrS/hé HzcIHrGCH& Hoby, 447 i, ] = 6diHre ) 6o 629,

am no, nmono(Cl.4- alkyl)- or di(Cl.0-al kyl)am no, whereby both al kyl groups
are i dentiiega); 266 ¢inf Hes)e0i6 (diH-28)a0 Ky (1) axi7oHz Wi ey bot h aral kyl 1 1 DEC
2006 49 groups are identical or different, carboxyl, carboxyal koxy, C-C20-



acyl or C] -C2o0-acyl oxy groups as substituents, or, together with the N
atom a polynmethylenimno radical with 4 to 6 C atons or a norphol i{nPpEC 2006
radical, R7 and R, in each case independently of one another, are a
hydrogen atom or a halogen atom 9 R is a straight-chain or branched-chain
al kenyl or alkinyl radical with 2 to 6 carbon atons, which can be partially
or conpletely fluorinated, or an ethinyl- or prop-l- inyl radical, Rl13 is a
nmet hyl group or an ethyl group, 16 18 20 23 18 20 23 R is a hydroxy group or
a group R0-, RSX2- or CC(ORwWth R, R7and R 3 in each case in the
meaning that is indicated under R, R17 4hd R 7, in each case independently
of one another, are a hydrogen atomor a halogen atom 2. Conpounds of
general formula | according to claiml1, in which R3 is a hydrogen atom 3.
Compounds of general formula | according to claim1 or 2, in which R7 is a
hydrogen atomor an a-position fluorine atom R9 is a vinyl, ethinyl or
prop- I-inyl group, R16 is a hydroxy group, and R17 is a hydrogen atom or
an a- posi Qlaimsf | uori ne atom 4. Conpounds of general formula | according to
claiml or 2, in which R16 stands for a group R18-O or RI9SO2-O with R18
and R 9 in each case in the neaning that is

1. 9a-Substituted estra-1,3,5(10)-triene derivatives of general formula I

@

in which radicals R3, R, R’, R’, R13, R'¢ as well as R'" and R'7, independently of one another,
have the following meaning:
R’ means a hydrogen atom or a group R'®, in which

R'"™  means a straight-chain or branched-chain, saturated or unsaturated

hydrocarbon radical with up to 6 carbon atoms, a trifluoromethyl group, an

aryl, heteroaryl or aralkyl radical, a substituted aryl or heteroaryl radical with a

methyl, ethyl, trifluoromethyl, pentafluoroethyl, trifluoromethylthio,

methoxy, ethoxy, nitro, cyano, halogen (fluorine, chlorine, bromine,

iodine), hydroxy, ammo, mono(C,.¢-alkyl) or di(C;¢-alkyl)amino,

whereby both alkyl groups are identical or different, di(aralkyl)amino,



3 indicated under

according to claim1l or

R 1 1 DEC 2006 50 5. Estratrienes of general

2, nanely:

9a-Vinyl -estra-1,3,5(10)-triene-3,16a-diol 9a-Alyl-estra-1,3,5
18a- Honp- 9a-vinyl -estra-1, 3,5(10)-tri ene- 3, 16a-di ol
18a- Honp-9a-al lyl -estra-1, 3,5(10)-tri ene- 3, 16a-di ol
3- Met hoxy-9a-vinyl -estra-1,3,5 (10)-trien-1 6a-ol
9a- Al |l yl - 3- met hoxy-estra-1, 3,5(10)-tri en-16a- ol

(10)-triene-3, 16a-di ol

18a- Hono- 3- net hoxy-9a-vinyl -estra-1, 3,5(1p)-trien-16a- ol

| yl -3 -nethoxy-estra-1,3 ,5 (10)-trien-I| ba-ol

9a-(2',2 -Difluorovinyl)-estra-1,3,5(10)-triene-3, 16a-di o

9a- (2,2 -Difluorovinyl)-3-nethoxy-estra-1,3,5(10)-trien-16a-ol 1
6a- Hydr oxy-9a-vinyl -estra-1, 3,5(10)-trien-3 yl-sul famte

9a- Al | yl - 16a- hydr oWheeaby bathjaralk g greips are identigglior differeniegasboxyl,

18a- Honp- 16a- hydr oxy-9a-vinyl -estra-1,3,5 (10)-trien-3 yl-sul famate

18a- Hono- 9a- al | yt - chibaxyalkxox§-Estacyl dr, 3 ;Gp-bOYloxy grempsRsisubstitfeatsaare
9a-Vinyl -estra-1, 3,5(10)-triene-3, 16a-di yl -di sul fanmat e

9a- Al | yl - estra- 1, 3abyl18iedl GORI&-iB whih-RI{*\i} a sirsiphitichnimtoe branched-chain
18a- Honp-9a-vinyl -estra-1, 3,5(10)-tri ene- 3, 16a-di yl -di sul famat e
18a- Hono- 9a- al | yl - @gérodarberdrad{caAlwith Gp &NEY chrboatdthy/thatCis Sathfasde e

unsaturated in up to three places and is partially or completely

halogenated, or

means a group R*’S0,, in which

R20

isan R*'R¥ N group, whereby R* and R* , independently of one
another, mean a hydrogen atom, a C;-Cs- alkyl radical, a group
C(O)R?, in which R* represents a straight-chain or branched-
chain hydrocarbon radical with up to 10 carbon atoms that is
saturated or unsaturated in up to three places and is partially or
completely halogenated, a cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl or cycloheptyl group, a C4-C,s-cycloalkylalkyl radical
with 3 to 7 carbon atoms in the cycloalkyl portion and with an
alkyl portion of up to 8 carbon atoms or an aryl, heteroaryl or
aralkyl radical, or a substituted aryl or heteroaryl radical, with a
methyl, ethyl, trifluoromethyl, pentafluoroethyl,
trifluoromethylthio, methoxy, ethoxy, nitro, cyano, halogen
(fluorine, chlorine, bromine, iodine), hydroxy, amino, mono(C;.4-
alkyl)- or di(C;_¢-alkyl)amino, whereby both alkyl groups are

identical or different, di(aralkyl)amino, whereby both aralkyl

formul a |

11 DEC 2006

1 8a- Hono- 9a- al



16a- Hydroxy-9a-vinyl -estra-1, 3,5(10)-trien-3yl -(N-acetyl)-sul famate

9a- Al | yt - 16a- hydroxy-estra-1, 3,5(10)-trien-3yl-(Nacetyl)-sul famate

18a- Honmo- | 6a- hydroxy-9a-vinyl-estra-1,3, 5 (10)-trien-3yl-(Nac 11 DEC 2008
etyl)-sulfamate 7 1 DEC 2006 51

18a- Hono- 9a-al | yl -1 6a- hydr oxy-estra-1, 825(10)-tri en-3yl-(N-acetyl)-sul famate
9a- (Prop-(2)-enyl)-estra-1,3,5(10)-triene-3, 16a-di ol
9a-(n-Propyl)-estra-1,3,5(10)-triene-3, 16a-di ol

9a- Et hinyl -estra-1,3,5(10)-triene-3,16a-diol 9a- Vinyl-estra-1, 3, 5(l
0)-triene-3, 16a-di ol -di acetate

18a- Honp-9a-vinyl -estra-1, 3 10 ien

16a- Val er oyl oxy- 9a- vi nyl - esgr?ép f)r%ldﬁr(’tf@fort(}‘ff%rﬁn%c%#oxy afboRyatkoxy, Ci-Cao-

16a- Acet oxy-9a-vinyl-estra- 1,3,5 (10)- EI‘I en-3 -ol _

18a- Hono- 16a- acet oxy- 9a- Vi n%PVf i Gaoracylasy|grepps a5 pubstityerts, or, together with

7a- Fl uoro-9a-vinyl-estra-1, 3,5(10)-tri ene-3, 16a-di ol

7a- Fluoro-9a-al l yl -estra-1, the N(almprapqlmethslemeanmadical with 4 to 6 C atoms or a
17(3- Fl uoro-9a-vinyl -estra-1, 3,5(10)-tri ene- 3, 16a-di ol

170- Fl uoro-9a-al l yl -estra- Zl.mc'il;pﬁ()lhﬁ))r-aﬂibhlene- 3, 16a- di ol

18a- Honp- 7a-fl uoro-9a-vinyl -estra- 1, 3,5(10)-triene-3, 16a-di ol

18a- Hono- 7a- R s 0", $dedthcide-igddpeadently 3 Scldbttlef, la&rwhﬁ,rag@aaehn@brahalogen

18a- Homo- 17( 3- f1 uoro-9a- vi nyl -estra-1, 3, 5(10) - triene- 3, 16a-di ol

18a- Homo- 17(3- fl ugppy:- 9a-al Iyl -estra-1, 3, 5(10) -tri ene- 3, 16a-di ol 6.

Phar maceuti cal conpoSitions that contain at |east one compound according to

one of 9
R is a straight-chain or branched-chain alkenyl or alkinyl radical with 2 to 6 carbon

atoms, which can be partially or completely fluorinated, or an ethinyl- or prop-1-
inyl radical,

R"®  isa methyl group or an ethyl group,

16
is a hydroxy group or a group R"®0-, R*°S0»- or OC(O)R23 with R'®, R?® and R

in each case in the meaning that is indicated under R3,
R'7 and R"7, in each case independently of one another, are a hydrogen atom or a halogen
atom.
2. Compounds of general formula I according to claim 1, in which R'isa hydrogen
atom.
3. Compounds of general formula I according to claim 1 or 2, in which R isa hydrogen
atom or an g-position fluorine atom, Rlisa vinyl, ethinyl or prop-1-inyl group, R is
a hydroxy group, and R7isa hydrogen atom or an a-position fluorine atom.
4. Compounds of general formula I according to claim 1 or 2, in which R'® stands for a
group R'%.0- or R"*S0,-0- with R'® and R" in each case in the meaning that is

indicated under R’



claims 1 to 5 as well as a pharmaceutically conpatible vehicle. 7. Use of

t he conmpounds of general formula 1 according to clains 1-5 above foq 1 DEC 7006
production of pharnaceutical agents. 8. Use according to claim?7 for
treatment of estrogen-deficiency-induced di seases and conditions in wonen
and in nmen. 1 1 DEC 2006 52 9. Use ac®®rding to claim7 for treatnment of
peri- and postnenopausal synptons. 10. Use according to claim?7 for the
in-vitro treatnent of female infertility. 11. Use according to claim?7 for
the in-vivo treatnent of female infertility. 12. Use according to claim?7
for the therapy of hornone-deficiency-induced synptons in ovarian

dysfunction th i.s caused b ur ge di.cajion, etc. 13. Use according to
claim?7 for %o%%%ﬁng§5$ %Eﬁ%n?ﬂﬁ %ﬁ%%?‘Fﬁﬁ?f?uﬁjfnéﬁgngé%ording to claim13
in conbination with selective estrogen. receptor nodulators (SERM, for
exanpl e raIo§§%@ﬁ@ﬁ“¥51SEE&»&E@%?%?%ﬁdF% claim7 for prophylaxis and therapy
of a hornone-deficiency- induced bone nass | oss. 16. Use according to claim
7 for prophy?@ﬁlb’l-aﬁﬁ@-{héﬂé)wri@fe-%kﬁue@pbrosi s. 17. Use according to claim?7
for prophylaxis and therapy of cardi ovascul ar di seases. 18. Use according
to claim?7 fbt8a-Porev-Oatvioyl-caanal113;%&d)~eniec- i 6gpladt at e hyperpl asia. 19. Use
according to claim18 in conbination with antiestrogens and sel ective

estrogen recgplemoYadillydears1,§ SEB)Mridner3, Woodby! axi s and therapy of prostate

hyperplasia. 20. Use according to claim7 for treatment of diseases of the

I mmune syst €80Methoxy-9a-vinyl-estra-1,3,5(10)-trien-160-0l
9a-Allyl-3-methoxy-estra-1,3,5(10)-trien-16q-ol
18a-Homo-3-methoxy-9q-vinyl-estra-1,3,5(10)-trien- 1 6-ol
18a-Homo-9¢-allyl-3-methoxy-estra-1,3,5(10)-trien-16¢.-ol
9a-(2¢,2‘-Difluorovinyl)-estra-1,3,5(10)-triene-3,16a-diol
9a-(2¢,2-Difluorovinyl)-3-methoxy-estra-1,3,5(10)-trien- 16¢-ol
16a-Hydroxy-9a-vinyl-estra-1,3,5(10)-trien-3yl-sulfamate
9a-Allyl-16¢-hydroxy-estra-1,3,5(10)-trien-3yl-sulfamate
18a-Homo-16¢-hydroxy-9q-vinyl-estra-1,3,5(10)-trien-3yl-sulfamate
18a-Homo-9¢q-allyl-16a-hydroxy-estra-1,3,5(10)-trien-3yl-sulfamate
9a-Vinyl-estra-1,3,5(10)-triene-3,16¢-diyl-disulfamate
9a-Allyl-estra-1,3,5(10)-triene-3,16a~diyl-disulfamate
18a-Homo-9¢-vinyl-estra-1,3,5(10)-triene-3, 1 6a-diyl-disulfamate
18a-Homo-9¢-allyl-estra-1,3,5(10)-triene-3,16q.-diyl-disulfamate
160-Hydroxy-9q-vinyl-estra-1,3,5(10)-trien-3yl-(N-acetyl)-sulfamate
9a-Allyl-16¢-hydroxy-estra-1,3,5(10)-trien-3yl-(N-acetyl)-sulfamate

18a-Homo-16q-hydroxy-9¢-vinyl-estra-1,3,5(10)-trien-3yl-(N-acetyl)-sulfamate



21. Use according to claim20 for treatnent of autoi nmune di seases. 22. Use
according to claim?2l1 for treatnent of rheumatoid arthritis. 23. Uﬁel DEC 2006
according to claim?21 for treatnment of nultiple sclerosis.

51

18a-Homo-9q -allyl-16a-hydroxy-estra-1,3,5(10)-trien-3yl-(N-acetyl)-sulfamate
9a-(Prop-(Z)-enyl)-estra-1,3,5(10)-triene-3,16¢-diol
9a.-(n-Propyl)-estra-1,3,5(10)-triene-3,16¢-diol
9a-Ethinyl-estra-1,3,5(10)-triene-3,16¢-diol
9a-Vinyl-estra-1,3,5(10)-triene-3,16¢-diol-diacetate
18a-Homo-9q-vinyl-estra-1,3,5(10)-triene-3,16a-diol-diacetate
16a.-Valeroyloxy-9q-vinyl-estra-1,3,5(10)-trien-3-o0l
16a-Acetoxy-9a-vinyl-estra-1,3,5(10)-trien-3-o0l
18a-Homo-16¢-acetoxy-9q-vinyl-estra-1,3,5(10)-trien-3-ol
To-Fluoro-9¢-vinyl-estra-1,3,5(10)-triene-3,16¢-diol
7o-Fluoro-9¢-allyl-estra-1,3,5(10)-triene-3,16¢-diol
17B-Fluoro-9a-vinyl-estra-1,3,5(10)-triene-3,16a-diol
17B-Fluoro-9¢.-allyl-estra-1,3,5(10)-triene-3,16¢-diol
18a-Homo-7-fluoro-9q-vinyl-estra-1,3,5(10)-triene-3,16a-diol
18a-Homo-7g-fluoro-9q-allyl-estra-1,3,5(10)-triene-3,16q-diol
18a-Homo-17p-fluoro-9q-vinyl-estra-1,3,5(10)-triene-3,16qa.-diol

18a-Homo-17B-fluoro-9a-allyl-estra-1,3,5(10)-triene-3,16a.-diol

6. Pharmaceutical compositions that contain at least one compound according to one of
claims 1 to 5 as well as a pharmaceutically compatible vehicle.

7. Use of the compounds of general formula I according to claims 1-5 above for
production of pharmaceutical agents.

8. Use according to claim 7 for treatment of estrogen-deficiency-induced diseases and

conditions in women and in men.



11 DEC 2006
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9. Use according to claim 7 for treatment of peri- and postmenopausal symptoms.

10. Use according to claim 7 for the in-vitro treatment of female infertility.

11. Use according to claim 7 for the in-vivo treatment of female infertility.

12. Use according to claim 7 for the therapy of hormone-deficiency-induced symptoms in
ovarian dysfunction that is caused by surgery, medication, etc.

13. Use according to claim 7 for hormone replacement therapy (HRT).

14. Use according to claim 13 in combination with selective estrogen receptor modulators
(SERM), for example raloxifene.

15. Use according to claim 7 for prophylaxis and therapy of a hormone-deficiency-
induced bone mass loss.

16. Use according to claim 7 for prophylaxis and therapy of osteoporosis.

17. Use according to claim 7 for prophylaxis and therapy of cardiovascular diseases.

18. Use according to claim 7 for prevention and treatment of prostate hyperplasia.

19. Use according to claim 18 in combination with antiestrogens and selective estrogen
receptor modulators (SERM) for prophylaxis and therapy of prostate hyperplasia.

20. Use according to claim 7 for treatment of diseases of the immune system.

21. Use according to claim 20 for treatment of autoimmune diseases.

22. Use according to claim 21 for treatment of rheumatoid arthritis.

23. Use according to claim 21 for treatment of multiple sclerosis.



