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 in vitro a

hi gher 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 herapeuti c use and pharmaceutical dispensing fornms that contain the new
conpounds. The chem cal conpounds are new, steroidal, tissue-selective
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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., 17p-estradiol-valerate, can also be used.

Because of the stimulating action of the estrogens that are used on the endometrium,



2 which results in an increase of the risk of endonetrial carcinoma (Harlap,
S. 1992, AmJ Cbstet Gynecol 166: 1986-1992), estrogen/gestagen conbi nation
preparations are preferably used in hornone replacenent therapy. The

gest ageni ¢ conponent in the estrogen/gestagen conbination avoids
hypertrophy of the endonetrium but tBe occurrence of undesirable

i ntracyclic nenstrual bleeding is also linked to the gestagen-containing
conbi nati on. Selective estrogens represent a nore recent alternative to the
estrogen/gestagen conbi nation preparations. Up until now, selective
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A class of substances that partially meet the destred 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
"ERa." This substance type is ineffective, however, with respect to the therapy of acute
postmenopausal symptoms, such as, €.g., hot flashes. As an example of a SERM, the raloxifene
that was recently introduced for the indication of osteoporosis can be mentioned.

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
by the use of new selective estrogens. The in-vitro fertility treatment is a process that has been
established for more than 20 years. Numerous methods for treating ovarian-induced infertility
with exogenic gonadotropins are known. By administration of gonadotropins such as FSH (FSH
= follicle-stimulating hormone), a stimulation of the ovaries, which is to make possible a healthy
follicular maturation, is to be produced.

The follicle is the functional unit of the ovary and has two purposes: it accommodates
the oocytes and provides for the latter the possibility for growth and for maturation.

Folliculogenesis comprises the development of an ovarian follicle from a primordial stage to a

continuously increasing antral follicle, which represents the last stage before ovulation. Only an




follicular maturation, is to be produced. The follicle is the functional
unit of the ovary and has two purposes: it accompdates the oocytes and
provides for the latter the possibility for growh and for maturation.

Fol I'i cul ogenesi s conprises the devel opnment of an ovarian follicle froma
prinordial stage to a continuously iBcreasing antral follicle, which
represents the | ast stage before ovulation. Only an 3 optinmally devel oped
antral follicle can rel ease a mature ovocyte by ovulation. Patients with
ovarian-induced infertility (PCOS = syndrone of polycystic ovaries) suffer
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treated with gonadotropins (FSH and antiestrogens)
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treatnment, oocytes are renoved from preovul atory antral follicles to be able
to 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
mature in vitro into an ovocyte that can be fertilized. After fertilization and preembryonal
development, one to three embryos are implanted in the uterus of the woman.

In many respects, the treatment with exogenic gonadotropins is accompanied by
numerous risks and side effects. The greatest risk consists in an overstimulation of the ovaries,
which in severe cases can represent a serious danger to life (OHSS = Ovarian Hyperstimulation
Syndrome). Other side effects are the high costs of the in-viiro fertility treatment that must be
paid by the couples. Negative side effects such as weight gain, bloatedness, nausea, vomiting
and an as yet unknown long-term risk of developing cancer are attributed to the gonadotropin

freatment.

One method to avoid the above-mentioned drawbacks and risks is to ensure the



mature in vitro into an ovocyte that can be fertilized. After fertilization
and preenbryonal devel opnent, one to three enbryos are inplanted in the
uterus of the wonman. In many respects, the treatnment with exogenic
gonadotropins is acconpanied by nunerous risks and side effects. The
greatest risk consists in an overstindlation of the ovaries, which in
severe cases can represent a serious danger to life (OHSS = Ovari an
Hyperstimul ation Syndrone). OQher side effects are the high costs of the
in-vitro fertility treatnent that nust be paid by the couples. Negative
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1997, Endocrinol ogy 138: 4509-4512), the vascular system (Register, T. C,
predominates over ER in the rat uterus. The highest concentrations of ERP 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)
including the spermatides (Shugrue et al. 1998, Steroids 63: 498-504). The tissue distribution
suggests that estrogens regulate organ functions via ERB. The fact that ERP is functional in this
respect also follows by studies in ERa- (ERKO) or ERB-(BERKO)-knockout mice: ovariectomy
produces bone mass loss in ERKO-mice, which can be eliminated by estrogen substitution
(Kimbro et al. 1998, Abstract OR7-4, Endocrine Society Meeting, New Orleans). Estradiol in
the blood vessels of female ERKO mice also inhibits vascular media and smooth muscle cell
proliferation (Iafrati, M. D. et al. 1997, Nature Medicine 3: 545-548). These protective actions
of estradiol are carried out in the ERKO mouse presumably via ERp.

The fact that ERa and ERP have a functionally different action was confirmed after

successful production of aERKO and BERKO mice. ERa consequently plays an important role

in the adult uterus, in mammary gland tissue, in the negative regulation of the gonadotropin




Adams, M R 1998, J. Steroid Mdlec Biol 64: 187-191), the urogenital tract
(Kuiper, G J. M et al. 1997, Endocrinology 138: 863-870), the
gastrointestinal tract (Canpbell-Thopson 1997, BBRC 240: 478-483), as well
as the testis (Mysselmann, S. et al. 1996 FEBS Lett. 392, 49-53) including
t he spermati des (Shugrue et al. 1998, 5Steroids 63: 498-504). The tissue
distribution suggests that estrogens regul ate organ functions via ERA The
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hyper pl asi a occur (Krege, J. et "al .

15677- 3b&tdgens mhaésgkétit@maiﬁuﬂma fesHEIHA dVafSundtiondadWell B feRilinels al . 1993,
Proc Natl Acad Sci 90: 11162-11166) and male ERKO mce (Hess, R A et al.

1997, WNaifimmed.390: 509-512) as well as female PERKO m ce (Krege, J. H, 1998,
Proc Natl Acad Sci 95: 15677-15682) have fertility disorders. Consequently,
t he i npor t alitwa$ pessiblleoto 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
parameters in vivo was not previously shown.

The object of this invention is therefore to prepare compounds that have in vitro a
dissociation with respect 1o the binding to estrogen receptor preparations from rat prostates and
rat uteri. The compounds are to show in vitro a higher affinity to estrogen receptor preparations
from rat prostates than to estrogen receptor preparations from rat uteri.

- The ERB-specific compounds are to produce in vivo a profertility action in the ovary. At
the same time, the compounds are to exhibit a dissociation with respect to ovary action in
comparison to uterus action. The compounds according to the invention are to have a certain
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



of estrogens with respect to maintaining testis and ovary functions as well
as fertility is confirnmed. It was possible to achieve a selective
estrogeni c action on specific target organs by subtype-specific |igands
based on the different tissue or organ distribution of the two subtypes of
the ERs. Substances with a preference®for ERJ3 conpared 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
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have the above-fornul at ed pharmacol ogi cal profile, is to be made avail abl e
by 6 this invention. The conpounds according to the invention are to produce

enhanced fertility in the ovary while at Ehe.sama time affecting the uterus
very little in cases of ovarian-associ atRlly R'hfertility.

R16

M

in which radicals R?, R”, R7, R%, R”, R" as well as R and R", independently of one another,

have the following meaning:

3 . .
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

optionally substituted aryl, heteroaryl or aralkyl radical, an acyl radical

COR", in which R” is an optionally substituted, straight-chain or
branched-chain hydrocarbon radical with up to 10 carbon atoms that is
saturated or unsaturated in up to three places and optionally partially or

completely halogenated, or



According to the invention, the object above is achieved by the provision of
9a-substituted estra-1,3,5(10)-triene derivatives of general fornula | 16
(I') inwhich radicals R3, R, R7, R9, R 3, Rl6 as well as R' and R17,

i ndependent|y of one another, have the follow ng neaning: R3 neans a
hydrogen atomor a group R18, in which R 8 neans a straight-chain or
branched-chain, saturated or unsaturated hydrocarbon radical with up to 6
carbon atons, a trifluoronethyl group, an optionally substituted aryl,

het eroaryl or arlallskylmgaﬁgj,g@hpRé’goqquvhq@di cal COR9, in which R9 is an
optionally substituted, straight-chain or branched-chai n hydrocarbon radical

with up to 10 carbon afonms that js saturated gr ungaturated in up to three
pl aces and optional | R par s @l R R d¥ groupypiheteby R hatll ®gehdtmademnly of offl8 neans a
group R?0S2, in which R20 is an R2' R22N group, whereby R21 and R2Z,

i ndependent |y of one_ anot hgdtherMadh 2hydysHeAdRM, 3O —AkFln&eaal kylpradical , a
group C(O R23, in which e nmeans an optional |y suBstituted, strai g]?'ut chain or

branched- chain hydrocarbon radjical with up to 10 carbon atoms that is
saturated or unsaturated MO ,inwhith® méans es optivhall s subsitntednsitaight-par ti al | y
or conpletely hal ogenated, an optionally substituted C3-Cy-cycloal kyl
radical, an optionally subkdin brtir@sthed-chain hydrocarbon radical with up to 10 carbon

atoms that is saturated or unsaturated in up to three places and is

optionally partially or completely halogenated, an optionally

substituted C}-C?-cycloalkyl radical, an optionally substituted C,-
C,,-cycloalkylalkyl radical or an optionally substituted aryl,

heteroaryl or aralkyl radical, 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 1s a straight-chain or branched-chain alkenyl or alkinyl radical with 2 to 6 carbon
atoms, which optionally can be partially or completely fluorinated,

R”  is a methyl group or an ethyl group,

R" s a hydroxy group or a group R"®0-, R*S0,- or OC(O)R® with R*®, R* and R® in
each case in the meaning that is indicated under RS,

R" and R'7, in each case independently of one another, are a hydrogen atom or a halogen
atom,

R  can in each case be in a- or B-position.

According to a variant of the invention, gonatriene derivatives are preferred, in which R’



C15-cycl oal kyl al kyl radical or an optionally substituted aryl, heteroaryl

or aral kyl radical, or, together with the N atom a polynethyl eni mno
radical with 4 to 6 C atoms or a norpholino radical, Wand R', in each case
i ndependently of one another, are a hédrogen atomor a halogen atom R9 is
a straight-chain or branched-chain al®enyl or alkinyl radical wwith 2 to 6
carbon atons, which optionally can be partially or conpletely fluorinated,
R13 is a nethyl group or an ethyl group, R16 is a hydroxy group or a group

R 80, addA0S(€a hidrofa(atdis B ivh bﬁy%ﬁlin@f %zgqunﬁ?ﬁgrbﬁp, REaE B hgdsy kidup he

meani ng that is indicated under , , i n each case 1 ndependently

of Onealﬁpl?tMR”'?ﬁ%cﬁcg%%Feoagﬁgh AN @ hal ogen atom R16 can in each case
or Ion. Accor |ﬂ% |

be in a- n- posi toda variant of the invention, gonatriene

deri vatives arg,grefe Eed, inH@pich R7 8 and R7 _are a hydrogen ato RO is a
vinyl, et hilpadig ﬂ,ﬁhfo{?-lpwmafp gtigns akhglogen sybiution, prefirahibp Huorikging- and R
in each case are a hydrogen atom In addition, the follow ng conbinations of
hal ogestomsBand 1 Tate preferpade7-ercabloy 7fdi and R es wieh aCR ' aineaech Gasen Hy dridgea &7-
preferred: 7-nmono or 7-di and R' as well as R', in each case a hydrogen, 17-
nMono  omodo/ordi7-dirdd Rass well ds RS ifR¥ach cabe @agtrogas s welhysdr-moasr1 Rmone) - as

7-mono/ 17-mono, 7- mono/17-di, 7-di/17-mono, 7-di/17-di. The 7a-position or
the 1786R0%1-bi, 9/ $-nfab! RO LA ThE A&-poliBR bl HR 7P PoSAIPR YASred in the
monofluorine compounds.

Another variant of the invention in particular calls for compounds in which R” stands for

a group R"0- o RmS()Z-O- with R" and R” in each case in the meaning that is indicated under

3

R.
Preferred according to this invention are the following compounds:
S9a-Vinyl-estra-1,3,5(10)-triene-3,16a-diol
%a-Allyl-estra-1,3,5(10)-triene-3,160-diol
18a-Homo-%a-vinyl-estra-1,3,5(10)-triene-3,16a-diol
18a-Homo-9a-allyl-estra-1,3,5(10)-triene-3,16a-diol
3-Methoxy-9a-vinyl-estra-1,3,5(10)-trien-16a.-ol
9a-Allyl-3-methoxy-estra-1,3,5(10)-trien-16a-ol
18a-Homo-3-methoxy-9a-vinyl-estra-1,3,5(10)-trien-16c-ol
18a-Homo-Ya-allyl-3-methoxy-estra-1,3,5(10)-trien-16a-o0l
901-(2‘,2‘-biﬂuorovinyl)-estra-l,3,5(10)-triene-3,16(1-diol
9a-(2°,2°-Difluorovinyl)-3-methoxy-estra-1,3,5(10)-trien-160.-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




S

Anot her variant of the invention in particular calls for conpounds in which
R 6 stands for a group R80 or RROSO2 O with R 8 and R20 in each case in
the neaning that is indicated under 3 R Preferred according to this

i nvention are the foll owi ng conpounds:

9a-Vinyl -estra-1, 3,5(10)-tri ene- 3, 16a2di ol

9a-Allyl -estra-1,3,5(10)-triene-3, 16a-di ol 18a-Honp-9a-vinyl-estra-1, 3,5
(10)-triene-3,16a-d iol 18a-Honp-9a-allyl-estra-1,3,5(10)-triene-3, 16a-di ol
3- Met hoxy- 988avklomo-16g thydroky-Op&(idyfljestra-i Sid{ B drial-3yl-sulfamate

9a- Al l yl - 3- met hoxy-estra-1,3,5 (10)-trien-| 6a-ol

18a- Hono- 3- Iﬁtﬂ&ﬁw)&ﬂﬂl ll‘éﬂh X [ |
18a- Hono- 9a- al | yl - ?hoxy gtﬁ)ryge%ragl 1?5),5 i Dr}teﬁlljgﬁghll%agﬂteo 9a-(2 ,2

- di ol
92 Elzuorzov IV)in ?%%}gaa%fﬁjs@ﬁé%“%)x e‘ggﬁgfs% a%’a%e I(20) trien-16a-ol

16a- Hydr oxy- 9a vi nyl - est ‘Sr rien-3yl-sulfamate 9a-Allyl- 1
6a- hydr oxy- d&fixl-estrg- ]53%@@) U’@F"r‘é 5g- dﬂl -diswfamagt e 9

18a- Hono- 16a- hydr oxy-9cc-vinyl -estra-1, 3,5(10)-trien-3yl -sul famate
18a- Hono- 9al&FHCbr;td)-QG@‘ényh-ysiraak,gi,S(HBﬁniaeﬁ,,BioGdiniﬁh}ulfatﬂa&r\- 3yl - sul f amat e
9a-Vinyl -estra-1, 3,5(10)-triene-3, 16a-di yl -di sul famat e

9a- Al lyl - eSISa&idxn@Qé(aﬁ?])—esirﬁﬂ?J}S{i@)—tli@ﬁe lequmﬂuifam&e

18a- Hono-9a-vinyl -estra-1,3,5 (10)-triene-3,16x-di yl -di sul famate
16a-Hydroxy-9a-vinyl-estra-1,3,5(10)-trien-3yl-(N-acetyl)-sulfamate
9a-Allyl-16a-hydroxy-estra-1,3,5(10)-trien-3yl-(N-acetyl)-sulfamate
18a-Homo-16a-hydroxy-9a-vinyl-estra-1,3,5(10)-trien-3yl-(N-acetyl)-sul famate
18a-Homo-9¢-allyl-16a-hydroxy-estra-1,3,5(10)-trien-3yl-(N-acetyl}-sulfamate
9a-(Prop-(Z)-enyl)-estra-1,3,5(10)-triene-3,16a-diol
Sa-(n-Propyl)-estra-1,3,5(10)-triene-3,16a-diol
9a-Ethinyl-estra-1,3,5(10)-triene-3,16a-diol
9a-Vinyl-estra-1,3,5(10)-triene-3,16a-diol-diacetate
18a-Homo-%a-vinyl-estra-1,3,5(10)-triene-3,16a-diol-diacetate
16a-Valeroyloxy-9a-vinyl-estra-1,3,5(10)-trien-3-ol
16a-Acetoxy-Y9a-vinyl-estra-1,3,5(10)-trien-3-ol
18a-Homo-16a-acetoxy-9a-vinyl-estra-1,3,5(10)-trien-3-ol

7a-Fluoro-9a-vinyl-estra-1,3,5(10)-triene-3,16a-diol

7a-Fluoro-9a-allyl-estra-1,3,5(10)-triene-3,16a-diol
17p-Fluoro-9a-vinyl-estra-1,3,5(10)-triene-3,16a-diol
17B-Fluoro-9a-allyl-estra-1,3,5(10)-triene-3,16a-diol
18a-Homo-7a-fluorc-9a-vinyl-estra-1,3,5(10)-triene-3,16a-diol

18a-Homo-7a-fluoro-9a-allyl-estra-1,3 5(10)-triene-3,16a-diol




18a- Hono-9a-al lyl -estra-1, 3,5(10)-triene-3,16a-d iyl -di sul famte
16a- Hydr oxy-9a-vinyl -estra-1,3,5(10)-trien-3yl-(Nacetyl)-sul famate

9a- Al |l yl - 16a- hydroxy-estra-1,3,5 (10)-trien-3yl-(Nacetyl)-su [famte

18a- Hono- 16a- hydr oxy-9a-vinyl -estra-1, 3,5(10)-trien-3yl-(Nacetyl)-sul fanmate
18a- Hono- 9a- al | yl - 16a- hydroxy -estra-103,5 (10)-trien-3yl-(Nacetyl)-su

| fanate 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 hi nyl - #8a-Hamd- 13 8ludd)-9avinghest@; 1B5(16)-tlene-3,16a-diol

9a-Vinyl -estra-1, 3,5(10)-tri ene-3, 16a-di ol -di acetate

18a- Hono- 9a184- Ayho- 7B Rofe-For-2fi i Qi J3@Sﬁ7)3triéﬂr@38,ijdcﬂhfoﬂ' acetate

16a- Val er oyl oxy-9a-vi nyl -estra-1, 3, 5(10)-tri en-3- ol

16a- Acet oxy -vinyl - .[ Q- .5(10) -trien-3-o0l .
Toa. toro- 1500RpbisEbls R ads o nidriloR Vil seree fro e ggoctaims.
7a- Fl uoro-9a-vinyl-estra-1,3,5 (10)-triene-3, 16a-d iol 7a-Fl uoro-9a-allyl
- estra- 1, 3, BydreOirbanradical R 3is,f6nexamptd, a methyl, ethyl, propyl, isopropyl, butyl,
17P- Fl uoro-9a-vinyl -estra-1,3,5(10)-triene-3,16a-diol | 7 f
- Fl uor @obatyiatekty-butgl peryll isdpdntyl OneobéritANSr ke x HGadidd] ol
18a- Hono- 7gl?f uor o?gg‘-s V|y nyl FQ)es)"glr a- El)é 3?5( 10) ):th ri ene- 3, 16a- di ol
18a- Hono- 7a- f,| uor o- 9a- ﬁlsl.%l -estra-1, ? 5 1 -t [ai ene- 3, 16a-di ol 10
18a- Homo- 17§ KPRY, 808P AR, jif) the cowppunds of gengral fhrmula;1dp gach cass-capicpptain)1 to
18a- Hono- 170-fl uoro-9ct-al lyl -estra-1, 3,5(10)-tri ene- 3, 16a-di ol
6 carbon atoms, whereby methoxy, ethoxy, propoxy, isopropoxy and t-butyloxy groups are

preferred.

Representatives of the C,-C;-alky] 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.

As a C;-Cj-cycloalkyl group, a cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or
cycloheptyl group can be mentioned.

A C,-C,s-cycloalkylalkyl radical has 3 to 7 carbon atoms in the cycloalkyl portion; typical
representatives are the cycloalkyl groups that are mentioned directly above. The alkyl portion
has up to 8 carbon atoms.

As examples of a C,-C;-cycloalkylalkyl radical, the cyclopropytmethyl,
cyclopropylethyl, cyclopentylmethyl, cyclopentylpropyl groups, etc., can be mentioned.

In terms of this invention, an aryl radical is a phenyl, 1- or 2-naphthy] radical; the phenyl

radical is preferred.




O her possible configurations of this invention will energe fromthe
subcl ai ns. Hydrocarbon radical R8 is, for exanple, a nethyl, ethyl,

propyl, isopropyl, butyl, isobutyl, tert.-butyl, pentyl, isopentyl,
neopentyl, or hexyl radical. A koxy groups OR'' in the conpounds of general
formula | in each case can contain | ib 6 carbon atons, whereby nethoxy,

et hoxy, propoxy, isopropoxy and t-butyloxy groups are preferred.
Representatives of the d-C -alkyl radicals R 2" and R 22 are nethyl, ethyl,

propyl, i sdpylabyays alvotiydlydes a btatogty] rddéal. - Bxdimples af @ mktétoaryl saR@N e theand
neopentyl. As representatives of straight-chain or branched-chain

hydr ocar Bogr 4 pgHSRYIS i 2- Bk 3 urd ], 112 2- ' ot9. -Ofr8,, sf Or
exanpl e, ma{ h?? e%him pr opy ,’H{eszog?gﬁﬁ;?m’ghfglo?gipgg%ﬁg%ﬁ’Jtirgorrts- butyl,

pentyl . i n | eopenty! , heptyvl .. .hexyl,, apnd decyl can be nentioned;
met hyl ,lmledta%gfl,’ {hxﬁ%“g? gitrs ‘%‘6’636”6’¥‘F“%€P§' %P@?%{lpgﬁﬂﬁgl gl | cycl oal kyl
group, a cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycl oheptyl
group can b@sﬁ@ﬁ‘ﬁ'ﬁﬂ'éélha‘ gancbe. presentn ‘t?aﬂrk]yqr&FtRSﬂafYﬁ/ sagicahlforrexampletd 7 car bon
atons in the cycloal kyl portion; typical representatives are the cycl oal kyl
gr oups meithytl-, ethyl- rtafleoromethylj peataflugroathpl: striflivemethyithiop omdthaxy-, ety yUp to 8
carbon atons. As exanples of a C -C, ,-cycloal kyl al kyl radical, the

cycl opmiwy) dyeidiyhalogesy@lubiic Bhlbfihd) bromiad, GbAREhpdrd¥HL, Ailino-CHEhSEE r&h{(}lpr opy!
groups, etc., can be nentioned. In terns of thi's i nvention, an & yl” 1 adi cal

R R T P G
radi Calwh%rregy Boklﬁ aralkyl groups are identical or different, carboxyl, carboxyalkoxy, C,—~C,-acyl or
C,—Cy—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 aralky! radicals, for
example, benzyl, phenylethyl, naphthylmethyl, naphthylethyl, furylmethyl, thienylethyl, and
pyridylpropyl are suitable.

The alkyl groups or hydrocarbon radicals can be partially or completely substituted by 1-
5 halogen atoms, hydroxy groups or C,-C,-alkoxy groups.

A vinyl or allyl radical is primarily defined with a C,-C,-alkeny] radical.

A C,-C,-alkinyl radical is preferably defined as an ethinyl radical of a prop-1-inyl radical.

C...o—Acyl radicals mean, for exampie, acetyl, propionyl, butyryl, valeroyl, isovaleroyl,
pivaloyl, hexanoyl, octyl, nonyl, or decanoyl.

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,-C,,-mono- or polycarboxylic acid

or an aromatic carboxylic acid.

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



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- imdazolyl, the pyrazinyl, the 2-, 4- or
5-pyrimdinyl or 3- or 4-pyridazinyl radical. As substituents that can be

present on an aryl or heteroaryl radical, for exanple, a nethyl-, ethyl-,
trifluoronethyl-, pentafluoroethyl-, ¥ifluoromethylthio-, nethoxy-,
et hoxy-, nitro-, cyano-, halogen- (fluorine, chlorine, brom ne, iodine),

hydr oxy-, am no-, nono(C,, alkyl) or d' (C, -8alkyl)am no, whereby both al kyl
groups are identical or different, di(aralkyl)am no, whereby both aralkyl
groups are Maeorarbeaylicacids: formicastd, aesiie Beidynropieeir beidyutyrisagid, Gobugric aCyl  or
C, - C26- - acy] oxy ,gr.oups can, be nentioned. An aral kyl radical is a radical

that covd-JRlgEC peidyippyalerig geidppivelicagd, g agidanyristic peid agTylic acigg piggionignd i n t he
al kyl chain 1 to 8  preferably.1 to 4, C atons,, Thus, as aral kyl radicals,
For " elatmgeatactybi abiol CraloBlepeis isgsrotonis ik eirdeity d CIBRBRGH ot hyl
furylmethyl_ thienylethyl .. an ridyl propyl are suitaple. 'Me al kyl groups
or hydrocar%‘&%’t}l’r‘:ﬁ'ﬁ‘?'b‘ﬁ“@x@&ﬁaﬂg"ﬁiﬁ‘tcia %I(@pﬁ?{%%}s@f&’?e ubstituted by 1- 5
hal ogen at hy.dr oxy, gr s .qr G -CA-al koxy. gr . vinyl,.ar ally]

o a1 Eamalertisr pRIA e nitons e SERCGR Bl apbt stk oy
radi cal: i . of gqnl . ' : . | . ' r =1-1.ayl
r adi Cg{n!ﬂeﬁ&%@cs_ﬁ cy %}cgg%egﬁfgcl&ﬁégﬁa?w% t(‘):lr?i g]éiae}r({ﬂ%gj,’ ﬁg{]:aeri%yalc?d’ ﬁ'ﬁlg%qlé?%l/ﬂ butyryl,

val er OflraconRONR SidP¥bsacoddt ¥@4 oyl ., hexanoyl, octyl, nonyl, or decanoyl. One
or two hydroxyl groups at C atons 3 and 16 can be esterified with an

al i phatic, A@kafit 6dtbokilidlabid®r bddzaib g dpHiRAc 'acid,siﬂépl\!ili’afli@ﬂciﬁ,ﬁe#&P;ﬁlﬁﬁ}W at ed

C -C,,,-nmono- or polycarboxylic acid or an aromatic carboxylic acid.

Sui t abicid, aspihuidaddr 8O¥Y hé pasibidacidphydesiopld dcid; afrddadd, &innhmic KKANpl e: 12
nicotinic acid, and isonicotinic acid.

Esterification with benzoic acid is preferred.

As prodrugs, the esters of the 9a-substituted estratrienes according to the invention have
advantages compared to the unesterified active ingredients with respect to their method of
administration, their type of action, strength and duration of action.

Especially the sulfamates of 9a-substituted estratrienes according to the invention have
pharmacokinetic and pharmacodynamic advantages. Related effects were already described in
other steroid-sulfamates (J. Steroid Biochem. Molec. Biol, 55, 395-403 (1995); Exp. Opinion
Invest. Drugs 7, 575-589 (1998)).

In this patent application, steroids on which the Sa-substituted 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 9a-substituted estra-1,3,5(10)-trienes according to general formula 1

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



Monocar boxylic acids: formc acid, acetic acid, propionic acid, butyric
acid, isobutyric acid, valeric acid, isovaleric acid, pivalic acid, lauric
acid, nyristic acid, acrylic acid, propionic acid, nethacrylic acid,
crotonic acid, isocrotonic acid, oleic acid, and elaidic acid.
Esterification with acetic acid, valéd3c acid or pivalic acid is preferred.
Di carboxylic acids: oxalic acid, malonic acid, succinic acid, glutaric acid,
adipic acid, pinelic acid, suberic acid, azelaic acid, sebacic acid, maleic
acid, fumaric_acid, nuconic acid, citraconic acid, and mesaconic acid.
Ar onat FUTESRONSENSIATget tpsvede -targelpigiine aci d, phthalic acid, isophthalic acid,
terephthali¢ .acid, naphthoic acid, o-, m and p-toluic¢ acid, hydratropic
aci d, at r opl'ke 1¥gngon aisq relatesto pharpaceyical preparatiogg that cogtagn atdenst &st i ni ¢ aci d.
Esterification.with benzoic acid |s.preferre .prodrugs, the esters of
t he QaWSP%eé‘Braég’ﬂ’H@rli( S‘Qb&ﬁg ﬁ%}“ﬁa&g{eﬁgaﬁuﬁl)é {sivgth 9rgdmc aniv ant ages
conpared to. th nesteri.fied active ingredjents wth respect to their nethod
of " adtoreegicpaes HRRD s AF e EhmpreiS oL ey mild SRS progRetsn Oct  on.
Especi al.l f -S i . rienes according to the
ar%géenﬁcaig ents, ¢ é)gillzil?ge{o? éﬂle éﬁ%gatpl)lﬁhy }n@ﬁ{logl%& é%w

I nventi on have ar ar nacodynaht ¢* advant ages. Rel at ed

ol et ver ol SailtudEshoLE e e Ko RLPERI (Sl LOTR Rhal b0
757, RS ikl PRLBPATD] LGRS QS CRAMGRERE |

the trgakd@nibiition o §<ha e £BGEEHs WithERE 1106 aslieSP6 LB Maldte persphepilyl ons as
sel ective estrogens, which have in-vitro dissociation with respect"to their

bi ndi ngldctivel sétivegian, that de poppasptheqehakd tlosd-braiBakidrs, R @8l a8 @fh a&ectivat uteri
and which have in vivo preferably a dissociation with respect to ovary
act i onestmganoryeptdr smdutatorsi(SERM). dbitei ERfi-selactinglctimponnds dcoerding to the
invention can be used in particular for the production of pharmaceutical agents for treating
fertility disorders, for prevention and therapy of prostate hyperplasia, for prevention and
treatment of hormone-deficiency-induced mood swings in women and men and for use in
hormone replacement therapy (HRT) in men and women.
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




conpounds have a certain protective action agai nst
hor none- defi ci ency-i nduced bone nmass loss. It was found that the
O9a-substituted estra-1,3,5(10)-trienes according to general fornula | are
suitabl e as selective estrogens for the treatnent of various conditions and
di sorders that are characterized by l& hi gher content of estrogen receptor A
than estrogen receptor a in the 13 corresponding target tissue or target
organ. The invention also relates to pharmaceutical preparations that
contain at |east one conpound of general fornmula I (or physiologically
conpat ¢sogeragerptorappdilatars (YRM) erriglamitencasngcificalb igpartisulae fod yse¢ indwopoéne and t he
use of the conPounds of general fornmula | for the production of
phar netelscsment thempy(HRTY ansblor Heatmentf sypesologakdisardis nenti oned bel ow. The
new sel ectiye estrogens that. are descri hed here can be used as individual
conponent s er?“Eﬂ%ﬂ“%ﬁ%‘éﬂ Pé'gfa%[?raéb%‘ﬁ‘é‘f“‘ GemBonen{s fEU%F‘ﬁ%{P’FB‘rP%especi ally with
L ve estrogens

. E i al f d i h i i f |
O T EitienbaRtsa rd oGPt amplomts, BRI ShLPEn e ibh ety no: ve,
i.e., - . t he. = i b i | ith
Lof e bR ARG RS BB i SRT LU AL Eine il g
accor di;ng4d0 ﬁ@sﬂb&‘ﬁﬁ&% bR 165 pgrrnﬁaf g@;;siiglgi hah fc,?ihettﬂ&a@{&duct i on of

pharmaceut 1 cal agents for treatlng sorders, for evention and
t her apyorRbnRBARIGCE-ifBeES s infoR hridl FYRALHANThANE caubé ﬁ%}}y’of _
hor none-defi ci ency-i nduced nmood swi ngs 1I'n wonen and nen &nd ToOr use in
hor nongediefloacqeent therapy (HRT) in nmen and wonen. A therapeutic product
that contains an estrogen and a pure antiestrogen for sinultaneous,
sequent i al laraddieipanthd sabstascet odn dlstchbeaskd il prévenekidrmoge defidi@icpiiydueéd bone
peri menopausal or postnenopausal conditions is already described in EP-A O
346 0l#assBessand estedpotdsisi to plevesoairdivvasenlafsystemidineases, it partiosar sas¢utarconpar i son
to the action of the

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., rheumatotd 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 osteoporosts, for prevention of cardiovascular diseases, in particular vascular
diseases such as arteriosclerosis, high blood pressure and for prevention of hormone-deficiency-
induced neurodegenerative diseases, such as Alzheimer’s disease, as well as hormone-deficiency-

induced impairment of memory and learning capacity, and are suitable for prevention and



uterus, the substances and the pharmaceutical agents that contain themare
especially suitable for the treatnent in the case of ovarian dysfunction
that is caused by surgery, nedication, etc., such as female infertility for
stinmulation of folliculogenesis for treatnent by itself in terns of enhanced
fertility, for supporting in-vitro fetdility treatnent (IVF) in connection
with an in-vivo treatnent and for treatnent of ovarian-induced disorders in
| ater age ("late fertility") as well as for treatnent of

hor none- defi ci ency-i nduced synptons. The substances are also suitable for

t her apthesdpy @f arostaie hyipsplasies such as pol ycystic ovarian syndrone, POF
(premature ovarian failure) syndrone, and ovul ation disorders. Finally, the
conpounds ofhgyatbstanges £y bapsad for praphplaxis gaditherppy ohngscrelatnd dysfunctipa ect i ve 14
estrogen receptor nodul ators (SERM or raloxifene, specifically in

part i cdisgases frmens dnipargelan sy can boyusgd &oramevenbrey andyretarens obanpge delated eat nent
of gyn coI? I cal disorders. The s g?sl&ﬁgces re al so suitable as individual
conpongﬁ’lp OR4NS UFRLaY hsipRterghe a“g i rerfls & thegpoyhdorBepausal

t , ticul hot fl ashes,, sl di b , irrjitability, d
2w hgsr 1 ncBRcle HdRion co8 BF Bin/Sctng ity dieaset i dididiceal ront ol
di d . ' e f h bsti.tut | d f
the. t nFABgaF SRR A RERGR iBnine s ol R s RS R DR A Ak Bct 1 on
that | Ss@iAeHe RiedUHARE Cront Eaial 5rﬂrbthe‘?§1;|ﬁlalﬂd-ﬁ%é€rgqg%§r%gﬂl dibdiGesSHRphANCeS can

also b _ 0 prev hor mone I ciency-1n : nMass 1 0ss™ and
0St eopgy AfhfmaioPy MEQNEIYT 1A eHiARP Sydledt, tlﬁ-}’lﬁﬂgas”brﬁi' HEBRehial tBbdd2iThé Cul ar
vascul ar di seases such as arteriosclerosis,  high blood pressure and to

pr evenimbwit G0 orbigiuing iof peiiéral RithaRA thal &0 QARNANAEH NBcHASORIRR a WAHEN as
Al zhei ner' s di sease, as well as hornone-deficiency-induced inpairnment of
menor yraagdaddsan covey acyeifective/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 g 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 1.
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
pharmaceutically active substances. The production of the pharmaceutical agents is carried out
in a known way, whereby the known and commonly used pharmaceutical adjuvants as well as
other commonly used vehicles and diluents can be used.
As such vehicles and adjuvants, for example, those are suitable that are recommended or
indicated in the following bibliographic references as adjuvants for pharmaceutics, cosmetics and
related fields: Ullmans Encyklopidie der technischen Chemie [Ullman's Encyclopedia of

Technical Chemistry], Volume 4 (1953), pages 1 1o 39; Journal of Pharmaceutical Sciences,
Volume 52 (1963), page 918 ff., issued by Czetsch-Lindenwald, Hilfsstoffe fiir Pharmazie und
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n addition, the substances can be used as active ingredients in
preparations for treating inflammtory di seases and di seases of the inmune
system in particular autoi nmune di seases, such as, e.g., rheunatoid
arthritis, multiple sclerosis, lupus, Crohn's disease and other inflanmmtory
i ntestinal diseases, inflammtory di sbases of the skin, such as psoriasis,
as well as for treating endonetriosis. In addition, the substances are
ef fective against inflanmmtory diseases of the respiratory system the
| ungs and bronchi al tubes, such as, ., asthma. The nedication is suitable
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used for prevention an rop o such
as testiggkerone and DHEA, as well as of the growmh hornone. In addition, the
medi cati on can be used for treating inflamuatory di seases and di seases of

the | nmune BySdralMdmirfistioh, apdudtss, SIS, QAR RBated RBRBSSC), BreMBilablSUsh as, e. g.
rheumatoid arthritis, M (nulti pI e sclerosis) and Crohn"s di sease and ot her

I nf | amaddidontoitind sive n@kedthnsmgeaﬁutﬂ\edd confan 4 pidrandeaticilly cdinp@aies of the
respiratory system the lungs, and the bronchial tubes. The
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.

The compounds can also be used in the form of a depot injection or an implant
preparation, which can be formulated so that a delayed release of active ingredient is made
possible.

As inert materials, implants can contain, for example, biodegradable polymers, or
synthetic silicones such as, for example, silicone rubber. In addition, for percutaneous
administration, the active ingredients can be added to, for example, a patch.

For the production of intravaginal systems (e.g., vaginal rings) or intrauterine systems
(e.g., pessaries, coils, IUDs, Mirena™) that are loaded with active compounds of general formula
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-, p-, or

y-cyclodextrin or derivatives of the latter (PCT/EP95/02656).




anount of a conpound of general fornula | that is to be adm nistered
fluctuates within a wide range and can cover any effective anount. On the
basis of the condition that is to be treated and the type of

adm ni stration, the anount of the conpound that is admnistered can be 0.01
| cg/ kg - 100 ng/ kg of body weight, pridferably 0.04 pg/kg - | ng/kg of body
wei ght, per day. In humans, this corresponds to a dose of 0.8 ICg to 8 g,
preferably 3.2 g to 80 ng, daily. According to the invention, a dosage unit
contains 1.6 .g to 2000 ng of one or nore conpounds of general fornula I.
The conpoundécortinpiodhnigverionnibe corpponndef generat ipemuleil gamalsh bd ewsapsalated ar e
suitable for the production of pharmaceutical conpositions and

pr epar ¥ith YRSOMERe phar maceuti cal conpositions or pharmaceutical agents
contain as active ingredients one or nore of the conmpounds according to the
invention or their acid addition salts, optionally m xed with other

phar magpl.ogi cally or pharmaceutically active substances. The production of
t he ph FHE%%utical agents is carried out in a known way, whereby the known
and commonly used pharnmaceutical adjuvants as well as other commonly used
vehi cl es and diluents can be used. As such vehicles and adjuvants, for
exanpl i o dledat are recommended or indicated in the
followpﬁaﬁ%?b I §agﬁw%ﬂgg?erehces as adjuvants for pharmaceutics, cosnetics
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Encycl oped?%leol?ﬁdl eﬁﬂt%ggﬁéﬁggn%ﬁgfegtﬁ’gr%ﬁweasi&?%%%ﬁﬁggggg%&tngeugg

Jour naitR hiseRiFaHBEA0] 553 1igakil & GREgen rY@ptbiBreparalidRGom rd paRtatbd8nd far . | Ssued
by Czetsch-Lindenwal d, Hiltsstoffe fiir Phariazie and 16 angrenzende GCebiete
[ Adj uvaeti s Thoprefiationad gristagscytordl il thé etrofdnedecipiar té%hartitﬂ?rdsmh tdsBBWE 2,
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Pharnaﬁgggics, Cosmetics and Rel at ed

The preparation of rat uterus cytosol as well as the receptor test with the ER-containing
cytosol were basically performed as described by Stack and Gorski, (1985) (Stack, Gorski 1985,
Endocrinoclogy 117, 2024-2032) with some modifications as described in Fuhrmann et al. (1995)
(Fuhrmann, U. et al. 1995, Contraception 51: 45-52).

The substances that are described here have higher binding affinity to the estrogen
receptor of rat prostates than to estrogen receptors of rat uteri. In this case, it is assumed that
ERp predominates in the rat prostates over ERa, and ERa predominates in rat uteri over ERP.
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 ERP and ERa of rats (according to
Kuiper et al. (1996), Endocrinology 138: 863-870) (Table 1).
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Genisteine M"" 5 36 7 0.1 10 100

Coumes- ~ 94 185 2 1.3 24 18
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"Cited from: Kuiper et al. (1996), Endocrinology 138: 863-870

Table 2 shows the results for 4 of the 9a-vinyl-estra-1,3,5(10)-triene-3,16a-diol

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



y-cycl odextrin or derivatives of the latter (PCT/EP95/02656). 17 According
to the invention, the conpounds of general fornmula | can al so be

encapsul ated wth |iposones. Methods Estrogen Receptor Binding Studies: The
binding affinity of the new selective estrogens was tested in conpetitive
experinents wth use of 3Hestradiollas a ligand to estrogen receptor
preparations fromrat 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 at., 1981,

Endocr il#bledgy 109:  1287- 1289). The preparation of rat uterus cytosol as
well as the receptor test with the ER-containing cytosol were basically
perforned as described by Stack and Gorski, (198b) (Stack, Gorski 19885
Endoct {GomRoypd 117, 2024-203BBAi t h sone nodifica as described in
Fuhrmann et al. (1995) (Fuhtmann, U. et al. 1995, Contraception 51: 45-52).
The siibstances that are degdd#tJ88Mere have hi ghpRabPrdiasg affinity ta the
estrogen receptor of rat grostates than to esStrpgen receptors of ratjuteri.
| n t hil Sac\bisy-esira-135(8)suned that ER(3 predominaj#® in the rat prostates
over ERa, and ERa predom ndtes in rat uteri over|ERP. Table 1 shows that

t he raBiléaskioli{he binding tq prostate and uterus feceptors qualitativelly
coincides wth the quotiert of relative binding|affinity (RBA) to hungan ERJ
and E?&Udfm)’]aqsga‘(léeif&?)di'fﬁg t Kuiper et al. (19p80 Endocrinol ogy 138:

863 879?16((1Tabl(§) 1). 18 Tablle 1

-dol
9a-Di-F-Vinyl-estra- 0.2 4
1,3,5(10)-3,16a-diol (4)
9a-Di-F-Vinyl-estra- 0.2 6

1,3,5(10)-13-Methyl-3,160-

diol (5)

Compounds 15 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

administration, the autopsy is carried out. The number of ovocytes in the tube (effect on the




hERa hERe ERP/ Rat uterus Rat prost. prost.

Est rogenSt r uct ur eRBA" RBA* ERaER( RBA) ER( RBA) ER/ ut erus ER

Estradi ol 10010011001001 Estrone60370.6320.8 17a-Estra- 58110.22.41.30.5 diol
Estriol 14211. 54205 5- Andro- 61730. 1550 stene-di ol Genisteinero 53670.110100
Counmes- 9418521.32418 trot Cited fror0 Kui per et al. (1996), Endocri nol ogy
138: 863-870 Table 2 shows the results for 4 of the

9a-vinyl-estra-1, 3,5(10)-triene-3, 16a-di ol

ovulation) as well as the uterus weight are determined.
While estradiol produces a dose-dependent ovulation inhibition and an increase in uterus
weight with an ED;, 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, In a
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.

Substance 1 according to the invention thus shows a clear dissociation of action in the

ovary in comparison to the uterus action and the pituitary gland action and is excellently suited

-



derivatives (conmpounds 1; 2; 4; 5) according to the invention. 19 Table 2
ConmpoundRBARBA Rat UterusRat Prostate 9a-Vinyl-estra-1,3,5(10}1.2100

3,16a-diol (1) 9a-Vinyl-estra-1, 3,5(10)-17F 2200 3, 16a-diol (2)
9a-Di -F-Vinyl-estra-0.24 1, 3,5(10)-3, 16a-diol (4) 9a-D -F-Vinyl-estra-0. 26 |
1,3,5(10)-13-Methyl -3, 16a- diol (5) Cdhpounds 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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rats (Rgehiol that is used (Fig. 1). Even lower dosages (0.01, 0.03 mg/animal/day) show an ovary

action and can eliminate the antagonistic effect of Cetrorelix (Fig. 2).
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Fig. 1: Change in the ovary weight under the influence of a GnRH antagonist in the treatment

with estradiol (Sub3) or various dosages of compound 2




wei ght of 220-250 g). The substances are subcutaneously adm nistered four
times on four consecutive days. The first admnistration is carried out in
the netestrus. One day after the last admnistration, the autopsy is
carried out. The nunber of ovocytes in the tube (effect on the 20 ovul ation)
as well as the uterus weight are deté&?rined. Wile estradiol produces a
dose-dependent ovul ation inhibition and an increase in uterus weight with
an EDso of 0.004 ng/ kg of body wei ght, substance 1 according to the

i nvent [Kay tapig. ¢:] a dose of 0.4 ng/ kg of body wei ght does not exert any
effect on ovulation and uterus weight. Ovary Studies: The substances were

t est edOv#@r 2/Qvartyon hypophysectom zed juvenile rats. In a nodification of
this operative nethod, a GhRH antagonist is adm nistered to the animals. It
is exgm er ce stimulates follicular proliferation
(naturggkgﬁgwﬁﬂﬁ@ﬁg'gggfyéﬁﬂﬁggpovary wei ght is the nmeasurenent paraneter.
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the tr épﬁﬁﬁpl'@ﬁoups. The animals are fed as nuch as they want with a
standard diet (altromn) in Makrolon cages in air-conditioned roons with a
li ght i dd mr-o88am8 (10 hours of darkness, 14 hours of light) and are given
acidified tap water to drink. For the s.c admnistration, the test substance
as wel 1,0 mps=t1Bangontrol substance (estradiol E2) are dissolved in

benzyl benzoat e/ castor oil (1+4 v/v). Juvenile female rats are either
hypophysect om zed on day 0 and subcutaneously treated (admnistration 1 x
daily) fromday 1 to day 4 with estradiol, conpound 1 or 2 according to the
i nvention, or subcutaneously treated (admnistration 1 x daily) with a
vehicl e (cas%gyayllbenzyl benzoate). In the nodified version of the

met hod, 0.5 nflaninmal/day of Cetrorelix is adninistered to the animals

simul taneqgglly with conpound 2 or the vehicle and the control
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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:]

Ovar = Ovary



substance estradi ol over four days of treatnent. In both cases, the aninmals
are sacrificed 24 hours after the |last adm nistration, and the ovary wei ght
is determined. 0.5 ng/animal/day of conpound 1 that is adm nistered

subcut aneously over 4 days produces a conparable increase in ovary wei ght

i n hypophysectoni zed aninmals |ike estdddiol with a dose of 0.1

ng/ ani mal / day. The vehicl e does not produce any effect. Substance |
according to the invention thus shows a clear dissociation of action in the
ovary Feuohtgepaht £6)- Moidt height €6s action and the pituitary gland action and
is excellently suited 21 for the preferred indication, the treatnent of
fenaleonojﬁ{tg¢0@ym because of its follicle-stinulating action. In the GhRH
ant agoni st - treated anlnals concentrations of 0.1 and 0.3 nyg/ani nal /day of
conpoupg, %Eggobrgl ovary already show t he sane action as the dose of 1

ng/ ani ﬁh [ %stradiol that is used (Fig. 1). Even | ower dosages (0.01,
0. 03 nH gnlnab gér) show an ovary action and can elimnate the antagonistic
ef f ect U8 8788 x (Fig. 2). Ovar 180 0 160 140 120 D 100 0 80 M M

0,1 mg=0.1mg

Substance 2 according to the invention thus also 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.
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Fig. 1. Change in the ovary wei ght under the influence of a GiRH ant agoni st
in the treatnment with estradi ol (Sub3) or various dosages of conpound 2 22
[Key to Fig. 1:] Ovar = Ovary Feuchtgewicht (% = Mist weight (%9 0,1
my=0.1nmy 0,3 ng = 0.3 ng 1,0 ng = 1.2 ng Ovar Veh Veh Sub 2 Sub 2 Sub 2 Sub
2 0,003ng 0,01 ng 0,03ng 0,1 ng Fig. 2: Positive effect of conpound 2 in | ow
dosage on the ovary weight during a conbination treatnment with the GaRH
antagoni st Cetrorelix [Key to Fig. 2:]

Production of the Compounds According to the Invention

For the production of the compounds of general formula I according to the invention,
pnimarily two synthesis strategies that can generally be applied are used.
On the one hand, in particular 3,16-protected derivatives of estra-1,3,5(10)-triene-3,16E-
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,
2085 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) 10 C(16).
For the case of the 3-methy] 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 16f-alcohol, which can be
converted according to known methods into the 16a-epimer.
Another variant for the introduction of the hydroxyl group at C-atom 16 is in the
hydroboratton 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

oxidation with alkaline hydrogen peroxide yields 16a-hydroxyestratrienes. To a lesser extent,



Ovar = Ovary 23 Feuchtgewi cht (% = Mist weight (%9 0,003 ng = 0.003 ny
0,01 ng =0.01 ng 0,03 nmg =0.03nm 0,1 ng =0.1 ng Substance 2 according
to the invention thus also shows a clearly positive action on the ovary by
stinmulating the follicular maturation and therefore is also suitable for the
treatment of female sub- or infertildky. 24 Production of the Conpounds
According to the Invention For the production of the conpounds of general
formula | according to the invention, primarily tw synthesis strategies

t hat cthe epemaicaloByhydeoxy sietaidscara feemed edthis@enctibe  Afier thacdldavagnofxhe 84 cul ar
3,16-protected derivatives of estra-1,3,5(10)-triene-3,16~ diols, but also

opti 0nﬁ‘lelﬁ6x¥ @ﬁ)uﬁr@&a-dlﬁ(m) -tFiaii- b%atams dro6btamed. fBﬁﬂivi:ﬁfb’i Athel ndi vi dual
p03|t|ons o} the steroid skel eton. On the other hand, correspondi ngly

modi f 'g ShiBat NSt @QFHrrPQ@’e ggﬁg%@a&@@a\a}a}.%{aﬁgﬁg 2]98(532@91?5{3}}’[}}%91%,3- I n_Kknown

ways | a typlcal synth rocess, see 1973,
2095 f St eroi ds, 54, 1989 71 for C(7)], include a flexible access to
t he coﬁﬂggﬁﬂénmﬂﬂﬁﬁPﬁl §¢8- t he invention by transposition of oxygen
functionality (Z Chem 1970, 221) from C%l?) For the case of the
3-net hyl et Ferrfurthgr pegdugtipn m&l@h&es of theoQi16)- )pmﬁarcamsmufd@mmagﬂy skeazone,

also DE 199 06 159 Al.

The introduction of fluorine 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 carbony! compounds with sulfur
tetrafluoride (US 3 413 321) or diethylamino sulfur trifluoride (DAST) (US 3 979 691).

For synthesis of the 9a-substituted 17p-fluoroestra-1,3,5(10)-triene-3,16-diols according
to the invention, 17-oxo0-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 (IDAST) in the presence of polar
catalysts, such as fuming sulfuric acid (US 4 212 815). The reaction of 17-fluoroestra-
1,3,5(10),16-tetracnes with boranes and subsequent oxidation with alkaline hydrogen peroxide
yields the 17p-fluoroestra-1,3,5(10)-trien-16a-ols (Org. React. 1963, 13, 1-54).

Access to the 9a.-alkenyl- or 9a-alkinyl-substituted estra-1,3,5(10)-triene-3,16a-diols




the formation of the C(16)-C(17) olefin (Z Chem 1970, 10, 221 ff; Liebigs
Ann. Chem 1981, 1973 ff), in which hypobromde is stored in a

regi o-/stereo-controlled way, is carried out in the sinplest case by
reaction with phenyl sul fonyl hydrazide, in a degradation reaction. Reductive
dehal ogenati on and renoval of the pr@ective group of C(3) yield the
160- al cohol, which can be converted according to known nethods into the
16a-epi ner. Another variant for the introduction of the hydroxyl group at

C- at onackerding to het ineentioy dr@br@dabt Hrst Homtthe3, 16 (ihyiirodpekttae] BS () vidnbs thter i cal |y
exacting boranes. It is known of this reaction that it results in

16- oxi ghe peflediedad BChid 1d-petitdn. By rbiEbh wl{ﬁ?rlmet%yl s?l%?cy%}nde QP(E%%%@H&E by, the

reaction of estra-1, 3,5(10), 16- tetraenes W th exanpl e,

9-b f xanpl e, ]
Ot PRSI i FIh L pgpheo

16P- hyd eroids,are forned in this reactjon. After the cleavage of the
3- et }%‘%g é)u cared pul. fAfter die pepfedtive groupsare 6lsatrdoths Sgrvapheomnesad Spy

I nver si on of the configuration at Catom 16, e.g., by Mtsunobu reaction

( synt hemiverteidgGeduchion first into m%ﬁ@’n%'pommmd@x@'dmn barWatieraction (Og.ai ned. For
further production possibilities of the C(16)-C(17) olefinic internediate

st age, R&ke Voh! 1902105 ifkd theCr-dibéhyR or 9&hskihyitsublit@bd esmptfunll] Uuori ne substituents
is carried out via nucleophilic substitution reactions of hydroxyl groups

wi th fluor o Qe %ﬁﬁﬁat@%&ordﬁ%ﬁgqhe 1$9c¥l‘ﬁon éeéﬁb]%zﬁ)’h Hhaﬁ e hydroxyl

groups are converte Into the correspondl ng tosy at es i n advance, then the

fluori ted co unds are obt.ai pe th tet ut yl ammoni um
1 vor | RV W forRge iypongy B dtay sy %%tbzﬁ%sﬁ“'”ﬁcaﬁr)ﬁa’ﬂlﬁlﬁ@ﬂ%ﬁounds are
al so acce55|ble by reaction of correspo s wth diethylam no

sul f urchigrides iighe geesqrenair base - hgme 15549 27ég1ﬁ7ﬁb|5tﬁplidﬁ 6br11R17 (1996)).

Subsequent acylatton 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 sulfamoy] 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 (residuval) hydroxyl group(s) still contained in the molecule
(Steroids 61, 710-717 (1996)).

The production of the sulfamates according to the invention with an additional hydroxyl
group in the molecule is also possible in that the starting material is suitable hydroxy-steroid
ketones. First, depending on the goal, one or more hydroxyl groups that are present are subjected
to sulfamoylation. Then, the sulfamate groups optionally can be converted with a desired acyl

chloride in the presence of a base into the (N-acyl)sulfamates in question. The now present




conpounds are produced, for exanple, by reaction of carbonyl conpounds wth
sul fur tetrafluoride (US 3 413 321) or diethylam no sulfur trifluoride
(DAST) (US 3 979 691). For synthesis of the 9a-substituted

171 -fluoroestra-1,3,5(10)-triene-3,16-diols according to the invention,
17-oxo-estral, 3,5(10)-trienes are coderted into the 17,17-difl uoroestra-
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 with

al um noxosoiaroaes ortoao{IN-dcy st fomstes are bofvebied B relifieticat inmahecdidSpordthp3  321) .
Anot her possibility for the production of fluoro-olefins exists in the
react i pyrefyshiftfnat&r e SRRV ABY IaifANSss Widhidd Bf,tmlﬁmlgmbsz)u IShfund 11 fl uoride
(DAST) 1n the presencé of polar  catalysts, such as fumng sulfuric acid (US

bor ancto it fad BRERAE el SURIPEARIH B chntig ef SR FRGRERR LI de ¢ e

3' (7)0t Lgugra?ghtwr 2 %p%égélég%ée} lrki:e&gqriggﬁgbgt@éq%e%b]aﬁg&%tdf t]}egiggéntizégf 1-54). Access
estra-1,3,5(10)-triene-3, 16a-diols 26 according to the invention is carried
out first fAnalegouely2o thg-ddgriadationy§ theorvinyll g3owiping) pther cempmandsftgenaale
protected in 3- and 16-position. By reaction with trinmethyl silyl cyanide in
t he premolad cod be dbtaihédwitp edeiTr@ipentethat 416 homOioRoustd theSteAieaRIMI @t | Ve

i ntroduction of a 9a-cyano grouping (Synlett, 1992, 821-2) is carried out.
After hRenRagh ffelekXRpigé 0UpPs are cleaved, the 9a-cyano conpound is converted
by reduction first into a 9a-fornyl conpound and then by a Wttig reaction

compound. - trtertRenon frout eObiL R bEBeRABIRY oo it Bl deetiing e
accessible.in a way that is known in the art fromthe correspondi ng hydroxy
st er oi B‘EthB‘}"tg%‘taé‘?‘?‘%‘l?’ﬁ%‘tﬁod)r‘?e\ﬁk‘hﬁ’éﬂp?%yl 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)sul famates according



to the invention. For the (N-acyl)sul famates, pharnmacokinetic advant ages
were al ready detected (cf. DE 195 40 233 Al). The regi osel ective
esterification of polyhydroxylated steroids with N-substituted and N
unsubstituted sul famoyl chlorides is carried out after partial protection of
t hose hydroxyl groups that are to redain 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
condi t Ensvapledf sul famate formation, and the sul famate group remai ns intact
when the silyl ether(s) is (are) again cleaved for regeneration of the

(residual) hydroxyl group(s) still contained in the nolecule (Steroids 61,
710-717 (1996)). The production of the sulfamates according to the invention
mjth n r, QX [ in the nolecule is also possible in that
t he s ﬂggﬂﬁigﬁﬁgﬁﬁﬁge d%ggﬁﬁé hydroxy-steroid ketones. First, depending

on the goal one or nore hydroxyl groups that are present are subjected to
sulfanDyIation. Then, the sul famate groups optionally can be converted with
a desired acyl <chloride in the presence of a base into the
(N-acydtpgal f amat es in question. The now present 27 oxosul famates or

oxo- (N-acyl )sul famates are converted by reduction into the correspondi ng

hy dr ox9&@ybas BinRmoRy-efindl, 95yr0) MHacybo-sldcearnt es (Steroids 61, 710-717
(1996)). Sodlun1 borohydri de and the borane-dinethyl sulfide conplex are

d d t f
oo det o 1ol E*X*‘gf #2A %ﬁd%of ”ﬁ%@q’?%%eﬂ%'}@‘%% CYRTRICE 4 DL AOR i Sf;*aé’;t o
f the | f la |
obt ai el e ol B o8 ) P SR o pB 0L Spensnrb Somit That are
described in the exanples. Etherification and/or esterification of free
hydr ox$1386up% “‘i"?l)d?fﬁrm@Howsuaée%?@lph'@letld6f1’rYé‘acelate 2.07 ml (16.54 mmol) of

trimethylsily! 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-

16a-yl-acetate is obtained.

Stage 2
9a-Cyano-3-hydroxy-estra-1,3,5(10)-trien-16a-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-16cx-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
sodium hydrogen sulfite solution and extracted with ethyl acetate. The organic phase is washed

several times with water, dried on MgSQO, and concentrated by evaporation in a vacuum to the



met hods that are conmon to one skilled in the art 28 Exanple 1
9a-Vinylestra-1,3,5(10)-tri ene-3, 16a-diol Stage |

9a- Cyano- 3- net hoxy-estra-1, 3,5(10)-trien-] 6a-yl -acetate A solution of 2.21
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 de#dp while being stirred to a suspension
that consists of 2.13 g (6.49 mmvpl) of 3-nethoxy-estra-1,3,5 (1 0)-trien-
1l6a-yl - acetate, 2.07 m (16.54 mmol) of trinmethylsilyl cyanide and 0.14 g
of |ithirpsmperchl orate in 100 m of nethylene chloride. The reaction

m xture is green in color. After | hour of reaction tinme at room

t enper at ure; l i l i f R L i ti.on. . .The
Separ at ed ofany o Pt i onih et ITAR M RIRAN Beddl )00

evapor at.i N a vacu he product m xture i s chronat ographed on silica
gel (c?é?@%&%gﬁgrgfﬁfﬁgéggtate, 6/1). 0.44 g (21% of

9a- cyano- 3- net hoxy-estra-1,3,5(10)-trien- 1l6et-yl-acelate is obtained. Stage
2 9a-Cyano- 3-hydroxy-estra-1,3,5(10)-trien-16a-yl-acelate 7.51 g (50.1
mmol ) of sodiumiodide and 8.87 m (70.14 nmmol) of trinethylchlorosilane

are addegeto a solution that consists of 0.59 g (1.67 mmol) of
9cc-cyano- 3- net hoxy-estra 1,3,5 (1 0)-trien-1 6a-yl -acetate in 30 nm of

acel oni3t 16l BikydrokyRstP@ BG(FY)itkibRD EdrbamlAE gON at mosphere,  After about 3
hours at 60-70'C, the reaction is conpleted. The reaction solution is added

(0o U BUAEERRHLLL b330 7 oD i B B T

organi ¢ phase 1's wa . . Wate
Concentlgg_tyﬁgce? e fes\églprg(i f%tr b?xgurls r\]mt% 1V6‘ E l&'ﬂ ;[n(r)nc;[l)h(% 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
obtained. The product that is contained in the mixture corresponds to a yield of about 52% of

theory and is used without further chromatographic working-up in the next stage.
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29 dry state. The crude product is chromatographed on silica gel

(cycl ohexane/ et hyl acetate, 4/1). 0.43 g (76% of product is obtained.
Stage 3 3, 16a-Di hydroxyestra-1, 3,5(10)-triene-9 carbonitrile At room
tenperature, 0.43 g (1.27 mml) of 9a-cyano-3-hydroxy-estra-1,3,5(10)-trien-
16ct -yl -acetate is stirred for 2 hour80with 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

chl ori §esgeFhe organi c phase is washed with water and concentrated by
evaporation. 3.5 g (93% of 9a-cyano-estra-1,3,5(10)-triene-3,16a-diol is

obt ai Neg-vilaua- ﬂ3§611;ﬁ§},égb13y}3ropdwpstra 1, 3, 5( 10)-triene-9 carbal dehyde A
suspensi on that consists of 100 ng (0. 34 rrm)l) of

2p;|6<’:elddlt QYSEg %?Ee%{)%s\,vﬂ%?s%ﬁ 10)3n]ggrg 5% )o%? B,-r, ﬁﬁ*‘“@i}‘)@gfﬂ,{ﬂ%ﬂ% O|O]chene is

dii sobut%%)gl ni um hydride is adde t he reactl on is mxed after about 10
i nut e2049-2h2 o mmt) o sedipmdwande @QVWWGWH"F pibria 28 @l 07 PM¥E In ansultrasednd he

filtering adjuvant is extracted again with ethyl acetate. The conbi ned

or gani bat!g; lrpdueught to razcticndt abiothSSREL eAfterBy) minotes, S0tmpdli lmingl, ab@p 60%Y bHn  of

the solution in a vacuum 84.6 ng of a light yellow foamis obtained. The
pr oducB, 16 alihyidfoxgextiadi, 516 0)-Meh'9 chibildehrleGOAdIeS RARESothoradd Bk thigfiregbout 52%

of theor y and is used wthout further chromatographi c working-up in the
next SLf@eed 13 feact BPB0 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, 16a-OH); 4.45 (dd, 17.2/1.9 Hz, -CH=CH,); 4.24

(m, 16B-H); 2.68 (m, H-6); 0.69 (s, H-18)

Example 2

9a-Vinyl-18a-homo-estra-1,3,5(10)-triene-3,16a-diol

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

1.03 g (2.26 mmol) of 3,160-bis[(perhydropyran-2-yl)oxy]-18a-homo-estra-1,3,5(10)-



9a-Vinylestra-1, 3,5(10-triene-3, 16a-di ol Under inert-gas atnosphere, 3.1 g
(7.9 mmol) of triphenyl net hyl phosphoniumiodide and 0.24 g (8 nmol) of
sodi um hydride (80% in paraffin oil) in 20 M of DVMBO in an ultrasound bath
are brought to reaction at about 55C. After 10 minutes, 80 ng (0.16 mol,
about 60% of 3, 16a-di hydroxyestra-131,5(10)-triene-9 carbal dehyde i s added
to the solution, and the m xture is allowed to react for 60 nore m nutes at
about 55C in an ultrasound bath. After water is added, it is extracted with
et hyl &eentA82 mgli@4E oinbodpdfddhiomgerdhtorgb asd8. 7 hme (66 e vefttimediRilyl and t he
organi c phase is concentrated by evaporation in a vacuum The crude product

IS pur pfdnfid JAYinGOlNED b 1O ARbPREARRYe SlofAd (nfofecafl sné&fﬁ %@E&ffanﬁ{dgt .hg

acetate, 2/1) and subsequent recrystallization from chloroform
5~ ory | 2B bR 76 ieq %848&%10%%#%0 o o (.

:2 J-172/ ; 5.00 (dd, 10.5/1.9
Hz, - cléélq"aﬂq"n?ow dcsaolvéﬁj BPSpL Ofmhme chhmﬂa i aaied 1rvt)ir2paw9hlﬂzl(houm:m )
4. 24 m 16l - I—?] 68 (m H6); 0.69 (s, H18) Exanple 2 9a-Vinyl-18a
- hono- Afiex about Bl @r((lle@)mg {0l repe-t@npesaturt),dhe Baciige saluBord BaniBed with sodiymr opyr an- 2
yl ) oxy] - 18a- honp-estra-1, 3,5(10 -triene-9-carbonitrile 1.03 g (2.26 nmol) of i
3, 16a- bicarbomats soltionparidahe RaytionPryduckSie @B $th anelh n'é(clalb}ldé 1T§é érfgdke, 48. 2 |
ng (0.45 mmol) of lithiumperchlorate and 0.71 m (5.66 mol
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(nol ecul ar sieve) and cool ed un

chromatography. After chromatography on silica gel (cyclohexane/ethyl acetate, 4/1), 0.74 g

(68% of theory) of product is obtained.

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

1.3 g (2.7 mmol) of 3,16a-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 mt (10.8 mmol) of diisobutylaluminum hydride solution (1.5 M in toluene). After a
reaction time of 30 minutes, a mixture of 30 ml of methanol and 5 ml of dilute hydrochloric acid
(1/1) is added to the reaction solution. The reaction solution is concentrated by evaporation
under vacuum, and the residue is taken up in ethyl acetate. The organic phase that is obtained is
extracted with water and washed with sodium bicarbonate solution. After the solution is dried,

and after concentration by evaporation under vacuum, 0.73 g (86% of theory) of yellow crystals

1S obtained.



gas to about -70C while being stirred. Then, 0.77 g (3.39 nmmol) of

2, 3-di chl oro-5, 6-di cyano- 1, 4-benzoqui none, dissolved in 65 m of nethyl 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 ai%® extracted w th nmethyl ene chloride.
The crude product that is obtained by concentration by evaporation of the
organi ¢ phases is purified by chromatography. After chromatography on
silicaSgge3(cycl ohexane/ ethyl acetate, 4/1), 0.74 g (68% of theory) of
product is obtained. Stage 2 3, 16a-D hydroxy-I|8a-hono-estra-1, 3,5(1

D)-tri 9&&&% 1985 hemeeksle 315(30)%@29 31589 of
3, 16a- bi s[ (per hydr opyran- 2-y oxy] "18a- hom) estra-1, 3, 5( 10)

triene-9-c [ SS f . toluene m xed., room

t enper at ur eﬁp&g lﬁer{l a5 {‘E"Sg*‘e‘e q‘?’\ﬁreg 94% @1?68@*‘?&?’6’?’?96# E}H’FP@B a&lFum' num
hydrldecgbut%]HS |,ntoluene)b reaction tinme of 30 m nutes, a
m xt ur @GH0 86348 mppolhefisedng) hydrde Gibayt &9% ‘Eﬂ lP"u%fE*“WEIH'cﬁ%Pb?ﬂQM&@l i (1/1) is
added to the reaction solution. The reaction solution is concentrated by

evapor brobght to rpadén ip as yliresownd dathiag abas BOfife ARert3@losinutey 073 gRiBthmalef at e. The
organi c phase that is obtained is extracted with water and washed with

sodi uns e Aityanal 8aBbmbicstia- 1/3f53m) -thHéR- Qi@drbﬁldéhgdé Hisdb1vain 106}51%f@j1\t1§9,
concentration by evaporation under vacuum g (86% of theory) of yellow

cryst ais%ddéﬁo%r@é&%g solﬁgonstagt?%a%lxture is all%we]f_:l 1p react 1(:)1|an }]t GﬂSOlmd bath for

9a- Vi nyl - 18a- hono-estra triene- I nert gas
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DVBO | 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-d,, 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, J = 17.2/10.5 Hz, -CH=CH,); 5.00

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

-CH=CH,); 4.18 (m, 16p-H); 2.68 (m, H-6); 0.72 (t, J = 6.8 Hz, H-18a)
Example 3
9a-(2¢,2¢-Difluorovinyl)-estra-1,3,5(10)-triene-3,16a-diol

Stage 1

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



brought to reaction in an ultrasound bath at about 50C. After 30 m nutes,
0.73 g (2.3 mmol ) of

3, 16a- di hydr oxy- 18a- hono-estra- 1, 3, 5(10)-tri ene-9-car bal dehyde, dissolved in
10 M of DVMSO, is added to the reaction solution, and the m xture is
allowed to react in an ultrasound bat33 for another 60 m nutes. After water
Is added, it is extracted wth ethyl acetate, the organic phase is washed
with water, dried and concentrated by evaporation. The crude product is

purified byRmtlummmcoba Kpghahbyyran2-ghbiyasgel (S Inlabemnesalsiylo acetate,
2/1) and crystallization fromchloroform Yield: 0.59 g (81% of theory)

after Eﬁrgér@ﬁ%:%éo']%{eldé\@hﬁd Bﬁ[(ﬂ&hﬁ&ropﬁMZ yl)ﬁfﬂ)@m%‘]%lé)éggn%h DMVBO- ds,

TMVB) : = 8.6/2.7 Hz,
H 2); (E:Sar (1 = 2.7 Hz, H-4) 629(dd J =17.2/10.5 Hz, -CH=CH2); 5. 00
(dd, J—% /19Hz CH=CHZ) 4.48 (d, J = 4.7 Hz, 16a-G—|); 4.43 (dd, J =
17.2/1.9 Hz CH:CHZ£ 4.18 (m 160-H); 2.68 (m H6); 0.72 (t, J = 6.8 Hz,
H- 18a) Exan%lebi P8Gnoftheory ~ _ i f | uorovinyl )-estra-1, 3, 5(10)-tri ene- 3, 16a-di ol
Stage 1 3, 16a- Bi s((perhydropyran-2
yl)oxy]-estra-1,3,5(10)-triene-9-carbonitrile 33 Reaction of
3, 16a- bi s[(perhydropyran 2-yl)oxy]-estra-1,3,5(10)-tri ene anal ogously to
Exanpl $rage 2st age 1 yiel ds
3, 1ba- bi s[ (per hydropyran-2-yl)oxy]-extra-1,3,5(10)-triene-9- carbonitrile.
Yiel d: 3,5&3@?&&&9%%-?}3?51 ?O)ZIriene-Q-carbaIdehyde
Reaction of 3,16a-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 a-diol

1.5 ml of dimethoxyethane (molecular sieve), 0.3 ml of pentane and 0.13 ml (0.77 mmotl)
of diethyl(difluoromethyl)-phosphonate are introduced into a reaction flask that was rendered
inert, and cooled to about —75°C. After 0.72 ml (1.07 mmol) of terz-butyllithium (1.5 M in
pentane) is added and after 30 minutes of reaction time, 0.14 g (0.31 mmol) of 3,16a-dihydroxy-
estra-1,3,5(10)-triene-9-carbaldehyde, dissolved in a mixture of 1.5 m! of dimethoxyethane/0.3
mi 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 1s 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



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

3, 16a- bi s[ (per hydropyr an-2-yl)oxy]-estra-1, 3,5(10)-triene-9-carbonitrile

anal ogously to Exanple 1, stage 2 yields

3, 16a-di hydroxy-estra-1, 3,5(10)-tri ene-9-carbal dehyde. Yield: 83% of theory
Stage 3 9a-(2,2-Difluorovinyl)-estra3®# 3,5(10) -triene-3,16a-dial 1.5 nl of
di net hoxyet hane (nol ecul ar sieve), 0.3 m of pentane and 0.13 m (0.77 mmol)
of diethyl (difluoronethyl)-phosphonate are introduced into a reaction fl ask
t hat wpgifredibgepklichn ¢hoematography ancdicagel (oydblenbne/dbhCacoite,ed/1)0. 72 ml (1. 07
mml ) of tert-butyllithium (1.5 Min pentane) is added and after 30 m nutes

of reacti onﬁelmzlﬁ @ziergoi(tﬁe&}l) nmml ) of 3, 1ba-di hydr oxy-
estra-1, 3,5(10) - trlene 9- car bal dehyde dissolved in a mxture of 1.5 m of

i et hoxy et Beg(iOceB Ml BT 2Ny bs300edt 0 1018, RGO FPkuai on. The

reaction so on'1s | uxe lfl’ntl react’i on pl éte ter being

added t r a wth ethyl
acet at i Sr 80k S At - Qe P Uy Jaép%@?&% thdaduam e
residue is taken up in 5 m of nethanol and mxed with 0.5 m of dilute
hydr octth brite9dis, dog QH))42Et(my16|5 -Hi et (@, H56)2088 s, #b18)he reaction sol ution,
the organi c phase is washed with sodi um bi carbonate solution and
concentrated by evaporation under vacuum The crude product that is obtained
is 34 purified by colum chronmat ography on silica gel (cyclohexane/ethyl

acet at pxamgpté.- Yield: 22 ng (21%of theory) 'H NWVR (400 MHz, DVBO-d6, TMS):
.08 (s, 3-OH); 7.10 (d, J =8.6 Hz, H1); 6.51 (dd, J =8.6/2.3 Hz, H2);
.41 (d, J = 2.3 Hz, H4); 4.76 (dd, J = 25.4/10.9 Hz, -CH=CF2); 4.51 (d, J
4. 69 Hz, 16a-O—I); 4.25 (m 16l1-H); 2.68 (m H6); 0.68 (s, H 18)

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

o ©

Stage 1
3,16a-Bis{(perhydropyran-2-yl)oxy]-18a-homo-estra-1,3,5(10)-triene-9-carbonitrile
Reaction of 3,16a-bis|(perhydropyran-2-yl)oxy]-18a-homo-estra-1,3,5(10)-triene
analogously to Example 1, stage 1 yields 3,16a-bis[(perhydropyran-2-yl)oxy]-18a-homoestra-
1,3,5(10)-triene-9-carbonitrile.

Yield: 58% of theory.

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

Reaction of 3,16a-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



Example 4 9a-(2 ",2 "-Difluorovinyl)-1 Sa-hono-estra-1, 3,5(10)
-triene-3,l6a-diol Stage | 3, 16a

Bi s[ (per hydropyran- 2-yl ) oxy] -] 8a- honp-estra-1, 3,5(10)-triene-9-carbonitrile
Reacti on of

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

anal ogously to Exanple 1, stage 1 yields

3, 16x- bi s[ (per hydr opyr an- 2-yl ) oxy] - 18a- honoest r a-

1, 3, 5( ¥fageBri ene-9-carbonitrile. Yield: 58%of theory. Stage 2

3, 16a- Di hydr oxy- 18a- hono-estra-1, 3, 5(10)-tri ene-9-car bal dehyde Reaction of

3, 16x- buS(b(znﬁxyzbmmpyn@alhgmwe}&wh -SkRP-heims 864w 1. 3, 5(10) -tri ene- 9-
carbonitrile anal ogously to Exanple 1, stagé 2 vyields

3, 16a-di hyd&?@g&ﬁ%?@%ﬁwa}&)@ 18a- homg%]lO:) 155{1%9?r1enec9aca l(ﬂ:ﬁ de Yield: 87%

of theory 3

2-Di fl uoroviny 18a- honp-estra-1,3,5(10)-triene-3,16 a-di al Reactlon of

3, 16a- BFWBP&svyfﬂi%ﬁ AR Frscrtiqn of the raction g5 well pnmelao ratigp Balndhy ddagerd et i on
conditions and execution of the reaction as well as nolar ratios as in the
3rd st &y2dgluofwiny{ResadiXI(Udrtowieny;lfa-delr a- 1, 3, 5(10)-tri ene-3, 16a-diol. The
crude product is purified by colum chronat ography on silica gel

(cycl ohexanghedridd pradet dtpdrified By colindin ehidifatigtdphRbh Sificd 5 yRIoN¥andeaiyAt €.
Yield: 12% of t heor y
acetate, 2/1) and crystallization from ethyl acetate.
Yield: 12% of theory
Melting point: 225 - 232°C
'H-NMR (400 MHz, DMSO-d,, TMS): 9.06 (s, 3-OH); 7.08 (d, ] = 8.6 Hz, H-1); 6.50
(dd, J = 8.6/2.7 Hz, H-2); 6.41 (d, ] = 2.7 Hz, H-4); 4.78 (dd, ] = 21.5/14.8 Hz, -CH=CF,); 4.47

(d,J = 4.50 Hz, 16a-OH); 4.18 (m, 16p-H); 2.68 (m, H-6); .72 (t, ] = 6.8 Hz, H-18a)
Example 5
17g-Fluoro-9a-vinyl-estra-1,3,5(10)-triene-3,16a-diol

Stage 1
3,16a-Bis{(perhydropyran-2-yl)oxy]-178-fluoro-estra-1,3,5(10)-triene-9-carbonitrile

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

Yield: 45% of theory




Mel ting point: 225 -- 232C 'H NWVR (400 MHz, DVBO-d6, TMS): 9.06 (s, 3-OH);
7.08 (d, J =86 H, H1); 6.50 (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=CF,); 4.47 (d, J = 4.50 Hz,
16a-CH); 4.18 (m 160-H); 2.68 (m H6); 0.72 (t, J = 6.8 Hz, H 18a) Exarrple
5 173-Fluoro-9a-vinyl-estra-1,3,5(1®6triene-3,16a-diol Stage 1 3, 16a-Bis
J (per hydropyran-2-yl)oxy]-177-fluoro-estra-1, 3,5(10)-triene-9-carbonitrile
Reacti on of

3, 16a- biag¢ 2 per hydr opyr an- 2-yl ) oxy] - 170-fl uoro-estra-1, 3, 5(10)-tri ene

anal ogously to Exanple 2, stage 1 yields

3, 16a- Bir&d TRRYIHSL BYMFo-estid-), 950 Hribretd-tipbskigsE - 1,3, 5
(10) - tri ene- ?ca&bﬁ%}zrl le. Yiel g]bj45%eof theo??/) 36 Stage 2 3, 1l6a

5,160 b of (S IACLEER ATl SRR b e

carbonltrlle ana ously to e2y|

3, 16a- CATPRAR ﬂlfsg xiﬁ’(ﬁxam@g?pgﬁgazzf%% ar#lhﬂ{@xsgl?ﬁaﬂwpﬂétwde Yi el d:
83% of theory Stage 3

1713-Fl aéfﬁl}gaen@r%wrb@@ﬂlyﬁ-l 3, 5( 10) triene-3, 16a-di ol Reaction of

3, 16a- di hydroxy-170-fl uoro-estra-1, 3,5(10)-tri ene-9-car bal dehyde

- anal ogousl yYiell: B3gpf theoty St age 3 i el ds

17[ 3-fluoro-9a-vinyl -estra-1, 3,5(10)-tri ene- 3, 16a-di ol .

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

Reaction of 3,16a-dihydroxy-178-fluoro-estra-1,3,5(10)-triene-9-carbaldehyde
analogously to Example 2, stage 3 yields 178-fluoro-9a-vinyl-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 chloroform.

Yield: 51% of theory

Melting point: 94 - 98°C

'H-NMR (400 MHz, DMSO-d,, 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=CH,); 5.09
(d,J = 5.5 Hz, 160-0OH); 5.01 (dd, ] = 10.5/1.9 Hz, -CH=CH,); 4.45 (dd, J = 17.2/1.9 Hz,
-CH=CH,); 4.35 (dd, J = 55.1/4.7 Hz, H-17a); 4.11 (m, 16f-H); 2.68 (m, H-6); 0.79 (4, ) = 1.9

Hz, H-18)




The crude product is purified by colum chromatography on silica gel

(cycl ohexane/ ethyl acetate, 2/1) and crystallization from chl oroform
Yield: 51% of theory Melting point: 94 - 98C 'H NWR (400 MHz, DWMSO d6,
T™5): 9.02 (s, 3-OH); 6.97 (d, J =8.2 Hz, H1); 6.51 (dd, J =8.2/2.7 Hz,
H2); 6.42 (d, J = 2.7 Hz, H4); 6.237dd, J = 17.2/10.5 Hz, -CH=CH2); 5.09
(d, J = 5.5 Hz, 16a-0OH); 5.01 (dd, J = 10.5/1.9 Hz, -CH=CH,); 4.45 (dd, J =
17.2/1.9 Hz, -CH=CH; 4.35 (dd, J =55.1/4.7 Hz, H17a); 4.11 (m 1613-H);
2.68 (Exampk)s, 0.79 (d, J = 1.9 Hz, H18) 37 Exanple 6

17,17-Di fluoro-9a-vinyl-estra-1,3,5(10)-triene-3,16a-diol Stage 1 3, 1l6a
Bi s[ (per hydropyran-2-yl)oxy]-17,17-di fluoro-estra-1, 3,5(10)-tri ene-9-carboni
trile Reaction of

gn;6gggiuﬁ'%”%%ﬁﬁ?‘@?‘g“%s@%@%ﬁ% 75'08'(‘1#;] uoro-estra-1,3,5(10)-triene

3, 16a- bi s[ (per hydropyr an-2-yl)oxy]-17, 17-di f| uor o-
estra-1,3,5(10)-triene-9-carbonitrile. Yield: 46% of theory Stage 2

3, 16aDhhydr oxy-17, 17-di fl uoro-estra-1, 3, 5(10)-triene-9-carbal dehyde
React i $mgeof

3, 1ba- bi s[ (per hydr opyr an-2-yl)oxy]-17,17-di fluoro-estra-1, 3,5(10)-tri ene-9-
car bong, 1 6d-Besf @eaydpyny2-$Rox ) a0 -giflor 5ést@el, 3,5 0B rilSe-9-carbonitrile

3, 16a-di hydroxy-17, 17-di fluoro-estra- 1,3,5 (10)-triene-9-carbal dehyde.
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 3,16a-bis[(perhydropyran-2-yl)oxy]-17,17-difluoro-
estra-1,3,5(10)-triene-9-carbonitrile.

Yield: 46% of theory

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

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

Yield: 88% of theory

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

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

The crude product is purified by column chromatography on silica gel (cyclohexane/ethyl



Yield: 88% of theory Stage 3

17,17-Di fl uoro-9a-vinyl-estra-1,3,5(10)-tri ene-3, 16a-di ol Reaction of

3, 16a-di hydroxy- 17, 17-di fl uoro-estra-1,3,5 (10)-triene-9-carbal dehyde

anal ogously to Exanple 2, stage 3 yields

17, 17-di fluoro-9a-vinyl-estra-1,3,5(88)-triene-3,16a- diol. The crude
product is purified by colum chronmat ography on silica gel

(cycl ohexane/ ethyl 38 acetate, 2/1) and crystallization from chl oroform

Yi el d:a@&%,@il)hmthnygxalliwidwlﬁo@m{bomm. CDC13, TM5): 7.08 (d, J = 8.6 Hz,
H1); 6.63 (dd, J 8.6/2.7 Hz, H 2); 6.54 (d, J = 2.7 Hz, H4); 6.23 (dd,
J = 17.2/ 10Y§1d—|275%@fﬁ%) 5.08 (dd, J = 10.5/1.9 Hz, CH=CH2); 4.48 (dd, J
= 17.2/ 1.9 Hz, CH:CHZ) 444(m 16P-H); 2.79 (m H6); 0.95 (d, J =1.9

Hz, H18) MERY b (€ &6 0083 ol PO8IsH. 708, ! ©!

Stage 1 3, 16a- |s p%e y roliira

é' i‘éiy%» el E%iﬂ%féiwﬁoﬁyﬁ?@@ﬁgﬁa fisfT) S0 Tuhd -0 b8st y 1o

nple 2, stage 1 yields
3 16a Gﬂsgﬂﬁﬂeﬂ H?ﬂ%%yrﬁrﬁfﬁ Yiz) $HACH 91448 (M. 366079 (i), .9k bordi% ri | e.
Yield: 61% of theory Stage 2

Hz, H-18)

Example 7
9a-(Hex-1¢‘-enyl)-estra-1,3,5(10)-triene-3,16a-diol

Stage 1
3,160-Bis{(perhydropyran-2-yl)oxy]-estra-1,3,5(10)-triene-9-carbonitrile

Reaction of 3,16a-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
3,16a-Dihydroxy-estra-1,3,5(10)-triene-9-carbaldehyde

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

Yield: 87% of theory



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

3, 16a- bi s[ (per hydropyr an-2-yl)oxy]-estra-1, 3,5(10)-triene-9-carbonitrile
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
39 Stage 3 9a-(Hex-1 -enyl)-estra-1,3%(10)-triene-3, |6a-diol 8.68 g (20
nmmol ) of pentyltriphenyl - phosphoni um brom de + sodiumamde (1 g contains
2.3 mmol of pentyltriphenyl - phosphoni um bromde), 0.2 g (0.67 nmol) 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 was rendered inert. The reaction
nixturgm%§3treated for about 2 hours in an ultrasound bath at 60C After
the reaction is conpleted, water is added to the reaction solution. The

crude proguct ;S iSO by e ctipn with ethyl acetate, washing of the
or gani g&gﬁ s}ee’\f\%’fﬁ‘%jt'gﬁﬁgﬁ%yengﬁlé%n‘%'?gti on by evaporation until a dry state
is reached. The crude product that is obtained is purified by colum

chr omat ogr &h#8 640 rame]) o Pepy ltriphe g RYAtPhaRMEtrapIde fosodmimsamide {1 g gopains

crystallization fromethyl acetate. Yield: 0.18 g (75% of theory) according
t o chr 2Aenmegrod pentyltrighenylrpposphionium breide), 680 (-6 NwRo )4G0, I6bidihyhk®B@-d, , TMVS) !
.97 (s, 3-OH); 7.08 (d, J =8.6 Hz, H1); 6.49 (dd, J =8.6/2.7 Hz, H2);

.41 (ektradl,3;5(20)irieke-9darbhlde By dé And 80 ml DMIA afe iliéoducédinfeh fehldion flabk bt (dt, J
12.5/7.4 Vi, -CHECH-CH2-): 4.48 (d, J = 4.7 Hz, 16a-OH); 4.24 (m 16P-H);

- 66 (¥hs rehtid?dd inbrt.OPhe feactibn Tniktufe $Freattdior Gkt 2 holrsGR ah Srratduhd bah Qi

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) and crystallization from ethyl acetate.

Yield: 0.18 g (75% of theory) according to chromatography

Melting point: 166 — 168°C

'H-NMR (400 MHz, DMSO-d,, TMS): 8.97 (s, 3-OH); 7.08 (d, ] = 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); 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, ] = 4.7 Hz, 16-OH); 4.24 (m, 16p-H); 2.66 (m,

H-6); 0.68 (1, ] = 7.0 Hz, CH,-CH,-); 0.66 (s, H-18)



Exanple 8 9a-(But-1l-enyl)-estra-1,3,5(10)-triene-3, 16¢ct-diol Stage |

3,] 6a- Bi s[ (per hydropyran-2-yl)oxyl-estra-1, 3,5(10)-triene-9-carbonitrile
Reaction of 3, 16a-bi s[(perhydropyran-2-yl)oxyl-estra-1,3,5(10)-triene

anal ogously to Exanple 2, stage | yields

3, 16a- bi s[ (per hydropyran-2-yl)oxy] -edla-1,3,5(10)-triene-9- carbonitrile.
Yield: 52% of theory Stage 2

3,] 6a-Di hydroxy-estra-1, 3,5(10)-triene-9-carbal dehyde Reaction of

3, 16¢ct EpampleBer hydr opyr an- 2-yl ) oxyl -estra-1, 3,5(10)-tri ene-9-carbonitrile
anal ogously to Exanple 2, stage 2 yields

3, 16a- di hydroxy-estra-1, 3,5(10)-ifiene-9-carbal dehyde. Yield: 87% of theory
Stage 3 9a-(But- 1 enyl)-estra-1,3,5(10)-triene-3, 16a-diol 8.68 g (20 nmol)

of pro r d i sodiumamde (1 g contains 2.3
?déh%$§gﬁ3 agggﬁosp om#ﬁﬁ g%n1de) 0.2 g (0.67 mmol) of 3, 16a-

dlhydroxy estra-1, 3 5(10) triene-9-carbai dehyde and 30 ml of DVBO are

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

m xture is treated for about 2 hours in an wultrasound bath at 60T. After

the re¥egeébn is conpleted, water is added to the reaction solution. 41 The

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

or gani @Imm(pw«rkyhmpm@ yi) el 85t I0ptrians-darkomapitd ation until a dry
state is reached
Reacnon of 3,16a-bis[(perhydropyran-2-yhoxy]-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-

carbontitrile.

Yield: 52% of theory

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

Reaction of 3,16a-bis[(perhydropyran-2-ylyoxy}-estra-1,3,5(10)-triene-9-carbonitrile
analogously to Example 2, stage 2 yields 3,16a-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-3,16a-diol

8.68 g (20 mmotl) 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 DMSO 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 that is obtained is purified by colum chromat ography on
silica gel (cyclohexane/ethyl acetate, 1/1). Yield: 0.16 g (73% of theory)
after chromatography Melting point: 140 -148C 'H NVMR (400 MHz, DWMSO d6,
TVM5): 8.98 (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); 5 70d, J = 12.5 Hz, -CH=CH CH2-); 5.19
(dt, J = 12.5/7.4 Hz, -CH=CH-CH2-); 4.47 (d, J = 4.7 Hz, 16a-OH); 4.24 (m
160-H); 2.66 (m H6); 0.66 (s, H18); 0.57 (t, J = 7.2 Hz, CH -CH2-) 42
C ai s The cBele Puliiatt is isbkbddgtexaadiod wohleD)y bedtae evaibing vhthe vagnizfphganeitial
formula I 16 (1) in which radicals R3, R7, R7, R9, R13, R16 as well as R

and R Vater laﬂaiemeﬂm'bhnyef;a;famoﬁmﬁmedry stafa¥Reabip@ ol | OWi ng neani ng: R3
nmeans a hydrogen atom of a group R18, in which RL8 neans a strai ght- chal n or

branched-c droc rbon radical .with up t
carbon at O@e”auf F‘F%Eﬁ%trr'gt Hﬂpl%gr dlgt,‘%gﬁy Q&Bfn é’l"ﬁp% Lo eliagar yi |
het ero IkyI adi cal, an acyl radical COR 9, in which R19 is an
opti on&ﬂ'?y'l? B@?ﬁﬂﬁc@aw gtl}al ght -chain or branched-chain hydrocarbon radical
with up to 10 carbon atons that is saturated or unsaturated in up to three
pl aces and Y¥istd: dhHi g (73Fefi thedry)afier chrematopapky y hal ogenat ed, or
Melting point: 140 - 148°C
'H-NMR (400 MHz, DMSO-d,, TMS): 8.98 (s, 3-OH); 7.09 (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); 5.70 (d,J =12.5Hz,
-CH=CH-CH,-); 5.19 (dt, J = 12.5/7.4 Hz, -CH=CH-CH,-); 4.47 (d, ] = 4.7 Hz, 16a-OH); 4.24

(m, 16-H); 2.66 (m, H-6); 0.66 (s, H-18); 0.57 (t, ] = 7.2 Hz, CH,-CH,-)



1118 neans a group R20SO2, in which 43 R20 is an R21R22N group, whereby R21
and R22, independently of one another, nean a hydrogen atom a Cl-CS al kyl
radical, a group C(OR, in which R23 neans an optionally substituted,
strai ght chain or branched-chain hydrocarbon radical with up to 10 carbon
atoms that is saturated or unsaturatd@ in up to three places and is
optionally partially or conpletely hal ogenated, an optionally substituted
C3-C 7-cycloal kyl radical, an optionally substituted C4 C15-cycl oal kyl al kyl
radi caClabms an optionally substituted aryl, heteroaryl or aral kyl radical
or, together wwth the N atom a polynethylenimno radical wwth 4 to 6 C
atons or a norpholino radical, Wand R7, in each case independently of one
anot her, are a hydrogen atomor a halogen atom RO is a straight-chain or
branched-chai n al kenyl or alkinyl radical with 2 to 6 carbon atons, which
optional I'y ajy-Rebsaadidd @irh,35(1®aMB et Mtivel BPgdnBAL RmuRN an et hi nyl or
prop-l-inyl radical, R13 is a nmethyl group or an ethyl group, Rl6 is a
hydroxy group or a group R'O, R2US02- or OC(OR23 with R8, R2 and R23 in
each case in the neaning that is indicated under R3, Rl7 and R 7,, in each
case independently of one another, are a hydrogen atom or a hal ogen

()

in which radicals R?, R’, R’, R’, RY, R as well as R" and R, 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
optionally substituted aryl, heteroaryl or aralkyl radical, an acyl radical
COR®, in which R" is an optionally substituted, straight-chain or
branched-chain hydrocarbon radical with up to 10 carbon atoms that is

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

completely halogenated, or

R"™  means a group RmSOZ, in which




atom 2. Conmpounds of general formula | according to claiml1, in which R3is
a hydrogen 44 atom 3. Conpounds of general fornmula | according to claim1l
or 2, in which R is a hydrogen atomor an c(-position fluorine atom RO is
a vinyl, ethinyl or prop-1l-inyl group, R16 is a hydroxy group, and R' is a
hydrogen atom or an a-position fluori4de atom 4. Conpounds of general

formula | according to claiml1l or 2, in which RL6 stands for a group R 8-O
or RI9SOZ O with R18 and R19 in each case in the neaning that is indicated

under R3. 5. Estratrué%eslmnm’é;ﬁévagmdpowmeayk21a.ﬁe¢1?2din@gpén9erﬁiyaif%hé or 2,
nanely: 9a-Vinyl-estra-1,3,5(10)-tTiene-3,16a-d io

9a- Al lyl -estra-1, 3,5(10)

18a- Hono- 9a- vi nyl - estra- 1556[%?’1'8% Jar| enegggaTglaag ocf ~alkyl radical, a group
18a- Hono-9a-al l yl -estra-1, 3, 5(10) - trlene 3, 16a- di ol

3- Met hoxy-9a-vi nyl - estra- C(@) , {nl@hich R afeahban @ﬂ)tlonally substituted, straight-
9a- Al |l yl - 3-net hoxy-estra-1,3,5 (10) trien -16a-ol

18a- Hono- 3- net hoxy- 9a- vi nXﬁmﬁ&tﬁrani'le% @z%@%dr&&'rtﬁﬂr Q{’Ith yp ! 10(18 carbgn

18a- Honp- 9a- al | yl - 3- net hoxy-estra-1 trien

-Difluorovinyl)-estra-1,3,5 e316

*-Di fl uorovinyl) - 3- net hox?tomgilﬂal)l {“?q &d ¢riggya 't”}ai gﬁ“ Py ﬁfee p%aces and is
16a- Hydroxy-9a-vinyl -estra-1,3,5(1Q)-trien-3yl-sul famate 9a-Allyl- |
6a- hydroxy-estra-1, 3,5 (10pianallypartylly ofpompieely halogenated, an optionally

substituted C -C -cycloalkyl radical, an optionally substitutcd
C,-C -cycloalkylalkyl radical or an optionally substituted aryl,

heteroaryl or aralkyl radical, 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 optionally can be partially or completely fluorinated, or an ethinyl

or
prop-1-inyl radical,

R"”  is a methyl group or an ethyl group,

R is a hydroxy group or a group R*Q-, R®*SO,- or OC(Q)R® with R", R* and R® in
each case in the meaning that is indicated under RB,

R" and R", 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’ is a hydrogen




18a- Hono- 16a- hydr oxy-9a-vinyl -estra-1, 3,5(10)-trien-3 yl-sul famte
18a- Honp- 9a- al | yl - 16a- hydroxy-estra-1,3,5 (10)-trien-3 yl-sul famate
9a-Vinyl -estra-1,3,5(10)-triene-3, 16a-di yl -di sul famate
9a-Allyl-estra-1,3,5(10)-triene-3, 16a-di yl -di sul famate 45

18a- Honp- 9a-vi nyl -estra-1, 3, 5(10) -t ri4dne- 3, 16a- di yl - di sul f amat e

18a- Honp-9a-al l yl -estra-1, 3,5(10)-tri ene-3, 16a-di yl -di sul famat e

16a- Hydroxy-9a-vinyl -estra-1,3,5 (10)-trien-3yl-(Nacetyl)-sul famte
9a- Al | yl - | 6a- hwdr.oxy-estra-1, 3,5(10)-trien-3yl-(Nacetyl)-sul famate
18a- Hono- | 6a- hydr oxy-9a-vinyl -estra-1, 3,5

(10) -trien-38y tomoakR oY bemetdl fdrm I.eaccc;rgﬁi%k@ﬂﬁm?ﬁbﬁi in which R’ is a hydrogen
IyI-16a-hydroxy estra-1,3,5(10)-trien-3yI-(Nacetyl)-sul famate

gg E Er gPO}(:))Z/I) ) X{grr éﬁ?} é&gﬂdfau%{lglg‘gt)ﬁrgt gi"%g%m lg)elﬁe}nﬁlor prop-1-inyl group, R'* is

9a- Et hi nyl - estra 1,3,5(10) J.ene-3, 16a-diol 9a-V

inyl-estra-1, 8, 5?‘263 g‘i"PP’é’l‘ié R3 i§ 8 ydrpgen 29T O& pmeeposition fluorine atom.

18a- Honp- 9a-vinyl -estra-1, 3,5(10)-tri ene-3, 16x-di ol -di acetate 16ct -
Val er oyl oxy4.9&omppyndsof gmrai fcgmgla(lmyorﬂmgdmclamol or 2, in which R'® stands for a
16a- Acet oxy-9a-vinyl-estra-1,3,5 (10)-trien-3-o0l 1 8a-Hono- |

6a- acet oxy- 9agiup W06 RS0, S¢itD R *tanil ®'F-id egdh case in the meaning that is

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

7a- Fl uor o- 9a- ghh%bdgﬁgéqgl 3,5(10)-triene-3, 16a-diol 17P-Fl uoro-9a

-vinyl-estra-1,3,5 (10)-triene-3,16a-diol | 7P-Fluoro-9a-allyl-estra-1,3,5

(10)-tri eneS.SE.‘l.l?\a%neneg of general formula I according to claim 1 or 2, namely:
| 9a-Vinyl-estra-1,3,5(10)-triene-3,16x-diol

9a-Allyl-estra-1,3,5(10)-triene-3,16q-diol
18a-Homo-9a-vinyl-estra-1,3,5(10)-triene-3,16a-diol
18a-Homo-%a-allyl-estra-1,3,5(10)-triene-3,16¢-diot
3-Methoxy-9a-vinyl-estra-1,3,5(10)-trien-16a-ol
9a-Allyl-3-methoxy-estra-1,3,5(10)-trien-16¢-ol
18a-Homo-3-methoxy-9q-vinyl-estra-1,3,5(10)-trien-160¢--ol
18a-Homo-9a-allyl-3-methoxy-estra-1,3,5(10)-trien-16a-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¢t-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-9a-vinyl-estra-1,3,5(10)-trien-3yl-sulfamate
18a-Homo-9a-allyl-16a-hydroxy-estra-1,3,5(10)-trien-3yl-sulfamate
9a-Vinyl-estra-1,3,5(10)-triene-3,16a-diyl-disulfamate

9a-Allyl-estra-1,3,5(10)-triene-3,16a-diyl-disulfamate



18a- Hono- 7a- f | uor o- 9a-vi nyl -estra-1, 3, 5(10)-tri ene- 3, 16a- di ol

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

18a- Honmp- 170- f | uor o- 9a-vi nyl -estra-1, 3,5(10)-tri ene- 3, 16a-di ol

18a- Hono- 170-fl uoro-9a-al lyl -estra-1, 3,5(10)-tri ene-3, 16a-di ol 6.

Phar maceuti cal conpositions that contd® n at |east one conpound according to
one of 46 clains 1 to 5 as well as a pharnmaceutically conpatible vehicle. 7.
Use of the conpounds of general fornula | according to clains 1-5 above for
producti on ta-Idmo-faceucsted-1,3gEMN)sriens-3, ldpedigtdioulthinmge t o claim 7 for
treatment of estrogen-deficiency-induced di seases and conditions in wonen

and in nen. .- Hé)ﬁ@@é%?f@b‘trﬁg 3&9 -@iefR-3 16Q1diI ldpalamae of peri- and
post menopausal synptons. e according to claim7 for the in-vitro

t r eat ment f aim7 for the

i n-vivo troiﬁfé E@JO&E '9? Vr?rt—yltl-(‘a%tl}an Tsilﬂ)ltr%%@gﬁ%gﬂg’gtf%? %’ng toclaim?7 for

the therapy, of h e-deficien I nduc t ovari an dysfunction

':1 hat is cau%‘b&'lﬁﬁlgggj‘g?v*ﬁﬁ?ﬁl Rﬁgﬁlpﬁfe“%sﬂ'baqn%tﬁ%g@%aﬁi?ﬁfor fll ng a g claim7 for
or mone repl acenen erapy e according to claim in

conbi nat i onl8arHeme-dbebydrory Qgtwm@-sﬁirar b3 prtrienoii(Btasetyl)-spsEmNE , for exanpl e

ral oxi fene. 15. Use according to claim7 for prophylaxis and therapy of a
hor none- def i8aiKomty-9cialgutRAh oy -eoaas 3, 5(30)-trik6-3y I acetyl piailfafigitet 0 claim 7 for
prophyl axis and therapy of osteoporosis. 17. Use according to claim?7 for
prophyl axi sgpdop- (B ERY-cHra-E B BUASKY, B6o-Giopeases.
9a-(n-Propyl)-estra-1,3,5(10)-triene-3,16a-diol
9a-Ethinyl-estra-1,3,5(10)-triene-3,16a-diol
9a-Vinyl-estra-1,3,5(10)-triene-3,16a-diol-diacetate
18a-Homo-9a-vinyl-estra-1,3,5(10)-triene-3,16a-diol-diacetate
16a-Valeroyloxy-9a-vinyl-estra-1,3,5(10)-trien-3-ol
16a-Acetoxy-9a-vinyl-estra-1,3,5(10)-trien-3-ol
18a-Homo-160-acetoxy-9a-vinyl-estra-1,3,5(10)-trien-3-ol
Ta-Fluoro-9a-vinyl-estra-1,3,5(10)-triene-3,16a-diol
7a-Fluoro-9a-allyl-estra-1,3,5(10)-triene-3,16c-diol
178-Fluoro-9a-vinyl-estra-1,3,5(10)-triene-3,160-diol
17B-Fluoro-9a-allyl-estra-1,3,5(10)-triene-3,160-diol
18a-Homo-7a-fluoro-9a-vinyl-estra-1,3,5(10)-triene-3,16a-diol
18a-Homo-7a-fluoro-9a-allyl-estra-1,3,5(10)-triene-3,16c.-diol
18a-Homo-17g-fluoro-Sa-vinyl-estra-1,3,5(10)-triene-3,1 6a-diol

18a-Homo-17p-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



18. Use according to claim7 for prevention and treatnent of prostate
hyperpl asia. 19. Use according to claim 18 in conbination with antiestrogens
and sel ective estrogen receptor nodulators (SERM for prophylaxis and

t herapy of prostate hyperplasia. 20. Use according to claim7 for treatnent
of diseases of the inmune system 21.46Use according to claim20 for
treatnent of autoi mmune di seases. 22. Use according to claim?21 for
treatment of rheumatoid arthritis- 23. Use according to claim 21 for

treat ment of rru!tiPIe sclerosis. . i .
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.

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.



