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D Honp-estra-1, 3,5(10)-trienes as Inhibitors of 17(3-Hydroxy Steroid

Dehydr ogenase Type 1 This invention relat ez to new 2-substituted

~D-honp-estra-1,3,5(10)-trienes, their production and use as pharmaceuti cal
agents for the treatnment of estrogen-dependent diseases that can be

i nfl uenced by inhibition of the 17(3-hydroxy steroid dehydrogenase type 1,

as well as ph pcal conpositions that contain the X
hor nones contWﬁﬁﬁ@)ﬁ@@i feration and function of ster zﬁaf@%“?&@@ﬁﬁr mal
tissue as well as malignant tissue [E. E. Baulieu, Hornones, A Conplex

Comruni - cation Network. In Hornones, eds. EE E Baulieu and P. A Kelly,
Her man Publ i sher Paris and Chapman and Hall New York, 1990, pp. 147-149; D.

D. Thomas, Cangriv £8ubtitdét) DIISMOL4ra-1ERS(10)itbndsSis ThRibI0ES o L1P-Hdi@xyal e
sex hornmone, which, in addition to the knowmm effects on the reproductive

system exerts additional f“““@t’é?aihﬁ?éﬂ&ﬁ% g? AT?}%&QI nmet abolismand in the
cardi ovascul ar system as well as regulatory e ¥t In the central nervous
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. 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]. PN

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



2 tissue via biosynthesis [F. Labrie, Intracrinology. Ml. Cell.
"Endocrinol. 78(1991) Cl113- Cl18]. Estrogens are taken up via the blood from
tunmor tissue and stinulate growh thereof._ The concentration of the
intratunoral estradi ol remains unchanged at? a high |evel, however, even
“after nenopause, conparable to that in prenenopausal wonen [A. A van
Landeghem et al., Cancer Res. 45 (1985) 2900-2906]. The high estradi ol
concentration in the tunmor tissue in_postnenopausal wonen i.s produced b
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breast cancer tissue either via the aromatase nethod or the sulfatase
method [Y. J. CAllB].-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.
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bl ood by tunor tissue,” aromatized to estrone (El) and then reduced to
estradiol (E2 g_aromat asunmethod). In the sulfatase nethod, estrogen sulfate
is converted ﬁveﬂf‘e steroid sulfatase into El and in turn reduced to E2.
The decisive last step of the steroid synthesis is catalyzed by 17p-hydroxy
steroid dehydr ogedd§senqentzptioasp)the gurahEagrahesiragiol ermayes ynehangedsf a high

17p- hydroxy steroid de- hydrogenases/| 7-keto steroid reductases. These
enzynes convetdvel, Aewewa] ¢vea aftér kehapausd, eompatablend that hepremandpaveal Idn3enhyAddr oxy
steroids and vice versa. Both estrogens and androgens show t he hi ghest
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the 17[ 3-HSD-enzynes control t'he biologic activity of the sex hornones [H
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) 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 iI;tO El 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 17B-hydroxy steroid de-
hydrogenases/17-keto steroid reductases. These enzymes convert less active 17-keto
steroids into their active 17B-hydroxy steroids and vice versa. Both estrogens and
androgens show the highest affinity for the corresponding receptors in the 17p-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



Endocrinol. 171 (2001) 71-76]. Certain extragonadal tissues such as breast
and prostate tissue express reductive 3 17-HSDs and thus convert the
precursors that circulate in the blood witlB low activity in the target
-tissues into nore active fornms [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

di stribution, 11 Mssadml thhd Conelt ithd frécurkdisitat Sivd3dte al e BR&S Witle idw activity in
subcel lular localization and by the regul ati on nmechanism For a |arge

nunber of hydpo ' r i PQSSI t tkel
participati Onﬂ}eﬁXrlgEt;t?%g%%ggglﬁggeﬁasc Bgfﬁ)q%??ﬂe'aﬂsané)g\é%falﬁ?n’%ﬁgs%1‘2 é?gii}g%llggf %‘r
pseudoher maphroditism|[17(3-HSD 3, W M Geissler et al., Nat. Genet. 7
(1994) 34- 39] Pelfpketmgtel oHAM e A FROMBr398)- [17p-HSD 4, E. G van G unsven
et al., Proc. Natl. Acad. Sci. USA 95 (1998) 2128-2133], polycystic
nephropat hy [ 17( 3- HpDuBil ndiv, M diffexemt173-¢1SId have beerBkmiwn. Chieay diffeiGin (1O 5)
25213- 25219] and Al zheinmer's disease [17(3-HSD 10, S. D. Yan et al., Nature

389 (1997) 68fssubARtribtitioN; theRatytidlactividy, tHBiMubsttde PecBicty( kB8 ular
15014- 15019] . The human pl acental 17(3-hydroxy steroi d dehydrogenases type

1ti and type bel.on he sane _ster,oid d dr.ogenase- I educt ase-pratein
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direction of reaction, which is cat agzed by the enzynes. 17(3-HSD_ 1
primarily condehydeogepases.dyvat Pessibét toshew dher pastieipatiqiinghe pathogsesineh et

al ., Endocrinology 138 (1997) 3532-3539] with participation by NADPH as a
co-factor [ JdiséaseslofrhunGins Xfor kxamplBifargisendohBimmgpihylitidie §1 7pcHSILE). W2ED ( 1999)
489-493]. In cultivated cells, the HSD 1 partially supports the reduction of
andr ost enedi O@g;ssler et al., Nat. Genet. 7 (1994) 34-39], bifunctional enzyme 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. Maxwell et al., J. Biol. Chem. 270 (1995) 25213-

25219] and Alzheimer’s disease [17B3-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 17B-hydroxy steroid dehydrogenases type 1*and 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.

17p-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 (1999) 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 178-HSD 2 catalyzes the opposite

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



~and androstanedione. It could clearly be shown, however, that phenolic
substrates are preferred [M Poutanen et al., Endocrinology 133 (1993)
2639-2644] . In conparison to 170-HSD 1, however, the 17(3-HSD 2 catal yzes
“the opposite reaction, nanely the conversion of estradiol 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-ph orylated form.of the co- ctor F,, Lahr]
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manmary gl and tissue [G Sodergvist, J. din. Endocrinol. Metab. 83 (1998)
1190-1193; M 12865] mhd preferBblyasts iCHrequeseResof thf nemphophioryl@edjormzEthesay-. | n
contrast to the normal breast tissue, the reductive activity (by 1713-HSD 1)

in malignant fRfRAADEPI L&wieisﬁlal.,cﬁbﬂo‘idsi@hﬁfl99m0l48qsls?. increased conpared to
the oxidative activity (by 17p-HSD 2) [ M Mettinen et al., Biochem J.

314 (1996) 839-845; Y. i[9, | ' ] -0l - 1B ok
267-274]. It was o%gg?%se]gq?"rlﬁ‘g? a“é%’fp%%%g}nd?@“%@%%%? g%n&hlg&ngl[légﬁéﬁgﬁétéast
cells, which alsp points to an activity of 1713-HSD 1 [A. Venpeul en et al.,
Eur. J. Cancef @ rE.ndgﬁ&ﬂl-.MStzb(%@@?8%111@9512&3;M- Mictiagm.tBreest Gapcerdsst ound

that in the presence of 1713-HSD 1, the adm nistration of estrone leads in
t he same way Toead 5Gr(0989 166-182¢ast cancer cells just like the admnistration
of estradiol by itself In contrast to this, the adm nistration of estrone

by itself without 37QsntHsIP e Aa%R] BRbsRIQELIBR biicsivehédaty b7 H%%Hni nen
et al., hit. J. Cancer 68 (1996) 600- 604]. The dom nance of "1713-HSD 1 in

mal i gnant tissue results In, increased estrogen- dependent . grow h. and
orogreas of + OHOPLET Hisefer el SRS o B0 31 R P ARRR & eGSR
activity (by 17p-HSD 2) [M. M. Miettinen et al., Biochem. J. 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 173-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 \‘Nithout 17B-

HSD 1 does not produce this effect [M. M. Miettinen et al., Int. J. Cancer 68 (1996) 600-

e,

604].

The dominance of 173-HSD 1 in malignant tissue results in increased estrogen-
dependent growth and progress of tumors, while the oxidative 178-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 17p-HSD 1 and 2 plays a
role. 17B8-HSD 11is eXpressed in eutopic tissue, but the hormone-inactivating enzyme
17B-HSD 2 is completely lacking [S. E. Bulun et al. J. Mol. Endocrinol. 25 (2000) 35-

4]



normal breast tissue cells froman excessive estradiol effect [P. Vihko et
al. Mol. Cell. Endocrinol. 171 (2000) 71-76]. In the case of endonetriosis,
the equilibriumbetween 1713-HSD | and 2 plays a role. 1713-HSD | is
.expressed in eutopic tissue, but the hornone-inactivating enzyme 1713-HSD 2
is completely lacking [S. E. Bulun et al. J. MIl. Endocrinol. 25 (2000) 35-
42.] 5 Also, in the case of prostate cancers, 17(3-HSD 2 is reduced [J. P.

Elo ot al .. Endooryngl i, HeLaorBRA003ke L0 Sh ) ATBRECE Pe PPERLANSI ¥

devel oped 170 HSD 1 i°nhi |rrever5|

di stingui shed e reye tors. The irreversible inhibitors
contain a reacélicg’émfl Mqt gg (&@&BBP\XAE#]W i nactivates the latter by forning
a covalent bond with an amino acid radical of the enzynme. Known

representatives of Amengbwwevinesly devebapedrlGpgiSé inliibiteds/ihk ameveesshbleadi ol s,
acetyl ene-substituted 16-seco-estradiol [R J. Auchus, D. F. Covey,

Bi ochem stry 2ahib#883te d¥8guisHd frod tHe- re\]_é?ﬁﬁl%ﬁnlﬁblt&ls Thé irrevidtsible irfHisiMBrs 258
(1983) 11500- 11504; B. Tob| as et al., J. Biol. Chem 257 (1982) 2783- 2786]

or else 16a-hal o

(1997) 157- 18074t ? at Y ﬁE‘F@SPal %‘“Bo?"?*sgﬂnacg“’ﬁ%? s é%tgeg E?[/)g%ﬁgﬂfﬁ gﬁngale

66 (1998) 179- 191] The reversible inhibitors_include 16, 17-pyrazol e- or
16, 17- i soxazolendstithaeamie acidaedigalof[the enzymet K@pwwreprss@é%@fﬁﬁ OE;ﬁhéﬁh‘;/‘ée- Res.
Commun. 180 (199f),, 1057-1063], estradiol derivatives with a |ong
7a-undecananidﬁmﬂkmedghm@mwitﬁnkﬂbﬂﬁm«muwﬁbm,ﬁmnmﬂmﬂuaﬁﬁuwa26@&&9&m3&01
610-615; S. J. Santner, R 5. Santen, J. Steroid Biochem M. Biol. 45

( 122?6 383- 39QR. QVAMUhTuE' B Iﬁreav@yeﬁi%ase%ﬁém e (3igdp7mrarInol P.L. A%ofdagkt alfJ.
D{ 0 Biol. Chem. 258 (1983) 11500-11504; B. Tobias et al., J. Biol. Chem. 257 (1982) 2783-
2786] or else 16a-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 7a-undecanamide side chain [C. Labrie et ail. Cancer
Res. 52 (1992), 610-615; S. J. Santner, R. J. Santen, J. Steroid Biochem. Mol. Biol. 45
) (1993) 383-390] or with a 6B-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)
691-695].
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,



“Auger, J. Steroid Biochem M. Biol. 64 (1998), 83-90]. A special case as a
17R-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 the irreversible inhibitors [H I|nane, B. Tamaoki, Eur. J.
Bi ochem 129 (1983) 691-695]. The previously known, both reversible and
irreversible inhibitors have only one noderate activity as 170-HSD 1

i nhi bitors. Tie Poiriestet by, [FASERB nRi(2002p 1 82925831é.c Fh¢ hybridinhibitoy, inwdedh esgradiol
studies [M Trenmblay, 6 D. Poirier et al., FASEB 13 (2002) 1829-1831]. The

hybrid inhibi tlQﬁmkédrto‘é@éﬂbEm%%a[ @%&a@ér thbt%ohélétk%ﬁsh%t b Ai1g-FdssiBacer
that consists of 8 nethyl ene gro s at 16-position, “in S th 17(3 HSD 1

h
as the best in o _value ¢ ause of the
size of this ﬁ@Pg’&@S 153&%@%3 %b%gt?bﬁﬁﬂt%‘#%w&{‘@ai?@ &:‘%%&’5% id be
difficult. It is not unlikely that the nol ecul e undergoes a cross ‘reaction
with other NAD(P) Bacaeremdthresize efithismeeleculy, orakingethisriompopnd bioawgitablejoralky HSD
| is a target for local inhibition of the estradiol biosynthesis.

Acconpanyi ng twordt bediffiomls. Mt &niot holilaiyneat themaléeuds endebroep b erpieactien withdi ng
of the active steroid to the corresponding receptor, 17(3-HSD I inhibitors

can be used tg &qupgg)g%%g;ed& t el vk r ogen- dependent di seases. The obj ect

of this invention Is re to provide addl tional conpounds that inhibit
the 17(3-HSD 1 sel ctlvel These compol areto e e fo reating
estrogen- dependent ébfs%?“ﬁbp%@r‘ é?faéﬂta t‘gﬂ% loﬂpgglﬁses,

whi ch can be |anuenced by inhibition of the 17J3 hydr oxy steroid

dehydr ogenase estyagéol biossmidiesis.oAatonspenymetiecatient with anfibemmadnes, velrieh eiedo

|dr oduction and use of these

prevent the binding of the active steroid to the corresponding receptor, 173-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 diseases as well as hormone-dependent tumor diseases, which can be
influenced by inhibition of the 17B-hydroxy steroid dehydrogenase type 4.~

Additional subjects of this invention are the production and use of these
compounds as pharmaceutical agents for treating estrogen-dependent diseases as well as
hormone-dependent tumor diseases, which can be influenced by inhibition of 17p-

hydroxy steroid dehydrogenase type 1.

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



conpounds as pharmaceuti cal agents for treating estrogen-dependent di seases
‘as well as hornone-dependent tunor diseases, which can be influenced by

i nhibition of 17R- hydroxy steroid dehydroggnase type 1. The object is

achi eved according to this invention by the provision of new 2 7
‘substituted D-honp-estra-1,3,5(10)-trienes of general formula | R* ORL7 R
z HO in which Rz neans a saturated or unsaturated G CH al kyl -group, an

aral kyl or an | kyl a radi cal , | - Cs-al kyl oxy. group or a hal ogen at om
R13 neans a hf@gﬁﬁgﬁdi%gﬁﬁ8ﬁ9§bﬁéﬁﬂ}@'%W@ﬁﬁﬁgmﬁ¥¢ﬁPE§W§ a hydrogen atomor a
fluorine atom whereby the dotted Iines in the B- and D-ring of the steroid
nol ecul e can be additional double bonds, as well as their pharnmaceutically
acceptable salts. In addition, this invention conprises the new conpounds as
pharmaceutical active ingredients, their production, their therapeutic
application and pharnmaceutical dispensing forns that contain the new

subst ances. The conpounds of general fornmuila (1) according to the invention
or their pharnaceutically acceptable sal ? be used for the production
of a pharmaceutical agent, in particular i'hg estrogen-dependent

di seases as wel |l as hornone-dependent tu
by inhibition of the 17(3-hydr @& stieroid

HO
@

¢ in which
R® means a saturated or unsaturated C;-Cs-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,

R"  means a hydrogen atom or a fluorine atom, y
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 173-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 vitro that is stronger than the previously known 178-HSD 1



-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 17(3-HSD 1- enzZne activity in vitro that is
-stronger than the previously known 17(3-HSD 1 8 inhibitors. Unless further
specified otherwi se, for the purposes of this invention this is an aryl
radi cal that optionally can be substituted by a phenyl, 1- or 2-naphthyl
radi cal, wheimhbitdrfle phenyl radical is preferred. Unl ess expressly

i ndi cated ot herwi se, aryl also always includes a heteroaryl radical.

Exanpl es of a hete I i : < [l Lgal ,
the 2- or 3-furyl %%z{ﬁ& tﬁg@ééﬁé%&h%&?%%gor{ﬁe pﬁ@hﬁ?&fﬁ%ﬁ%éﬁ%ﬂﬂ%}ﬁ%‘ibﬁﬁ
pyrrolyl radical, the 2-, 4- aor 5-imdazolyl radical, th razi nyl .radical,
Pre 5 Y or 85 ket pitonaicen b€ SR iy Sinea¥hy: PSRy bty ac
substituents for an aryl or heteroaryl radical, for exanple, a nethyl,
ethyl, trifl whewshgthephenpletadictl igprefered, | Unlessiekpressly imdicaged otherwises etybslgo

et hoxy, nitro, cyano, halogen (fluorine, chlorine, brom ne, iodine),

hydroxy, anm nglway® i{ides & hetekydryl radicall Eamples ofh kktetoagyliradical Whethe Ry, 3,0drh

al kyl groups are identical or different, di(aral kyl)am no, whereby both

aral Kyl or oung. aga. h Eidss he 97 orch RL0NEAL £29. BE3FRBLAGNREY B9, G 3.CS al Kyl

groups for R2 atura or urat ed "and” can partial 'y or
conpl etely substituted. ée resentatives of the saturated al kyl radicals,
pyfte - igyaly ]

a methyl, et RyFolyhagics SR rpdical; g pyraginyt gdical. gk $14- 0R2; i so-
or neo-phetyl group, hexyl, heptyl or octyl can be nentioned. Methyl, ethyl
and propyl ar pypmefimylratical Ar thd 3-amd-pyirdgtingltradidalas r epresent ati ves for
ynsaturated al kyl radicals. A nethoxy, ethoxy, n-propoxy, iso-propoxy, n-,
iso-, or tert.-but gxkubdituerit$for aBlaryl 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(C;-
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

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 Ci-Cs-alkoxy radical R%.

In the case of R?, 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, C1-Cs-alkyl or C2-Cs-alkenyl or bromine, or chlorine, and
RPisa hydrogen atom.

The compounds that are mentioned below and use thereof are preferred



neo- pentoxy group can stand for the Cl-C5-al koxy radical R2. In the case of
R2, a chlorine, iodine or bronm ne atomcan stand for a hal ogen. Preferred
according to this invention are conpounds of general fornula I, in which R2
is a G -C5-al koxy, Cl-Co5-al kyl or C2-C3-al kenyl or bromne, or chlorine, and
'R13 is a hydrogen atom The conpounds that are mentioned bel ow and use
thereof are preferred 9 according to the invention: 1)

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

2- Et hoxy- 17a- GX62T4#41 YEHIONy 3 5(10)-trien-3-ol 3)

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

2- Br onp- 17a- oxo- 17 &-Metheayt I7a-0k 031 75 (hbdlocstrd-&3,5§1 QHtrign-3591 1

2-1 o0do- 17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-0l 4 6)

2- Chl or o- 17a- Fl ugy Q-Etmxmoaﬁeia:lhmmégtﬁr-Igs,S(ﬁ)?lﬁén-Brdlen- 3-ol 5a 7)

2- Chl or 0- 173- Fl uor o- 17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-ol 5h  8)

2- Brono- 17a- Fl uogp-l (@~ 17a- hem =1y Q) -t ki 3-ol 9)

2- Brono- 17p- Fl uoé)g-ziég@gég?%ég? EZ%g@%ésgralgS@Oig%er{ 3r; iogr?‘: 3-ol

10) 2- (2- Phenyl et hyl ) -17a- oxo- 17a: honoestra-1, 3, 5(10)-tri_en- 3- ol
2Nyl - 17 oxo- D 2 RO ara 3¢ BpToger T SACE) Gk pby3

Al l yl -17a- Fl uor o- 17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-o0l 13)

Al 1yl -17(3- Fl uby @-bda-16x@xb/1dathomeestra-83 b(B))&(iz0B-dird en- 3-ol (  14)
Chl or o- 17a- oxo- 17a- honoestra- 1, 3, 5(10), 16-tetraen-3-ol 15)

Bromo- 17a- oxo- @,)7%?m@@mﬁm&or&12(&.310%,4137@.1,5&{0@%01,%;5@1'0)%e1;§)o1 5a

Al |l yl -17a- oxo- I'7a- honoestra- 1, 3, , 16-tetraen-
7) 2-Chloro-17B-Fluoro-17a-oxo-17a-homoestra-1,3,5(10)-trien-3-0l Sh

(i 11)

2-
2-
2-
2-
2-

—

8) 2-Bromo-17q-Fluoro-17a-0xo-17a-homoestra-1,3,5(10)-trien-3-o0l

9) 2-Bromo-17p-Fluoro-17a-oxo-17a-homoestra-1,3,5(10)-trien-3-ol
10) 2-(2-Phenylethyl)-17a-0x0-17a-homoestra-1,3,5(10)-trien-3-ol &
11)2-Allyl-17a-0x0-17a-homoestra-1,3,5(10)-trien-3-0l Z

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

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

16) 2-Allyl-17a-0x0-17a-homoestra-1,3,5(10),16-tetraen-3-ol

17) 2-Propyl-17a-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-o0l

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-o0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol

23) 2-Chloro-17¢g-Fluoro-17a-0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-0l

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



17) 2-Propyl - 17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-0l 18)

2- Met hoxy- 17a- oxo- 17a- hono- 18a- honoestra-1, 3,5(10)-trien-3-o0l 19)

2- Et hoxy- 17a- oxo- 17a- hono- 18a- honoestra- 1, ,05( 10)-trien-3-ol 20)

2- Chl or 0o- 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)-tri en- 3- oI 22)

2-1 odo- 17a- oxo- 17a- hono- 18a- honoestra- 1, 3 5(10) - tr| en 3 ol

2- Chl oro-17a- Fl uoro- 17a- ox 7a- hono- 18a- h m)es , 5( rien-

24) 2- Chl or o- 173- PRIy i’éu%‘?éjﬁé??fﬁ 178 0m9 tr@rjis%i@l Wéﬁols ol
10 25) 2-Brono-|

7a- Fl uor o- | 7a- 0x26)27Brdmord7 B-Sdudrotdesro-d74-h8ms( Bayhomdesima-3;303(102@ien-3-ol

2- Brono-17( 3- Fl uor o- 17a- oxo- 17a- hono- 18 a- honoestra-1,3,5 (10)-trien-3-ol
27) 2= ALyl -17a- o Afigh- oo Soc Rempast hombedtS( 18110 @03 H1 0! 28)

2- Al l yl - 17a- Fl uor 0- 17a- oxo- 17a- hono- 18a- honoest r a- 1 3 5(10)-trien-3-0l 29)

2-A 1yl -17(3 -Fl g@rzo Aﬁ}fii'f)&( PIublét1 a-ggo-}ga-ﬁgmgﬂ@gﬁl%%{o%stral%‘3?5'(?(;):-I‘tnen-3-ol

0)-trien-3-ol

2- Chl or 0- 17a- oxo- 17a- hono- 18a- honoestra- 1, 3, 5(10), 16-tetraen-3-ol 31)
2- Br onp- 17a- oxo- 39&- A1 K uesmb &sexer] 1a-Bomp @y-hmmgta—héé(ﬁl)dnenéz)l
2-Al'lyl -17a- oxo- 17a- hono- 18a- honoestra-1,3,5 (10), 16-tetraen-3-ol 33)
2- Propyl - 17a- ox03(0)2achion®1 18 axdrd imkeindd-84-hdmoedtey)- 1 ,815( 80); 18~tetraen-3-ol
Phar macol ogi cal Data Inhibition of the Activity of Human 17(3-Hydroxy

Steroi d Dehydr 09?6@5&0-55{61?7&&6'- h?a—h&% 1@5%&1%%&:&51 %‘(103@%%&5&?@?—0! n the

literature [Adansld ., S erraat a~ , Jungb ““Acta Endocri nol
Co h.) 121(2 9 d H Z(3- hvd
gtePgP d éehydgo)g%é?; ‘gﬁ%(]f}‘( FAIER '38%55910%%3 Qi;@@f),,lﬁ-te TR 314 3- hydroxy

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., Sierrajta, W. D.,
Jungblut, P. W., Acta Endocrinol (Copenh.) 121(2) (1989), 161-7] and is depicted\below.

Human 17f-hydroxy steroid dehydrogenases (173-HSDs) are over-expressed in

L E. coli bacteria 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 17B-HSD1, other steroid-metabolizing enzymes are included in the
test to study cross reactivities of estrogen derivatives.

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



E. coli bacteria as H 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 enzyne actl%}tles of the 17(3-HSDs or for the

study of their influence by potential inhi'bitors (estrogen derivatives).
The neasurenents are nade in double determi nation and, if necessary, at
various concentrations of potential inhibitors (e.g., in det er m ni ng the

| C50 values). In addition, tq .the target enz%/me 170- HSD1 ot h

st er oi d- met abd)ATike Reteytiab dnhibitors ER,srrerere@PriVﬁ iygsdn QMSP) ppwell aaywablﬁss
reactivities of estrogen derivatives. 3H Label ed substrate, bacteri al
suspensi ons, DbivBCots NADE(Jdpot WAD(HxtSahg/niliim&l>0) dre atidgd tira debfmep(mhmddlloo
inhibitors (estrone derivatives in DMSO as well as suitable cofactors

(NADP(H) or NG of sednmid FHatHB@fera%eqmatlérpoﬁthé@érhﬁl@@hsvcﬁhwa%&ﬁt pe

mmol of sodi um phosphat e The incubation of the sanples is carrl ed

out at 37C i n, 8 yaLr 51*1‘? AL e Mo Bl ne B LDRol TADEEORY

(wi t hout subst afdes to conversion o I'S ac |eved
The separation of_ radiol abel ed substrate and product is then carried out,

after extractesthdai sanVersian offabpeh A% sachgred- (RP- 18) - cartri dges, by neans
of HPLC on an RP 18 colum with acetonitrile:water 1:1 (v/v) as a nobile
phase. The radi oactTheiseyaration dfxtadiolabdledistbstiatecandipdodhict & thérovarsed ot dfteat | on
counter. The evaluation of the substrate conversion with and w t hout

substances 0 cRfacriofsiiel] bl oPERLABARNRPDR)IBHAGEA! bPmeals dfiPcbs kil e

and product peaks. conversion of the control Ts normalized to 100%

conversion. { IQP%S column with acetonitrile:water 1:1 (v/v) as a mobile phase. The radioactivity is

-
) detected with the aid of a flow-scintillation counter.
The evaluation of the substrate conversion with and without substances to be

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

conversion of the control is normalized to 100% conversion.



Tab. 1 Inhibition of the Human 17(3-Hydroxy Steroid Dehydrogenase 17(3HSD1
Structure 1C50 [nnol] 185 2 77 352 452 5a87{ 5b 126 6 15 7 24
Estrone 109 13 Dosage |n general, satisfag&pry results in the treatnent of
estrogen- dependent di seases as well as hornone-dependent tunor di seases can
be expected if the daily doses enconpass a range of 5 g to 50 ng of the
conpound according to the invention per kg of body weight. In the case of

| arger manmmal s, for_ exanpl e humans, a recomrended daily dose lies in the
range of 10 g . édnhf’é’lttfélroﬂébeHﬂ%@d%@fw}{&ﬁ%‘igﬁh@@%&&es for the
conmpounds according to the invention are fromO0.005 to 50 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 tines.

17pHSD1
Structure
ICso [nmol]
1 85
2 77
3 52
4 52
Sa 87
;-
5b 126
(
6 15
7 24
Estrone 109




~The fornul ati on of the pharnmaceutical preparations based on the new
conpounds is carried out in a way that is known in the art by the active
i ngredi ent being processed with the vehichkgs, fillers, substances that
“influence deconposition, binding agents, noisturizers, |ubricants,
absorbents, diluents, flavoring correctives, coloring agents, etc., that
are commonly used in galenicals, and converted into the desired form of
adm ni strati Op. In this case, reference is made to Renmington's

Phar maceut i cal” °&&%nce, 15th Ed., Mack Publi shi ng Conpany, East

Pennsyl vania (1980). For oral admnistration, in particular tablets, coated
tabl ets, capsul es, )[rpge;qe§ql, safisfaetersresyisin thelredment s eplgraen-depeniontissases as
enul sions or solutions are suitable. For parenteral adm nistration,

i nj ection andwelifas hommonerdpanddnt tumsoratiseagposan be expectediif ihnidady dodes endoapass
i njection, correspondingly prepared crystal suspensions can be used. For

|t ranuscul ar e eF b O to S84SAUSHABImRbn doBlrBRid OMERLUAANRET RE oBtisREnS ons

and correspondi n epot” preparations can be used. For rectal adm nistration,

t he new conpounds. c be us in the form of uppositories, ca | es

sol utions (6. §OL i hECHEATmEe anemal B fagp S BAFPBIGES daly osgir
and for l|ocal therapy. For pulnonary adm nistration of the new conpounds,
the |atter calepia thewage ﬁfl(fh@t(fﬁ)rfﬁg@ﬁf kpeiddyavaagit. i nhal ants. For topi cal
application, fornulations in gels, ointnents, fatty ointnents, creans,
pastes, powders, nBliabidodapeciottieoapeupdssstdidmg téiee Hosapa ¢ frbmed.005 to
conpounds of general formula | should be 0.01%-20%in these preparations

to achieve ans@gfalisy pRNY JFoRY ARidR!dep&ldifi on the age and constitution of the

{
£
AN

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

The formulation of the pharmaceutical preparations based on the new compounds
is carried out in a way that is known in the art by the active ingredient being processed
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

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

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

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

For parenteral administration, injection and infusion preparations are possible.

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

For intramuscular injection, aqueous and oily injection solutions or suspensions
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



~This invention conprises the conpounds of general fornula | as well as use

t hereof for the production of a pharmaceutical agent, in particular for
treating estrogen- dependent di seases, whi ¢h can be positively influenced by
“the inhibition of the 17(3- hydroxy steroid dehydrogenase. The conpounds of
general formula | according to the invention are preferably wused for the
production of a pharmaceutical agent for treating hornone-dependent tunor

di seases of neystenaindnd éordbenl tlepapyduct i ve gl ands, mal e and fenmal e sex of gans
including the mammary gl ands, in particular prostate cancers or breast
cancers. |n additi gy pllBRn&S HARHRESatRCTRE RSy ESnpAIBids NUE MifePBarf Y uskd tn
production of a pharmaceutical agent for treating endonetriosis are
preferred. Thi,s dnvention.alsp relates to the pharmaceutical conpositions
that contain gFf%FEQE?QBﬁ%S@gﬁgéaﬁﬁsaccording to the invention, optionally
in the formof a gharnaceutha[ly/pharnaco[ogica[ly conpati bl e salt,

wi t hout or toget heFowopical #mplicafiade farmadatiops gogabaoitmentadiatly aitecniioyreams,
vehi cl es. These pharnmaceuti cal conpositions and pharnaceutical agents can be
provided forpsstal powdss,ahilk ¥apiimadres stelposdiblee s dogage olttrneaipdundsdfr avenous
or intranuscular admnistration. In addition to commonly used vehicles

and/ or dil uen j aspo i

vent i on. | 155 IFF e LR B 0L B o el P B0hR i 11
commonly used solid .or. |.iquid vehicles or diluents and the comonly used
pharnaceuticaP-?%@ﬁﬂP@ﬁﬂjgﬁ?%vants corresponding to the desired type of

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

prepar ati ons consi Shisiipveatign spapssasdhd epmpaunds of general farbiuda ¥ asrwalk af use

gdm ni stration. Such dispensing fornms are, for exanple, tablets, film

tabl ets, coat g@rdofifdrebsprodagion &S, phaithdceutigdwekait,Sin particular for treating estrogen-

dependent diseases, which can be positively influenced by the inhibition of the 17j3-
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 production 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.



~solutions or suspensions or else depot forns. The pharnmaceuti cal
conpositions that contain at |east one of the conpounds according to the
invention are preferably adm nistered oralky. | Parenteral preparations,
~such as injection solutions, are also considered. In addition, for exanple,
suppositories and agents for vagi nal application can al so be nentioned as
preparations. Corresponding tablets can be obtai ned by, for exanple, mxing

the active ingredient . with known vants, for anpl e inert dil ents

such as dext rose, 33@3?”“%"8%‘%3? ti gL K A on abearg)/ﬁ'. T TS SOt o
expl osi ves such as caqrn starc r. al ginic acj bi ndi ng agents such as
starch or gel gﬂ‘l“ﬁ Ve}}lﬂﬁsrqr(fl&ﬂ?nés%‘a &% caumenly, nlé%@ﬁ?’%af@ﬁlﬁ%lgéc%‘rcaltaéluém%d/ or
agents for achleV|n%_a depot effect, such as carbox | pol ynmet hyl ene

car boxyl met hyorespendingde ge déseqefl 6P §BadaumstEatien W]Hhtaﬁ'é}F feedogrze ot %‘W‘ﬁwﬁy The
acetate. The tablets can also consist of several |ayers. Coated tablets can
accordingly bereMdmm@raWS@m&ngadzme@%ngﬂam@htlasletablpé@rm@@dmmm@gmﬁgﬁy to
the tablets, with agents that are commonly used in tablet coatings, for
exanpl e poIydkmg$mgﬂnm$mdohea@nmkhebkacﬁmgmhmmmabbémbkal@mmﬂﬁtmﬂamqwéxtde
or sugar. In this case, the coated tablet shell can al so consist of severa
| ayers, wher ebylutidne obglispevsibiissorieRBatepat formEnt i oned above with the tablets can
be used. Sol utions or suspensions of the compounds of general formula I
according to the iTHYSRihRuEANcRPAbitibrRARM! boht£HR B ISsNode 3% R cb PR PoraBent s,
such as saccharine, cyclamate, or sugar, as well as, e.g., flavoring

substances SUgfinaRvYARh kiedrGtra0y afaRiseX T Raly. | N addition, they can contain
suspendi ng adjuvants such as sodlun1carboxynethyl cel | ul ose, or

preservatives, F!r %Pﬁ%f&éﬁ%ﬁ‘c@ giﬁ&gucegutg);w %eca%%wls?&rédh% aiR¥h 3o

conpounds of genera

example, suppositories and agents for vaginal application can also be mentioned as
preparations.

Corresponding tablets 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 comn 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.

AT

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, talc, 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, e.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.



~exanpl e, the conpound(s) of general fornula | being mxed with an inert
vehicl e such as |actose or sorbitol and being encapsul ated in gel ati ne
capsul es. Suitable suppositories can be prgguced by, for exanple, mXxing
wWith vehicles that are provided for this purpose, such as neutral fats or
pol yet hyl ene glycol or derivatives thereof. The conpounds according to the
i nvention can be adm nistered for prophylaxis and for therapy of breast

cancer or prostate.cancer. of .endonmetriosi,s in c i nati on mﬁtg 0 r nore
o The T of | o ng. I5k Fpstes i RT ERurb R esgtetuer otund <Lpe i de LG or one
acetate, flutam de, casodex, etc. 2) (on tropi.n hornone (GaRI 1) .agoni sts
such as synar a%mn?%ﬂwﬂ{npmé@é? -aﬁn%f%l fwﬁag&%g% A %fha&rlger‘éwéwk%%wh e
anastrozol e, fornestane, |etrozole, exenestane 4) 5(x-Reductase inhibitors,
such as fi nastatopue sopitelang being preapsyldipddn sadatipp capsules nbl ast i ne, daunor ubi ci n
6) VEG--kinase inhibitors s 7) Antigestagens, such as onapristones,
m f epri stones 8) Afvitabletsuprpsiteries partbeapsodugstdyi foe exanple, mininswitlsechicles that are
ol i gonucl eoti des 10) EGF Anti bodi-es Mreover, the conpounds of general
formul a | accprosidagfor thig fuepdsesacit dsaeuteafatsoe polyetlylérer glycoborajosivaines theregghy| axi s
of ot her pathol ogical conditions that are not nentioned above. 17 The
fol | owi ng exanpl esThe @mpwentisfacdordingmortie: idehaon g bex@hanakddor gbphyhgisatidfoect
of the invention, wthout intending that it be limted to these exanples.
Starting fromueh@y diforkst Qnék bt Mbthtd Sncerlof eRdoneBRBS il MmbiEbEWith bae MNe@REKef J.
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) Sq-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 Antibodies

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.



prakt. Chem 1972, 314, 667), and the correspondi ng 17a-hono derivatives
therefrom (M Hubner, K Ponsold, Z Chem 1982, 22, 186) can be produced.
The above- mentioned reaction steps can beqperforned before or after
functionalization of the 2- position. The introduction of halogens in
2-position is carried out by neans of ortho- (. thallation as described in
the literature for 17-keto derivatives (P. C. Bul man Page et al.,

Tetrahedron 1990, , 59). The functiopalizatiqn of the C.atom,2 of. an
StranT 508 10y -t r 1 BRI aitriey devoel Pt o g Sallrd SulaaiuOblE siyed
Friedel-Crafts acylation as described in the literature (T. Nanbara et al.,
Chem Pharm Bithe inviention, vighoud mfpnding thetit be lisvigdito thess exanmmlesr ot ecti ve group
in 3-position, a 2-carboxy-estra-1,3,5(10)-trien-17-one irs generated by

Baeyer- Vil | i ger oxSdatingfioiaNhe B7-k&wi dehivatives, Mit-atiranb®(MhHabisdyiaNoack, &r gani ¢
Chem stry, 5t' Edition, WIley Sons 2001, 1417-1418). The ester is saponified

and convert ed, i [hehl) 399214185 %ﬁ%@%ﬁésgé‘@tifé%ﬁﬁﬂ&ﬁé DG SMRAIFRPNS

into a 2-al kyl ether. | eavage o tive group In 3-position is

carried out as descrihb in ite ure . W G eene M Wits,
Protective G &ﬂpg‘l Wrcfgﬁmseffgénﬁ% L"%Evé% é%g) @%%9(?%9@9511%%@75) . This
process or others (P. N. Rao, J. W Cessac, Steroids 2002, 67, 1065) can be
used i n accor tdentienadireéctionstep? aahbeperfemied e fovesr. affeh urctiondzpboofitye 2- al kyl
derivatives can be produced fromthe 2-acyl derivatives by reduction with

sodi um bor ohyfsdilén. hydrogenation and subsequent Oppenauer oxidation (C.
D erassi, Og. React. 1951, 6, 207). 18 The introduction of the 2-allyl

gt QUp can be carri g, %%odﬁ&t%n%ﬂa%g%ﬁ@in 2-position is carried out by means of ortho-
{ 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 i generated by
Baeyer-Villiger oxidation (M. B. Smith, J. March, March’s Advanced Orgal‘u'c
Chemistry, 5™ 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 the 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).



‘rearrangenent as described in the literature (L. Troisi et al., Tetrahedron
Lett. 1999, 40, 1771). It can be further functionalized bel ow anal ogously
to the methods that are described by T. Byskas et al. (J. Org. Chem 2000,
65, 958). Longer, also unsaturated or functionalized alkyl radicals in
2-position can be obtained via the Sonogashira coupling of nore suitable,
optionally correspondingly protected al kines and subsequent (partial)

hydr ogenati on. The 17-flu anati?P of the 17a-ketone_can be performed as
described by A C. Theingreductpyofthez-allyl group sap ke ayged oethla?ﬁylsm el se S.
Stavber et al. (Synthesis 2002, 2609). The synthesis of 16, 17-dehydro
derivatives cacermhgentd apdedcobedth tha ditevatores[Ly Ttagsi ek alg\Fe:npnhedres des. 1298940,
e.g., P. N Rao et al., Steroids 2002, 67, 1079). Production Process

Example 1 2- Yy NoXy cahit fxRerliiAct AARART Yelow arhlodohdly 16 FlcSReBo@ that 3¢ 61 g of
17a- azi donet hyl - 3, 17( 3- di hydr oxy- 2- net hoxy-estra-1, 3,5(10)-triene , and 7.5 g

of sodi um i odi,de ) u nded .i 0 of opidrile and slowy m xed
at room tenpg?%?pggci%};\ﬁt ﬁe%sﬁfalo&' ?7,5?{;’-"@%@0@@?6?; &éc% oride. After 4 hours,
another 4 m of trimethyl silyl chloride was added, and after another 2.5
hours, it was i xedoResrhalse ansaruapied of Suictionalispdalkykradicals i diosiHonsen Mt er
and extracted with dichloronethane (3x). The conbi ned organi.c phases were
washed with agbaoied viothie Sonbgashirh ongtliag of elowd sudtabledoptéchalin docespordihglgt ed by
evaporation in a rotary evaporator. Flash chronmatography (cycl ohexane/ et hyl
acetate =10: 1psgiecfedlalkine®ard sst@deéﬁfj(garti]ail’-) k%dl( éndtiohd

of t - met hoxy- 1$a- oxo- 17a-honoestra-1, 3,5(10)-tr1en-3-0l1 as col orl ess
crystals.

(

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, €.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 17q-azidomethyl-3,178-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%)



"1H-NMR (CDC13): 8 = 1.13 (s, 3H, 18-CH3), 2.62-2.71 (m 1H 17-H), 2.77 (dd,
2H, 6-CH2), 3.86 (s, 3H, 2-OCH3), 5.48 (s, 1H, 3-OH), 6.63, 6.78 (2 s, 2H
1-H 4-H). Exanple 2 2-Chloro-17a-o0xo- 17a-§|om)estra-1,3,5( 10)-trien-3-o0l 2
307 ng (851 nol) of 3-acetoxy-2-chloro-17a-0x0-17a-honoestra-1, 3, 5(10) -
triene was di ssolved in 24 m of dichloronethane/ nmethanol (2:1) and m xed

wth 45 of sodi um net hanol ate. After 1.5 hours, it was neutralized with
Arrberllte | R12 H+ | ter and co edb evaporation in a rotary
evapor at or - FRLHAS e g?%;}mzqea%iﬁeﬁ@%ﬁ Sedilegsdolor Sir)ysgafm ded 173
mg (649 of 2-chloro-17a-oxo-17a honpestra-1, (10)-trien-3-o0l as

col orl ess crystal s. HINMRMROQWHCES) .13 (s 3H; 1&-%) -2.78-(oH3Y; 1?-1'522 27 &H, (m
OH, 17-H, 6-CH2), 5.39 (s, 1H. 3-OH), 6.72, 7.21 (2 s, 2H 1-H, 4-H).

Example 3 2- ﬁHW‘PﬂzY@'Wﬁ ez lowmgss ag(sl 18; 3(010), 6'[63' 617832 @) 213, BH\AH).
produced anal ogously to the nmethod, described for 7-keto derlvatlves by
P. C. Bulnman Page et al., Tet rahedron 1990, 46, 2059. 1H NWR (CDC13): 5 =
1.12 (s, 3H, 18-CH3), 2.62-2.82 (m 2H, 17-H, 6-CH2), 5.41 (s, 1H 3-0OH),
6.73, 7.34 (2.s, 2H_1-H 4-H). 20 Exanple 4
2-1 odo- 17a- oxB¥amBleonpest ra- 1, 3, 5(10)-trien-3-0l 4 4 was produced
anal ogously to the nethod, descrl bed for the 17-keto derivatives, by P. C
Bul man Page e2-Gliloro- st oxth £-bomoed6a-1 865(10)06n-3pk RVR (CDC13): S = 1.12 (s,
3H, 18-CH3), 2.62-2.71 (ddd, J =6.8, 14.1, 14.1
307 mg (851 pmol) of 3-acetoxy-2-chloro-17a-oxo0-17a-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-oxo0-17a-
homoestra-1,3,5(10)-trien-3-0l 2 as colorless crystals.
"H-NMR (CDCl): § = 1.12 (s, 3H; 18-CH3), 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). e

Example 3
2-Bromo-17a-0x0-17a-homoestra-1,3,5(10)-trien-3-o0l 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 (CDCls): § = 1.12 (s, 3H; 18-CHz), 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).



"Hz, 1H 17-H), 2.77-2.81 (in, 2 H 6-CH2), 5.29 (s, 1H 3-OH), 6.71, 7.52 (2
s, 2H 1-H 4-H. Exanple 5

2- Chl oro- 17a-f | uor o- 17a- oxo- 17a- honoestra- 243, 5(10) -tri en-3-0l Stand
2-Chloro- 17[3-fluoro-17a-o0x0-17a-h ompestra-1,3,5(10)-trien-3-o0l 5h 60 ngy
(188 pnol) oft-chloro-17a-o0x0-17a-honoestra-1,3,5(10)-trien-3-0l2 was
refluxed with about 190 ng of

1-fl uoro-4- hyi:rgﬁl?/p 44- di azoni a- bi cycl o[ 2, 2, 2] - oct ane

bls(tetrafluoro ate) on alum num OXI de |n 10 M of nethanol for 5 hours;
cooled to rogmtenperature, mxe N hydrochl oric acid and extract ed

wi th dichlor oﬁépﬁﬁﬂga*’?ﬁé76rl§%?‘?§trﬁh1a%’§§10é'rt§eﬂ13r@d4 and concentrated by

evaporation in a rotary evaporator. Purification by nmeans of HPLC (Chiracel
QJ- H, n-hept ane/ 2- 4praygaodiced afaldouslyetb decimathods dekritveg femthle 1Gtketo derivatives,
2-chl oro-17a-fl uoro-17a-oxo-17a- honoestra-1, 3,5(10)-trien-3-o0l 5a and

2-chl oro- 17(3b§7h3U€rBuﬂ=17a@1P)8'§QReﬂ-Zla ﬂ@%ﬁ%bh%% @6%%)) trien-3-0l5h as
col orl ess solids. 5a: © S =1.13 (3, 3H 18-CH3), 5.32 (ddd,

RS e Tt @5@% M 15ty Jodashtde bt B

S=1.21(d, J=3.1 H, 311 4.86 (ddd, JHF = H—39 .6
o, i 17a. s BI7H-TD, 26728 14m. 2 G.CR) MH)(S AR, 11, IR PH: &1k
-183.02 - -183.28 (n). Exanple 6
2- (2- Phenyl et ByH) - 17a- oxo- 17a- honoestra-1, 3, 5(10)-trien-3-0l .6 56 ng (123
pnol ) of 3-acetoxy-2-iodo-17a-o0x0-17a-honoestra-1,3,5(10)-triene
Example 5
2-Chloro-17a-fluoro-17a-oxo-17a-homoestra-1,3,5(10)-trien-3-ol Sa.and 2-Chloro-
17B-fluoro-17a-0xo0-17a-homoestra-1,3,5(10)-trien-3-ol Sh

60 mg (188 pmol) of 2-chloro-17a-o0xo-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 houts; 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-3-0l Sa and 2-chloro-17-fluoro-17a-oxo-17a-homoestra-
1,3,5(10)-trien-3-ol Sh as colorless solids.

5a: 'H-NMR (CDCls): § = 1.13 (s, 3H; 18-CHz), 5.32 (ddd, Jur = 48.8, Jun =
7.4,12.5 Hz, 1H; 17p-H), 6.72, 7.21 (2 5, 2H; 1-H, 4-H) — PF-NMR (CDCL): § =
—192.20 (dd, J=48.9, 12.8 Hz).

5b: "H-NMR (CDCls): § = 1.21 (d, /= 3.1 Hz, 3H; 18-CHs), 4.86 (ddd, Jar=

49.2, Jum = 3.9, 6.6 Hz, 1H; 17a-H), 6.73, 7.20 (2 5, 2H; 1-H, 4-H) — F-NMR



was dissolved in 8 M of triethylamne/ THF (3:1), mxed with 3 ng of
palladiunm(ll) acetate, 5 ng of copper(1l) iodide, 6.5 ng of

tri phenyl phosphi ne and 26 | of phenyl- acetylene, and stirred for 45 m nutes
‘at room tenperature under argon. Then, it s diluted wth ethyl acetate,
washed with IN hydrochloric acid, saturated sodium bicarbonate solution and
comon salt solution, dri ed concentrat ed by evaporation in a rotary
evapor at or, and urified ash chrograt ography (cycl ohexane/ ethyl acetate

10:1 -> 5:1) CR la}gétgo% 82-— 83.28 (m

3- acet oxy- 2- (2- phenyl et hi nyl ) - 17a- oxo- 17a- honoestra- 1,3,5(10)-tri ene was

obt ai ned as brown-black crystals. 1HNWR (CDC13): 5 = 1.12 (s, 3H 18-CH3),

2.35 (s, 3H COCHH),,6.82, 7.50 (2 s, 2H 1-H 4-H, 7.31-7.48 (m 5H, Ph)

-13C- NWR (CDC{3hmpde & 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, 128.1 134192 215.83. 27
my (63 nol) og gx e@?'geﬂ?;lg}zg p?leﬁy'lhofl}"loeﬁ ?)ls’%%aﬁgéenﬁ m)estra-

1 3, 5(10) triene was dissolved in 10 m of eth%/ acetate/ THF (9; 1%1 ed

with 3 drops of acbimng(l%3ikmelhal acsiexynt-iger ] Tapien tnhomessiratledd Q}

(109, and hydrogenated for 3 hours. Then, the catalyst was filtered off,

concentrat ed lwas disaploedin &ml ioﬁtrisethybammwT}E%/@pD[ atixad, wighn 8 nge fpadipdivat BY
several tines with toluene. The residue was dissolved in 6 ni of

et hanol ate. o) oy cPEperd RuicR, 6 SHESNEphaNRRIhIDaR! 26 GFoA eny-
Anberlite I R120 nd concentrated by, ev ion in a
AR s AR R S e T AR S adBBAESS 5. 1)
i el ded 16 5% of 2-(2-

ghenyl et hyl ;Tgﬂlg’@tﬂéo%@thleﬁb)dﬁ@%@sWﬁﬁwi vathsl(N bydreehleric acig) safuratgd sedsr | ess

needl es.
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-2-(2-phenylethinyl)-17a-0x0-17a-homoestra-
1,3,5(10)-triene was obtained as brown-black crystals.

'H-NMR (CDCL): § = 1.12 (s, 3H; 18-CH3), 2.35 (s, 3H, COCH%),“\?.SZ, 7.50 (2
s, 2H; 1-H, 4-H), 7.31-7.48 (m, 5H; Ph) — C-NMR (CDCL): & = 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 umol) of 3-acetoxy-2-(2-phenylethinyl)-17a-o0xo-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 activated 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



"HNWR (CDC13): S =1.13 (s, 3H, 18-CH3), 2.85-2.89 (m 4H, PhCH2), 4.46 (s,
1H, OH), 6.48, 7.02 (2 s, 2H 1-H, 4-H), 7.19-7.30 (m 5H, Ph). Exanple 7
2- Al lyl-17a- oxo-17a- honoestra-1, 3, 5(10) -triZ%n-S-oI 2 315 nmg (1.11 mmol ) of
~17a- oxo-17a- honmoestra-1, 3,5(10)-trien-3-ol “Was dissolved in 5 m of
absolute DWF, mxed with 1.8 g of cesiumcarbonate and 1 m of allyl

brom de and heated for 3 hours to 60C. Then, it was mxed with ethyl acetate
and washed with water and common salt sol ution. The organi clﬁhase was

separat ed, driEd) fligred adiroBsRN IRt PRy 2RI APRIY 1813 I8FY AVaROFetarklashy apor at or .
Fl ash chromat ogr aphy (cycl ohexane/ ethyl acetate = 40:1 -> 20:1 -p 10:1)

yi el ded 322 nghicd®téaraptfy (Byabhexlane/ythyllatatatece 5 17 yichdedodahg 6500 BoS-(B) -t ri ene
as colorless crystals. 1HNWR (CDC13): g = 1.12 (d, 3H 18-CH3), 2.62-2.71

(m 1H 17-H) Th@rg@&hﬁ)ﬁ@a—o&ml73—|ﬁbm@e§ﬂ}az-1,§;5§fb3(tﬂen-§—:ol§-a9 chlorleddicc@eti2) , 5. 26
(dd, J= 1.2, 10.5 Hz, "1H, =CHH), 5.37 (dd, J= 1.2, 17.2 Hz, 1H =

Hz, 1H, =CHH),
T o e L

3-al Iyl oxy-17a-0x0-17a- honpestra-1,3,5 10%)-tri ene was _dissolved in 25 m of
di et hyl ani | i ndHu By 648g6R2 &he 2EBf1-HxedDs 6498 . 30dus SH; Phén, it was ni xed
with ethyl acetate and washed with 1N hydrochloric acid and common salt

sol ution. The organi c phase was separated, dried, and concentrated by
evaporation in a rotary evaporator. Flash chronmatography (cycl ohexane/ et hyl
acetate = 9: Ljpyypfded 312 ng (99% of a mixture of the two regioisoners as
colorl ess foam Separation by neans 23 of HPLC (Chirapak AD H,

oxo- 17 nomedrkiin e et Gle KoRakn b3 B Bengi Ll Crydia s

315 mg (1.11 mmol) of 17a-0x0-17a-homoestra-1,3,5(10)-trien-3-0l was
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%) of 3-allyloxy-
17a—oxo-i7a—homoestra—1,3,5(10)—triene as colorless crystals. |

'H-NMR (CDCL): § = 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, /= 5.0 Hz, 2H; OCH>), 5.26 (dd, /= 1.2, 10.5 Hz, 1H, =CHH),
5.37(dd, /= 1.2,17.2 Hz, 1H; =CHH), 5.99-6.07 (m, 1H; CH=CH>), 6.63 (d,/=2.3
Hz, 1H; 4-H), 6.72 (dd, J= 2.3, 8.2 Hz, 1H; 2-H), 7.20 (d, / = 8.6 Hz, 1H; 1-H).

315 mg (971 pmol) Qf 3-allyloxy-17a-0x0-17a-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



H-MR (CDC13): 3 =1.12 (d, 3H 18-CH3), 2.62-2.71 (m 1H, 17-H), 2.78-2.82
(m 2H, 6-H), 3.37 (d, J= 6.3 Hz, 2H, OCH2CH=), 4.89 (s, 1H OH), 5.12-5.18
(m 2H =CH2), 5.94-6.05 (m 1H CH=CH2),,6.54, 7.02 (2 s, 2H, 1-H 4-H).
Exanple 8 2-Brono-17a-o0x0-17a-honpestra-1,3,5(10), 16-tetraen-3-0l 11 H NWR
(CDC13) : 3:105(d 3H, 18-CH3), 2.62-2.71 (m 1H, 17-H), 5.95 (dd, J=
2.5, 10.0 Hz, CH), 6.87-6.91 (m 1H, =CH), 6. 74, 736(Zs 2H, 1-H,

CR O N L S 1500, B0, 0 2T 05 B 2 00, 0 0

147. 25, 149.79, 205.04. 24 d ai ns 1. 2-Substituted D-hono- estratrienes of
gener al formjbao-ll7a—hﬁlllsemaRlL3,5(I®)ithG3—0ilﬁamobﬁemWMms a saturated or
unsaturated Cl - Cg- aI kyl group, an aralkyl or an alkylaryl radical, a

G - Cg- al kyl oxy gr oUg-NKMPRCRCRYS= alond, 3RE: 3 SrEEY)S2.82 DY HAr @SlerH; at7omr), Q1783282
met hyl group, Rl 7 nmeans a hydrogen atomor a 1 uori ne atom V\/nereby t he

dotted |ines e 1 e tipnal
doubl e bonds, *sh?\ie? %-) ?Flél r g%ﬁﬁ%@?z?’t@%ﬁf? Aél?:% pﬁgﬂo%}ﬁsml?g ?g&ﬁ’jﬂ
ZSubstltuted D- hono- estra135 %)Htrlenes according to claim1,

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

Example 8
2-Bromo-17a-0xo0-17a-homoestra-1,3,5(10),16-tetraen-3-0l 8

"H-NMR (CDCls): § = 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, 7.36 (2 5, 2H; 1-H, 4-H) —
PC-NMR (CDCls): § = 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.



characterized in that R2 is a Cl-C5-al koxy, Cl-Cs-al kyl or C2-C3-al kenyl or
brom ne or chlorine. 3. 2-Substituted D honp-estra-1,3,5(10)-trienes
according to claiml1l, wherein R2 is a nmethoxy radical or ethoxy radical, a
met hyl, ethyl or propyl radical as well 24 an allyl radical. 4.
2-Substituted D hono-estra-1, 3,5(10)-trienes according to claim1, wherein
R13 is a hydragen atom 5. 2-Substituted D-honpestra-1,3,5(10)-trienes
according t ¥im 1, nanely 25 1)

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

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

2- Chl or o- 17a- oxo1 ZaSuhstisiest I omosestratrignes of gepersl fyrmypila Iy)

2- Bronp- 17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-o0l 3 5)

2- 1 odo- 17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-0l 4 6)

2- Chl oro- 17a- Fl uor o- 17a- oxo- 17a- honoestra-1, 3, 5(10)-trien-3-0l 5a 7)

2- Chl oro-17(3- Fl uor o- 17a- oxo- 17a- honoestra-1, 3,5(10)-trien-3-0l 5b 8)

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

2- Brono- 17( 3- Fl uor o- 17a- oxo- 17a- honoest ra-1, 3, 5(10)-tri en-3-ol 10)

2- (2-Phenyl et hyl ) - 17a- oxo- 17a- honoest r & $.3,®(10)-trien-3-ol 6 11)

2-Al'lyl -17a- oxo-17a- honoestra-1, 3, 5(10) - 3-R17 7 12)

2-Allyl-17(x-Fl uoro-17a- oxo- 17a- honoes (10)-trien-3-ol 13)
2- Al l'yl -17(3- Fl uor o- 17a- oxo- {Za- hgnoe b(10)-trien-3-ol 14)
2- Chl or 0- 17a- oxo- 17a- honoest r a-{ “tetraen-3 -0

HO
M

in which
R? means a saturated or unsaturated_C,;-Cs-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, C;-Cs-alkyl or C,-Cs-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)-trienes according to claim 1, wherein
R" is a hydrogen atom.

5. 2-Substituted D-homoestra-1,3,5(10)-trienes according to claim 1, namely



15) 2-Brono-17a-o0xo0-17a-honoestra-1, 3,5(10), 16-tetraen-3-o0l 8 16) 2-Ally!-
17a- oxo- 17a- honoestra-1,3 , 5 (10), 16-tetraen-3 -ol 17)

2- Propyl - 17a- oxo- 17a- honoestra-1, 3, 5(10)-tri en-3-0l 18)

2- Met hoxy- 17a- oxo- 17a- hono- 18a- honoestra-1,3,5 (10)-trien-3-ol

19) 2- Et hoxy- 17a- oxo- 17a- hono- 18a- honnest? -1,3,5(10)-trien-3-0l 20)

2- Chl or o- 17a- oxo- 17a- hono- 18a- honoestra-1, 3, 5(10)-tri en- 3- ol

21) 2- Br ono- 17a- 0x0- 173y hpwestidd= 1Tar®@st Taghohobs@4- 1@%5(110) @i@n?&@ll 22)
2-10do-17 a-oxo-17 a-hono - 18 a- honoestra-1, 3, 10)-trien- -o | 23)

2- Chl or o- 17a- Fl uor o- 1§ iq7?$&31§§qm?§ggﬁ§ 3qunqn%ﬁ§qg(ltrlen 3-ol 26

24) 2- Chl or o- 17( 3-Fl uor hono tra - trien-3-ol
25) 2-Brono- 17a- Fl uor 7a h 8a- ho ( - trien-3-ol
26) 2 Br omo- 17( 3- uo%lﬁﬁ i%Oﬁg?réngsS%ﬂgﬁiﬁ)3ﬂin-§-<§211 " trien-3-ol
27) 2-Allyl-17a-oxo-17a- hono- 18a honoestra- 1, 3, 5% -trien-3-ol 28)

2-Al 'yl - 17( x- FI uor o- 1#a->Reomgd 7rene-17ahomensesst.p A 10)3ris-3e-3 t ri en- 3-ol  29)

2-Allyl-17 (3-Fluoro-I| 7a-oxo-| 7a- hono- | 8a-honoestra-1, 3,5(10)- trien-3-ol
30) 2-Chl oro- 17a- oxo- by a2-haiwet 7eSexdabTiashdestrd-1 3, H( 0PrichB-betdr aen- 3- of

6) 2-Chloro-17a-Fluoro-17a-ox0-17a-homoestra-1,3,5(10)-trien-3-ol
Sa

7) 2-Chloro-17p-Fluoro-17a-oxo-17a-homoestra-1,3,5(10)-trien-3-ol 5b

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

9) 2-Bromo-17p-Fluoro-17a-ox0-17a-homoestra-1,3,5(10)-trien-3-ol

10) 2-(2-Phenylethyl)-17a-0x0-17a-homoestra-1,3,5(10)-trien-3-ol 6

11) 2-Allyl-17a-ox0-17a-homoestra-1,3,5(10)-trien-3-0l 7

12) 2-Allyl-17a-Fluoro-17a-0x0-17a-homoestra-1,3,5(10)-trien-3-ol

13) 2-Allyl-17B-Fluoro-17a-oxo-17a-homoestra-1,3,5(10)-trien-3-ol

14) 2-Chloro-17a-ox0-17a-homoestra-1,3,5(10),16-tetraen-3-ol

15) 2-Bromo-17a-o0x0-17a-homoestra-1,3,5(10),16-tetraen-3-o0l 8

16) 2-Allyl-17a-ox0-17a-homoestra-1,3,5(10),16-tetraen-3-ol

17) 2-Propyl-17a-oxo0-17a-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-oxo0-1 7a-homo-1 8a-homoestra-1,3,5(10)-trien-3-ol

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

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

trien-3-ol



31) 2-Bronp-17a-oxo-17a-hono- 18a- honoestra-1, 3,5(10), 16-tetraen-3- of 32)
2-Al'lyl -17a- oxo- 17a- hono- 18a- honoestra-1, 3,5(10), 16-tetraen-3-o0l 33)

2- Propyl - 17a- oxo- 17a- hono- 18a- honoestra-1, 3, 5(10)-tri en-3-0l 6.

2- Substi tuted D-honnestra-l,3,5(10)-trieggs according to one of <clains 1 to

5 for the production of a pharmaceutical “agent. 7. Use of 2-substituted
D honmoestra-1, 3,5(10)-tri enes according to one of clains 1-5 for the

production of a phar megeiChesb- 1ZpaMtorbA7aRx8 PIMil G 1 &P Eohb&tanY3, §10)-
estrogen- dependent di seases that can be positively influenced by the

i nhibition of the 17(3-£%d50ﬁy steroi d dehydrogenase. 8. Use of

2-substituted D honoestra i, 3(,)5( 10)-trienes according to one of clains 6 or

7, whereby at | east one additional active ingredient is used in comnbination
for the 27 producti oR5b?-Baoppdr/ aeldberor Haroxagklisthonm-18shompestraslybhg¢lidi-ut ed
D-honpestra-1, 3,5(10)-trienes according to claim8, whereby the additional
active ingredient is an @jehilagldr ogen, anti gestagen, aromatase inhibitor or
an antiestrogen. 10. Use of 2-substituted D honpestra-1,3,5(10)-trienes

according to one of - ok Mool i CAUHLETsLho R RRANIRS AN ca

agent for prophyl axi s anhd therap hor none- dependen unor s of
the male and femal e reproductive glands, nale and fenale sex organs,
i ncl udi ng the mammary gl 8883-011. "Use of 2-substituted
D-honoestra-1, 3,5(10)-trienes according to claim10 for the production of a
phar maceut i cal agent £3)2@dypiya-axed7ahdmohl@adpynosktril Sal0etaienSrol 12, Use
of 2-substituted D honpestra-1,3,5(10)-trienes according to claim10 for
28) 2-Allyl-17a-Fluoro-17a-0xo-17a-homo-18a-homoestra-1,3,5(10)-
trien-3-o0l
29) 2-Allyl-17B-Fluoro-17a-oxo0-17a-homo-18a-homoestra-1,3,5(10)-
trien-3-ol
30) 2-Chloro-17a-0x0-17a-homo-18a-homoestra-1,3,5(10),16-tetraen-3-
ol
31) 2-Bromo-17a-0x0-17a-homo-18a-homoestra-1,3,5(10),16-tetraen-3-
ol
- 32)2-Allyl-17a-o0x0-17a-homo-18a-homoestra-1,3,5(10),16-tetraen-3-ol
33) 2-Propyl-17a-o0x0-17a-homo-18a-homoestra-1,3,5(10)-trien-3-ol
6. 2-Substituted D-homoestra-1,3,5(10)-trienes according to one of
claims 1 to 5 for the production of a pharmaceutical agent.
7. Use of 2-substituted D-homoestra-1,3,5(10)-trienes according to one of claims
1-5 for the pfoduction of a pharmaceutical agent for prophylaxis and therapy of
estrogen-dependent diseases that can be positively influenced by the inhibition of the
17B-hydroxy steroid dehydrogenase.

8. Use of 2-substituted D-homoestra-1,3,5(10)-trienes according to one of claims

6 or 7, whereby at least one additional active ingredient is used in combination for the



t he production of a pharmaceutical agent for prophylaxis and therapy of
prostate cancer. 13. Use of 2-substituted D honoestra-1,3,5(10)-trienes
according to claim10 for the production of a pharmaceutical agent for
treating endonetriosis. 14. Pharnaceuticaz conpositions that contain at

| east one conpound of general fornula |I~according to one of clains 1 to 5
and optionally at |east one additional active ingredient together with

phar maceut i eaddurtiGosPaphdacasicalvyashts and/ or vehicles, whereby the

additional active ingredient is an antiandrogen, antigestagen, aromatase

I nhibitor or an anterhod8ituted 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 7 to 9 for the production 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)-trienes 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 compound 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.



