. WD 2006/ 003012 PCT/ EP2005/ 007314 New 2- Substi tuted
D Honp-estra-1, 3,5(10)-trienes as Inhibitors of 170-Hydroxy Steroid
Dehydrogenase Type 1 This invention relates to new 2-substituted

. D-hono-estra-1,3,5(10)-trienes, their production and use as pharnmaceuti cal
agents for the treatnment of estrogen-dependent diseases that can be
influenced by inhibition of the 17(3-hydroxy steroid dehydrogenase type 1,

as well as p j conpositions that contain the ex

hor nones con[‘?ﬁ%dﬂﬁﬁi feration and function of stergﬁaﬁ@gﬁ@(ﬁ)%élior mal
tissue as well as malignant tissue [E. E. Baulieu, Hornones, A Conplex
Communi - cation Network. In Hornones, eds. E. E. Baulieu and P. A Kelly,
Her man Publisher Paris and Chapman and Hall New York, 1990, pp. 147-149; D.

D. Thomas, CarNew 2Biubs(itii@d D-BdmdEstia-1,3,5€00) tidned as Fnkiibicors s i 7pdydioxy enal e
sex hormone, which, in addition to the knowmn effects on the repr.oductive

system exerts additional functig@gsid BFW @[[hs "Iérpl:q nmet abolismand in the
or§ erfe

cardi ovascul ar system as well as regu S in the central nervous
system It is produced primarily in the ovaries in prenenopausal wonen. An
additional large portion of the active estrogens is fornmed in the peripheral
tissue from inactive steroid precursors, which are released into the bl ood
in |arge anounts iThis ingentzdrrglatds tog newdssubstithigddhbompfesiea- 1 Fef{dpPaiusnss, thed
estradiol level in the blood drops to about 1/10 of the content of

pr enenopausalpréduidBen aod uﬁm@rgﬁ&@mce&ﬁcairﬁg&ﬁ%rfor the tleatnidin®af esdben-depchadier
Adin. Oncol. 18 (1982) 333-337; A A van Landeghemet al., Cancer Res. 45

(1985) 2900 2300k 1 PLA b il Mool S RS M el oA 201 ©
type 1, as well as pharmaceutical compositions that contain these compounds.

- Sex hormones control the proliferation and function of steroid-sensitive normal
tissue as well as malignant tissue [E. E. Baulieu, Hormones, A Complex Communi-
cation Network. In Hormones, eds. E E. Baulieu and P. A. Kelly, Herman Publisher
Paris and Chapman and Hall New York, 1990, pp. 147-149; D. D. Thomas, Cancer 53
(1984) 595-601]. £

Estradiol is the most active female sex hormone, which, in addition t‘o the known
effects on the reproductive system, exerts additional functions in bone and lipid
metabolism and in the cardiovascular system, as well as regulatory effects in the central
nervous system. It is produced primarily in the ovaries in premenopausal women. An
additional large portion of the active estrogens is formed in the peripheral tissue from
inactive steroid precursors, which are released into the blood in large amounts in the
adrenal glands in humans.

After menopause, the estradiol level in the blood drops to about 1/10 of the
content of premenopausal women [T. Thorsten, M. Tangen, K. F. Stoa, Eur. J. Cancer

Clin. Oncol. 18 (1982) 333-337; A. A. van Landeghem et al., Cancer Res. 45 (1985)

2900-2906]. Starting from this time, estrogens are mainly available in the peripheral




.tissue via biosyn
78(1991) Cl113- C1
and stinmulate gro
.estradi ol remains

thesis [F. Labrie, Intracrinology. MIl. Cell. Endocrinol.
18] . Estrogens are taken up via the blood fromtunor tissue

wh thereof. The concentration of the intratunora
unchanged at a high |Ievel, however, even after nenopause,

conparable to that in prenenopausal wonen [A. A van Landeghem et al.,

Cancer Res. 45 (1

985) 2900-2906]. The high estradiol concentration in the

estrogens | n (RUEIHEFRARELADF. LRTRL siieRr 0N Rhor VeRutbRE 1 o8 ooz

tissue either via the aromatase nmethod or the sulfatase nethod [Y. J.
Abul -Hajj, R YN&Fson, D. T. Kiang, Steroids 33 (1979) 205-222; A Lipton

et al., Cancer 59
(1988) 393-399].
aronati zed to est

(1987), 779-782; E. Perel et al., J. Steroid Biochem 29
Aliitrog¢msnrediakereup siatthdkielood frofr tomot kiesulsland @tidaylataigrowtit | ssue,
rone (El) and then reduced to estradiol (E2) (aranatase

method). In thgesgul fatase nmet hod, estrogen sulfate is converted by the

steroid sul fatase
of the steroid sy
dehydr ogenases (1
steroid de- hydro
| ess active 17k
vi ce versa. Both

into El and in turn reduced to E2. The decisive |ast step

nthesis i atalyze 17{ 3- hydr oxy.steroid .

7 (3o tali LE Rirmerd! el Bt big

tgngnases/ 17-keto steroid reductases. These enzynes convert
weverepsigdler FeBorayes, comparable ta esinpramengpaysa et [And

estrogens and androgens show the highest affinity for the

cor r espondi ng A. eae phdeghéem et bl Clan¢a-Ruedd DY Y 20001-2906¢. The high estradiol

17(3- HSD- enzynes

control the biological activity of the sex hornones [H.

Pel toket 0 et @bnoentatiddin th&RERE AR in pdstrietdRRdal wondeh is BroddtBBy HlosthesisM! -

Cell. Endocrinol. 171 (2001) 71-76].

of estrogens in the tumor tissue.

Estradiol (E2) is formed in breast cancer tissue either via the aromatase method

or the sulfatase method [Y. J. Abul-Hajj, R. Iverson, D. T. Kiang, Steroids 33 (1979)

205-222; A. Lipton et al., Cancer 59 (1987), 779-782; E. Perel et al., J. Steroid Biochem.

29 (1988) 393-399]. Androstenedione is taken up from the blood by tumor tissue,

aromatized to estrone (E1) and then reduced to estradiol (E2) (aromatase'method). In

the sulfatase method, estrogen sulfate is converted by the steroid sulfatase into E1 and in

turn reduced to E2.

The decisive last step of the steroid synthesis is catalyzed by 17p-hydroxy steroid

dehydrogenases (17p-HSD), corresponding to the family of 17p-hydroxy steroid de-

hydrogenases/17-keto steroid reductases. These enzymes convert less active 17-keto

steroids into their active 17p-hydroxy steroids and vice versa. Both estrogens and

androgens show the highest affinity for the corresponding receptors in the 17p3-hydroxy

form,

i.e., the 173-HSD-enzymes control the biological activity of the sex hormones [H.

Peltoketo et al., J. Mol. Endocrinol. 23 (1999), 1-11; P. Vihko et al., Mol. Cell.

Endocrinol. 171 (2001) 71-76].

Certain extragonadal tissues such as breast and prostate tissue express reductive



.Certain extragonadal tissues such as breast and prostate tissue express
reductive 3 17-HSDs and thus convert the precursors that circulate in the
blood with low activity in the target tissyles into nore active forns [F.
.Labrie et al., Steroids 62 (1997) 148-158; H Peltoketo et al., Horm 55
(1999) 353-398]. Up until now, 11 different 17(3-HSDs have been known. They
differ in their tissue distribution, the catalytic activity, their

substrat e spegifigi el lular |ocali,zati on and,by .t requl ation.
rechan sm  Fod 7405 Y1 (HFESHH M orsp @50t R bRl B EHIERY B
possi ble to show their participation in the pathogenesis of diseases of
humans, for eXiiarest Hesues i morrchiap Kot i Lebre £y ab-Yumpids 621 9% 1484158 sHer
et al., Nat. Cenet. 7 (1994) 34-39], bifunctional enzyne deficit [17(3-HSD
4, E. G vanPetoketwetrnlotoal. 55 A998) 339a398]. Acad. Sci. USA 95 (1998)
2128-2133], polycystic nephropathy [17(3-HSD.8, M M Maxwell et .al., J.

Biol. Ch 270 (19%Pidnts ' : ' epns difd(id- 10,
SI. OD. Yaﬁmet al ( Naturtg%éégi%%gge%jaltéggq{%%mﬁ%énﬁnﬁt al f?ﬁf%ﬁﬁéfif%?

o apenses S ARG Msul® AR RUESBRLAL R ke o o
SDR

dehydr ogenase-reductase-protein famly (SDR). They are distinguished from
one anot her byQcajization m65Ydh¢wkabw Biechaaiset. | 11,2 largieammibst eblalrgyeterpid  t he
enzynmes. 17p-HSD 1 primarily controls the reduction of estrone to estradiol
[ T. Puranen etdeh@lrogenfsedacwianpbsihe biBo@tBEy parlibipati@biddhe pathbggnasit b£i pati on
by NADPH as a co-factor [J. Z. Jin, S. X Lin, Biochem Biophys. Res.

Commun. 259 ( hR238%ks 4BRuARR forleRamplelibMActibieRhiphrodifiém TPl -HisPRs, twa. ¥

supports the reduction of androstenedione and androstanedione.” It coul d
clearly be shoufu DOV R 8l 688 Uo7 HRRLERSES c&lyine deficit [17p-HSD 4, E.

G. van Grunsven et al., Proc. Natl. Acad. Sci. USA 95 {1998) 2128-2133], polycystic
nephropathy [173-HSD 8, M. M. Maxw‘ell et al., I. Biol. Chem. 270 (1995) 25213-
25219] and Alzheimer’s disease [173-HSD 10, S. D. Yan et al., Nature 389 (1997) 689-
695; X. Y. He et al., J. Biol. Chem. 274 (1999) 15014—15019].

The human placental 17p-hydroxy steroid dehydrogenases type lfzinfi type 2
belong to the same steroid dehydrogenase-reductase-protein family (SDR). They are
distinguished from one another by, i.a., the direction of reaction, which is catalyzed by
the enzymes.

173-HSD 1 primarily controls the reduction of estrone to estradiol [T. Puranen et
al., Endocrinology 138 (1997) 3532-3539] with participation by NADPH as a co-factor
{J. Z. Jin, S. X. Lin, Biochem. Biophys. Res. Commun. 259 (1 999)l 489-493].

In cultivated cells, the HSD 1 partially supports the reduction of androstenedione
and androstanedione. It could clearly be shown, however, that phenolic substrates are
preferred [M. Poutanen et al., Endocrinology 133 (1993) 2639-2644].

In comparison to 173-HSD 1, however, the 173-HSD 2 catalyzes the opposite

reaction, namely the conversion of estradiol to estrone and of androstenedione and



.preferred [M Poutanen et al., Endocrinology 133 (1993) 2639-2644]. In
conparison to 17(3-HSD 1, however, the 17(3-HSD 2 catal yzes the opposite
reaction, nanely the conversion of estradiql to estrone and of

andr ost enedi one and 4 di hydrotestosterone to androstanedione [L. Wi et al.,
J. Biol. Chem 268 (1993) 12964- 12969] and preferably acts in the presence
of the non-phosphorylated formof the co- factor NAD [F. Labrie et al.,

Steroids 62 (& 1581 a&%ﬂ‘ . d r e } nar y
gl and tissue f’%%é%%{e}’%w stt? . = [ ﬁ&neg%d‘é%rﬁﬁg f%lt' g‘gsﬁB%&(qgnggw
1190-1193; M tinen reast.Cancer Res.., Treat,. 57 (.1999) 175-182]. In
contrast to ¢ IR r?fﬁr%stdgﬁctm BrospHRE qfé*&ﬁm&wsgla%?%ﬁm #9€8 HsD 1)
in malignant breast epithelial cells is found to be increased conpared to

t he oxi dati vefackoe NAD {F. Iabyie e7413-Stsmide p2 (MO7ML484188% i nen et al ., Biochem J.
314 (1996) 839-845; V. Speirs, J. Steroid Biochem Ml. Biol. 67.(1998)

267-274]. 1t was ODFRHIH1 Lh@D areddpraasidih nbﬁnﬂ%ﬁﬂiﬂh?i%qmd tissi® [ G WEd_tqvit east
cells, which also points to an activity of 17p-HSD A. Verneulen et al.,

Eur. J. Cancejf dﬁn’ gléd%ﬁ‘l?!? %%%E%%%%@%%ﬁ%%é?@,é\{[lr lglgetﬂlg&f. ﬁlréeﬁ@tt CMO&"R s.f ound

that in the presen e adm ni ion 0 strone eads in

the same way to a_gr east cancer cells just like the

admthiistrati %159 (wggégg'égﬁ]by itself In contrast to this, the

adm ni stration of estrone by itself without 17p- HSD 1 does not produce this
effect [M M M et Inicvatragtio die. normak breast tiGmactbe r@aRc1O8Yivep by BIBHSDTHen

dom nance of 17(3-HSD 1 in malignant tissue results in increased estrogen-

dependent gr omwhigrRebiesR SpRESiaDEells URud toWhe InBrcafid D¥ipdadd t¥ EheldiidativeD 2

protect normal breast tissue cells froman excessive estradiol effect [P.

Vihko et al. Mty 8/ 17-HSD 2) [M. M. Miettinen et al., Biochem. . 314 (1996) 839-845; V.
Speirs, J. Steroid Biochem. Mol. Biol. 67 (1998) 267-274]. It was observed that
estradiol is accumulated in malignant breast cells, which also points to an activity of
178-HSD 1 [A. Vermeulen et al., Eur. J. Cancer Clin. Oncol. 22 (1986) 515-525]. In
addition, it was found that in the presence of 17p-HSD 1, the administration of estrone
leads in the same way to a growth of breast cancer cells just like the administration of
estradiol by itself. In contrast to this, the administration of estrone by itself w‘;vithout 17p-
HSD 1 does not produce this effect [M. M. Miettinen et al., Int. J. Cancer 68 (1996) 600-
604].

The dominance of 173-HSD 1 in malignant tissue results in increased estrogen-
dependent growth and progress of tumors, while the oxidative 17p8-HSD 2 protect
normal breast tissue cells from an excessive estradiol effect [P. Vihko et al. Mol. Cell.
Endocrinol. 171 (2000) 71-76].

In the case of endometriosis, the equilibrium between 173-HSD 1 and 2 plays a
role. 17B-HSD 1 is expressed in eutopic tissue, but the hormone-inactivating enzyme

173-HSD 2 is completely lacking [S. E. Bulun et al. J. Mol. Endocrinol. 25 (2000) 35-

42



. Endocrinol. 171 (2000) 71-76]. In the case of endonetriosis, the equilibrium
between 17(3-HSD 1 and 2 plays a role. 17(3-HSD 1 is expressed in eutopic

ti ssue, but the hornone-inactivating enzyns 17(3-HSD 2 is conpletely
.lacking [S. E. Bulun et al. J. Mdl. Endocrinol. 25 (2000) 35- 42.] 5 Al so,
in the case of prostate cancers, 17(3-HSD 2 is reduced [J. P. Elo et al.,
Endocrinol. Metab. 88 (2003) 705-712]. Anong the previously devel oped

170-HSD 1 1ol DIt 0o, tfihelchdeRGhdudtb Banck il B TPy A RaleAY 0o Bed, T T om

the reversible inhibifors. e irreversib tors tain a reactive
functional greup.. whi LNaGt | | atter by formng a covalent bond
wth an am nOﬁg%?camptli@?%tglf.aﬂ%f(b{ﬁﬂ%%@ﬁ%%. Known representatives of the
above- nentioned group are 16-nethyl ene-estradi ol s, acetyl ene-substituted
16- seco- est r adi ol ApRnghe pigiously develppeddd\BeifSDH; ishivetarss theyirrgwreiblsg3)
7295-7300; J. L. Thomas et al., J. Biol. Chem 258 (1983) 11500-11504; B.

Tobi as et al . inhibitold @t distingmishedoforh 152y ersib&3Inhidtofs] Thie igbwesible inhibitors
16a- hal oal kyl -estradiols [K. M Samet al., Drug Des. Discov. 15 (1997)

157-180; M RoonthiaibbaYive Rinch8 %ig?éllm, hicRlifLy egg'%qk{lgépf}f%ngﬁﬁbval@xﬁ

, (1998) 179- 191]. The reversible bitors inclu 17-pyrazole- or
Commun. 180 ( 109 141 4 Gmperisihiia ALt e e U oS af s gove

7a-undecanam de side chain [C. Labrie et al. Cancer Res. 52 (1992), .
610- 615; S. Jmestignederquprire J6-nayhylens-esiradislse pesitlers-wibnitutedNssecgiegiradiad 5
(1993) 383-390] or with a 6(3-thiaheptanam de side chain [D. Poirier, P.
Dionne, S. ARl AudhusSDeFoCeves] Bivtkemistb s (BIS3) 729473000 98).., T3} al., J.
Biol. Chem. 258 (1983) 11500-11504; B. Tobias et al., J. Biol, Chem. 257 (1982) 2783-
2786] or else 16¢-haloalkyl-estradiols [K. M. Sam et al., Drug Des. Discov. 15 (1997)
157-180; M. R. Tremblay, D. Poirier, J. Steroid Biochem. Mol. Biol. 66 (1998) 179-
191].
The reversible inhibitors include 16,17-pyrazole- or 16,17-isoxazole-estrone
derivatives [F. Sweet et al. Biochem. Biophys. Res. Commun. 180 (1991);1057-1063],
estradiol derivatives with a long 7g-undecanamide side chain [C. Labrie et aLl. Cancer
Res. 52 (1992), 610-615; S. J. Santner, R, J. Santen, J. Steroid Biochem. Mol. Biol. 45
(1993) 383-390] or with a 6p3-thiaheptanamide side chain [D. Poirier, P. Dionne, S.
Auger, J. Steroid Biochem. Mol. Biol. 64 (1998), 83-90].
A special case as a 173-HSD 1-inhibitor is the 16-oxoestrone: at a neutral pH of
7.2, it includes the reversible inhibitors, and under basic conditions at a pH of 8.5, it
includes the irreversible inhibitors [H. Inano, B. Tamaoki, Eur. J. Biochem. 129 (1983)
691-6951.
The previously known, both reversible and irreversible inhibitors have only one

moderate activity as 173-HSD 1 inhibitors.

The first hybrid inhibitor was recently found by modeling studies [M. Tremblay,



.A special case as a 17(3-HSD 1-inhibitor is the 16-oxoestrone: at a neutral
pHof 7.2, it includes the reversible inhibitors, and under basic
conditions at a pH of 8.5, it includes thg irreversible inhibitors [H.

-l nano, B. Tammoki, Eur. J. Biochem 129 (1983) 691-695]. The previously
known, both reversible and irreversible inhibitors have only one noderate
activity as 17p-HSD 1 inhibitors. The first hybrid inhibitor was recently

| und by ol SR UAICE Sy 1 bl o020y Fal bl n EASF Rl
FERISIGRIRICT: A MR ER R T BT T O

52 nnol . Because of the size of this nolecule, nmaking this conpound
bi oavai | abl e Bditsghe WHS Dbk agiihefiegunhibitentoidgteryoith amnlGsk shlye pH3E nmhb
nmol ecul e undergoes a cross reaction with other NADP)(H)-dependent enzynes.

From t he known pri 8ecaust of thé(cZcldbhid motecalel magiRk thidcomnpe@dd bidhiallhble orullef t he
estradi ol biosynthesis. Acconpanying treatnment with anti hornones, which are

to prevent F%uﬁﬂ%‘ﬁiﬂ&uﬁf It{)i?ﬁoﬁﬁ%fk%é@ tﬁét%é’anheEQle%ﬂﬁergtBésg f&B&’l@L&&anﬁﬁFpt or,

17(3-HSD 1 inhirbitors can be use support treatne

est rogen- dependent_.di. s s. The object of this invention is therefore to
provi de addi t?gﬁ%@éﬁmﬁﬂg@dﬁ%eﬂz{”ﬁf*ﬁ'bi t the 17(3-HSD 1 sel ectively. These
conpounds are to be suitable for treating estrogen-dependent diseases as
wel | as hor none- deBeomithgtknpemgriod it eligel SDvinis @itargeinfob ipcal inhibitincafdhdy
inhibition of the 17(3-hydroxy steroid dehydrogenase type d:, Additional

subj ects of t f§tsdionyREjitbesiAr Acdofianying teithent witl atiSirdbnéd) 8dech #ompounds as
pharmaceutical agents for treating estrogen-dependent diseases as well as

prevent the binding of the active steroid to the corresponding receptor, 17p-HSD 1

inhibitors can be used to support treatment of estrogen-dependent diseases.

The object of this invention is therefore to provide additional compounds that
inhibit the 173-HSD 1 selectively. These compounds are to be suitable for treating
estrogen-dependent diseaées as well as hormone-dependent tumor diseases, which can be
influenced by inhibition of the 17 B-hydroxy steroid dehydrogenase type 4.~

Additional subjects of this invention are the production and use of tﬁese
compounds as pharmaceutical agents for treating estrogen-dependent diseases as well as
hormone-dependent tumor diseases, which can be influenced by inhibition of 17j3-
hydroxy steroid dehydrogenase type 1.

The object is achieved according to this invention by the provision of new 2-



.hor none- dependent tunor di seases, which can be influenced by inhibition of
17(3- hydroxy steroid dehydrogenase type 1. The object is achieved according
to this invention by the provision of new 2 7 substituted

-D-honp-estra-1, 3,5(10)-trienes of general formula |l RI3 ORL7Y7 RZHO M in
whi ch RZ neans a saturated or unsaturated Cl-Cs-al kyl group, an aral kyl or
an al kylaryl radical, a Cl-Cs-al kyl oxy group or a hal ogen atom R13 neans a

hyd t t fl i
atyoﬁ]‘)gﬁﬂe?eﬁwﬁ%ﬁf@? e, (LR B A A L ST 01 ol ecul e

can be additional doubl e bonds, as well as thelr pharmaceutical ly
accept abl e salts. In addition, this invention conprises the new conpounds as
phar.maceutical active ingredients, their production, their therapeutic
application and pharmaceutical dispensing forns that contain the new
substances. The conpounds of general formula (1) according to the.invention
or their pharmaceutically acceptable sagtis cgp be used for the production
of a pharmaceutical agent, in particular 3 reatﬁng estrogen- dependent

di seases as well as hornone-dependent t uymw

(¥

in which

R’ means a saturated or unsaturated C;-Cs-alkyl group, an aralkyl or an

alkylary! radical, a C;-Cs-alkyloxy group or a halogen atom,

R"” means a hydrogen atom or a methyl group,

RY  meansa hydrogen atom or a fluorine atom,
whereby the dotted lines in the B- and D-ring of the steroid molecule can be additional
double bonds, as well as their pharmaceutically acceptable salts. o

In addition, this invention comprises the new compounds as pharmaceutical active
ingredients, their production, their therapeutic application and pharmaceutical dispensing forms
that contain the new substances.

The compounds of general formula (I) according to the invention or their
pharmaceutically acceptable salts can be used for the production of a pharmaceutical agent, in

particular for treating estrogen-dependent diseases as well as hormone-dependent tumor
diseases that can be influenced by inhibition of the 17B-hydroxy steroid dehydrogenase
type 1.

It was determined that the low-molecular 2-substituted D-homoestra-1,3,5(10)-
trienes according to the invention produce a selective inhibition of the 173-HSD 1-

enzyme activity in vifro that is stronger than the previously known 173-HSD 1



-di seases that can be influenced by inhibition of the 17(3-hydroxy steroid
dehydrogenase type 1. It was determ ned that the | ow nol ecul ar
2-substituted D honoestra-1, 3,5(10)- trienes according to the invention
-produce a selective inhibition of the 17p-HSD 1- enzyne activity in vitro
that is stronger than the previously known 17p-HSD 1 8 inhibitors. Unless
further specified otherwise, for the purposes of this invention this is an
aryl radical thgbitqeti onally can be substituted by a phenyl, 1- or

2- napht hyl radical, mhereby t he phenyl radical is preferred Unl ess

expressly indicate ncl u a heter

radi cal . Exanpl es étglﬂ 38?%}f &L %tgf’%véfe g?rﬁﬁ%lﬂlgpﬁses gﬁns &Vent$%@+5 %%yl
radical, the 2- or_3- fur radical, the 2- or 3-thienyl radical, the 2- or
3- pyrrolyl raseadicalthas oghona.!r]_y cap be sybstieddrya phea], dapt Qflh]ehtb)ﬂrfa‘%lp yl
radical, the 2, 4- or 5- pyrimdinyl radical or the 3- or 4-pyridazinyl
radi cal . As swﬁﬁ:tdmrubmplsenﬁ/bmdia:al | pydfemed. Hétlessampydssly acicadd othenwis arybblso a
methyl, ethyl, trifluoromethyl, pentafluoroethyl, trifluoromethylthio,

met hoxy, et hO)é}‘Na)@'lﬁdlﬁHes%}iﬁfb%agﬂ%Hl@ﬂe'Ex@ﬁl }é@roTB%eteFdﬁ'ﬁrer@al R @BDOS. or
i odi ne), hydroxy,” am no, nono(G s-al kyl) -al kyl') am no, ‘wher eby

bot h al kyl ' ' diff K b

ot h ar aryky?r%“@w S Pk o™ W&e&ri‘r%r ﬁ%ﬁs@*r%cﬁsrlbtﬁsa Sife d - ca

al kyl groups for can be saturated or unsaturated and can be parti ally or
conpl etely su@é’FPMrfaéléFal Ale Tefir @istiRideraldyadeal; e pyseumhiadirabl f“‘ré’ﬂﬁcal s,

a nethyl, ethyl, n-propyl-, iso-propyl-, n-, iso-, or tert. -butyl n-, 1so-

or neo-pentyl pgrimidjnyl rhdixsll or theePBtorl4-mridazinyl radiagl, be mentioned. MNet hyI , et hyl

and propyl are preferred. Allyl and vinyl stand as representatives for

unsaturated al kyl rgdieatients for an aryl or heteroaryl radical, for example, a methyl, ethyl,
trifluoromethyl, pentafluoroethyl, trifluoromethylthio, methoxy, ethoxy, nitro, cyano,
halogen (fluorine, chlorine, bromine, iodine), hydroxy, amino, mono(Ci.g-alkyl) or di(Ci-
g-alkyl)amino, whereby both alkyl groups are identical or different, di(aralkyl)amino,
whereby both aralkyl groups are identical or different, can be mentioned.

The C,-C;-alkyl groups for R? can be saturated or unsaturated and can be

\
v

partially or completely substituted. As representatives of the saturated alkyl radicals, a
methyl, ethyl, n-propyl-, iso-propyl-, n-, iso-, or tert.-butyl, n-, iso- or neo-pentyl group,
hexyl, heptyl or octyl can be mentioned. Methyl, ethyl and propyl are preferred.

Allyl and vinyl stand as representatives for unsaturated alkyl radicals.

A methoxy, ethoxy, n-propoxy, iso-propoxy, n-, iso-, or tert.-butoxy, n-, iso- or
neo-pentoxy group can stand for the C;-Cs-alkoxy radical R~

In the case of R2, a chlorine, iodine or bromine atom can stand for a halogen.

Preferred according to this invention are compounds of general formula I, in
which R* is a C1-Cs-alkoxy, Ci-Cs-alkyl or C;-Cs-alkenyl or bromine, or chlorine, and
R%isa hydrogen atom.

The compounds that are mentioned below and use thereof are preferred



-A nmet hoxy, ethoxy, n-propoxy, iSo-propoxy, n-, iso-, or tert.-butoxy, n-,

i SO- or neo-pentoxy group can stand for the Cl-C5-al koxy radical R2. In the
case of R2, a chlorine, iodine or brom ne & omcan stand for a hal ogen.
-Preferred according to this invention are conmpounds of general fornmula I, in
which R2 is a Cl-C5-al koxy, G -Cs-al kyl or C2-C3-al kenyl or brom ne, or
chlorine, and R13 is a hydrogen atom The conpounds that are nentioned

bel ow and useag&m@jggf[og{eqnwnﬁf)ﬁrred 9 according to the invention: 1)

2- Met hoxy- 17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-0l 1 2)

2- Et hoxy- 17a- oxo , 3

2-Chl oro-17a- oxor)léaME é?% §x% liag%%‘g% tlI[rl e’ﬁ(@)g]{w ‘)’ 0!1)1

2- Br onp- 17a- oxo- 7ah estral (10)-trien-3-o0l 3

2- | odo- 17a- oxo- 1%a# { faz0%0- y%b‘i@?%ﬁﬁﬂéﬁ@gbm@%ﬂ

2- Chl oro- 17a- Fl uor o- 17a- oxo- 17a- honoestra- 1, 3,5(10)-trien-3-o0l 5a: 7)
2- Chl oro- 17( 3- FI3)0Qd.?ﬂlt‘b’la)—b3eee)m7h7ahhmmmtraa;315($0]5(ribﬁ)3-0]r R2en-3-ol 5h 8)
2- Brono- 17a- Fl uor o- 17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-ol 9)

2- Br omo- 17( 3- Fl ugr 0:-Hréareokar kAt onResdstra-1 b, {1 0L #Rh-1.6i gn- 3- ol
10) 2- ( 2- Phenyl et hyl ) - 17a- oxo- 17a- hormestra 1,3 3,5( 10) tr| en-3-o0l a 11)

2-Allyl-17 7 tr

211 170 Fl uoPol 1900 S0 hbmberest | ﬁ@%?a Lhaol 13
2-Allyl -17(3-Fl ugro-17a-0x0- 17a- hormestra 10) trlen 3-ol %ﬂ
14) 2- Chl or o- 17a-®x 8= qlﬂamhb?mﬁglpf%lla-extséimomeﬂ 8tlshe Opirgn-3-g)

2- Brono- 17a- oxo-1 7a- honoestra-1, 3, 5(10), 16-tetraen-3-o0l $ 16)
2- Al 1yl - 17a- oxo-7)7a-CtdoweBip-Blubrd] Ta-¢:dd] 7dtBorhedstra€ (B, 3(10)-trien-3-0] 5h

8) 2-Bromo-17¢-Fluoro-17a-oxe-17a-homoestra-1,3,5(10)-trien-3-ol

9) 2-Bromo-173-Fluoro-17 a-oxo-17a-homoc§tra-l ,3,5(10)-trien-3-0]
10) 2-(2-Phenylethyl)-17a-oxo0-17a-homoestra-1,3,5(1 0)-trien—3.-ol &

11) 2-Allyl-17a-ox0-17a-homoestra-1,3,5(10)-trien-3-o0l I

12) 2-Ally}-17¢-Fluoro-17a-oxo0-17a-homoestra-1,3,5(10)-trien-3-ol

13) 2-Allyl-17B-Fluoro-17a-ox0-17a-homoestra-1,3,5(10)-trien-3-ol £ \
14) 2-Chloro-17a-0x0-17a-homoestra-1,3,5(10),16-tetraen-3-ol |
15) 2-Bromo-17a-oxo-17a-homoestra-1,3,5(10),16-tetraen-3-o0l 8

16) 2-Allyl- 1_"7a—oxo-1 7a-homoestra-1,3,5(10),16-tetraen-3-ol

17) 2—Propy1;1 7a-0x0-17a-homoestra-1,3,5(10)-trien-3-ol

18) 2-Methoxy-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol
19) 2-Ethoxy-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol
20) 2-Chloro-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol

21) 2-Bromo-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol

22} 2-lodo-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol

23) 2-Chloro-17q.-Fluoro-17a-o0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol

24) 2-Chloro-17p-Fluoro-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol



.17) 2-Propyl -17a-oxo-1 7a- honbestra-1, 3,5(10)-trien-3-o0l 18)

2- Met hoxy- 17a- oxo- 17a- hono- 18a- honoestra-1, 3,5(10)-trien-3-ol 19)
2- Et hoxy-| 7a- oxo- 17a- honp-1 Sa- honpestra-1;38,5(10)-trien-3-ol 20)
.2-Chl oro- 17a- oxo- 17a- hono- 18a- honoestra-1, 3, 5(10)-trien-3-o0l 21)
2- Bronp- 17a- oxo- 17a- hono- 18a- honoestra-1, 3,5(10)-trien-3-ol 22)
2-1 odo- 17a- oxo- 17a- hono- 18a- honoestra-1, 3, 5(10)-tri en-3-0l 23)

2- Chl or 0- 17( x- Fl - ) ; tra- trien- 3-ol
245 Cnl o o 17( 3 LB AT P E IR PR bt BSOS EETL S o
ég_ hg%egi rB;?rlméﬁ@(a(l _o;ﬁ{lo?f’éﬁ?é{?c)gc}-%%é%g-%sﬂggJ%Q18a—homoestra—1,3,5(1O)-trien-S-ol

2- Brono- 17(3- Fl uor o- 17a- oxo- 17a- hono- 18a- honoestra-1, 3, 5(10)-trien-3-ol 27)
2-Al 1yl -1 7a- oxo2DZaARPn/atoxal Tachemess1 §axhamasssalcl, S¢10)-giens3-ol  28)
2- Al lyl-17a-Fl uoro-17a- oxo- 17a- hono- 18a- honoestra-1, 3,5(10)-trien-3-ol 29)

2-Al Lyl - 17 f 3- Fl 28)20Allylat 7% Blubrol 87 e%80 1 ABRorhe 188 8ibmdedtra- B3 3( 10} icr-8.iogn- 3- ol
30) 2-Chl oro-17a-o0xo0-17a- hono- 18a- honoestra-1, 3,5(10), 16-tetraen-3-o0l 31)

2- Bronp- 17a- oxo- - St -ar, 10) 16~ r al - 3
2-Allyl-17a- oxo-@g-‘huoiﬂg@sapﬁ%%s %oaﬂa, %"“gé ig% %@%g@{a@%ﬁg@) g+en §§§

2- Propyl - 17a- oxoz - hono-18a- h estrag-1,3,5(10)-ftrien-3-0l

Phar macol ogi cal %Sézzgch‘ H?ﬂ'Bfat"?’if?ﬁ?lé\"oh‘flﬂ%ﬂﬁ%ww%%yrab]fﬂg’lilﬁﬂgf?‘(?‘?ﬂ@ﬂ]r oxy

St eroi d Dehydrogenase Type 1 The test process is well described in the
literature [AdandiiZ;Bpmo-Eaeexnt a-hamo-bd3a-hompaesitat 1i3,5(19), 1Gtstragot3olEndocr i nol
(Copenh.) 121(2) (1989), 161-7] and is depicted below Human 17p-hydroxy .
steroi d dehydr ogsa)asgsyl(17alcokSRshons- B3 PN @ho@KAT165 5@0), | Grtetraen-3-ol

33) 2-Propyl-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol

Pharmacological Data
Inhibition of the Activity of Human 173-Hydroxy Steroid Dehydrogenase Type
1

The test process is well described in the literature [Adamski, J., Sierralta, W. D.,
Jungblut, P. W., Acta Endocrinol (Copenh.) 121(2) (1989), 161-7] and is depicted‘below.

Human 17p-hydroxy steroid dehydrogenases (173-HSDs) are over-expressed in
E. colibacteria as His-Tag proteins or as GST-fusion proteins. The suspensions of the
bacterial pellets in isotonic common salt solution are used for the determination of
enzyme activities of the 173-HSDs or for the study of their influence by potential
inhibitors (estrogen derivatives).

The measurements are made in double determination and, if necessary, at various
concentrations of potential inhibitors (e.g., in determining the ICso values). In addition
to the target enzyme 17p-HSD1, other steroid-metabolizing enzymes are included in the
test to study cross reactivities of estro geﬁ derivatives.

*H-Labeled substrate, bacterial suspensions, DMSO (in the control batch; final



.E. coli bacteria as Hi s-Tag proteins or as GST-fusion proteins. The
suspensions of the bacterial pellets in isotonic conmon salt solution are
used for the determ nation of enzynme actiyities of the 17(3-HSDs or for the

.study of their influence by potential inhibitors (estrogen derivatives).
The neasurenents are nade in double determi nation and, if necessary, at
various concentrations of potential inhibitors (e.g., in determning the

| 050 val ues) . 144y oRffldolfial ilipildfs (8 oqlgtdgﬁ wzgu{lﬁ&xéﬂﬁ[’ags’w&{& itable

st er oi d- met abol ¥zl ng “enzynes "are | y Cross

reactivities of_estr S d su rate, rlal
suspensi ons, BR%"{SW m@aé P‘nﬁ%o qeac?&dtg,adpﬁge BWPPQIIOO
i nhibitors (estrone derivatives in DI\/BO) as well as suitable cofactors
(NADP(H) or Namiddof sedingy nhosphateiadierail be adeationefshakafiphesds varigdouioft 3700
mmol of sodi um phosphate buffer. The incubation of the sanples is.carried

out at 37C i th awwet Bathkaiil babig shalei, Aghshake the couabl (WAtout subkfaBeas@h bé Ol
(wi thout substances to be tested), a conversion of about 30%is achieved.

The separati opas%ﬁ) a%gh%fﬁg Io??b&ﬂ’?ﬁ%ﬁ@é&ug%g product is then carried out,

after extrac reverse e- (RP- 18) cartrl dges by means
of HPLC on an colum w th aceto rile:water (v/v) bile
phase. The radi oac'élr ¢ SERpTation O(féfl‘dé‘gl@%e‘gf'ﬁ’ﬁtr%tﬁ P’EPdB‘Ft 1éﬂ'feP(9\?\¥%e |°Hf>| Qtion
counter. The evaluation of the substrate conversion with and w thout

subst ances t oexfeactipestibd insofrsy érsedplths(RP18)-cartratgestbyoneant of HELE udnsarr at e
and product peaks. The conversion of the control is normalized to 100%

conver si on. 1RP1Jalumn Wwithhd¥tdrieie: Ahtet NE (viyaga kdilblyaRX Thokatieddhvity is
Dehydr ogenase
detected with the aid of a flow-scintillation counter.,
The evaluation of the substrate conversion with and without substances fo be

tested is performed by the integration of the substrate and product peaks. The

conversion of the control is normalized to 100% conversion.

£



.17pHSD1  Structure 1Cso [nnmol] 1 8 2 77 3 52 452 5a 87 5b 126 6 15
7 24 Estrone 109 13 Dosage In general, satisfactory results in the

treatment of estrogen-dependent di seases ag2 well as hornone-dependent tunor
. di seases can be expected if the daily doses enconpass a range of 5 gg to 50
ng of the conpound according to the invention per kg of body weight. In the

case of larger mammal s, for exanple hunans a recommended daily dose lies
in the range 0 HEEank e dosages for
t he conpounds?éc§CBQM&80%9f?%e |ﬁg%n are lgﬁ%hgﬁgh%ﬂEQSO ng per day

per kg of body wei ght, depending on the age and constitution of the
patient, whereby the necessary daily dose can be adm ni stered one or nore
times. The fornul ati on of-the pharmaceutical -preparations based on the new

conpounds is carried qut in a way that is kﬂﬁHﬂDﬂn thelart by the active
i ngredi ent bei ng processed Structure ‘
1Cso [nmol]
1 85
2 77
3 52
4 52
Sa 87
£N
5b 126
6 15
7 24
Estrone 109




-wWith the vehicles, fillers, substances that influence deconposition, binding
agents, noisturizers, lubricants, absorbents, diluents, flavoring
correctives, coloring agents, etc., that Be commonly used in gal enicals,
.and converted into the desired formof admnistration. In this case,
reference is made to Rem ngton's Pharmaceutical Science, 15th Ed., Mack
Publ i shi ng Conpany, East Pennsylvania (1980). For oral adm nistration, in
parti cul ar tabbﬁkg, coated tablets, capsules, pills, powders, granulates,

| ozenges, suspensions, enulsions or solutions are suitable. For parenteral

adm nistration, injectio nd. .nf usi on.preparation re ssihle. ... For

intra-articular i n*ne%etulﬂ E,Sgté%?% %%’58%1 Hg%%?@be&? 8@6%9%#)@ pegﬁ%rﬁéihsgﬁ%eﬁgs can
be wused. For intranmuscul ar injection, aqueous and oi Lty i njection solutions
or suspensi on¥¢l ankerEwnedepandenitymer giseassy edndieamperied dahe drilydoses eneempassct al

adm ni stration,. the new conpounds can be used in the formof suppositories,
capsul es, solatangasf § ggdo 50 ing dfitles domipoued aervediag jo e dnwEntivirpatks dfdioldyf or 14
system ¢ and for l|ocal therapy. For pul nonary adm nistration of the new

conpounds, thﬁeitf;ia%txﬁ&hec@@e BElak& thanlinall, 16r &QMPIChuRSO0S RlcSaRtaldd Balyatse -

For topical app ation, formulations in gels, ointnents, fatty oi nt'nents,
creans, pastes,.. powders 1| d_tinGgtures.are. possible. The dosage of the
conpounds of h%élﬁ@%earrméeo?fn@:Légktp%gﬁ%ljgﬁcﬁeo%%}i%ﬂ- % in these preparations
to achi eve an adequate har macol ogi cal action. This invention conprises the
conpounds of gener 1t&bl§r¢ﬁ%§ﬁ$$lf°ra@eﬁ@ﬂpo@§lsG@Cé’fdlﬂ&éq dsfnyeption g e ddbiton of
a pharmaceutical agent, in particular for treating estrogen-

50 mg per day per kg of body weight, depending on the age and constitution of the

patient, whereby the necessary daily dose can be administered one or more times.

The formulation of the pharmaceutical preparations based on the new compounds
1s carried out in a way that is known in the art by the acfive ingredient being proéessed
with the vehicles, fillers, substances that influence decomposition, binding agents,
moisturizers, lubricants, absorbents, diluents, flavoring correctives, coloring agents, etc.,
that are commonly used in galenicals, and converted into the desired form of

1
'

administration. In this case, reference is made to Remington’s Pharmaceutical Science,

15th Ed., Mack Publishing Company, East Pennsylvania (1980).

For oral administration, in particular tablets, coated tablets, capsules, pilis,
powders, granulates, lozenges, suspensions, emulsions or solutions are suitable.

For parenteral administration, inj ection and infusion preparations are possible.

For intra-articular injection, correspoﬁdingly prepared crystal suspensions can be
used.

For intramuscular injection, aqueous and oily injection solutions or suspernsions
and corresponding depot preparations can be used.

For rectal administration, the new compounds can be used in the form of

suppositories, capsules, solutions (e.g., in the form of enemas) and ointments both for



. dependent di seases, which can be positively influenced by the inhibition of
the 170- hydroxy steroid dehydrogenase. The conpounds of general fornula |
according to the invention are preferably j4sed for the production of a

. pharmaceuti cal agent for treating hornone-dependent tunor diseases of male
and femal e reproductive glands, nmale and fermal e sex oizgans including the
mammary gl ands, in particular prostate cancers or breast cancers. In

addi tion, thesﬁﬁm;@w&rm%gfaﬁg to the invention for the production of a
pharmaceuti cal” agent for treating endonetriosis are preferred. This

invention also relates.to the. pharmaceutjcal conpositian hat cont ai.n at

| east one conpoun Oé(é)&lgflﬂl?%a e Pﬂ@t%i%ﬁ,wﬁlﬁ‘ﬁu@k&f@aﬁ?{ﬁaﬂ CHE M of a
phar maceut i cal | y/ phar macol ogi cal |y conpati ble salt, wi thout or together with
phar maceut i callpyorapeqasresnisenddpliflatt- s and/ or vehicl es. These pharmaceuti cal
conpositions and pharnmaceutical agents can be provided for oral, rectal,
vagi nal , subcut anefatsopipsirapplicatienUrmilatisaMa Relssoidtménid, fATUSBahetits, creams,

adm nistration. In addition to commonly used vehicles and/or diluents, they

contain at  |eagk QRRIFOTRAURY BEAPEUOFodsbId. é%ﬁéﬁ%%ﬁﬂ% SJITI'IET%?'\ yggged solid

phar maceutical agents of the Invention are produc

or liquid vehicles.or dilue 0 nly used .

phar maceuti c a&e-nF@i FPﬁﬁ“élfﬁ ! SE‘HF@@&??#@I % 2@% &"g)g%ﬁlrﬁaar?%or{sﬁ% aghieys Wpdeguate of

adm nistration with a suitable dosage in a known way. The preferred

pr epar at i ons RgHBReologiepl actiitspensing formthat is suitable for oral

adm ni stration. Such dispensing forns are, for exanple, tablets, film

tabl ets, coated tdlieimenti@psuhmsises thielcosipomadsteiosneralsfoltitila@as wetl as uspensi ons
or el se depot fornms. The pharmaceutical conpositions that c¢ontain at |east

one of the cofpeuffs tRGHFOHHHBE of a pharmaceutical agent, in particular for treating estrogen-

dependent diseases, which can be positively influenced by the inhibition of the 17p-
hydroxy steroid dehydrogenase.

The compounds of general formula I according to the invention are preferably
used for the production of a pharmaceutical agent for treating hormone-dependent tumor
diseases of male and female reproductive glands, male and female sex organs including
the mammary glands, in particular prostate cancers or breast cancers. |

In addition, the compounds according to the invention for the productidn of a
pharmaceutical agent for treating endometriosis are preferred.

This invention also relates to the pharmaceutical compositions that contain at
least one compound according to the invention, optionally in the form of a
pharmaceutically/pharmacologically compatible salt, without or together with
pharmaceutically compatible adjuvants and/or vehicles.

These pharmaceutical compositions and pharmaceutical agents can be provided
for oral, rectal, vaginal, subcutaneous, percutaneous, intravenous or intramuscular

administration. In addition to commonly used vehicles and/or diluents, they contain at

least one compound according to the invention.



to the invention are preferably adm nistered orally. Parenteral
preparations, such as injection solutions, are also considered. In addition,
for exanple, suppositories and agents forjavagi nal application can also be
menti oned as preparations. Corresponding tablets can be obtai ned by, for
exanple, mxing the active ingredient wth known adjuvants, for exanple
inert diluents, such as dextrose, sugar, sorbitol, mannitol,

pol yvi nyl.pyrrol i dgﬂ% 'ph %&%E%%gm%%?%e%eﬁé?{ Lhoé‘tu%&&c'éd Rimd r&ﬁa@ﬁlﬁm?eﬁ's&id or

bi ndi ng agents su arc r gela cants suc gnesi um
ffec such as

Stearate or talc d{ 0 ts for achl a_depo

car boxyl pol yne qtuhd ‘Fglngs i %%qu dtﬁ o elfSF‘gP%'?Ea 'gtécla ﬁf}glécél ééfi%vtalétfe

pht hal at e or Vi I ablets ca S nsi st f sever
oyors: cont e ol Ry Oﬁaﬁvnﬁgawa’aﬂw&ﬂ%@e AR § RO

are produced afnal ogously to the tablets, wth agents that are conmmonly used
in tabl et codlffy ?H?Fat‘(@?(%??ﬁ?lgm P ERARPIAG forp had IS SHihls 16t orakadminjgratigy, nyuch
arabic, talc, tltanl UmOXI de or sugar. In this case, the coated tablet

shel | can al stspersng fermsgre, éuwasmple, fabjasy: §m {ohlsisetnpted finbloisi Fapsulps Bills e derse
mentioned above with the tablets can be used. Sol utions or suspensions of

t he conpoundssoyfionsen susaénsfons mdls depaddderasdi ng to the invention can
additionally contain taste-inproving agents, such as saccharine, cyclamate,
or sugar, as wel |IThegphamacruticdl caumsitions thatlesttain aekass madofalse ovampbirda aaordingange
extract. In addition, they can contain suspending adjuvants, such as sodi um

car boxynet hylto delihwthidseare prefeprbbs@midstered@srally. such as p- hydroxybenzoates. 16
The capsul es that contain conpounds of general fornula | can be produced by,

for exanple, the qordgewdfcpiratdnsIaaeisahjedtidn IblhGons, DEARDCINLRGE. WhalldiGdh, Forer t
vehicl e such as |actose or sorbitol and being encapsul ated in gel atine
capsul es. example, suppositories and agents for vaginal application can also be mentioned as

preparations.

Corresponding tab.lets can be obtained by, for example, mixing the active ingredient
with known adjuvants, for example inert diluents, such as dextrose, sugar, sorbitol, mannitol,
polyvinylpyrrolidone, explosives such as corn starch or alginic acid, binding agents such as
starch or gelatin, lubricants such as magnesium stearate or talc and/or agents fer achieving a
depot effect, such as carboxylpolymethylene, carboxyl methyl cellulose, cellulose 'acetate
phthalate or polyvinyl acetate. The tablets can also consist of several layers.

Coated tablets can accordingly be produced by coating cores, which are produced
analogously to the tablets, with agents that are commonly used in tablet coatings, for example
polyvinylpyrrolidone or shellac, gum arabic, tale, titanium oxide or sugar. In this case, the
coated tablet shell can also consist of several layers, whereby the adjuvants that are mentioned
above with the tablets can be used.

Solutions or suspensions of the compounds of general formula I according to the
invention can additionally contain taste-improving agents, such as saccharine, cyclamate, or
sugar, as well as, ¢.g., flavoring substances such as vanilla or orange extract. In addition, they

can contain suspending adjuvants, such as sodium carboxymethyl cellulose, or preservatives,

such as p-hydroxybenzoates.



Sui t abl e suppositories can be produced by, for exanple, mxing with vehicles
that are provided for this purpose, such as neutral fats or polyethyl ene

gl ycol or derivatives thereof. The conpougds according to the invention can
be adm ni stered for prophylaxis and for therapy of breast cancer or prostate
cancer or endonetriosis in conbination with one or nore of the follow ng
active ingredients: 1) Antiandrogens, such as cyproterone acetate,

flutanide, casodexye egpreme;t}m(éeﬁ@ﬂ%ﬁﬁ&mas &fgﬁﬁ@ﬂ%&ﬂﬁ'&n BORRIRES by Lf&rh as

synarel, lupron, busrelin 3) Aromatase iInhibitors such as anastrozol e,

fornestane §ﬁ S as
finasteride §%£%§%g%?§¥§c agzkﬁéﬁesuc g%%ﬁgstlﬁggiggﬁﬁ%gﬁ %%?%;

VEG-- ki nase | i bitarns sta h as onapri stones,
mifepri st oned %\nstorbém{%‘ng\bgmg)emaewage 't 5%% f%‘?‘f"%ﬁ) Anti sense

ol i gonucl eot i des G- Antlbodles eover, the conpaunds of eneral
formula | accordi #&jtﬁbf © FRROSE tﬂ%ﬁﬁ‘?ﬁﬁ%‘é‘ﬁe% {ps ezpmpp t"H’éﬂ‘é{ P, vely ]Faéfﬂ‘?yl axi s
of ot her pathol o |% conditions that are not mentioned above,

fol I owi ng ex&FyTded fogthis purpepessyph a5 nwad fafetraplyelly eags ¥ioheT Qsﬁvwe%qh@fe%fubj ect
of the invention, without intending that it be limted to these exanples.
Starting from t he Thy cqenayndreceaiding ipehe inyentign Fands@dmmpgtered forierephylaxisggd &8, J.
prakt. Chem 1972, 314, 667), and the corresponding 17a-hono derivatives

t heref rom ( Kherdmy loflereast panc@en groblete cZICEIT@ndonYBBis i combiggipn with oheorpRae o ed.
The above-

the following active ingredients:
1) Antiandrogens, such as cyproterone acetate, flutamide, casodex, etc.
2) Gonadotropin hormone (GnRH) agonists such as synarel, lupron, busrelin
3) Aromatase inhibitors such as anastrozole, formestane, letrozole, exemestane
4) 5Sg-Reductase inhibitors, such as finasteride
5) Cytostatic agents, such as vinblastine, daunorubicin
6) VEGF-kinase inhibitors
7) Antigestagens, such as onapristones, mifepristones \
8) Antiestrogens such as tamoxifen

9) Antisense oligonucleotides

10) EGF Antibodics

Moreover, the compounds of general formula I according to the invention can be

used for therapy and prophylaxis of other pathological conditions that are not mentioned above. - -




. nmentioned reaction steps can be perfornmed before or after functionalization
of the 2- position. The introduction of halogens in 2-position is carried
out by nmeans of ortho- thallation as descrifbed in the literature for 17-keto
. derivatives (P. C. Bulman Page et al., Tetrahedron 1990, 46, 2059). The
functionalization of the C atom2 of an estra-1,3,5(10)-trien-17-one
derivative is preferably carried out by Friedel-Crafts acylation as

described in the T'hietﬁ?l'i@ﬁiﬂé%%:ﬁq}%leé\'%@%é@fo?ta nre de@%}gﬁfﬁ?&'ﬁﬂh .oﬂﬂelsgbj%&79’

18, 474). After alteration™o e protective group In position,

2-car boxy-estra-1, 3 10)-trien-17-ope ins,generated b aeyer-Villiger

oxi dati on (M(’f%‘.B %ﬁ”?lﬁn’ ."h%ﬁﬂfr&}ﬁl}g%ﬁ%“gekge%ﬁé% °Er pEeS'Chen‘i stry, 5 th
Edition, WIley Sons 2001, 1417- 14%23._ The ester is saponified and converted
with the corresporthrigg Eprthe hakecwdoanaérespbkpxirangs it Hibreri hiNeagk. 7. al ky|
ether. The cleavage of the protective group in 3-position is carried out as

described i npriie Chdni. 03211, (d7), M tht e@nspollingsl 7dvhordéi derivatived thetefrom G oups
in Organic Synthesis, Wley & Sons, 1999, 249-275). This process or others

(P. N Rao, Q%%@Kaﬁﬂnﬂf?tﬂ%?%; 22589 éa%%@éagg@%g@.eTﬂg?ﬂaﬁ‘;ga

accordance wi e 17a-ho erivatives. “The corr I'ng

derivati ves can .be produced fromthe_.2-acyl deriyvat.ives hy reductiqn with
sodi um bor ohPfPHERCd IG3HOG SERS £FT eﬁﬁg’r@ﬁgg’gfﬁ’ﬁ%ﬁi aﬁ%%'ﬁ@ﬁ%"’g&ag%‘ Bé#‘? gh (C.
Derassi, Org. React. 1951, 6, 207). 18 The introduction of the 2-allyl

group can bepesitiph.ed out via a O aisen rearrangement as described in the
literature (L. Troisi et al., Tetrahedron Lett. 1999, 40, 1771). It can be

further functionallhzedrdidatom eftalagassl ¥psdtidiie caidd@us by hrtnesforidescr i bed
by T. Buskas et al. (J. Og. Chem 2000, 65, 958).
thallation as described in the literature for 17-keto derivatives (P. C. Bulman Page et al.,
Tetrahedron 1990, 46, 2059).

The functionalization of the C atom 2 of an estra-1,3,5(10)-trien-17-one
derivative is preferably carried out by Friedel-Crafts acylation as described in the
literature (T. Nambara et al., Chem. Pharm. Bull. 1979, 18, 474). After alteration of the
protective group in 3-position, a 2-carboxy-estra-1,3,5(10)-trien-17-one 1 generated by
Baeyer-Villiger oxidation (M. B. Smith, J. March, March’s Advanced Orgar;ic
Chemistry, 5t Edition, Wiley Sons 2001, 1417-1418). The ester is saponified and
converted with the corresponding alkyl halide under basic conditions into a 2-alkyl ether.
The cleavage of fhe protective group in 3-position is carried out as described in the
literature (T. W. Greene, P. G. M. Wuts, Protective Groups in Organic Synthesis, Wiley
& Sons, 1999, 249-275). This process or others (P. N. Rao, J. W. Cessac, Steroids 2002,
67, 1065) can be used in accordance with the 17a-homo derivatives.

The corresponding 2-alkyl derivatives can be produced from the 2-acyl

derivatives by reduction with sodium borohydride, hydrogenation and subsequent

Oppenauer oxidation (C. Djerassi, Org. React. 1951, 6, 207).




. Longer, also unsaturated or functionalized alkyl radicals in 2-position can
be obtained via the Sonogashira coupling of nore suitable, optionally
correspondingly protected alkines and suhgequent (partial) hydrogenation.

. The 17-fluorination of the 17a-ketone can be perforned as described by A C
Stalford et al. (Steroids 1997, 62, 750) or else S. Stavber et al.

(Synt hesi s 2002, 2609). The synthesis of 16, 17-dehydro derivatives can al so

be perfornmed anal n LRcesses Rao et al.
Steroi ds 2002, 67019‘%33@‘1‘}"83?Sg%t%p%%?ﬁ%}?e“é’i% a‘Ex%ﬁB‘i‘&aid}ImS

2- Met hoxy- 17a- oxo- 17a- hormestra 1,3,5(10)-trien-3-0l 1

17a- azi donet FSATABERens A HasraPedkin e lisratute,LeSroid ey al3, Tg(ryégdrpn ILéﬂe1998nﬁ0 7.5 g
of sodium i odi de were suspended in 250 mM of acetonitrile and slowy m xed
at room t eni&7 Bt Ut eanvhiet forthér fichctwhalizadrbetdw knadogdoyklyad thermethodshateare 4 hour s,
another 4 m of trimethyl silyl chloride was added, and after another 2.5

hours, it wagicsHrked bt Buﬂ@d@teymatﬁ@ Qi T H e qubggate sol ution and water
and extracted with dichl oronet hane € he ‘conbi ned organl c phases were

washed with aqueo odi,um bi 1rb ncentyated by
evaporation in a It]%’flgrryal@?/%s ?"’?% ﬁ'\nﬁg 15?1 @%&]Irgélfglﬁ Pg?ﬁ%ﬁ%l}(%ne/ et hyl
acetate —101.-_ 7:1 -). 5:1) |elded2129(67% :

2- met hoxy- 178 Wmthﬁ&%@gﬁsma goupligg phnorg suatghly, @ptpnalsly egrepprdinglyy yst al s.
"HNWMR (CDC13): 8 = 1.13 (s, 3H, 18-CH3), 2.62-2.71 (m 1H, 17-H), 2.77 (dd,
2H, 6-CH2), Pprdéctédbalkidiels add BsEjuent(pdia(}dydiddenationH), 6. 63, 6.78 (2 s, 2H,
1-H 4-H). Exanple 2 2-Chloro-17a-o0xo0-17a-honoestra-1,3,5(10)-trien-3-o0l 2

The 17-fluorination of the 17a-ketone can be performed as described by A. C.

Stalford et al. (Steroids 1997, 62, 750) or else S. Stavber et al. (Synthesis 2002, 2609).
The synthesis of 16,17-dehydro derivatives can also be performed analogously to

known processes (see, e.g., P. N. Rao et al., Steroids 2002, 67, 1079).

Production Process £

Example 1
2-Methoxy-17a-0x0-17a-homoestra-1,3,5(10)-trien-3-ol 1

3.61 g of 17¢-azidomethyl-3,17p-dihydroxy-2-methoxy-estra-1,3,5(10)-triene
and 7.5 g of sodium iodide were suspended in 250 ml of acetonitrile and slowly mixed at
room temperature with 15 ml of trimethyl silyl chloride. After 4 hours, another 4 ml of
trimethyl silyl chloride was added, and after another 2.5 hours, it was mixed with
saturated sodium thiosulfate solution and water and extracted with dichloromethane
(3x). The combined organic phases were washed with aqueous sodium bicarbonate
solution, dried and concentrated by evaporation in a rotary evaporator. Flash

chromatography (cyclohexane/ethyl acetate = 10:1 — 7:1 — 5:1) yielded 2.12 g (67%)




307 nmg (851 nol) of 3-acetoxy-2-chloro-17a-o0xo-17a-honoestra-1, 3,5(10)-
triene was dissolved in 24 m of dichloronethane/ nethanol (2:1) and m xed
with 45 nmg of sodium nethanol ate. After 3195 hours, it was neutralized with
Anberlite I1R120 (H+), filtered, and concentrated by evaporation in a rotary
evaporator. Flash chromatography (toluene/ethyl acetate = 25:1) yielded 173
nmg (64% of 2-chloro-lI 7a-oxo- 1 7a honoestra-1,3,5(10)-trien-3-0l 2 as

col orl ess cr 2.82 (m
20 17k o penediibGd ot 15548 {7’%5?3{’121&5 G g
Example 3 2-Brong 0X 7a- hompestra-1 -trien-3-0
produced anal ogousﬁm (Cﬁ%é%@hog?gé%é& |1§'(-.Qﬁ3§ 22 13@#7&9& ?-J@é‘,mby
P. C. Bul man Page et al., Tetrahedron 1990, 46, 2059. 1H NWMR (CDC13): 3 =
1.12 (s, 3H 2H36CHD), 3.86 623H; 30CH)), 248 (1 1H43-GHLEX3, 6.78.(2 3, 71; 1-Hyd-18). OH)
6.73, 7.34 (2 s, 2H, 1-H, 4-H). 20 Exanple 4 .
2-1 odo- 17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-0l 4 4 was produced
anal ogously to the nethod, described for the 17-keto derivatives, by P. C
Bul man Page i% %QI Tet r ahedr on 1990, 46, 2059. '"H- NWR (CDC13): S = 1.12 (s,
3H, 18-CH3), 62271 (ddd J 6 8, 14 1, 14 1 Hz, 1H 17-H), 2.77-2.81
(m 2 H 6-CH), 5.29 (s, (2s, 2H 1-H 4-H.
Exanple 5 2- ]HPBQ'Y’?%YDW‘&8?‘@3’%5%%‘&31%0}18'@6%10?:%1 3,5(10)-tri en- 3- ol
Sa_and 2- Chl oro-

307 mg (851 pmol) of 3-acetoxy-2-chloro-17a-oxo-17a-homoestra-1,3,5(10)-

triene was dissolved in 24 ml of dichloromethane/methanol (2:1) and mixed with 45 mg
of sodium methanolate. After 1.5 hours, it was neutralized with Amberlite IR120 (H+),
filtered, and concentrated by evaporation in a rotary evaporator. Flash chromatography
(toluene/ethyl acetate = 25:1) yielded 173 mg (64%) of 2-chloro-17a-0x0-17a-
homoestra-1,3,5(10)-trien-3-ol 2 as colorless crystals.

"H-NMR (CDCls): § = 1.12 (s, 3H; 18-CHs), 2.62-2.82 (m, 2H; 17-H, 6-CHy),
5.39 (s, 1H; 3-OH), 6.72, 7.21 (2 s, 2H; 1-H, 4-H). £
Example 3
2-Bromo-17a-oxo-17a-homoestra-1,3,5(10)-trien-3-0l 3

3 was produced analogously to the method, described for 17-keto derivatives, by
P. C. Bulman Page et al., Tetrahedron 1990, 46, 2059.

'H-NMR (CDCl3): & = 1.12 (s, 3H; 18-CH), 2.62-2.82 (m, 2H; 17-H, 6-CHy),

5.41 (s, 1H; 3-OH), 6.73, 7.34 (2 5, 2H; 1-H, 4-H).




17(3-flu oro-I 7a-oxo-1 7a-h onoestra-1,3,5(10)-trien-3-0l Sh 60 ng (188
Whol ) of 2-chloro-17a-oxo-17a-honoestra-1,3,5(10)-trien-3-o0l 2 was refluxed
wi th about 190 ng of 1 -fluoro-4-hydroxy- 2%, 4-di azoni a- bi cycl o[ 2, 2, 2]
-octane bis(tetrafluoroborate) on alum numoxide in 10 m of methanol for 5
hours; cooled to roomtenperature, mxed with IN hydrochloric acid and
extracted with dichl oronethane. The organi c phases are dried and

concentrat ed gy nﬁ“ oratlon ina rotary evaporator. Purification by nmeans
of HPLC (Chirace H, n-hept ane/ 2- propanol 6: 4) yi el ded about 10 ny

each of 2-chl | 7a- 0x0 str 1,3,5(10)-trien-3-0l ba
and 2-chl orozoff?lﬁjlfﬂdﬂﬁ”gﬁf%&mﬂﬁﬁ?‘%ﬁgﬁmg E ”011 3 5( 10§-t2i en|-3-ol Sh as

colorless solids. Sa: 1H NWR (CDClS = 1. 136(5 3H, 18-CH3), 5.32 (ddd,
JHF = 48.8, JHH =4 wayprodyced analogquﬂ ymb@mlen,shod eporibed] for thed Teket@derivatives, 4. H)
-19F-NMR (CDC13): S = - 192.20 (dd, J= 48.9, 12.8 Hz). Sh: 'H NWR (CDC13):

S = 1. 21 (d, byP. &, Butigan Bige el 81, Uddnsedon 61900045, 2066, = 49.2, JHH= 3.9, 6.6
Hz, 1H 17a-Hj, 6.73, 7.20 (2 s 2H. 1-H, 4-H) -19F-NMR 21 (CDC13): o =

-183.02 - -183.281
2- (2- Phenyl et hyI ) - I7a- ox m%é%t(? ok 18-GHp3 627044 = 68 Ll 1 123

i S50l ved 1 Eﬁyﬁ)rfﬁzf%ﬁa@? T TR S, ColtstORDi b7 T B A

pal l adiun(l1) acetate, 5 ng of copper(1) |od| de, 6.5 ng of

tri phenyl phodpill.ne and 26 | of phenyl- acetylene, and stirred for 45 ninutes
at room tenperature under argon. Then, it was diluted with ethyl acetate,
washed with 1IN hydrochloric acid, saturated sodi um

Example 5
2-Chloro-17g-fluoro-17a-o0xo-17a-homoestra-1,3,5(10)-trien~3-of 5a and 2-Chloro-
17p-fluoro-17a-oxo-17a-homoestra-1,3,5(10)-trien-3-01 sSh

60 mg (188 pmol) of 2-chloro-17a-0x0-17a-homoestra-1,3,5(10)-trien-3-0l 2 was
refluxed with about 190 mg of 1-fluoro-4-hydroxy-1,4-diazonia-bicyclo[2,2,2]-octane
bis(tetrafluoroborate) on aluminum oxide in 10 ml of methanol for 5 houis; cooled to
room temperature, mixed with 1N hydrochloric acid and extracted with |
dichloromethane. The organic phases are dried and concentrated by evaporation in a
rotary evaporator. Purification by means of HPLC (Chiracel OJ-H, n-heptane/2-
propanol = 6:4) yielded about 10 mg each of 2-chloro-17q-fluoro-17a-oxo-17a-

' homoestra-1 ,3,5(10)-trien-3-ol Sa and 2-chloro-173-fluoro-17a-0x0-17a-homoestra-

1,3,5(10)-trien-3-o0l Sh as colorless solids.

5a: "H-NMR (CDCls): § = 1.13 (s, 3H; 18-CHs), 5.32 (ddd, Jur = 48.8, Jur =
7.4,12.5 Hz, 1H; 17p-H), 6.72, 7.21 (2 s, 2H; 1-H, 4-H) ~— °F-NMR (CDCls): § =
—192.20 (dd, J=48.9, 12.8 Hz).

5h: '"H-NMR (CDCL): §=1.21 (d, J = 3.1 Hz, 3H; 18-CHz), 4.86 (ddd, Jur =

49.2, Jur=13.9, 6.6 Hz, 1H; 17¢-H), 6.73, 7.20 (2 s, 2H; 1-H, 4-H) — "F-NMR




-bi carbonate solution and comon salt solution, dried, concentrated by
evaporation in a rotary evaporator, and purified by flash chromatography
(cycl ohexane/ ethyl acetate 10:1 --> 5:1). 242 ng (80% of

.3- acet oxy- 2- ( 2- phenyl et hi nyl ) - 17a- oxo- 17a- honobestra- 1, 3,5(10)-tri ene was
obt ai ned as brown-bl ack crystals. 'H NWVR (CDC13): S =1.12 (s, 3H 18-CH3),
2.35 (s, 3H, COCHS),' 6.82, 7.50 (2 s, -H, 4-H), 7.31-7.48 (m 5H; Ph)

213G NVR ( CDC _16. be 59, 25 80. 26.22 29.75
32. 33, 37.(08 J@?Cﬁg 5390%1 %Qégg‘b 84.58, 92.92, 114.101, 121.64,

122.91, 128.12, 129.82, 131.24, 137.92, 138.52, 148.90, 168.97, 215.83. 27
nmg (63 nol) of 3-acetoxy- 2-(2-pheny| et hi nyl )-17a- 0X0- 17a- honoestr a-
1,3,5(10)-triene was dissolved in 10 m of ethyl acetate/ THF (9:1), m xed
with 3 drops Examgdebi c acid and 55 ng of pall adiumon activated carbon
(10%, and hydrogenated for 3 hours. Then, the catalyst was filtered off,

concentrat ed Qy(zmgl@hylm 7 hJ&xa—lﬁﬁih%hibesﬁﬂfiWS@D?lfmen'iﬂfbl - ev apo rated
several tines with toluene. The residue was di'sso

di chl th

e o one e, ' e 4 1oL 0L A A8 oL AT i
Anberlite I R120 H+ f I d d Nt rat d b t

e R Rk s e RS maeREC e For eBelD) 2.

yielded 16 ng (65% oft-(2-

phenyl et hyl ) - hZatatexbmb e -chppa@ltodate] 6.3 ni dDtyipheriyéphopiihe andizs ghofyhenys
needi es. 1H NVR (CDC13): S =1.13 (s, 3H 18-CH3), 2.85-2.89 (m 4H, PhCH2),

4.46 (s, 1H a@f‘_)/len@ aft@ stirfedBr 48 nfinuttht r?)mlﬁ' telﬁ Ehrd uilddr 4rdf. (Pfﬂsn 3Hvadh) -
Exanple 7 2- 17a- oxo- 17a- honoestra- 1 ? )-trien- §%
d11uted with ethyl acetate, washed with IN hydrochlonc acid, saturated sodium
bicarbonate solution and common salt solution, dried, concentrated by evaporation in a
rotary evaporator, and purified by flash chromatography (cyclohexane/ethyl acetate 10:1
— 5:1). 42 mg (80%) of 3-acetoxy—Z-(Z—phcnyléthinyl)—17a—oxo-17a;homoestra~
1,3,5(10)-triene was obtained as brown—black crystals.

'H-NMR (CDCls): § = 1.12 (s, 3H; 18-CHa), 2.35 (s, 3H, COCH’-,T);‘\?.SZ, 7.50 (2
s, 2H: 1-H, 4-H), 7.31-7.48 (m, 5H; Ph) — “C-NMR (CDCla): 8§ =16.79, 20.84, 22.87,
25.59, 25.80, 26.22, 29.75, 32.33, 37.08, 38.14, 42.89, 48.17, 50.17, 84.58, 92.92,
114.101, 121.64, 122.91, 128.12, 129.82, 131.24, 137.92, 138.52, 148.90, 168.97,
215.83.

27 mg (63 pmol) of 3-acetoxy-2-(2-phenylethinyl)-17a-ox0-17a-homoestra-
1,3,5(10)-triene was dissolved in 10 ml of ethyl acetate/THF (9:1), mixed with 3 drops
of acetic acid and 55 mg of palladium on acﬁvated carbon (10%), and hydrogenated for
3 hours. Then, the catalyst was filtered off, concentrated by evaporation in a rotary
evaporator, and co-evaporated several times with toluene. The residue was dissolved in

6 ml of dichloromethane, mixed with 20 ml of methanol and 100 mg of sodium

methanolate, and stirred for 2 hours. Then, it was neutralized with Amberlite IR120



315 ng (1.11 nmmol ) of 17a-oxo0-17a-honoestra-1,3,5(10)-trien-3-0l was
dissolved in 5 nil of absolute DMF, m xed with 1.8 g of cesium carbonate and
1 mM of allyl bromde and heated for 3 hopgs to 60C. Then, it was m xed
with ethyl acetate and washed with water and conmon salt solution. The
organi ¢ phase was separated, dried, and concentrated by evaporation in a
rotary evaporator. Flash chromatography (cyclohexane/ethyl acetate = 40:1 -

172, oxo- 17a- NGO ﬁﬁ?%@%ﬁé R fef by Bienlidionh P TRl

CDC13): S =1.12 1 -2.86 (m
(2H; 6-)H), 4. 561“981 x@y@cm&o?ggme/@@mzyem@ 7%1)(131@153@ l@f%fﬁé%)@f Pl2- 1H,(
=CHH), 5.37 (dd, J= 1.2, 17.2 Hz, 1H, =CHH), 5.99-6.07 (m 1H, CH=CH2),
6.63 (d, J= ZpBenyHZhyl)Ll-E’a—wéd—I)7a—EorﬁQes(rdd,3,3(iO)2t1ﬁp—fBo]26 hzcoldritss Aeddles. 7. 20 (d,
J=8.6 Hz, 1H, 1-H). 315 nmg (971 pnol) of

3-al | yl oxy- 17a- oxo!dAaviRQuIsss d)’ﬂ—ll B3 B 30) 18-0E0©. 903 80 ¢S 80 W@H&)Maé(gﬂ of

di et hyl ani | i ne under argon and refluxed for 8 hours. Then, it wa m xed

I b Sl acirbm o e, i gt REPLTC Rk a0 ¢ o by

evaporation in a rotary evaporator. Flash chromatography (cycl ohexane/ et hyl
acetate = 9:1) yielded 312 ng (99% of a mxture of the two regi oi soners as
colorless foam Separation by nmeans 23 of HPLC (Chirapak AD-H,

n- hept ane/ 2- pEspapld 7 = 8: 2) yielded 108 ng of 2-allyl-17a-

oxo- 17a- hom)estra 1,3,5(10)-trien-3-0l 2 as colorless crystals. | H NW

(CDC13): 3 = 4.AL l-(lda-o%bl-lﬂﬁm%&ktra& ﬁg*_l’:ﬂﬁeﬂ-mmli‘i 17-H), 2.78-2.82 (m
oH, 6-H), 3.37 (d, J= 6.3 Hz, (s, 1H OH), 5.12-5.18 (m

é:(-lérrplzg-g) 5. 94- 63?55m(grf‘l.ﬁ m%ﬁ%-bxo-l?a-homoes%ra-1%33(10?—'5‘1‘16&3-'6'1 was H).

dissolved in 5 ml of absolute DMF, mixed with 1.8 g of cesium carbonate and 1 ml of
allyl bromide and heated for 3 hours to 60°C. Then, it was mixed with ethyl acetate and
washed with water and common salt solution. The organic phase was separated, dried,
and concentrated by evaporation in a rotary evaporator. Flash chromatography
(cyclohexane/ethyl acetate = 40:1 — 20:1 — 10:1) yielded 322 mg (89%) '0? 3-allyloxy-
17a-ox0-17a-homoestra-1,3,5(10)-triene as colorless crystals. |

"H-NMR (CDCh): § = 1.12 (d, 3H; 18-CH3), 2.62-2.71 (m, 1H; 17-H), 2.83-2.86
(m, 2H; 6-H), 4.50 (d, J= 5.0 Hz, 2H; OCHa), 5.26 (dd, J=1.2, 10.5 Hz, 1H, =CHH),
5.37(dd, J=1.2, 17.2 Hz, 1H; =CHH), 5.99-6.07 (m, 1H; CH=CH3), 6.63 (d, J=2.3
Hz, 1H; 4-H), 6.72 (dd, /= 2.3, 8.2 Hz, 1H; 2-H), 7.20 (d, /= 8.6 Hz, 1H; 1-H).

315 mg (971 pmol) of 3-allyloxy-17a-oxo-17a-homoestra-1,3,5(10)-triene was
dissolved in 25 ml of diethylaniline under argon and refluxed for 8 hours. Then, it was
mixed with ethyl acetate and washed with 1N hydrochloric acid and common salt
solution. The organic phase was separated, dried, and concentrated by evaporation in a
rotary evaporator. Flash chromatography (cyclohexane/ethyl acetate = 9:1) yielded 312

mg (99%) of a mixture of the two regioisomers as colorless foam. Separation by means



2- Bronp- 17a- oxo- 17a- honoestra- 1, 3,5(10), 16-tetraen-3-ol $ I H NWR (CDC13): 8
= 1.05 (d, 3H 18-CH3), 2.62-2.71 (m 1H, 17-H, 5.95 (dd, J= 2.5, 10.0 Hz,
1H, =CH), 6.87-6.91 (m 1H, =CH), 6.74, 7536 (2 s, 2H 1-H 4-H) - 13CGNWR
(CDC13): 6 = 15.63, 25.64, 25.85, 27.13, 29.28, 32.08, 38.81, 42.34, 44.45,
45. 32, 107.42, 115.37, 127.56, 128.61, 133.76, 137.46, 147.25, 149.79,
205.04. s, 24 Cdains 1. 2-Substituted D honp-estratrienes of general

formula | R . [ ich, R2 _neans 7 £3-.albk oHR, AN

aral kyl or aﬁéﬁ@@#‘@?ﬁ? gg'lélaﬁ',h\é@aﬁl}g'&qufl T%@%}‘%ﬁ%ﬁ%"ﬁ%ﬁ@@éﬁat om
R73 nmeans a hydrogen atom or a nethyl group, R17 neans a hydrogen atomor a
fluorine at ofrovifamenpestiiel 4ot Qdripi-Aex Ziag cologlesscrgsialsD-ri ng of the steroid
nol ecul e can be additional double bonds, as well as their pharmaceutically
accept abl e sal ts. 'B-NRISUHBCI:) e d. ID(OBH-18sCHa); 2.63,511LQ),- IH;i 16} 2ex8cn82li ng
to claim1, <characterized in that R2 is a C -C5-al koxy, G -Cs-al.kyl or

C2- C3- al kenylmOpHbE 9yl 58704, 7 <BRQ1I D8 CEATRYPE R (UUEH OR), 5.12-5.18 (m, 2H
D- hono- est ra-(T, 3,5(10)-1 ri(ee’nes according to cl’aim g %er%)i’n (m, 28,

=CH,), 5.94-6.05 (m, 1H; CH=CH>), 6.54, 7.02 (2 s, 2H; 1-H, 4-H).

Example 8
2-Bromo-17a-oxo0-17a-homoestra-1,3,5(10),16-tetraen-3-ol 8

"H-NMR (CDCL): § = 1.05 (d, 3H; 18-CHs), 2.62-2.71 (m, 1H; 17-H), 5.95 (dd,
J=2.5,10.0 Hz, 1H; =CH), 6.87-6.91 (m, 1H, =CH), 6.74, 7.36 (2 s, 2H; 1-H, 4-H) —
BCNMR (CDCL): § = 15.63, 25.64, 25.85, 27.13, 29.28, 32.08, 38.81, 42.34, 44.45,

45.32,107.42, 115.37, 127.56, 128.61, 133.76, 137.46, 147.25, 149.79, 205.04.



R2 is a nmethoxy radical or ethoxy radical, a nethyl, ethyl or propyl radical
as well as an allyl radical. 4. 2-Substituted
D-hono-estra-1,3,5(10)-trienes according tg,claiml, wherein Rl13 is a
hydrogen atom 25 5. 2-Substituted D bonoestra-1,3,5(10)-trienes according
to claim1, nanely 1) 2-Methoxy-17a-o0xo-17a-honoestra-1,3,5(10)-trien-3-0l 1
2) 2-Ethoxy-17a-oxo-17a-honoestra-1,3,5(10)-trien-3-0l 3)

2- Chl oro- 17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-0l 2 4)

2- Bronp- 17a- oxo- 17a- honoestra- 1, 3,5(10)-trien-3-0l 3 5)

2-1 o0do- 17a-0xQ; 17a- honoestra-1, 3,5(10)-trien-3-01 4 6)

2- Chl or 0- 17( x*~#MBr o- 17a- oxo- 17a- honoestra-1, 3, 5(10)-trien-3-o0l Sa 7)

2- Chl oro- 17(3- Fl uoro-17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-ol Sh 8)

2- Brono- 17( x- Fl uor o- 17a- oxo- 17a- honoestra-1, 3, 5(10)-trien-3-0l 9)

2- Br ono- 17p- Fl uor 011 2e8ubsbiuicdad hompestratmietcs3o e il formelh-13- ol 10)

2- (2-Phenyl et hyl ) -17a- oxo-17a- honoestra-1, 3,5(10)-trien-3-o0l fi 11)

2-Al'lyl -17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-0l 2 12)

2- Al lyl-17a- Fl uoro-17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-ol 13)

Al |l yl -17(3-Fl uor o- 17a- oxo- 17a- honoestra- 1, 3, 5(10f tiien-3-ol

2-
14) 2- Chl or 0- 17a- oxo- 17a- honoestra-1, 3, 5(10), 16-t et r aen- 3- ol
15) 2- Br onp- 17a- oxo- 17a- honoestra- 1, 3, 5(10), 16-tetraen-3-o0l 8 16)
2- Al l yl -17a- oxo- 17a- honoestra- 1, 3, 5(10), Ro~t et® aen- 3-ol 17)
2- Propyl - 17a- oxo- 17a- honoestra-1, 3, 5(10)-tri OR1718)
2- Met hoxy- 17a- oxo- 17a- hono- 18a- honoest r g -trien-3-ol

R2

HO

Ly

in which
R? means a C;-Cg-alkyl group, an aralkyl or an
alkylaryl radical, a C,-Cs-alkyloxy group or a halogen atom,

R" means a hydrogen atom or a methyl group, £

RY means a hydrogen atom or a fluorine atom,
whereby the dotted lines in the B- and D-ring of the steroid molecule can be additional
double bonds, as well as their pharmaceutically acceptable salts.

2. 2-Substituted D-homo-estra-1,3,5(10)-trienes according to claim 1,
characterized in that R? is a C-Cs-alkoxy, C1-Cs-alkyl or Cz-Ca-alkenyl or bromine or
chlorine.

3. 2-Substituted D-homo-estra-1,3,5(10)-trienes according to claim 1, wherein
R? is a methoxy radical or ethoxy radical, a methyl, ethyl or propyl radical as well as an
allyl radical.

4. 2-Substituted D-homo-estra-1,3,5(10)-tricnes according to claim 1, wherein

R" is a hydrogen atom.



19) 2- Et hoxy- 17a- oxo- 17a- hono- 18a- honoestra-1, 3, 5(10)-tri en- 3- ol

20) 2- Chl or 0- 17a- oxo- 17a- hono- 18a- honoestra-1, 3, 5(10)-tri en-3-o0l 21)

2- Bronp- 17a- oxo- 17a- hono- 18a- honoestra-1, 355(10)-trien-3-0

22) 2- 1 odo- 17a- oxo- 17a- hono- 18a- honoestra-1, 3,5(10)-trien-3-ol 23)

2- Chl oro- 17a- Fl uor o- 17a- oxo- 17a- hono- 18a- honoestra-1, 3,5(10)- trien-3-o0l 26
24) 2-Chl oro-170-Fl uor o- 17a- oxo- 17a- hono- 18a- honoestra-1, 3,5(10)- trien-3-ol
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27) 2-Allyl-17a-o0x0-17a-h - 18a- honoes -1,3,5(10)-trien-3-0 28)

2-Al |yl -17(x- Fl uor o- 17§)02g@3t%8¥3ﬁ6 'Q’i%ﬁaﬁ FBRSSH éﬁkséogﬂ@ﬁoi di en-3-0l 29)
2-Allyl-17(3-Fl uoro-17a- oxo- 17a- hono- 18a- honoestra-1, 3, 5(10)- trien-3-ol 30)
2- Chl or 0- 17a- oxo- 17a- héhin2E8hoyohisesstor blath@n@stro)l 3181 Oetricagnel3- of 31)

2- Brono-1| 7a- oxo- 17a- hono- 18a- honoestra-1, 3, 5(10), 16-tetraen-3- of. 32)

2- Al 1yl -1 7a- oxo- 17a- horgy- 18shifrenoasdxoat 7h-hdnfleded-1 36(1 ®tiies3-a- 2!

33) 2- Propyl - 17a- oxo- 17a- hono- 18a- honoestra- 1, 3, 5(10)-tri en- 3- ol

4) 2-Bromo-17a-oxo0-17a-homoestra-1,3,5(10)-trien-3-ol 3

5) 2-Iodo-17a-0x0-17a-homoestra-1,3,5(10)-trien-3-ol 4

6) 2-Chloro-17a-Fluoro-17a-oxo-17a-homoestra-1,3,5(10)-trien-3-ol Sa
7) 2-Chloro-17B-Fluoro-17a-0x0-17a-homoestra-1,3,5(10)-trien-3-0l Sh
8) 2-Bromo-17¢-Fluoro-17a-0x0-17a-homoestra-1,3,5(10)-trien-3-ol

9) 2-Bromo-17p-Fluoro-17a-0xo0-17a-homoestra-1,3,5(1 O)—tﬁen%-ol

10) 2-(2-Phenylethyl)-17a-0x0-17a-homoestra-1,3,5(10)-trien-3-ol &
11)2-Allyi-17a-0x0-17a-homoestra-1,3,5(10)-trien-3-o0l Z

12) 2-Allyl-17a-Fluoro-17a-oxo0-17a-homoestra-1,3,5(10)-trien-3-o0l

13) 2-Allyl-17B-Fluoro-17a-ox0-17a-homoestra-1,3,5(1 05¥fﬁen—3 -0l

14) 2-Chloro-17a-oxo0-17a-homoestra-1,3,5(10),16-tetraen-3-ol

15) 2-Bromo-17a-0x0-17a-homoestra-1,3,5(10),16-tetraen-3-o0l §

16) 2-Allyl-17a-oxo-17a-homoestra-1,3,5(10),16-tetraen-3-ol

17) 2-Propyl-17a-oxo-17a-homoestra-1,3,5(1 O)—tri¢n-3 -ol

18) 2-Methoxy-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol
19) 2-Ethoxy-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol

20) 2-Chloro-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol

21) 2-Bromo-17a-0xo-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol

22) 2-Iodo-17a-0%0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol

23) 2-Chloro-17q-Fluoro-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-

trien-3-ol



. 6. Use of 2-substituted D honvestra-1,3,5(10)-trienes according to one of
clainms 1 to 5 for the production of a pharmaceutical agent. 7. Use of
2-substituted D honoestra-1,3,5(10)-trienesgaccording to claim6 for the
production of a pharnmaceutical agent for prophylaxis and therapy of
estrogen- dependent di seases that can be positively influenced by the
inhibition of the 17(3-hydroxy steroid dehydrogenase. 8. Use of

2-substituted D-honoest pgy zlcﬁlf& 8)-Phich198 926991 U8 163 sehRie B ATl

whereby at | east one additi ona ive I ngre |ent I's used In conbihnati‘on for
the 27 production of a pha ut| cal agent. 9. Use of 2-substituted

D honmoestra-1, 3,5(10)-tri COI’dI ng to claim8, whereby the additional
active ingredient is an anti andro en, antigestagen, aronmatase inhibitor or
an antiestrogen. 10. Us@&5)FBromarh -|Fﬂlultr@d7§)0m116@émma-1ﬁaaomomf}“a-ﬂﬂiﬂl@s
according to one of <clains 6 to 9 for the production of a pharmaceuti cal
agent for prophylaxis and ttigegapy of hornone-dependent tunor di seases of
the mal e and femal e reproductive glands, nale and fenmale sex organs,

i ncluding the mammary ghgy Wﬁror&&iﬁ?ﬁo% 1723 @?%ifgﬁn?dma- oestral (1(8n of a

D honpestra-1, 3,5(10)-tri‘enes acc ng to c aim e produt
phar maceut i cal agent for %P? axi s and therapy of breast cancer. 12. Use
of 2-substituted Dhom)estt‘f1 5( 10)-trienes according to claim10 for the

production of a pharnmaceutical agent for prophylaxis and therapy of prostate
cancer. 13. Use of 2-sZihd+Allyt Bti-axonbiagesing-a8ahans¢ste),3,6{1&ésenatobr di ng to
claim 10 for the production of a pharnmaceutical agent for treating

endonetriosis, s 14. Phg)ragiytiGaFluef PRsbid- 0Tshdhel] 8600mdbdral, 3/5¢/8t one
conmpound of gener al
trien-3-ol
29) 2-Allyl-178-Fluoro-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-
trien-3-o0l
30) 2-Chloro-17a-0x0-17a-homo-18a-homoestra-1,3,5(10),16-tetraen-3-
ol
31) 2-Bromo-17a-ox0-17a-homo-18a-homoestra-1,3,5(10),16-tetraen-3-
ol |
32) 2-Allyl-17a-0x0-17a-homo-18a-homoestra-1,3,5(10),16-tetracn-3-ol
33) 2-Propyl-17a-0x0-17a-homo-1 8a—homo¢stra—1 ,3,5(10)-trien-3-ol

6. Use of 2-substituted D-homoesira-1,3,5(10)-trienes according to one of
claims 1 to 5 for the production of a phannaéeutical agent.

7. Use of 2-substituted D-homoestra-1,3,5(10)-tricnes according to claim 6 for_
the production of a pharmaceutical agent for prophylaxis and therapy of estrogen-
dependent diseases that can be positively influenced by the inhibition of the 17p-hydroxy
steroid dehydrogenase.

8. Use of 2-substituted D-homoestra-1,3,5(10)-trienes according to claim 6 or 7,

whereby at least one additional active ingredient is used in combination for the



. formula | according to one of clains 1 to 5 and optionally at |east one
additional active ingredient together with pharmaceutically conpatible
adj uvants and/or vehicles, whereby the additional active ingredient is an
. antiandrogen, antigestagen, aromatase inhibitor or an antiestrogen.
production of a pharmaceutical agent.

9. Use of 2-substituted D-homoestra-1,3,5(10)-trienes according to claim 8§,
whereby the additional active ingredient is an antiandrogen, antigestagen, aromatase
inhibitor or an antiestrogen. |

10. Use of 2-substituted D-homoestra-1,3,5(10)-trienes according to one of
claims 6 to 9 for the productioh of a pharmaceutical agent for prophylaxis and therapy
of hormone-dependent tumor diseases of the male and female reproductive glands, male
and female sex organs, including the mammary glands.

11. Use of 2-substituted D-homoestra-1,3,5(10)-triencs according to claim 10 for
the production of a pharmaceutical agent for prophylaxis and therapy of breast cancer.

12. Use of 2-substituted D-homoestra-1,3,5(10)-trienes according to claim 10 for
the production of a pharmaceutical agent for prophylaxis and therapy of prostate cancer.

13. Use of 2-substituted D-homoestra-1,3,5(10)-trienes according to claim 10 for
the production of a pharmaceutical agent for treating endometriosis.

14. Pharmaceutical compositions that contain at least one compoun& of general
formula I according to one of claims 1 to 5 and optionally at least one additional active

ingredient together with pharmaceutically compatible adjuvants and/or vehicles,

whereby the additional active ingredient is an antiandrogen, antigestagen, aromatase

inhibitor or an antiestrogen.



