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the Production of 7a-Substituted 1la-Hydroxy Steroids Description:73TRg007
invention relates to mcrobiological processes for the production of 7a-
substituted | |a-hydroxy steroids, 7a,l1l7a-substituted 11(3-hal ogen steroids
that can be produced therefrom production processes for the latter
conpounds as well as their use and phérnaceutical preparations that contain
t hese conpounds. In addition, the invention relates to other 7a-substituted
11(3-hal ogen steroids, nanely 7a-substituted estra- 1,3,5(10)-trienes that
can be obtWONH94i01d66X he 7a-substituted | |a-hydroxy REF/EP2003/608111r eat nent
of mal e nenopause and for devel opnent of nale sexual organs as well as for
mal e birth control, androgens, especially testosterone, are used. In
addition, these hornones al so have partial anabolic active conponents,

whi ch pr om&obimo?iical PRo2edsEs fogrteéﬂmduwa&@omsee«ﬁﬁtm1&@&&%&@i zed by an

age-rel ated reduction in the endogenous androgen production, such that

hor none rﬁﬁhaqpnent is carried out for treatnment thereof (HRT: hornone
repl acene ePhérapy). In addition to a reduction in spermatogenesis, the
LH-RH adm nistration for male birth control also results in the rel ease of
LH and in[%ﬁ&%ﬂkﬁpping of testosterone levels and libido, which are
conpensat e I by adm nistering testosterone pharmaceutical agents (D. E

Cummi ngs et al "Prostate-Spari.ng Effects of the Potent AndrqQgen 7a-
g The 1nvent?on reFatesF%o mlcrgblo oglecaf processes for the production of 7a-

substituted 11a-hydroxy steroids, 7a,17c-substituted 113-halogen steroids that can be
produced therefrom, production processes for the latter compounds as well as their use
and pharmaceutical preparations that comntain these compounds. In addition, the invention
relates to other 7a-substituted 113-halogen steroids, namely 7a-substituted estra-
1,3,5(10)-trienes that can be obtained from the 7a-substituted 11a-hydroxy steroids.

For treatment of male menopause and for development of male sexual organs as
well as for male birth control, androgens, especially testosterone, are used. In addition,
these hormones also have partial anabolic active components, which promote, i.a., muscle
growth.

Male menopause is characterized by an age-related reduction in the endogenous
androgen production, such that hormone replacement is carried out for treatment thereof
(HRT: hormone replacement therapy).

In addition to a reduction in spermatogenesis, the LH-RH administration for male
birth control also results in the release of LH and in the dropping of testosterone levels
and libido, which are compensated for by administering testosterone pharmaceutical
agents (D. E. Cummings et al., “Prostate-Sparing Effects of the Potent Androgen 7a.-

Methyl-19-Nortestosterone: A Potential Alternative to Testosterone for Androgen



Met hyl - 19- Nort est osterone: A Potential Alternative to Testosterone for
Androgen 2 3 JAN 2007 2 Repl acenent and Mal e Contraception," Jourrigd JaR 2007
Clinical Endocrinology and Metabolism Vol. 83, No. 12, pages 4212-4219
(1998)). A conbination therapy with the adm nistration of androgens and a
gestagenically active conponent can be used for control of male fertility
(see, for exanple, WO 01/60376 A as wel | as the documents cited t herein).
In the case of a treatnent with testosterone, it has been shown that side
effects devel op, especially an enlargenent of the prostate ow ng to an

i ncrease iReplacementrand Male Coetéacrsencmsi’dfogrwaécﬁmic@lr@zagwlmieg;\(am: beni gn
prostate hyperplasia). In the nmetabolismof testosterone that is nediated
by 5a- r eduderabdismiMol.B3oNest2opeges AR -¢DHMI99MAt can result, i.a., in the
occurrence of BPH is produced (Cumrmings et al., ibid.; WD 99/13883 Al). The
i nhi bition of tAeorhbinitidhthérapewith themndhistaion € dndrogent ardh getageiichliyn
clinical practice (finasterides). The quick netabolism of the androgenic

steroi d t egtiRsédipgdnent din bbasdAUBPELNROAYF mAlb FdriiRty (§e@5fok bRani}lt, WOl Y in the
formati on of undesirable DHT, but also in that "an oral adm nistration of
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t est ost er one. ternative forns r di spensing, such as i.m-injections or
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proposed Vg]eiveclgp,réggécia?lr}]/ atn Q%la?g%?neg? g&he Sro?tia%rz)%ingb tiocz)ilnci)lgcirga%cla in the number of
cells and glands of the stroma (BPH: benign prostate hyperplasia). In the metabolism of
testosterone that is mediated by Sa-reductase, dihydrotestosterone (DHT) that can result,
i.a., in the occurrence of BPH is produced (Cummings et al., ibid.; WO 99/13883 A1l).
The inhibition of the Sa-reductase is therefore used for treating BPH in clinical practice
(finasterides).

The quick metabolism of the androgenic steroid testosterone in the human body
further results not only in the formation of undesirable DHT, but also in that an oral
administration of higher doses is necessary to reach the desired effect level of
testosterone. Alternative forms for dispensing, such as i.m.-injections or large patches,
are therefore necessary.

To replace testosterone in the above-mentioned indication areas, 7a-methyl-19-
nortestosterone (MeNT) was proposed which has, on the one hand, a higher biological
effectiveness as testosterone, since it has a higher binding affinity to the androgen
receptors. On the other hand, because of a steric inhibition by the 7a-methyl group, it

presumably resists metabolization by Sa-reductase (Cummings et al., ibid., WO 99/13883

Al, WO 99/13812 A1, US-A-5,342,834).



effectiveness as testosterone, since it has a higher binding affinity to the
androgen receptors. On the other hand, because of a steric inhibitjdDdnaps07
the 7a-nmethyl group, it presunably resists nmetabolization by 5a-reductase
(Cumm ngs et al., ibid., WD 99/13883 A, WO 99/13812 Al, US-A-5, 342,834). 2
3 JAN 2007 3 During netabolismof testosterone, a smaller portion of this
conpound is also reacted by aromati zation of ring A of the steroid system
to formestradiol, especially in the brain, in the liver and in the fatty
tissue. Wth respect to the total action of the testosterone and its

net abol i tes, eBuFBgMstabphsm ghtestasteions|asmallernadormofdhis spmpeyndsipalsof i ¢
behavi or and gonadotrophin regul ation. Therefore, its action just |ike that
of t est ostreacieddy afomatiziteonarfuing Avaf the stsroidgyatede fan esdradivl, agemiadly (@Cunm ngs et
al., ibid.). It has been shown, however, that the pharmacokinetics of
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di spensing, testosterone is quickly excreted again, so that the
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pharmaceuti cal agents is unsatisfactory. O her testosterone derivatives were
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- rin gy@ﬂase[ecg‘toral dispensinggtestosterone is quickly excreted

again, so that the effectiveness and the duration of action of the thus produced
pl;armaceutical agents is unsatisfactory. Other testosterone derivatives were therefore
also synthesized. Such derivatives are described in, i.a., US-A-5,952,319, in particular
7a-,11B-dimethyl derivatives of 19-nortestosterone, namely 7a,11B-dimethyl-17p-
hydroxyestr-4-en-3-one, 7a,11B-dimethyl-17p-heptanoyloxyestr-4-en-3-one, 7a,11p-
dimethyl-17B-[[(2-cyclopentylethyl)-carbonyl}-oxy]-estr-4-en-3-one, 7a,11pB-dimethyl-
17B-(phenylacetyloxy]-estr-4-en-3-one, and 7a,11B-dimethyl-17-[[(trans-4-[n-
butyl]cyclohexyl)-carbonyl]-oxy]-estr-4-en-3-one.

The above-mentioned 7a,11B-dimethyl derivatives have the above-mentioned
advantages, like MeNT, including an improved pharmacokinetics, i.e., their effectiveness
and duration of action are improved relative to testosterone. These derivatives, however,
can be produced only via an expensive synthesis method.

A synthesis of steroids in the microbiological method is described in EP 0 900
283 B1. Itis indicated there that estr-4-ene-3,17-dione and canrenone can be transformed

with use of a microorganism that is selected from the group that comprises Aspergillus



The above-nentioned 7a, 11 [3-dinethyl derivatives have the above-nentioned
advant ages, |ike MeNT, including an inproved pharmacokinetics, i.e.7 tkel0d7
effectiveness and duration of action are inproved relative to testosterone.
These derivatives, however, can be produced only via an expensive synthesis
met hod. A synthesis of steroids in the mcrobiological nethod is described
in EPO 900 283 Bl. It is indicated tfere that estr-4-ene-3,17-dione and
canrenone can be transforned w th use of a microorganismthat is selected
fromthe group that conprises Aspergillus 2 3 JAN 2007 4 nigricans,

Rhi zopus arighinans Ridaegusinrbizwssandfstriias bEPatdl@ia intoctht berrespondispbdhvdi ng 11 a-

hydr oxy anal og. In the introduction of the description, however, reference

i s al so nmafroxy anaibd. PANRE AtrBlHudlon of BleekiriRtioBIHORRYE; refibite i9hlso Md&/0),
172-179, who reported that the mcrobiological | |a-hydroxylation reaction
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based is therefore to find derivatives of testosterone that are not

sensitive to reducti i th Sa-reductase, that also haye i mproved
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significant aspect of this_ invention consequently consists in finding a
process for betlhgprohdensen whighithis inypptipmis bagedyis ﬁlpr%qrsauﬁv%siewaflﬁewﬁi ch the
initial products are easy to produce. The problemon which this invention is
based i s dedtastmton®ythatiace nigisehsitiyeda redupti@reils 8s-réductasd) e¢hgpalsd havd @an of
7a-substituted steroids according to clainms 1, 3 and 6, 7a, l17a-substituted
11 n- hal 0gRPBréve@pRArfEcAKERdRicSliang tHaPareledpodiali} captOpRYGCE. OA vENBignifi@guct i on of
7a, 17a-substituted 113-hal ogen steroids according to clainms 23, 24 and

aspect of this invention consequently consists in finding a process for better accessibility

of the initial products, with which the initial products are easy to produce.

The problem on which this invention is based is solved by microbiological
processes for the production of 7a-substituted steroids according to claims 1, 3 and 6,
7a,17a-substituted 11B-halogen steroids according to claim 11, process for the
production of 7a,,17a-substituted 113-halogen steroids according to claims 23, 24 and
25, the use of these 7a,17a.-substituted 11[3-halogen steroids according to claim 26,
pharmaceutical preparations that contain these 7o.,17a-substituted 113-halogen steroids
according to claim 27, as well as 7a.-substituted 113-haloestra-1,3,5(10)-trienes

according to claim 21. Preferred embodiments of the claimed subjects are indicated in

the subclaims.

Definitions:
The definitions below relate to all portions of the description and the claims as

well as to Diagram I that is attached:



25, the use of these 7a,17a-substituted 11(3-hal ogen steroids according to
claim 26, pharnmaceutical preparations that contain these 7a, 17a- sydosyay Wikd
11(3-hal ogen steroids according to claim?27, as well as 7a-substituted 11
0- hal oestra-1,3,5(10)-trienes according to claim?2l. Preferred enbodi ments
of the claimed subjects are indicated izn the subclains. Definitions: The
definitions belowrelate to all portioﬁ’s of the description and the cl ains
as well as to Diagram| that is attached: 2 3 JAN 2007 5 All groupings,
radi cals or other structural units can in each case be varied  independently
of one anot her M STARINgS, Erdicalsi & gtherstacBYuR! uptts paruinicagh case be ¥anisd | al kyl ene,

al kenyl , al kenyl ene, al kinyl, and al ki nyl ene groups can be either

st r ai ght - ¢rdgpendgntlheaneraadthergithiatkmiplicated atgaoplemsanings oup can be descri bed
by one of the chemi cal structures below -CH=C-CH3, -CHz-C=CHZ, or

- C(CH3) =CH2. Tikalkylf aikyleneanfibmyl, atfemilehe, atiditgt andralinyenel groupspamobpy| , n- but yl ,
I -butyl, t-butyl, n-pentyl, i-pentyl, t-pentyl, neo-pentyl, n-hexyl,

1- met hyl - rith&@nRtriight-Graledt bthnched EFdr ek ampsle JEprbydnyhgidap tatl be décﬂmﬁmsznél‘ pentyl,
l-ethyl-n-butyl, 2-ethyl-n-butyl, etc., fall under G- to G s-alkyl.
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with one alkyl group or several kyl gf oups, ich irectly via
one of. t he al
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t-pentyl, neo-pentyl, n-hexyl, 1-methyl-n-pentyl, 2-methyl-n-pentyl, 3-methyl-n-pentyl,
4-methyl-n-pentyl, 1-ethyl-n-butyl, 2-ethyl-n-butyl, etc., fall under C;- to C;s-alkyl.

Alicyclic alkyl is either a cycloalkyl or a cycloalkyl that is substituted with one
aikyl group or several alkyl groups, which is bonded directly via the cycloalkyl ring or
via one of the alkyl groups.

In the same way, an alicyclic alkenyl is either a cycloalkenyl or a cycloalkenyl or
cycloalkyl that is substituted with one or more alkenyl groups or with one or more
alkenyl groups and alkyl groups or with one or more alkyl groups, which is bonded
directly via the cycloalkenyl ring or via one of the alkenyl groups or optionally alkyl
groups, whereby at least one double bond is contained in the alicyclic alkenyl.

On the one hand, aryl can be phenyl, but also 1-naphthyl or 2-naphthyl. In
principle, aryl also includes heteroaryl, especially 2-, 3- and 4-pyridinyl, 2- and 3- furyl-,
2- and 3-thienyl, 2- and 3-pyrrolyl, 2-, 4- and 5-imidazolyl, pyridazinyl, 2-, 4- and 5-
pyrimidinyl as well as 3- and 4-pyridazinyl.

Halogen is fluorine, chlorine, bromine or iodine.

Pharmaceutically compatible addition salts are salts of the corresponding

compounds with inorganic or organic acids, for example with hydrochloric acid,



cycloal kyl that is substituted wth one or nore al kenyl groups or wth one
or nore al kenyl groups and al kyl groups or with one or nore alkyl %5ggn3m7
which is bonded directly via the cycloal kenyl ring or via one of the

al kenyl groups or optionally alkyl groups, whereby at |east one doubl e bond
is contained in the alicyclic alkenyl. On the one hand, aryl can be phenyl,
but also 1-naphthyl or 2-naphthyl. In 6princip|e, aryl al so includes

het er oar yl , especially 2-, 3- and 4-pyridinyl, 2- and 3- furyl- 2- and
3-thienyl, 2- and 3- pyrroly , 2-, 4- and 5- |n1dazolyl pyrlda2|nyl 2-, 4-
and 5- pyrhwﬁﬁomqu agid, wdrqiodie agd, aspiir aridh gittieiacid,oylic seid.depamiciasidandor i ne,
chlorine, bromne or iodine. Pharmaceutically conpatible addition salts are
sal ts of mmthanesulfesivendi e estorspanbe formied n parveudanvith orxcioicgaid. ¢ aci ds, for
exanple with hydrochloric acid, 2 3 JAN 2007 6 hydrobrom c acid, hydr0|od|c
aci d, acetic aGupersaipt himabésbg syrﬁbfcfld: Reforekamplé RM assighaseahelr ﬁmhon on
nethanesulfonlc acid. The esters can be fornmed in particular with succinic

acid.  Supkd S6biding WBR&MSwREBYTHE @ Sorlts inf tHE st BhEsKRleton A€ nlGPBake t heir
position on the steroid ring skeleton whereby the C atons in the steroid
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Novel m crobi ol ogical processes are used for the production of
7a-substituted | la-hydroxy steroids with general fornmula 4, B R13 DjaNNT
10 4,B in which R7 is the grouping P-Q whereby P represents Cr to

C4-al kyl ene and Q represents a hydrogen, - to C4-alkyl- or O to
C4-fluoroal kyl (alkyl that is partially or conpletely fluorinated), and
grouping P-Qis bonded via Pto the steroid skeleton, RLO stands for H CH3
or CF3, and R13 is nmethyl or ethyl. In a first process variant for the
production of these substances, a suitable 7a- substituted steroid with
gener al f &)esenipgion ofithednventian) 7007 8 13 OH 10 O/ R7 3, A

Novel microbiological processes are used for the production of 7a-substituted

1 la-hydroxy steroids with general formula 4,B:

HO,,

10

o "lll/// R7
48
in which
R’ is the grouping P-Q, whereby
P represents C;- to C4-alkylene and Q represents a hydrogen,

C;- to Cs-alkyl- or C;- to Cs-fluoroalkyl (alkyl that is partially or
completely fluorinated), and grouping P-Q is bonded via P to the
steroid skeleton,

R!®  stands for H, CH; or CF;, and

R"™  is methyl or ethyl.

In a first process variant for the production of these substances, a suitable 7a-

substituted steroid with general formula 3,A:



in which R7, RL and R13 have the same neanings as indicated for the
conpounds with general fornula 4,B, is hydroxylated and oxidized 7% gne2007
process step with use of a mcroorganismthat is selected fromthe group
that conprises Aspergillus sp., Beauveria sp., Gonerella sp., Giononia
sp., Hapl osporella sp. and Rhi zopus sp. Especially preferred are Aspergillus
awanori, Aspergillusfischeri, Aspergilﬁus mal i gnus, Aspergillus niger,
Beauveria bassiana, donerella cingulata, Giononia cingulata, Haplosporella
hesperedi ca and Rhi zopus stolonifer, whereby in particular Aspergillus
awanori (CBS), Aspergillus ftscheri (ATCC 10%9),0Aspergillus mal i gnus (1 M
16061), Aspergillus niger (ATCC 9142), Beaugeri d bassi ana (ATCC 7159),

G onerella cingulata (CBS 15226, CBS 23¢ CBS(98069, ATCC 56596, ATCC

¥ Hapl osporel | a hesperedi ca
are used. As an
prQ@ess can al so be perforned

Yeacti on and the oxidati on reaction
The course of the reaction can be

alternative, this m crobiol ogica
in two stages, whereby the hydroxyl
take place in sequential reaction
controlled via the reaction i he, reaction being interrupted, for
exanpl e, after a certain the”273 JAN 1007 9 hydroxyl at ed,
but still not oxidized, species can be isolated. Both process steps can
therefore be perforned separately or in a mxed fernentation: To this end,
t he conpound can be hydroxylated in 113¢bsition wi th general

in which R’, R' and R"® have the same meanings as indicated for the compounds with
general formula 4,B,

is hydroxylated and oxidized in one process step with iise of a microorganism that is
selected from the group that comprises Aspergillus sp., Beauveria sp., Glomerella sp.,
Gnomonia sp., Haplosporella sp. and Rhizopus sp. Especially preferred are Aspergillus
awamori, Aspergillus fischeri, Aspergillus malignus, Aspergillus niger, Beauveria
bassiana, Glomerella cingulata, Gnomonia cingulata, Haplosporella hesperedica and
Rhizopus stolonifer, whereby in particular Aspergillus awamori (CBS), Aspergillus
fischeri (ATCC 1020), Aspergillus malignus (IMI 16061), Aspergillus niger (ATCC
9142), Beauveria bassiana (ATCC 7159), Glomerella cingulata (CBS 15226, CBS
23849, CBS 98069, ATCC 56596, ATCC 64682, IFO 6425), Gnomonia cingulata (CBS
15226), Haplosporella hesperedica (CBS 20837) and Rhizopus stolonifer (ATCC 15441)
are used.

As an alternative, this microbiological production process can also be performed

in two stages, whereby the hydroxylation reaction and the oxidation reaction take place in
sequential reaction steps. The course of the reaction can be controlled via the reaction

period: by the reaction being interrupted, for example, after a certain reaction time, the



formula 3,Ain a first mcrobiological process step with use of a first

m croorgani sm selected fromthe group that conprises Aspergillus FﬁJAN 2007
Beauveria sp., G bberella sp., donerella sp., Giononia sp., Metarrhizium
sp., N grospora sp., Rhizopus sp. and Vertici |1 um sp., whereby a
7a-substituted steroid is formed with hydroxy group in 1 la- position.

Thi s conmpound has general fornula C 13 OH Ho// RRO Oth R7 Cin which
R7, R10 and R13 have the sane meani ngs as i ndicated above for the conpounds
Wit h general formila 4, in particular are Aspergillus malignus,

Asper gi | | l¥droxypted byt Stplé B@rcgﬁildlmﬁis sperige pan bedpelatgd.| Bafg R5eYeFnEenssan Beauver i a
bassi ana, G bberella uji kuroi, G bberella zeae, A onerella cingul ata,

d onerel | éhefrﬁfgwhﬂmefgﬂnéﬂﬁmieh’ orgn nglikqlfannﬂmtf@nr hi zi um ani sopl i ae,

Ni grospora sphaerica, Rhizopus oryzae, Rhizopus stolonifer and Verticillium
dahl i ae. | n thiTs thisendché ampoasdeai tad hydroayiaerdgh I11 pesitah withgsnergll M 16061) ,
Aspergillus nelleus (CBS), Aspergillus niger (ATCC 11394), Aspergillus
ochraceus iR 3,A08.a fRSnitddbRAogiéal cééfs wittB@R WY 8 firet nkla®sigahiem( ATCC 7159,
2 3 JAN 2007 10 | FO 5838, ATCC 13144, 4848, CBS 11025, CBS 12736),
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Glomerella sp., Gnomonia sp., Metarrhizium sp., Nigrospora sp., Rhizopus sp. and
Verticillium sp., whereby a 7a-substituted steroid is formed with a hydroxy group in 11a-

position. This compound has general formula C:

HO Z (/2

in which R’, R' and R"? have the same meanings as indicated above for the compounds
with general formula 4,B. Used in particular are Aspergillus malignus, Aspergillus
melleus, Aspergillus niger, Aspergillus ochraceus, Beauveria bassiana, Gibberella
Sfujikuroi, Gibberella zeae, Glomerella cingulata, Glomerella fusaroides, Gnomonia
cingulata, Metarrhizium anisopliae, Nigrospora sphaerica, Rhizopus oryzae, Rhizopus
stolonifer and Verticillium dahliae. In this connection, especially Aspergillus malignus
(IMI 16061), Aspergillus melleus (CBS), Aspergillus niger (ATCC 11394), Aspergillus

ochraceus (NRRL 405, CBS 13252, ATCC 46504), Beauveria bassiana (ATCC 7159,



23849, CBS 23749, ATCC 16646, ATCC 16052, |FO 6459, |FO 6425, |FO 6470, CBS
98069, |FO 7478, |FO 5257, ATCC 64682, ATCC 15470), G onerell af usarpl ?RN?ZUW
(ATCC 9552), Gnononia cingulata (CBS 15226), Metarrhizium ani sopliae (IFO
5940), Nigrospora sphaerica (ATCC 12772), Rhi zopus oryzae (ATCC 4858, ATCC
34102, ATCC 34102), Rhizopus stolonif (ATCC 6227b, ATCC 15441) and
Verticillium dahliae (ATCC 11405) are'‘used for the hydroxyl ation.

I nternmedi ate product Cis then oxidized in a second nm crobi ol ogi cal process
step wth use of a second microorganismthat is selected fromthe group
that conplFQe838, Bak(¢ 13kHs PO 484fe €§§c1t182-‘r,Lﬁﬁ%bz.7,36}xk§'dél?edfléw§wkurahd
Pseudononas sp., wth the formation of 7a-substituted |I |a-hydroxy steroids
wi t h genefATCEI4GHR)a Gihterelldsear (GBSMH), Erlbmerela eingBasi (ATEC 10334, @BSbus,

Baci | | us sphaericus, Mycobacteri um neoaurum Mycobacterium snmegmatis,

Nocar di a @334, ICBS2237MR,cAaTACd 6646) BAIGA d605RpIFAY 6459, TAON6425, IRW647H0JCBS
restrictus, Nocardia rubropertincta, Nocardia sal noni col or and Pseudonobnas

t est ost er 98069, YW 7E18] IFO 557, ATRUE 8468BaATCICUS 4@ Glovmerbis fiksdxbides 245)
Baci | | us sphaericus (ATCC 7055), Mycobacteri um neoaurum (ATCC 9626, NRRL

B- 3683, N - [ j - Nopapfi a
coralli na@?ﬁ%gcﬁggg?gfm N[gca d?‘g& t%?%%% a %t%{g%{%%%%%% Igr di ab’r:’:‘i ni ma
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dahliae (ATCC 11405) are used for the hydroxylation.
Intermediate product C is then oxidized in a second microbiological process step
w;th use of a second microorganism that is selected from the group that comprises
Bacillus sp., Mycobacterium sp., Nocardia sp. and Pseudomonas sp., with the formation
of 7a-substituted 110-hydroxy steroids with general formula 4,B. Used in particular are
Bacillus lactimorbus, Bacillus sphaericus, Mycobacterium neoaurum, Mycobacterium
smegmatis, Nocardia corallina, Nocardia globerula, Nocardia minima, Nocardia
restrictus, Nocardia rubropertincta, Nocardia salmonicolor and Pseudomonas
testosteroni, whereby in particular Bacillus lactimorbus (ATCC 245), Bacillus sphaericus
(ATCC 7055), Mycobacterium neoaurum (ATCC 9626, NRRL B-3683, NRRL B-3805),
Mycobacterium smegmatis (ATCC 14468), Nocardia corallina (ATCC 31338), Nocardia
globerula (ATCC 9356), Nocardia minima (ATCC 19150), Nocardia restrictus (NCIB
10027), Nocardia rubropertincta (ATCC 14352), Nocardia salmonicolor (ATCC 19149)

and Pseudomonas testosteroni (ATCC 11996) are used.



produced in a m crobiological reaction from 7a-substituted steroids with
general formula D: 13 0 Rlo O/ R7 D in which R7, R10 and R13 ?a%gamrmw
same neanings as indicated in the conpounds with general formula 4,B. This
reaction is perforned with use of a mcroorganismthat is selected fromthe
group that conprises Aspergillus sp., ﬁeauveri a sp., Curvularia sp.,

G bberella sp., Qonerella sp., Giononi'a sp., Hapl osporella sp.,

Hel i costylum sp., N grospora sp., Rhizopus sp. and Syncephal astrum sp.,
whereby the steroid skeleton is hydroxylated in 11 a-position and thus the
7a- subst i t ut edImangthey arosesp variatothe copaiindgywith genersl demuiladP ®nibs pr oduced.
Aspergillus alliaceus, Aspergillus awanori, Aspergillus ftscheri,

Asper gi | | pedoedd iga nustobidqgcad rdaction frwh [7ewssbstibgpdstgioldssitmgethaml fommpla
Aspergillus niger, Aspergillus ochraceus, Aspergillus variecolor, Beauveria
bassi ana, Dcurvul aria lunata, G bberella zeae, d onerella cingulata,

A onerel | a fusaroi des, Giononia cingulata, Hapl osporella hesperedica,

Hel i costylum pirifornae, N grospora sphaerica, RBi zopus oryzae and

Syncephal astrum racenosum are preferred, whemeby /fn particular Aspergillus
al li aceus (ATCC 10060), Aspergillus awamud_ (JCBS)/, Aspergillus ftscheri

(ATCC 1020), Aspergillus malignus (IM ergi | lus nelleus (CBS),

Aspergillus 2 3 JAN 2007 12 R10

in which R”, R' and R" have the same meanings as indicated in the compounds with
general formula 4,B. This reaction is performed with use of a microorganism that is
selected from the group that comprises Aspergillus sp., Beauveria sp., Curvularia sp.,
Gibberella sp., Glomerella sp., Gnomonia sp., Haplosporella sp., Helicostylum sp.,
Nigrospora sp., Rhizopus sp. and Syncephalastrum sp., whereby the steroid skeleton is
hydroxylated in 11a-position and thus the 7a-substituted 11a-hydroxy steroid with
general formula 4,B is produced. Aspergillus alliaceus, Aspergillus awamori, Aspergillus
fischeri, Aspergillus malignus, Aspergillus melleus, Aspergillus nidualans, Aspergillus
niger, Aspergillus ochraceus, Aspergillus variecolor, Beauveria bassiana, Curvularia
lunata, Gibberella zeae, Glomerella cingulata, Glomerella fusaroides, Gnomonia
cingulata, Haplosporella hesperedica, Helicostylum piriformae, Nigrospora sphaerica,
Rhizopus oryzae and Syncephalastrum racemosum are preferred, whereby in particular
Aspergillus alliaceus (ATCC 10060), Aspergillus awamori (CBS), Aspergillus fischeri

(ATCC 1020), Aspergillus malignus (IMI 16061), Aspergillus melleus (CBS), Aspergillus



ni dual ans (ATCC 11267), Aspergillus niger (ATCC 9142, ATCC 11394),
Aspergillus ochraceus (NRRL 405, ATCC 13252, ATCC 46504), Asper gi 17 3gaN 2007
vari ecol or (ATCC 10067), Beauveria bassiana (I FO 5838, ATCC 13144, |FO
4848, CBS 11025, CBS 12736, ATCC 7159), Curvularia lunata (1X3), G bberella
zeae (CBS 4474), donerella cingulata,f{ATCC 10534, CBS 23849, CBS 23749,
ATCC 16646, | FO 6459, |FO 6425, |FOQ 70, ATCC 15093, ATCC 10529, |IFO
5257, ATCC 56596, ATCC 64682) A onerel | af usar oi des (ATCC 9552), Gnononi a
Ci ngul at a (CB 522622—; Rf osporell a heg{per edi ca (CBS 20837), Helicostylum
pi ri f or madqy (8896) L1281 )y A srepeifius nigarddriCad 1 2ahdE CL DI3?3), Askeredigpus or yzae
(ATCC 4858) and Syncephal astrum racenosum (1 FO 4827) are used. Especially

sui t abl e ackrageusdBERsA05n ARKICC 3253 ATES b Uedsperdilusmadicosdyr AECGi ds  with
general fornula 4,B are produced, in which, independently of one another, R7

st ands fdﬂOﬂalSBamdém‘nbchne(IE@dSéBB,oATElCdﬂdeﬂF(Rﬂ84&tC&kﬁj$1626rCBEB. The
process is carried out in the usual way. To this end, typically first a

sterili zed27mmcemt71ﬂgl@dﬂv@zarzusum@amﬁ@zéwemf@a@(@Bs n478Glomerdlanut r i ent
solution is then inoculated wth the culture solution of the strain to

cul tivate c&r%gla'é& (RtEe 1055, @B%%'shw@sé hriaol F\TC@*FE&HGG@O' dasb1F® @y, 1S then

added to a rnmenter that is optionally coated with a suitable nutrient

sol uti on. (FhefRaRivcal8t Rrerquily RRASSsT Arhel AHER logbfie strain. the

starting ‘substahce Is na

d I | a D,
Char the riaBerOR aama AT TRE Clonver B aa i B S Moo e
reaction has ended, the nm xture of substances_is &url fied in the usual way

to i sol at deqeEediaBSLOBA s HskcasdirearionmaekddiCG30921 dYigiogpora sphaerica
(ATCC 12772), Rhizopus oryzae (ATCC 4858) and Syncephalastrum racemosum (IFO

4é27) are used.

Especially suitable are processes in which 7a-substituted 11a-hydroxy steroids
with general formula 4,B are produced, in which, independently of one another, R’ stands
for CHs and/or R!? stands for H and/or R"? stands for CHs;.

The process is carried out in the usual way. To this end, typically first a sterilized
nutrient solution is produced for the strain, and this nutrient solution is then inoculated
with the culture solution of the strain to cultivate the strain. The preculture that is
produced in this way is then added to a fermenter that is optionally coated with a suitable
nutrient solution. Preferably after a growth phase for the culture of the strain, the starting
substance is then added to the fermenter, in this case either a compound with general
formula 3,A or a compound with general formula D, so that the reaction according to the
invention can proceed. After the reaction has ended, the mixture of substances is purified

in the usual way to isolate the desired 7a-substituted 11a-hydroxy steroid.



2 3 JAN 2007 13 Fromthe thus obtained conpounds with general fornula 4,B,
ot her conpounds according to the invention can be synthesized witi}7 jaAN 2007
production processes al so according to the invention. In particular, the
7a, 17a-substituted 11 p-hal ogen steroids with general fornula 8, 10, 12:
R17 is = ORl7" R11 R1I0 J U, fi W-"1~Y.,,~ R7 8,10,12 in which

U V-WX-Y-Z stands for one of the ring'structures Cl-CZ-C3-4=C5-C10,

Cl - C2- C3- C4- C5=C10 or Cl-C2-C3-C4-C5-Cl10, whereby in this case, an oxo
group (=0 is bonded to W(=C3), or for the ring structure Cl=CZ- C3=C4-
C5=C6, wher ebyFiom theithusokiaanedcampaynds mith gegerpbiioiavladeB \athiee campourds st ands f or
H d- to CG4-alkyl, Cl- to C4-al kanoyl or a cyclic C3- to C7- ether with the
O at om of agoedi@R® theimivertion dRf be syrithesizgd sithipneubti@ prabessestajso according to

the invention. In particular, the 7a,17a-substituted 11p-halogen steroids with general

formula 8, 10, 12:

8,10,12

in which

U-V-W-X-Y-Z stands for one of the ring structures c'-cc-ct=Cc’-c",
cl-c2-C-ct-C3=C" or CI-CZ-Ca-C4-C5-C10, whereby in this case, an oxo
group (=0) is bonded to W (=C>), or for the ring structure C'=C>-C*=C*-
C°=C®, whereby in this case radical OR? is bonded to W (=C>),

R® stands for H, C;- to Cy4-alkyl, C;- to C4-alkanoyl or a cyclic C;- to Cs-
ether with the O-atom of the OR? radical,

R’ is the grouping P-Q, whereby

P represents a C;- to C4-alkylene and Q represents a hydrogen,



P represents a Cl-to C4-al kyl ene and Q represents a hydrogen, 2 3 JAN 2007
14 - to C4-alkyl- or Cl- to C4-fluoroal kyl (alkyl that is partialjhymnzg[ﬂ
conpletely fluorinated), and the grouping P-Qis bonded via Pto the
steroid skeleton, RLO can be in a- or G3-position and stands for H, CH3 or
CF3, and is present only if X-Y-Zis t C4-C5=Cl10, R" is a halogen, R13 is
met hyl or ethyl, Rl7 stands for H Cl- to Cl8-alkyl, alicyclic - to

Cl5-al kyl, Cl- to C13- alkenyl, alicyclic - to Cl8-alkenyl, C- to

Cl3-al kinyl, d- to Cls- _alkyla , -t - al kyl njtrile. or for the
grouping P-Q whereby th&" tﬁ%dt?ﬁ%’h\'g”%d"h@ég‘?%%algﬁ(@Eﬁﬁhﬁt‘?B*}{Eﬂ{yn‘ﬁani ng,

R17' stands for H d- to Cl3-alkyl, alicyclic Cl- to Cl13-alkyl, Cl- to Cls-
al kenyl, alicyclic O - téonpletely fluopppted)cand the gropging|PkRns/ponded wjaP oo C18-

al kyl aryl, whereby R17' also can be bonded via a keto group to the 170- oxy
group, and whereby R17' thestergdskdletomubstituted in addition with one or
nore groups NRLI8R19 or one or nore groups SOXR20, whereby x =0, 1 or 2,
and R's, R19 alR}’ R2@ari b ieac br fpssitiomateltade figrl 1y, CH; @1GF,anmitifpresean  have t he
sanme neaning as R17, as well as their pharmaceutically conpatible addition

salts, esters and aghiesx-yvzadHsec:-c’=C'?,

R"  isahalogen,

R is methyl or ethyl,

R stands for H, C;- to Cys-alkyl, alicyclic C;- to Cys-alkyl, C;- to Cs-
alkenyl, alicyclic C;- to C;s-alkenyl, C;- to C;g-alkinyl, C;- to Cys-
alkylaryl, C;- to Cs-alkylenenitrile or for the grouping P-Q, whereby the
grouping P-Q has the above-mentioned meaning,

R!”  stands for H, C;- to Cig-alkyl, alicyclic C;- to Cyg-alkyl, C;- to Cys-
alkenyl, alicyclic C;- to C;s-alkenyl, C;- to C;z-alkinyl or C;- to Cs-
alkylaryl, whereby R!” also can be bonded via a keto group to the 17p-
oxy group, and whereby R'” also can be substituted in addition with one

®R" or one or more groups SO,R?, whereby x=0, 1

or more groups NR
or 2, and R™, R" and R? in each case independently of one another can
have the same meaning as R"’,
as well as their pharmaceutically compatible addition salts, esters and amides, produce
advantageous active ingredients. These compounds that can be obtained by additional
process steps from the 7a-substituted 11a-hydroxy steroid with general formula 4,B are

valuable active ingredients with strong androgenic action without the above-mentioned

side effects. These compounds are suitable for the production of pharmaceutical agents



advant ageous active ingredients. These conpounds that can be obtained by
additional process steps fromthe 7a-substituted 11 a-hydroxy sterp§daniiih
general formula 4,B are valuable active ingredients with strong androgenic
action w thout the above-nentioned side effects. These conpounds are
suitable for the production of phar maci tical agents 2 3 JAN 2007 15 and
especially of effective contraceptive gents and active ingredients for
hormone replacenent therapy (HRT). If, in addition, RL7" is substituted
with a group NR18R19, this can be a nethylam no, dinethylam no, ethylam no,
det hyl ami ried eenpeiabn aksifesty heontraggptiye pesmtsand apti veongisiisnts ferhomgone

di phenyl am no, benzyl am no or di bennyl am no group. Especially suitable

7a, 17a- subysplacentestithkrapp(MBTbgen steroids with general fornula 8, 10, 12 are
conmpounds in which U V-WX-Y-Z stands for the ring structure Cl-C2-C3-
CC4=C5- C10, Clif2n &RBtitlh, BS=Glsubstitiitd GAthG gdeupNRERY) Ghib part beea f i r st case,
(ULV-WX-Y-Z = d-C2-C3-A=C5-C10), these are steroids with general formula
10: R17  Iethylbdtthé, dinfdihlldmdiflo, ehylantino, Mlethylamino, cyclohexylamino,

dicyclohexylamino, phenylamino, diphenylamino, benzylamino or dibenzylamino group.
Especially suitable 7a,17a-substituted 11§-halogen steroids with general formula
8, 10, 12 are compounds in which U-V-W-X-Y-Z stands for the ring structure cl-c2C-
In the first case, (U-V-W-X-Y-Z = C-C2-C*-C*=C-C'"?), these are steroids with

general formula 10:

10

In the second case (U-V-W-X-Y-Z = C'-C*-C*-C*-C°=C"?), these are steroids

with general formula 12:



In the second case (U V-WX-Y-Z = Cl1-C2-C3-C4-C5=Cl), these are steroids

w th general

Compounds wi th general fornulas 10 and 12 are androgeni ¢ conpounds.
third case (UV-WX-Y-Z = Cl=C2- C3=C4- C5=C6), these are steroids wth

gener al

formula 8: R17 R13 = ORIT RLsR30 R7 8 These conpounds are

estrogens (estrogen rezeptor-affine conpounds). In all three cases,
R3, R7, R10, R', R13, Rl17 and R17' have the sane neanings as the
corresponding radicals in general forrmula 8, 10, 12. I|ndependently of one

anot her,
stands for fluorine and/or

Rl preferably stands for H and/or RY $w@nd§ for CH3 and/or

R13 s%ﬂnds for 3 PRY R17 stands for

12

Compounds with general formulas 10 and 12 are androgenic compounds.
In the third case (U-V-W-X-Y-Z = C1=C2-C3=C4-C5=C6), these are steroids

with general formula 8:

R30

These compounds are estrogens (estrogen rezeptor-affine compounds).

In all three cases, radicals R} R, Rm, R R® R! and R!” have the same
meanings as the corresponding radicals in general formula 8, 10, 12.

Independently of one another, R! preferably stands for H and/or R stands for
CH, and/or R!! stands for fluorine and/or R" stands for CH; and/or R stands for H,

CHs, C;- to Cig-alkinyl, in particular ethinyl, CH,CN or CF;, and/or R!” stands for H.

fornmula 12: 2 3 JAN 2007 16 E17 R13 = OR1l7 R1l1 R7 1P3 JANZUW

In

radi cal s

R11
H1



CH3, Cl1- to Ce-alkinyl, in particular ethinyl, CHZCN or CF3, and/or R17'
stands for H 2 3 JAN 2007 17 7a, 17a-Substituted 11 3-hal ogen st @rpiis2007
with general forrmula 8, 10, 12 that are especially suitable according to
the invention are:

17a- Et hi nyl - 11(3-fl uor o- 17( 3- hydr oxy- 7@7- met hyl estr-4-en-3-one (Fornula 10)

| 7a- Et hi nyl - 11(3-fl uoro-17(3- hydr oxy-7a-net hyl estr-5(10)-en-3-one (Formul a
12) 17a-Ethinyl-11(3-fluoro-7a-nmethylestra-1,3,5(10)-triene-3,17(3-diol
(Formula 8). For the production of these conpounds, the follow ng

product i on net ABddeSybstiuted A ifBalegen stegpids with gersaaldompHa 8510742 that are
7a-substituted 11(3-hal ogen steroids with general formula 10, in which

U- V- W X- Y-eBbesiallmduitabler accbrdingi to ghesihvangipnipre: C|_ C2_C3_C4=C5_C o the
7a-substituted 11 a-hydroxy steroids with general fornula 4,13 that are
obt ai ned wi th 17&&thihyridiBifolosgil Zihydroodlciethyleptracas3-oae Fomtuad 0y o t he
invention are used as starting substances. In a first synthesis step, these
thus obtai ned 7ag-$uhayll t1ptMbrd17EhParekOR it ieRir$$10)nes -6/ (Fofhas 18y

nucl eophilic substitution with a hal odehydroxyl ating reagent into the

ff_’élr gspondi NG {9 FRayIl LBl Rfbrd- 3-SR QB8N , 354862 dRe-8/17p-3i P (Foruld &) R11 10

For the production of these compounds, the following production methods can be

adopted:
For the production of 7a,17a-substituted 11f-halogen steroids with general

formula 10, in which U-V-W-X-Y-Z stands for the ring structure cl-c-cci=C’ -Ccl°,

the 7a-substituted 11a-hydroxy steroids with general formula 4,B that are obtained with

the microbiological production process according to the invention are used as starting

substances.
In a first synthesis step, these thus obtained 7a-substituted 11a-hydroxy steroids

are converted by nucleophilic substitution with a halodehydroxylating reagent into the

corresponding 7a-substituted 11f-halogen steroids 5:

[Halo-
dehydroxylierung}
—_—

4,B 5

[Key: Halodehydroxylierung = halodehydroxylation]



dehydroxylierung] 10 O, JIIIII1IIIIESIEEp R7 4,B 5 [Key:

Hal odehydr oxyl i erung = hal odehydroxylation] 2 3 JAN 2007 18 As 73 JAN 2007
hal odehydr oxyl ati ng reagents, all conpounds that are conmonly used for this
purpose are suitable, for exanple, hydrofluoric acid, hydrochloric acid,
hydrobrom c acid or hydroiodic acid, {dionyl chloride or thionyl brom de,
phosphorus pentachl oride, phosphorus oxychl ori de,

N- chl or osucci ni m de, tri phenyl phosphi ne/ carbon tetrachl oride, HF/ pyridine or
di et hyl am nosul fur trifluoride or preferably nonaflyl fluoride/l,5-diazabi-
cycl o[ 5. 4. 0] undecene. Conpound 10 is then produced from5 by sel ective

al kyl ation on C17 of the ring skeletgn (see Diagram 1l in_this respect). For
sel ective al kyPAstRiodehydsmylating reagenis. 3 gomp@ggiért,lgag agefemueonly usgd ferdhisexanpl e
Gignard conpounds and organonetal |ic conpounds, especially alkyllithium
conpounds Pufrese ag awiable, ferreppmplentginebiotigaeid oidsechioaie dsisl, hydselromic apid

al kyl ati ng agent for the production of the corresponding 17a-ethinyl-17 3-
hydr oxy- esr hydteedicculn thiényb phlesde erdhiong-tdoriide dphosphorksgpentabklopdgduct i on of

7a, 17u-substituted 11(3-hal ogen steroids, in which UV-WX-Y-Z stands for
the ring $hosphibnik@xfdhlderieON-dhidebsucdiflingdé tipHeakiphasphingaonletratlordd, a 12, the
conpounds with general fornula 10 are used and isonerized, such that the

A; goubl e anghridind Gt AERIZRT oIS trdN R 8) pre M EnRANGE f1URidRN15-Gigtabt-ne 3- ket o
gr oup,
cyclo[5.4.0Jundecene.

Compound 10 is then produced from 5 by selective alkylation on C'7 of the ring
skeleton (see Diagram 1 in this respect). For selective alkylation, common alkylating
re:agents can be used, for example Grignard compounds and organometallic compounds,
especially alkyllithium compounds. For example, ethinylmagnesium bromide can be
used as an alkylating agent for the production of the corresponding 17a-ethinyl-17p3-
hydroxy-estr-4-en-3-one from estr-4-ene-3,17-dione.

For the production of 7a,17a-substituted 11B-halogen steroids, in which
U-V-W-X-Y-Z stands for the ring structure C'-C?-C3-C*-C’=C'° and which have general
formula 12, the compounds with general formula 10 are used and isomerized, such that
the A*-double bond is isomerized into a A’"®-double bond. To protect the 3-keto group,
first a cyclic ether is formed in 3-position for this purpose. Then, the A*-double bond is
isomerized into the A*!®-double bond, whereby the 7a,17a-substituted 11B-halogen
steroid with general formulé 12 is formed, and the protective group is cleaved again.

For the production of additional 7a,17a-substituted 11B-halogen steroids with
general formula 8, in which U-V-W-X-Y-Z stands for C'=C2-C’=C*-C=C", the

procedure is as follows:



first a cyclic ether is fornmed in 3-position for this purpose. Then, the
A-doubl e bond is isonerized into the A5(10)-doubl e bond, whereby t?g £R-2001
7a-substituted I In-halogen steroid with general formula 12 is forneé, and
the protective group is cleaved again. For the production of additional

7a, 17a-substituted 11 P-hal ogen steroi % with general fornula 8, in which
U V-WX-Y-Z stands for Cl=C2-C3=C-C5=Cl¥), the procedure is as follows: 2 3
JAN 1007 19 First, as already described above, the correspondi ng

113-hal ogen steroid with general formula 5 is formed fromthe

7a- subst i t ut ed First, as deadpdgscrbasabiove, thsroatespanding 1 1 fihalogen stroit widh
hydr oxyl ati on and oxi dation, with general fornula 4,B by hal odehydroxyl ati on
in a nucl eewdallfoomga bt formed fromrtkadd-suhstitubeddrhottydrdxatsteesid, abtaimedsiybst i t ut ed
estra-1,3,5(10)-triene with general formula 6 is then fornmed by oxidation,
f or exanpingicbiohogicat Byjrexyidtion avdlokidaffdd vith dehdraR38nia 4B by n which R3, R7, R’
and R13 have the sanme neani ngs as designated above. If R3 stands for H,

these comugléaelsydeskyldien sy ahi@sophaR sdbstR@idn\teactibn.anot her radical is to stand
as H for R3, the Corresponding ethers or esters nust be fornmed in the known

way, after the Frc;Im ?hqutlé?,) a ?&-L%ﬁmﬁéd@nﬁ'—qg,ﬁ%%wm ggkéraq)férq'ﬁ'ﬁzi &L

then formed by oxidation, for example with a copper(Il) salt:

in which R®, R7, R and R™ have the same meanings as designated above. If R® stands
for H, these compounds can be synthesized directly. If another radical is to stand as H
for R, the corresponding ethers or esters must be formed in the known way, after the
1,3,5(10)-triene ring has been formed by oxidation.

The 7a-substituted 11B-haloestra-1,3,5(10)-trienes with general formula 6 as well
as pharmaceutically compatible addition salts, esters and amides thereof are also new and
are therefore claimed as intermediate products in the synthesis of 70,17a-substituted 11-

halogen steroids with general formula 8 also according to the invention.



The 7a-substituted 113-hal oestra-1,3,5(10)-trienes with general fornula 6 as
wel | as pharnmaceutically conpatible addition salts, esters and amdggan 2007
thereof are also new and are therefore clainmed as internediate products in
the synthesis of 7a, 17a-substituted 113- hal ogen steroids with general
formula 8 al so according to the inventé'd)n. 23 JAN 1007 20 An especially
preferred 7a-substituted 11(3-haloestra-1,3,5(10)-triene wth general
formula 6 is 11(3-fluoro-3-hydroxy-7a-nethylestra-1,3,5(10)-trien-17-one.
The 7a, | 7a-sybstituted 1143-hal ogen steroid with neral formula 8
according to ﬁﬁéS?WVilﬁtﬁr‘%fﬂT@aW'ﬂg’%‘FtBFeﬁédB‘?‘F"(S?Fﬁt{ahle&g LOd-pene vy ith gegeral

1143- hal oestra-1,3,5(10)-triene with eneral fornmula 6 in the same way as

i s previ oftymplafeisdd Bluerg-grhydiesy-Jymediedeserads3. 3 8)-trieanidoansd wi t h gener al
formula 10 by selective alkylation at C 17 of the ring skeleton. In

addi ti on, 7a-slibsfa.i te-eebstitded HflHaipgan stemidwib gwmerd] fgmmda 8 hcdoodingitoa 9 can
al so be produced fromthe substances with general fornmula 4,B that are

obt ai ned Ilthe invéntioe barobofpiraed frbiydheRabubistitatedan g-hakiested- 1,013 F0)afiedelgith
7a-substituted steroids with general forrmula 3, A or D, and said

7a- subst i bfeed fdrhfhds &l AE8IMS Wy & HPrevicitlyRRY@ibed R TROSARsidoF ien: 13 OH

R11 10 Oj 9
compound with general formula 10 by selective alkylation at C'” of the ring skeleton.
In addition, 7a-substituted 11f-halogen steroids with general formula 9 can also
be produced from the substances with general formula 4,B that are obtained by
microbiological hydroxylation and oxidation from the 7a-substituted steroids with

general formula 3,A or D, and said 7o-substituted 11B-halogen steroids also have

androgenic action:

in which R”, R" and R"® have the same meanings as indicated above. An especially
preferred compound is 11B-fluoro-17B-hydroxy-7a-methylestr-4-en-3-one. The
compounds with general formula 9 as well as the pharmaceutically compatible addition

salts, esters and amides thereof also have androgenic action.



in which R7, R'" and R13 have the same neani ngs as indicated above. An
especially preferred conmpound is 23AAN2m7

| 143-fl uoro-1741-hydroxy-7a- net hyl estr-4-en-3-one. The conpounds wt

general formula 9 as well as the pharmaceutically conpatible addition

salts, esters and am des thereof also ave androgeni c action. 2 3 JAN 2007
21 For the production of conmpounds w tf' general formula 9,
estr-4-ene-3,17-dione 5 is reduced to 17(3-hydroxy-estr-4-en-3-one 9, for
exanple with a _boron hydride, In addition, the conpounds w th general
formula 9 can Bber ®§ glien efrpompepeds with geagiableamnnlg 97 sstetrisae-B tldtdiene 5

11(3-hal oestra-5(10)-enes: 13 OH Rll1 OR7 whereby R, R10 R11 and R13 have
t he nmeani ngredusedite 1 gehpdraxy-estr-frgh-@-Bie 91 (r etamplEwrithtatiogson pydridese, t he
conpounds with general forrmula 9 are isomerized by alteration of the A4-
doubl e bond i nfwadditay, 1H2)cothpobhds vidngknerhbfopholadcdantbe @odveitet intgeteup, first a
cyclic ether in 3-positionis fornmed for this purpose. Then, the A4-double
bond is i sefEpoAditg Takebstiifed NPHADesH#LYIQORMRND, whereby the above-indi cat ed
7a-substitute 11(%-ha|ogen steroid is fornmed, and the protective group is
then cl eaved again. Finally, the corresponding 7a-substituted

11(3-hal oestra-5(10)-enes can al so be convergzd Fom t he conpounds with
general formula 5 by isomerizatiorgiof the -ldoubl e bond into the
A5(10) - doubl e bond:

whereby R7, Rlo, R and R® have the meanings as in general formula 8, 10, 12. For this
purpose, the compounds with general formula 9 are isomerized by alteration of the A*-
double bond into a A’1Y-double bond. To protect the 3-keto group, first a cyclic ether in
3-position is formed for this purpose. Then, the A*-double bond is isomerized into the
A*19_double bond, whereby the above-indicated 7a-substituted 11p-halogen steroid is
formed, and the protective group is then cleaved again.
Finally, the corresponding 7a-substituted 11B-haloestra-5(10)-enes can also be

converted from the compounds with general formula 5 by isomerization of the A*-double

bond into the A’®_double bond:



2 3 JAN 2007 22 R13 O R' OR7 whereby R7, R10, R11 and R13 have the

nmeani ngs as in general formula 8, 10, 12. For this purpose, the cqypggwqm7
with general forrmula 5 are isonerized by alteration of the A4- doub 0
into a A5 10)-doubl e bond. To protect the 3-keto group, in turn first a
cyclic ether is fornmed in 3-position r this purpose. Then, the A4-double
bond is isonerized into the A ('O-dotl e bond, whereby the 7a-substituted
11(3-hal ogen steroids that are indicated above are forned, and the
protective group is finally cleaved again. Al above-nentioned conpounds can
al so be further esterified or etherified if @spondi ng hydr oxy groups
are present in 3- or 17(3-position.,For compound 9 can be
converted into a correspondi ng 170-efMRer sster. A preferred conpound
is 11(3-fluoro-17(3-(4-sul fanoyl benzox estr-4-en-3-one. As
substituents on the oxy-oxygen aton1at al ly the sane radicals as
G icular, the

7a, 17a-substituted 11(3-hal ogén ste 0|ds th general formula 8, 10, 12 are
suitable for the production o ical agents. This invention
therefore also relates to S ' ahpve-mentioned conpounds with
general fornula 8, 10, 12 Ofor tHhe proouctlon?of phar maceuti cal agents as
wel | as pharmaceutical preparations that 2 3 JAN 2007

whereby R’, R', R! and R"® have the meanings as in general formula 8, 10, 12. For this
purpose, the compounds with general formula 5 are isomerized by alteration of the A*-

“double bond into a A’"®-double bond. To protect the 3-keto group, in turn first a cyclic
ether is formed in 3-position for this purpose. Then, the A*-double bond is isomerized
into the A>"?-double bond, whereby the 7a-substituted 11B-halogen steroids that are
indicated above are formed, and the protective group is finally cleaved again.

All above-mentioned compounds can also be further esterified or etherified if
corresponding hydroxy groups are present in 3- or 1 73-position. For example, compound
9 can be converted into a corresponding 173-ether or 17p-ester. A preferred compound is
11B-fluoro-17p-(4-sulfamoylbenzoxy)-7a-methylestr-4-en-3-one. As substituents on the
oXy-oxygen atom at C”, basically the same radicals as are also indicated for R!” are
suitable.

In particular, the 7a,17a-substituted 11B-halogen steroids with general formula 8,
10, 12 are suitable for the production of pharmaceutical agents. This invention therefore
also relates to the use of the above-mentioned compounds with general formula 8, 10, 12

for the production of pharmaceutical agents as well as pharmaceutical preparations that
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23 contain at |east one of the above-nentioned conpounds wi th general
formula 8, 10, 12 as well as at |east one pharnaceutically conpati gANFm7
vehicle. The 7a, 17a-substituted 11(3-hal ogen steroids with general Tornu

10, 12 according to the invention are conmpounds with strong androgenic
action without the above-nentioned si effects, for exanple stinulation of
the prostate (especially no benign prostate hyperplasia). The conpounds are
easy to synthesize. It has been shown that the conpounds according to the
invention with general fornmula 10 or 12 can be used not only for nale HRT,
but t hesecelaﬁ*a@g}?a%t ong pEhegbpYromentinnad eoapRndayHh gerarsldemyHa gfm d¥Aer active
ingredients, are also suitable as effective male contraceptive agents, if a
sufflC|enﬂwﬁéﬁétkwﬁOn%P@ﬁﬁ@ﬂﬂﬁcdbﬁﬁum@@M9Vﬂédgce the bl ood | evel of LH, of
testosterone that is produced in the body as well as of FSH
(follicle-stinmihaZe,hgo-edrstiome) | 1 flulazen demidsdsittogeretad fdridBr HRIRgen st er oi ds
according to the invention inhibiting the release of LH and FSH LH

sti mul at e%cdd&ﬁn%&ﬁ’tﬂb thvesfidrbare 86mpHats itk s@oigdndRehis a56&T witksht thef t he bl ood
| evel of LHis kept low, the rel ease of endogenous testosterone al so drops.

Test ost er gpgye. m&nroﬁe&gla@eiffé&sr f&wﬂﬂfeggﬁﬁﬁﬁbﬁ of Bkt §¢gsﬁéciawlnat es the germ
cells. Sufficiently high FSH and LH bl ood [evel s are therefofe necessary

for an ef ber?igﬁ prosta %%@E@? .e‘i"hécomﬁ’%ﬂﬁﬁse&%é( f%g%&'gyrn'ﬂ%sﬁgt t%a?bé’e? shbl! 0od

| evel resu erone rel ease necessar

t Si t t nent. | h tituted
ii’ié”ﬁaf’gslaaﬁ%tcgmbﬁé S RagyR STy G i Benkra o AT ption
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other active ingredients, are also suitable as effective male contraceptive agents, if a
SL;fﬁcient metéring is done to adequately reduce the blood level of LH, of testosterone
that is produced in the body as well as of FSH (follicle-stimulating hormone). This
depends on the 1 lB-halog_en steroids according to the invention inhibiting the release of
LH and FSH. LH stimulates the Leydig cells, so that testosterone is secreted. If the blood
level of LH is kept low, the release of endogenous testosterone also drops. Testosterone
is required for spermatogenesis, while FSH stimulates the germ cells. Sufficiently high
FSH and LH blood levels are therefore necessary for an effective spermatogenesis,
whereby a sufficiently high LH blood level results in the testosterone release that is
necessary for spermatogenesis.

Since a treatment exclusively with the 7a,17a-substituted 11p-halogen steroids
can already result in effective male contraception without additional active ingredients
for sterilization, the administration of a pharmaceutical agent that is suitable for this

purpose can be significantly simplified, and the costs of use can be considerably lowered.



pur pose can be significantly sinplified, and the costs of use can be

consi derably |l owered. 2 3 JAN 2007 24 The 7a, 17a-substituted 11(3-haipieh
steroids according to the invention can also be used in conbination with a
gestagen to control male fertility. Mreover, the 7a, | 7a-substituted 1
1(3- hal ogen steroids according to the jnvention effectively inhibit
5a-reductase and the steroid-ll-hydro%% ase [ CYP11B (P450c1l), G Zhang, W
L. Mller, Journal of dinical Endocrinology and Metabolism Vol. 81, pages
3254- 3256 (199 ch that, for exanple, the stimnulation of the prostate

i s selectivel y%g%ﬁg%aebsamedt H%s‘@l%ﬁﬁt@{ﬂlﬂfs“?fg@’é‘gé%theﬁwe@v%Can also

phar macoki netics. The inhibition of the 11-hydroxylase results in a reduced
deact i vat bensesfinchabimpderoyith p getagep duerdrobmaleifertilithei r reduced excretion
fromthe human body. As a result, the effectiveness and the duration of
action of thesMarerwsouimdd, Cnpdstitdtet d | f-halagercsterpula acdwrding td thp irovestdbn
especially after oral adm nistration. For the reasons above, these conpounds
are sui t akffectpspdahiait ISy-réductass end the s@todd-1 bhydiox yladet[CYIP1aB (M8dc1 BSGE or
androgen replacenent therapy with a reduced tendency toward 5a-reduction

Wi th si milzhane wsl Wiflt gbnasl Gl Eaickinbgh Bnd MeiBbeBik, 085 M8 1C padesr Oi ds

and an advant ageous i nfl uence on serum lipids and the central nervous

system ThosaRsieqom)p 3o ian 3 b ADSERIRAT hOfloskS: BRYSeENt | one

side effects were determ ne vesicle test for
t he conpounds_ accordi ng to e inventio i.th general formu.as 10.and 12.
The eff botTVRHLE8 B E e rRemisaieet ke et aP R b BEn AP " o e
' nvention 11- Sydr((:)r)lislgbeer%sjlt% rin g?é[ uggde &léagtiv%%glk 8P th\émalgé}ogaenic compounds and in

their reduced excretion from the human body. As a result, the effectiveness and the
d{Jration of action of these compounds compared to known compounds are improved
especially after oral administration.

For the reasons above, these compounds are suitable especially for use in male
birth control as well as for androgen replacement therapy with a reduced tendency toward
5a-reduction with simultaneously obtained aromatizability to form estrogenic steroids
and an advantageous influence on serum lipids and the central nervous system.

The androgenic action and the observation that the above-mentioned side effects
do not occur were determined with a seminal vesicle test for the compounds according to
the invention with general formulas 10 and 12. The effectiveness of the compounds with
general formula 8 according to the invention was checked for estrogenic action with a
uterus growth test.

The 7a,17a-substituted 11B-halogen steroids with general formula 10 or 12
according to the invention or the pharmaceutical preparations according to the invention

that contain these compounds are extremely well suited for treating non-sterile male



uterus growth test. The 7a, 17a-substituted 11 [3-hal ogen steroids with
general fornula 10 or 12 according to the invention or the pharmaceytjjgall?
preparations according to the invention that contain these conpounds are
extrenely well suited for treating non-sterile male 2 3 JAN 2007 25
patients as well as basically also nal Zsmarmal S. An application for male
contraception results in that the nal € patients are only tenporarily
sterile. After the application of the active ingredients according to the
i nvention or the pharmaceutical preparations is, conpleted, the original
state i s peBetitadvelles hsically dlpemalepeamimple HaPRlifatipn Iofgnaleennspacepiiprr i | e, and
t he spernat ogenesi s takes place again to the original extent. To keep the
condi t i on refults antbetrthe ynalet patients axg anbynismpenarib\atarile, Y&t thedpplispiiadof thhe

adm nistration of the active ingredient or the preparation is to be

per f or med activit ingnedigsts acconsthiap ebthe ilentiadeon the pliarabdentical pegparationgison t he form
of admnistration, is to be repeated daily, at a shorter interval or else

peri odi calcbppiitedathe@mighial stite &4 pratlucedbph, sblilat Heamilt Petiént isRsadeed
adm nistration of the active ingredient or the preparation is conpleted, the

non-ster il & QH&'{hfeisﬁé}eriong?%\ilar@iﬁ pPRE 5@%‘6 todRE BH%EﬂLl' oktdn®. ﬁ@keégqn@di ately

restored but rather only "slowy restored, whereby the tine span that is

necessary f, @g%hﬁtgﬁgﬁﬁgﬁ%ﬂ%%g&ﬁ?Qver‘é?d%éife‘dspehgg,ttﬁée §dmifnpslfrf1&3e§1a5mi1§ the

dosage, thce_ on” o he patients ‘and’t para
adimi i ot 1 FEHDHESHER LT FECTAETble 01 BRTDHLWSBYET FHEREY
17a-substituted Il 3-hal ggen steroids must be set high such that the bl ood
| evel s of administration, depending on the form of administration, is to be fepeated daily, at a
shorter interval or else periodically at a longer interval. After the one-time or repeated
a(iministration of the active ingredient or the preparation is completed, the non-sterile
condition of the male patient optionally is not immediately restored but rather only
slowly restored, whereby the time span that is necessary for this purpose depends on
various factors, for example the dosage, the body constitution of the patients and the
parallel administration of other pharmaceutical agents.
If the purpose of administration consists in contraception, the dosage of the
7a.,170-substituted 11B-halogen steroids must be set high such that the blood levels of
LH and FSH in each case are at most 2.5 I.LE./ml (LE.: International Units), especially at
most 1.0 L.E./ml, and the blood level of testosterone is at most 10 nmol/l, especially at
most 3 nmol/l.
If the 7a,,17a-substituted 11p-halogen steroids according to the invention are to

be used for HRT without a contraception being achieved, the dosage is set lower. For

this case, an attempt is made to achieve effect levels that make possible the blood levels



LH and FSH in each case are at nost 2.5 I.E./m (I.E : International Units),
especially at mpst 1.0 I.E/nl, and the blood | evel of testosteronp3ijaNai
nost 10 nnol /|, especially at nost 3 nnol/Il. If the 7a,17a-substituted

11l i -hal ogen steroids according to the invention are to be used for HRT

Wi t hout a contraception being achieved,.the dosage is set lower. For this
case, an attenpt is nade to achieve ef?% | evel s that nake possible the

bl ood levels 2 3 JAN 2007 26 for LH and FSH of respectively nore than 2.5
|.E./m and faor éestosterone of nore than 10 nnpl/1. The dosages of the 7a,
| 7a- subst i PUHE @79 FSH of Zesperiiyelyrasrs 98 2m b/ malandriay tef‘S‘?‘ﬁﬁﬁPaOf mgredhan
according to the invention that are required to set the blood | evel of LH,
FSH and tl¥smedfler one depend on a number of factors and nust therefore be
determned in an adm nistration-specific manner. First, the dosage is

nat ural | y deperitemdbsagns dfithe Ty d@aahbstidted anyhalbgentsmmdgwnblgamBalébmnﬂa) be used
for mal e contraception, significantly higher doses nust be given than in

the case ofp 8 15RcoH@IngHKIhe APt AR Bredbfifired BPEA AR Kb 1Bl otmepsmf{
7a 17a- substituted 1153 hal ogen steroid and its bio-availabilify. The type

admi ni %H rt%ldsfé?ode%e?érﬁloodae %ﬁ%ér 3k fat:ﬂ'fs @Bgm?smwfo& Be ABreALH EE&‘LSatner ed.

FlnaIIy osage s ont constitution o e patient to
LT e
St angd sl o0 pgentaca L Lt sl e et Uoeat 1)
doses must be given than in the case of a use for HRT. The dosage also depends on the
type of 7a,17a-substituted 11p-halogen steroid and its bio-availability. The type of
administration is also essential for the amount to be administered. Finally, the dosage
also depends on the body constitution of the patient to be treated and other factors, for
example the state of whether other pharmaceutical agents are provided in parallel.
The compounds can be administered orally and parenterally, for example i.p.
(intraperitoneally), i.v. (intravenously), i.m. (intramuscularly) or percutaneously. The
compounds can also be implanted in the tissue. The amount of the compounds to be
administered can fluctuate within a wide range if an effective amount is administered.
Based on the condition to be treated and the type of dispensing, the amount of
administered compound can vary within a wide range. In humans, the daily dose is in the
range of 0.1 to 100 mg. The preferred daily dosage in humans is 0.1 to 10 mg. The
duration of administration depends on the purpose to be achieved.
Capsules, pills, tablets, coated tablets, creams, ointments, lotions, liquids, such as
syrups, gels, injectable liquids, for example for i.p., i.v., i.m. or percutaneous injection,

etc., are suitable for use, whereby the individual forms for dispensing release the



conpounds can also be inplanted in the tissue. The anmobunt of the conpounds
to be admnistered can fluctuate within a wide range if an effectlngﬂnqmmt
is adm nistered. Based on the condition to be treated and the type o

di spensi ng, the ampbunt of adm nistered conmpound can vary within a w de
range. In humans, the daily dose is inyy4he range of 0.1 to 100 ng. The
preferred daily dosage in humans is O. % to 10 ng. The duration of

admi ni stration depends on the purpose to be achieved. Capsules pills,

tabl ets, coated eans, .0i ntment | oti ons, such as
Syrups. " gnBPofds dgeping fﬁiamvafgﬂowtarthe graip Y Oin he St ot 1, 0,

per cut aneous .i nj ecti on, are suitable for use, whereby the individual
forms for Vﬂtlgfbéﬁléqrwgm?é%aé@gtonéhw}se'meofzom 27 conpounds according to the
invention to the body gradually or in the entire anount within a short tine
dependi ng on t ier exapadministratign, casulen pals, tabileisn ceatedatnblois,and liguids esotheri | | s,

tabl ets, coated tablets and |liquids or other known oral forns for

di spensi ndnawe ord éatmagopdisprensiag ateivsad asprhep@acabtioahgrepdratidngi $n thissease, t he
pharmaceutical agents can be fornulated in such a way that they rel ease the

active i gy gAAaeaticl hfi@ks dafl be f&iidted in¥BcloNWapl Blat WY rdidie@iHeactine body or
they have a depot action, so that a prolonged, slow feed of active

i ngr edi entmgTedl&t}@ellimYn A Mﬁhh@mﬂdenba kS I8 BodPor hBFhaiRa d}z&&cﬁ&mst ituted

11 n- hal ogen steroid, the dosage units can contal’n on€ or

phar mce“%b?}?a‘th%&o‘iﬁ@%ﬁtél&b el ? @gﬁ%ﬁ%&ﬂ ént ¥ M 'og gs%?ﬁle%hcetﬁa ?ho{i‘%l usting

the rheol ogy phar maceu surfa solubrtizers,
T oSt SR P Earee A i SRR BB oS
pharmaceutically compatible vehicles, for example substances for adjusting the rheology
ot_‘ the pharmaceutical agent, surfactants, solubilizers, microcapsules, microparticles,
granulates, diluents, binders, such as starch, sugar, sorbitol and gelatin, also fillers, such
as silicic acid and talc, lubricants, dyes, perfumes and other substances.

In particular, the 7a,17a-substituted 11B-halogen steroids according to the
invention can also be formulated in the form of a solution that is intended for oral
administration and that in addition to the active 11B-halogen steroid contains as the
following components: a pharmaceutically compatible oil and/or a pharmaceutically
compatible lipophilic surfactant and/or a pharmaceutically compatible hydrophilic
surfactant and/or a pharmaceutically compatible water-miscible solvent. In this respect,
reference is also made to WO-A-97/21440.

To achieve better bio-availability of the steroid, the compounds can also be
formulated as cyclodextrin clathrates. For this purpose, the compounds are reacted with

a-, - or y-cyclodextrin or derivatives thereof.



as silicic acid and talc, lubricants, dyes, perfunmes and ot her substances.

In particular, the 7a,17a- substi t ut ed 11(3- hal ogen steroids accordiymg jipithe
invention can also be fornulated in the formof a solution that is |nHended
for oral admnistration and that in addition to the active 11(3-hal ogen
steroid contains as the follow ng coqgfnents: a pharmaceutically conpatible
oil and/or a pharmaceutically conpati‘Dble lipophilic surfactant and/or a
pharmaceutical ly conpatible hydrophilic surfactant and/or a

phar maceuti cal | npati bl e water-nm scible solvent. In this respect

reference is alfhs/cé Wd@nwwwogwrzdlh%ds%ca&h? éRIﬁleSé?Rl@r“YB‘F%tOé’\?al lability

of the steroid, the conmpounds can also be fornulated as cyclodextrin

cl at hr at egsedrthe latier susi heronstituted én sushporavdkat sreccompendscroaprding tathe (3- or
y-cycl odextrin or derivatives thereof. 2 3 JAN 2007 28 If creans,

oi nt nent s jnveotioroars feairtd thd wpdy dis a sffitienttamdyet. Ajpphdse dormmdocdikpepsiage t o be
used, the latter nust be constituted in such a way that the conpounds

accor di ng aljqviri€are comaintd, dor exampieatibtandefor Bddstingtharieufozy of ent anmount. In
these forns for dispensing, adjuvants are contained, for exanple substances

for adj Usbhﬁﬁlaﬁaﬁlcéllﬁﬁeﬂt@gﬁrfﬁwn@ I'ﬂ)%s@ﬁ'ﬁ%' s"c}fﬁbll?zgi?@»nHﬁuen?su EdREhad S
preservatives, sol ubi'lizers, diluents, ,bSt ances i ncr easi ng t he

per meabi | | ﬁo\‘ea@&gtﬂgkepeﬁﬁ@e{b‘ﬂ'lrg%fﬁx%%?e"r&lié‘&c&&ﬁg'l‘é t}}]&}‘%}{tfoﬁgh #dlkihhe skin,

dyes, per unmes n pr tection agents, “such as con ners ahd
noi sturi z %ﬁ?%’ ﬁ Q the sL.e r0i$§-acqfhdln%§Fﬁﬁthe . nvention, other
active i né?’%sdP Sé] SISPQBO BON RBHES SHAPS CRM RN YSWOFEY agent .
Together with the steroids according to the invention, other active ingredients can also be
contained in the pharmaceutical agent.
For parenteral administration, the active ingredients can be dissolved or
suspended in a physiologically compatible diluent. As diluents, very often oils with or
without the addition of a solubilizer, a surfactant, a suspending agent or emulsifier are
used. Examples of oils that are used are olive oil, peanut oil, cottonseed oil, soybean oil,
castor oil and sesame oil. To formulate an injectable preparation, any liquid vehicle can
be used in which the compounds according to the invention are dissolved or emulsified.
These liquids frequently also contain substances to regulate viscosity, surfactants,
preservatives, solubilizers, diluents and other additives, with which the solution is set to
isotonic. Other active ingredients can also be administered together with the 7a,17a.-
substituted 11f3-halogen steroids.
The 11pB-halogen steroids according to the invention can be administered in the
form of a depot injection or an implant preparation, for example subcutaneously, which
can be formulated in such a way that a delayed release of active ingredients is made

possible. To this end, known techniques can be used, for example depots that dissolve or



For parenteral adm nistration, the active ingredients can be dissol ved or
suspended in a physiologically conpatible diluent. As diluents, very3oflQ007
oils with or wthout the addition of a solubilizer, a surfactant a
suspendi ng agent or enulsifier are used. Exanples of oils that are used are
olive oil, peanut oil, cottonseed oiI,2§oybean oil, ~castor oil and sesane
oil. To fornulate an injectable preparation, any liquid vehicle can be used
i n which the conmpounds according to the invention are dissolved or
emJIS|f|edh These I|qU| freﬂgentlg al so.contain substances to regul ate

vi scosi t y, PUQPFALS i e membrang. [mplants Lan congpin gy inp glalerialy; [ &¥anapleng ot her
additives, wth which the solution is set to isotonic. Other active

i ngr edi enttiodegrrdatle polymersrisyntaeticrsdironesy & vsrmple sticonsegura, TherblB-subst i t ut ed
11(3- hal ogen steroids. The | | n-hal ogen steroids according to the invention
can be adrhalvigen stewitlsiaacartimg té therimehtion chayzdso heripenrpdrated an, femexampleamt
preparation, for exanple subcutaneously, which can be fornulated in such a
way that gathh| foypercutehems admainismatiove | ngredients is nade possible. To this
end, known techniques can be used, for exanple depots that dissolve or 23
JAN 2007 29 t hafe cRpfipleé thavrk M dRcaleIHR I re ubsiPoaf hfore ddtaifed ¥k plaiatidh of ner t
materials, for exanple, biodegradable polynmers or synthetic silicones, for
exanpl e suh&&ggﬂugunl The | 10- hal ogen steroids according to the i nventi on
can al so be incorporated in, for exanple, a patch, for percutaneous

adm ni stration. The exanples that are indicated bel ow are used for a nore
detail ed explanation of the invention:



2 3 JAN 2007 30 A. Mcrobiological Synthesis: |

| a- Hydr oxy- 7a- met hyl - estr-4-ene- 3, 17-di one (Conpound 4, B): Exanpl e 1:jpPHiD
krobl ol ogi ach HOO , H Hydroxylierung H and Oxidation O 0 El 9 [Key:

M kr obi ol ogi sche Hydroxylierung and Oxi dati on = M crobi ol ogi cal

Hydr oxyl ati on and Oxidation] A2 1 Erlggrreyer flask that contained 1000 m
of a nutrient solution, sterilized forv“30 mnutes at 121 Cin an autocl ave
and consisting of 3% by weight of glucose, 1 %by weight of corn steep
l'iquor, 0.2%by weight of NaNG3, 0.1 % by weight of KH2PO4, 0.2% by weight
of @HPm_O%M@QEMMﬂﬂ(Cl 0.05% by wei ght of MySO4 7H20 and 0.002%
by wei ght of FeSO4 7H20 (pH 6.0) was inoculated wth a slant rod cul ture of
the strain Grhononia cingulata (CBS 15226) and shaken for 72 hours at 28C in
a rotary shaker at 165 rpm Wth this preculture, a 20 1 fernenter that was
coated W tlNodydioxyf7a-miethyl-betr-4Rad-8)17 diorkli€ompsEndf4,Bpl conposition as
described for the preculture was 2 3 JAN 2007

Example 1:
OH O
Viikrobiologische HO,
H Hydroxylierung H
und Oxidation
O ""I — O l',"

]

[Key: Mikrobiologische Hydroxylierung und Oxidation = Microbiological

Hydroxylation and Oxidation]

A 2 1 Erlenmeyer flask that contained 1000 ml of a nutrient solution, sterilized for
30 minutes at 121°C in an autoclave and consisting of 3% by weight of glucose, 1% by
weight of corn steep liquor, 0.2% by weight of NaNOs, 0.1% by weight of KH,POy4, 0.2%
by weight of KyHPO4, 0.05% by weight of KCl, 0.05% by weight of MgSO47H,0 and
0.002% by weight of FeSO47H,0 (pH 6.0) was inoculated with a slant rod culture of the
strain Gnomonia cingulata (CBS 15226) and shaken for 72 hours at 28°C in a rotary
shaker at 165 rpm. With this preculture, a 20 1 fermenter that was coated with 19 1 of

sterile medium of the same final composition as described for the preculture was



31 inoculated. In addition, before the sterilization, another 1.0 m of
silicone oil and 1.0 ml of synperonic (oxoal cohol ethoxylate) werep adagd0y
for foam abatenment. After a growth phase of 12 hours at 0.7 bar of
overpressure, a tenperature of 28C, an aeration of 20 1/mnute and a
stirring speed of 250 rpm a solution gfl 4.0 g of 173-hydroxy-7a-

net hyl estr-4-en-3-one in 40 M DM was added. Stirring was continued, and it
was aerated. After 135 hours, the culture broth was harvested and extracted

for 12 hours wt 1Q1 .of thyl isobutyl ketone and for 5 hours with 5 1 of
ot hy | § SOBGRNdpangionETone Pk DR gIotie J4BLE Heoee ey ABLI4TU 1o e
dry state. The silicone oil was washed out with hexane. After
chr omat ogrodsypesmisiorpalechgd pthokylatewere addes for fopatabaisments Adtept gromélkane and
ethyl acetate, 1.64 g (39% of 1 |a-hydroxy-7a-nethylestr-4-ene-3,17-dione
was i sol atphdse diXd@rhohss a2 0.7(Er GFbveridessurel-h Miperbire bH28 °6 ke a¢datidrkef@i ol ogi sche
Hydr oxyli erung Oxidation A CO HO,, H B

1/minute and a stirring speed of 250 rpm, a solution of 4.0 g of 17B-hydroxy-7a-

methylestr-4-en-3-one in 40 ml DMF was added. Stirring was continued, and it was

aerated. After 135 hours, the culture broth was harvested and extracted for 12 hours with

10 1 of methyl isobutyl ketone and for 5 hours with 5 1 of methyl isobutyl ketone. The

combined organic phases were evaporated to the dry state. The silicone oil was washed

out with hexane. After chromatography on silica gel with a gradient that consists of

hexane and ethyl acetate, 1.64 g (39%) of 11a-hydroxy-7a-methylestr-4-ene-3,17-dione

was isolated.

Example 2:
OH OH
HO,,
H Mikrobiologische H Mikrobiologische
Hydroxylierung Oxidation
O l"’l o O "l/, o
A C
0]
HO,,
H
o) “
B

[Key: Mikrobiologische Hydroxylierung = Microbiological Hydroxylation

Mikrobiologische Oxidation = Microbiological Oxidation]



[ Key: M krobi ol ogi sche Hydroxylierung = M crobiol ogi cal Hydroxyl ation

M kr obi ol ogi sche Oxidation = M crobiol ogical Oxidation] 2 3 JAN 20073 JﬁF 07 2
1 Erlenneyer flask that contained 1000 ml of a nutrient solution, sterilized
for 30 mnutes at 121C in an autoclave and consisting of 3% by wei ght of

gl ucose, 1% by weight of corn steep |jquor, 0.2% by weight of NaNG3, 0.1%
by wei ght of KH2PO4, 0.2% by wei ght of<K2HPO4, 0.05% by wei ght of KC,

0. 05% by wei ght of MgSO4 7H20, and 0.002% by wei ght of FeSO4 7H20 (pH 6.0),
was inoculated with a slant rod culture of the strain donerella cingulata
(I FO 6425) and shaken for 72 hours at 28Cin a rotary shaker at 165 rpm
Wth this preculture, a 20 1 fernenter was inocul ated, and said fernenter
was coat ed wit A 29Erledimeyes flaskitha comtdingdnl 0F0 mhef smrmeert isolation steptiséd foon as
described for the preculture. In addition, before the sterilization, another

1.0 m of 30shiniteone] 20PC immtlautodlawdland Comsystipng oo 1306 byveeighesitigat ok % Bpm
abatenent. After a growh phase of 12 hours at 0.7 bar of overpressure, a

t enper at Urfeigt o2&Sen sRBp AGHGH 0.9% Wwéight ok NANWL @ 19N veightiof KiHIBOSRERY of 350
rom a sol ut?{)n of 2.gpgqlf)f 170-%dr%§<y- 7a- met hy{%str%-enm}—%-one in 30 m

DVF was a%g%geri%@&)kkgﬁp%,m%ey%@d@&b KeNe dsos pg;@vei%ﬁ@hgmﬁ&% 2hpd 9 hours,

the cul tur th was harvested ard extracted urs w t 1 of
s e R O R T
vas 0 S5Ol el 0 R S E0LhD MRLRANCly THE L Sone, oL e 1T tered.
gel with aéha re?gti l%r%trprtnh aVE’itlsglri]sSIi)rzct;usltu(r)J, a 20 1 fermenter was inoculated, and said

fermenter was coated with 19 1 of a sterile medium of the same final composition as

déscn'bed for the preculture. In addition, before the sterilization, another 1.0 ml of

silicone oil and 1.0 ml of synperonic were added for foam abatement. After a growth

phase of 12 hours at 0.7 bar of overpressure, a temperature of 28°C, an aeration of 10

|/minute and a stirring speed of 350 rpm, a solution of 2.0 g of 17B-hydroxy-7a-

methylestr-4-en-3-one in 30 ml DMF was added. Stirring was continued, and it was

aerated. After 19 hours, the culture broth was harvested and extracted for 16 hours with

20 1 of methyl isobutyl ketone and for 23 hours with 20 1 of methyl isobutyl ketone. The

combined organic phases were evaporated to the dry state. The residue was dissolved to

a large extent in methanol. The silicone oil was filtered off. It was concentrated by

evaporation, and after chromatography on silica gel with a gradient that consists of

dichloromethane and acetone, 1.55 g (73%) of 11a,17B-dihydroxy-7a-methylestr-4-en-3-

one was isolated. After recrystallization from acetone/diisopropyl ether, 827 mg (39%)

of white crystals with a melting point of 163°C and [a]p = -16° (CHCl3, ¢ = 0.501) was

isolated.



di chl oronet hane and acetone, 1.55 g (73% of |

| a, 170- di hydr oxy- 7a- met hyl estr-4-en-3- one was isolated. After %%J9N2W7
recrystallization from acetone/diisopropyl ether, 827 nmg (39% of ite
crystals with a nelting point of 163C and [alp = -16 (CHC13, ¢ = 0.501) was
isolated. 2 3 JAN 2007 33 A2 1 Erle yer flask that contained 500 m of a
nutrient solution, sterilized for 30 mMnutes at 121 C in an autocl ave and
consi sting of 0.5% by weight of glucose, 0.5% by weight of bacto-yeast
extract, 0.1 %D ight o eptone,. anpd 0.2% by wei ght of carn kB steep

li quor (pH 7.5 4 bﬁ@ergwe&ﬁaé?é@t ﬁﬂtﬁn‘rcggﬂo re\?@f s Dol sEligtd G o of ¢ he
strain Bacillus sphaericuiwéATCC 7055) and shaken for 24 hours at 28Cin a
rotary shaRapnges at184°G pran apteclavieiand consisting ofPS% byweightofimlneoped\dés 1 asks
that contained 500 mMl of sterile mediumof the sane conposition as

descr i bed by srighhef bactscydastiexgraeted.¢%i yoreightof depipney and 0 W dackeiglt afkom cul t ur e
broth. After a growh phase of 4 hours at a tenperature of 28C in a rotary
shaker at stteliquur(pl 750)) wis inscubdtedd®Rithingbud trybsphered Tiodr slcllyinlé ofktiie sttaifet hyl estr -
4-en-3-one in 2.5 mM DW was added to each flask. Shaking was continued for
48 hours. Bakigs SEHabHARTATEC 1053) BiddHaRen¥BF 24 Botlr§ aciged ih WrQiGryWhiker £t 1 of

nmet hyl 1sobutyl ketone. The conbi ned organi c phases were dried on sodi um

sulfate ands euRAPUAANRR pluidle, (2 1 Bhalieyel Aokt ERRAnd’SH HbAerif

oi ly-crystall'ine residue was obtalned. Arter recryst Ization from

ccetonc! do, SRR SAYL L Efpack ok b, b
(direct (ib%séaglll lo% t%uaétciu?tlrllre\grcgtﬁpx%terp ar ger\c;\iwt up agehorfgl otu(r) e{taaqgringer tlfgei th Z%Qéi on).
in a rotary shaker at 165 rpm, a solution of 50 mg of 11a,17p-dihydroxy-7a-methylestr-
4—;3n-3-one in 2.5 ml DMF was added to each flask. Shaking was continued for 48 hours.
The combined culture broths were extracted twice with 2 1 of methyl isobutyl ketone.
The combined organic phases were dried on sodium sulfate and evaporated to the dry
state. In this case, 630 mg of an oily-crystalline residue was obtained. After
recrystallization from acetone/diisopropyl ether, 103 mg (49.2%) of yellowish crystals
with a melting point of 189°C and [a]p = +40.4° (CHCl;, ¢ = 0.529) was isolated (direct

crystallization without previous chromatographic purification).



2 3 JAN 2007 34 Exanple 3: O O M krobiol ogi sche Hydroxylierung F1 F1 [ Key:
M kr obi ol ogi sche Hydroxylierung = M crobiol ogi cal Hydroxyl ation] Azz? 1N 2007
Erlenneyer flask that contained 500 m of a nutrient solution, sterilized
for 30 mnutes at 121 C in an autocl ave and consi sting of 3% by wei ght of
gl ucose, 1% by weight of corn steep | :%‘guor 0.2% by wei ght of NaNG3, 0.1 %
by wei ght of KH2PO4, 0.2% by wei ght of " K2ZHP04, 0.05% by wei ght of KC,
0. 05% by wei ght of MgSO 7H20, and 0.002% by wei ght of FeSO4' 7H20 (pH 6. 0),
was inoculated wth a half slant rod culture of the strain Aspergillus
ochr aceus Ef@@Ble1%252) and shaken for 72 hours at 28Cin a rotary shaker at
165 rpm Wth this preculture, a 101 fernenter was inocul ated, and said
fermenter was coated with 9.5 1 of a sterile nediumof the sanme final
conposition as described for the preculture. In addition, before the
sterilization, another 0.5 df silicone oil and 0.5 & synperonic were
added for foam abat enent .7 a growh phase of %a, {at 0.7 bar of

- i

overpressure, a tenperg ikrabivlcaBtiad] | on of te and a
stirring speed of 35§ a soI u wmxybérurtg g 0 : hy estr-4-ene-3,17-
dione in 15 m ' a ) d it was aerated.
After 22 hours, the culture broth vvas harvest d and extracted twice for 4

hours with 7 1 of hyl
T ]

[Key: Mikrobiologische Hydroxylierung = Microbiological Hydroxylation]

A 21 Erlenmeyer flask that contained 500 ml of a nutrient solution, sterilized for
30 minutes at 121°C in an autoclave and consisting of 3% by weight of glucose, 1% by
weight of corn steep liquor, 0.2% by weight of NaNQOj3, 0.1% by weight of KH,PO4, 0.2%
by weight of K,HPO,, 0.05% by weight of KCl, 0.05% by weight of MgSO,47H;0, and
0.002% by weight of FeSO47H,0 (pH 6.0), was inoculated with a half slant rod culture
of the strain Aspergillus ochraceus (CBS 13252) and shaken for 72 hours at 28°C in a
rotary shaker at 165 rpm. With this preculture, a 10 1 fermenter was inoculated, and said
fermenter was coated with 9.5 1 of a sterile medium of the same final composition as
described for the preculture. In addition, before the sterilization, another 0.5 ml of
silicone oil and 0.5 ml of synperonic were added for foam abatement. After a growth
phase of 6 hours at 0.7 bar of overpressure, a temperature of 28°C, an aeration of 5
l/minute and a stirring speed of 350 rpm, a solution of 1.0 g of 7a-methylestr-4-ene-3,17-
dione in 15 ml DMF was added. Stirring was continued, and it was aerated. After 22
hours, the culture broth was harvested and extracted twice for 4 hours with 7 1 of methyl

isobutyl ketone. The combined organic phases were evaporated to the dry state. The



i sobutyl ketone. The conbi ned organi c phases were evaporated to the dry
state. The 2 3 JAN 2007 35 residue was dissolved to a large extentggnay 2007
met hanol . The silicone oil was filtered off. It was concentrated by
evaporation, and after chromatography on silica gel with a gradient that
consi sts of dichl oronethane and acetong% 0.78 g (7499 of 1 |a-hydroxy-7a
net hyl estr-4-ene-3, 17-di one was i sol at After recrystallization from

acet one/ di i sopropyl et her, 311 (29 6% of vvhlte crystals with a nelting
poi nt of C and s[gy +512 05)..was isol ated. B, Chem cal
Pr oduct i Or{e U&C\’éa§§11 S a alagge ep}eaﬂwépqtbarpobfThe silicone oil was filtered oft. It

11[ 3-fl uoro- 17[ 3- hydr oxy- 7a- net hyl estr-4-en-3-one: a)

110- FI uor cvapgovnssntited by eyaparagine.-apd aftergihegneatography g silia gel with a gradient

per fl uorobutane-|-sulfonic acid fluoride was added in drops at OCto a

sol uti on dhatt8nsixds of di¢hldromethaypelarakacetbae, ¥sidg/ (7489 tof 1 da-bpdro8y-1d- di one
(produced by neans of m crobiological synthesis according to the invention
[Part A]) méth@2&fr-4reneds, 1 V-didie veas addthted] 8A fRer ibcr@stallization from

1, 8-di azabi cycl o[ 5, 4, 0] undec-7-ene. After | hour, it was neutralized with 2

M hydr ocfal:&bh&dl%Fl% pyledR@d3 1t1an¥etoesos) &v@m@%ﬁ@hlsf@uﬁ a iy dp%ﬁth,fet hyl
acetate, washed saturated sodi um chl oride solution, dried and
concentr at d the crude product was

chr omat ogrzgghd%"ﬂﬁ[gl I ?% &H(Fh’\l\/l tgg%ﬁg(agrﬂgattfﬂy acetate gradient, 8.7 ¢

of 11 O-fl uoro-7a-nethyl - estr 4-ene- 3, 17-di one was obtained. Melting point:
101.4C, [a]D: +135.8 (CHO 3). 2 3 JAN 2007

B. Chemical Production Process:

Example 4: Production of 11p-fluoro-17p-hydroxy-7a-methylestr-4-en-3-one:

a) 11B-Fluoro-7a-methyl-estr-4-ene-3,17-dione:

11.5 ml of perfluorobutane-1-sulfonic acid fluoride was added in drops at 0°C to a
solution of 13.08 g of 11a-hydroxy-7a-methyl-estr-4-ene-3,17-dione (produced by means
of microbiological synthesis according to the invention [Part A]) in 250 ml of toluene and
18.2 ml of 1,8-diazabicyclo[5,4,0Jundec-7-ene. After 1 hour, it was neutralized with 2 M
hydrochloric acid, added to water, extracted four times with ethyl acetate, washed with
saturated sodium chloride solution, dried and concentrated by evaporation in a vacuum.
After the crude product was chromatographed on silica gel with a hexane/ethyl acetate
gradient, 8.7 g of 11p-fluoro-7a-methyl-estr-4-ene-3,17-dione was obtained. Melting

point: 101.4°C, [a]p : +135.8° (CHCls).



36 b) 11 [i-Fluoro-17[i-hydroxy-7a-nethylestr-4-en-3-one: A solution of 8.7
g of | 10-fluoro-7a-nethyl-estr-4-ene-3,17-dione in 148 nl of ?]JAN 2007
tetrahydrofuran was m xed drop by drop at OCwith 29.5 m of 1 MIth um

alumnium tri-tert-butoxyhydride in tetrahydrofuran and stirred for 5.5

hours at OC. Then, dilute sulfuric aCééj was added at 0C, and the reaction
sol ution was added to ice water, extracted three tinmes with ethyl acetate,
washed neutral, dried on sodiumsulfate, concentrated by evaporation in a

vacuum an mat o ed silica gel wth hexane/ethyl acetate. 5.8 g
of 11(3- fghﬁﬁﬁw I@%ﬁb‘i&%’a‘nﬁ@%’lﬁ FE839%n-3-0ne with a nelting point
of 143-144C was obt ai ned = +89.9 (CHCL13) mpl e 5: Production of

11[ 3- Fl uor o- 17430l mg@fﬁdr&ﬂd%@ﬁk@%ﬂ“ﬂﬂ%@ﬁ%@ﬁ?|3 17-diopegn 14B @l off sol uti on
of 500 nmg of 11(3-fluoro-17(3-hydroxy-7a-nethylestr-4-en-3-one in 7.5 m of
pyri di ne temhydrafachnavasmoigrd deoppyrdaopatd) °Giwith 2050mirgf bM lthgwh laminiliinenzoi ¢
acid, 800 ng of N, N-dicycl ohexylcarbodiimde as well as 125 ng

of p- t ol uendaH-buioxyhydiads il terudhysioifuraeshd witred f&r HHheas atlit€EnThéd, dilws added to
sodi um bi carbonate solution, extracted four tinmes w th dichl oronet hane,

washed neujlfidlc.aclwathdaed SQICUaNdSHE fattton soRRids WAk haddado R wat@poration in a
vacuum and chromat ographed on silica gel with dichloronethane/ acetone. 302

ng of 11 I 4R, R ehirdld n-3-one with a
mel ting pg’u‘%{t&gg t&féglh’%\sma(@h%ﬁygu nedé t;'S‘s[a‘{t%] D=t 1%%1 %ri%&%hﬁéé E‘ﬂéﬁeeé JAN 2007

concentrated by evaporation in a vacuum and chromatographed on silica gel with
hexane/ethyl acetate. 5.8 g of 11B-fluoro-17p-hydroxy-7a-methylestr-4-en-3-one with a

melting point of 143-144°C was obtained. [a]p = +89.9° (CHCl,).

Example 5: Production of 11B-Fluoro-17p-(4-sulfamoylbenzoxy)-7a-methylestr-4-en-3-

one:

A solution of 500 mg of 11B-fluoro-17p-hydroxy-7a-methylestr-4-en-3-one in
7.5 ml of pyridine was mixed at room temperature with 750 mg of 4-sulfamoylbenzoic
acid, 800 mg of N,N-dicyclohexylcarbodiimide as well as 125 mg of p-toluenesulfonic
acid and stirred for 8.5 hours. Then, it was added to sodium bicarbonate solution,
extracted four times with dichloromethane, washed neutral, dried on sodium sulfate,
concentrated by evaporation in a vacuum, and chromatographed on silica gel with
dichloromethane/acetone. 302 mg of 11p-fluoro-17p-(4-sulfamoylbenzoxy)-7a-
methylestr-4-en-3-one with a melting point of 232°C was obtained. [oa]p =+100.5°

(CHCL).



37 Exanpl e 6: Production of

17a- Et hi nyl - 113-fl uor o- 170- hydr oxy- 7a- net hyl estr-4-en-3- one: a) 1 é3JANZMW
1(i-Fl uoro- 3-net hoxy- 7a- net hyl estra- 3, 5-di en-17-one: A sol ution of g of 1
P-fluoro-7a-nethyl estr-4-ene-3,17-dione in 20 m of 2,2- dinethoxypropane
was stirred with 200 ng of pyridiniun1ggsylate for 6.5 hours at 80C. Then,
it was diluted with ethyl acetate, washed with sodi um bi carbonate sol ution
and sodiumchloride solution, dried on sodium sulfate and concentrated by
evaporation in_a_ vacuum 2 of crude

11[ 3- f | uorfxammleph Sigiugtion el l(F]fWFéEW‘al- 1-Bugp-d AB-pydrgne 7 et lesttat-ped:  b)

17a- Et hi nyl - 11(3-fl uoro-17[ 3- hydr oxy- 7a- net hyl estr-4-en-3-one: A solution of
9.17 g of a®€rium(lll) chloride in 60 m of tetrahydrofuran was m xed drop
by drop at OCwith 74.2 m of an ethinyl nagnesi um brom de solution (0.5 M
in tetrahydrofuran) and stirred for 1 hour at OC. Then, a solution of 2 g of
crude 11 [3- fluoro-3-nethoxy-7a-nethylestra-3,5-dien-17-one in 40 m of

t et r ahydr of) Ut BrRIuoES 3 -aekdiesk y- e @ pthigsteh- 1 p-deondl 7Sénes r ed for another 3.5 hours at
0C. For working-up, a saturated anmonium chloride solution was added, added

to water, extraCigeidd6rees bt MBSuhd-NuSid¥llestratieds, £7-dWas NEL0 Wil bi,2-

sem concentrat ed hydrochloric acid, sodium bicarbonate solution and sodi um
chl ori de ' L 6d i G e V, t@tion in a
Vacuum and Br SRRt SRs Qe ML b i RIS P ARSC T g
of pure a-ethinyl-1 =fluoro-17(3-hydr.oxy-7a-net hyl est r-4-en-3-one with
o Lt ng T vt S 3h sl PGl AR B Ao

sodium chloride solution, dried on sodium sulfate and concentrated by evaporation in a

vacuum. 2 g of crude 11B-fluoro-3-methoxy-7a-methylestra-3,5-dien-17-one was

obtained.

b) 17a-Ethinyl-11p-fluoro-17p-hydroxy-7a-methylestr-4-en-3-one:

A solution of 9.17 g of cerium(III) chloride in 60 ml of tetrahydrofuran was
mixed drop by drop at 0°C with 74.2 ml of an ethinylmagnesium bromide solution (0.5 M
in tetrahydrofuran) and stirred for 1 hour at 0°C. Then, a solution of 2 g of crude 118-
fluoro-3-methoxy-7a-methylestra-3,5-dien-17-one in 40 ml of tetrahydrofuran was added
drop by drop and stirred for another 3.5 hours at 0°C. For working-up, a saturated
ammonium chloride solution was added, added to water, extracted three times with ethyl
acetate, washed with semiconcentrated hydrochloric acid, sodium bicarbonate solution
and sodium chloride solution, dried on sodium sulfate, concentrated by evaporation in a
vacuum and chromatographed on silica gel with hexane/ethyl acetate. 1.15 g of pure
17a-ethinyl- 1 1B-fluoro-17p-hydroxy-7a-methylestr-4-en-3-one with a melting point of

218-220°C was obtained. [a]p = +19.2° (CHCls).



2 3 JAN 2007 38 Exanple 7: Production of 17a-Ethinyl-1

| p-fluoro-17(3-hydroxy-7a-net hyl estr-5(10)-en- 3-one: a) 73 C{AN 2007
3, 3- Et hanedi yl di oxy-17a-et hinyl -1 | p-fl uoro-7a-net hyl estr-5(10)-en-170-o0l:
solution of 700 ng of 17a-ethinyl-113-fluoro-173-hydroxy-7a-mnethyl estr-4-
en-3-one in 7 m of dichloronmethane angg4.7 m of ethylene glycol was
stirred with 2.3 m of trinmethyl orthotormate and 30 ng of p-tol uenesul fonic
acid hydrate for 6.5 hours at roomtenperature. Then, it was added to

sodi um bi gar bonat e_sql uti on,,.extr.act hr e imes with ethyl et at e,
washed ne&?"r"&p}e i Fré’gu%f?nsogdﬂﬁ'ryﬁtt@ﬂﬁf @gétﬁuoé%ﬁ%hﬁ}g’f)éﬁn“wthyi?f\éb%f@f‘inbn in a
vacuum and chromat ographed on silica gel with hexane/ethyl acetate. 205 ny
of 3, 3- et WaM¥di yI di oxy- 17a-ethinyl -1 | p-fl uor o- 7a- et hyl est r - 5( 10) - en- 17p- ol
was obt ai ned. b)

17a- Et hi nyl - 113-fl uor 0- 173- hydr oxy- 7a- met hyl estr-5(10) - en- 3-one: A sol ution
of 205 ng of 3, 3-ethanediyl di oxy-17a-ethinyl-113-fl uoro-7a-nethyl -

est r - 5( 10)a) 83-Bilidhediyldioxy2 V7 oxtthodyl- iiHi-fleorol7 canethBedr- i1 0pEn-Waf-e: was stirred
with 361 ng of oxalic acid for 24 hours at roomtenperature. Then, it was

added to sodi um @aRmdTa0 eng SFal7bletRnyl- 18 piffuaft ETB-hyth @6/ 1d-fRthyWstrfa- et hy|
acetate, washed neutral, dried on sodium sulfate, concentrated by

evapor at i Q.3.shen V31U o BhANBIAY PRSPl e élﬂr&@wg%tiﬁ!dt\bith figxane/ et hyl
acetate. 95 ng of 17a-ethinyl-113-fluoro-173-hydroxy-7a-nethyl estr-

5(10) - en- 0k RISl b Mg & p-bhendshitbnitasia b 6. s3dubalN 2007

room temperature. Then, it was added to sodium bicarbonate solution, extracted three
times with ethyl acetate, washed neutral, dried on sodium sulfate, concentrated by
e;faporation in a vacuum, and chromatographed on silica gel with hexane/ethyl acetate.
205 mg of 3,3-ethanediyldioxy-17a-ethinyl-11p-fluoro-7a-methylestr-5(10)-en-17p-ol

was obtained.

b) 170-Ethinyl-11pB-fluoro-17p-hydroxy-7a-methylestr-5(10)-en-3-one:

A solution of 205 mg of 3,3-ethanediyldioxy-17a-~ethinyl-11B-fluoro-7a-methyl-
estr-5(10)-en-17pB-ol in 27 ml of methanol and 3.6 ml of water was stirred with 361 mg of
oxalic acid for 24 hours at room temperature. Then, it was added to sodium bicarbonate
solution, extracted three times with ethyl acetate, washed neutral, dried on sodium
sulfate, concentrated by evaporation in a vacuum and chromatographed on silica gel with
hexane/ethyl acetate. 95 mg of 17a~ethinyl-11p-fluoro-17p-hydroxy-7a-methylestr-

5(10)-en-3-one with a melting point of 112-114°C was obtained.



39 Exanple 8: Production of

17a-Ethinyl - 11(3-fl uoro-7a-nethyl estra-1,3,5(10)-triene- 3,17(3-di o} 3 ;AN 7007
110- Fl uor o- 3- hydr oxy- 7a- net hyl estra-1, 3,5(10)-trien-17-one: A solution of
500 nmg of 11(3-fluoro-7a-nethylestr-4-ene-3,17-dione in 16.5 m of
acetonitrile was stirred with 400 ny o% copper(1ll) bromde for 6.5 hours at
25C. Then, it was diluted with ethyl %etate, washed with sodi um

bi carbonate sol uti on and sodium chloride solution, dried on sodium sulfate,

concentrated by evaporation in_a, vacuum and. chropat ographed on silica gel
Wi th hexarfanmple Sriaodusgon o1 for Ehime | 1A dgoms Tromguglcstra 15, 3010) tienc-

hydr oxy- 7a- net hyl estra-1, 3,5(10)-nen-17-one with a nelting point of 185-186C
was obt ai3nld@i-die)y

17a- Et hi nyl - 11(3-fluoro-7a-nethyl estra-1, 3,5(10)-triene-3,17(3-diol: A
suspension of 2.03 g of cerium(Ill) chloride in 7.5 m of tetrahydrofuran
was mxed drop by drop at OCwith 16.5 m of an ethinyl magnesi um brom de

sol ution (@1 BB-Muoiod3-hedioay dmedihyleeh-158)8(16)-triehdd-dmer 0.5 hour at 0C. Then, a
solution of 280 ng of 11(3-

f1 uor o- 3- hydr oxysoh@iomRifizub ?r?tdfaﬂ R\ Addhrettyle8-41etre 09 £7-813n€inB1 68 ml of
r

t et rahydrof uran was added op by drop and stirred for another 3.5 hours at

0C. For Wobkbhigikgs ir?@dwﬁm&ﬂwggv@%m 6:3hf8d 2 6 ol s4@sTiglded, added

to water, extract our tines acetate, was neutral; dried on

SO0, S0 SOGB4 9351 Rap SN SRl o0 ephec

e oo TEh S oot RldB) LS B gy W h
chromatographed on silica gel with hexane/acetone. 280 mg of pure 11-fluoro-3-

hydroxy-7a-methylestra-1,3,5(10)-trien-17-one with a melting point of 185-186°C was

obtained.

b) 170-Ethinyl-11B-fluoro-7a-methylestra-1,3,5(10)-triene-3,17p-diol:

A suspension of 2.03 g of cerium(III) chloride in 7.5 ml of tetrahydrofuran was
mixed drop by drop at 0°C with 16.5 ml of an ethinylmagnesium bromide solution (0.5 M
in tetrahydrofuran) and stirred for 0.5 hour at 0°C. Then, a solution of 280 mg of 11p-
fluoro-3-hydroxy-7a-methylestra-1,3,5(10)-trien-17-one in 2.8 ml tetrahydrofuran was
added drop by drop and stirred for another 3.5 hours at 0°C. For working-up, a saturated
ammonium chloride solution was added, added to water, extracted four times with ethyl
acetate, washed neutral, dried on sodium sulfate, concentrated by evaporation in a
vacuum and chromatographed on silica gel with hexane/ethyl acetate.

220 mg of 17a-ethinyl-11B-fluoro-7a-methylestra-1,3,5(10)-triene-3,17p-diol

with a melting point of 115-117°C was obtained.



2 3 JAN 2007 40 Cainms: 1. Mcrobiological process for the production of
7a-substituted | |la-hydroxy steroids with general formula 4,B: 13 &JMM‘}B
in which R7 is the grouping P-Q whereby P represents a Cl- to C4-al kylene,
and Q represents a hydrogen, d- to C4-alkyl- or Cl- to C4-fluoroal kyl, and
the grouping P-Qis bonded via P to the steroid skeleton, RLO can be in a-
or p3-position and stands for H, CH3 AVCF3, and R13 is net hyl or ethyl, in
which a 7a-substituted steroid with general forrmula 3, A2 2 3 JAN 2007 41 13

OH RLOR 3, A
Claims:

1. Microbiological process for the production of 7a-substituted 11a-hydroxy

steroids with general formula 4,B:

4,B

in which
R’ is the grouping P-Q, whereby
P represents a Ci- to Cs-alkylene, and Q represents a hydrogen,
Ci- to Cys-alkyl- or C;- to C4-fluoroalkyl, and the grouping P-Q is
bonded via P to the steroid skeleton,
R canbeina-or B-position and stands for H, CH; or CF3, and
RY  is methyl or ethyl,

in which a 7a-substituted steroid with general formula 3,A:



in which R, RLO and R13 have the sane neanings as indicated above, is
hydroxyl ated and oxidized with use of a mcroorganismthat is sel ectgdaf 208
the group that conprises Aspergillus sp., Beauveria sp., Gonerella sp.,

Gnhononi a sp., Haplosporella sp. and Rhi zopus sp. 2. Process according to
claim1l1, characterized in that the mcroorganismis selected fromthe group
that conprises Aspergillus awanori, 1ergi | lusfischeri, Aspergillus

mal i gnus, Aspergillus niger, Beauveria bassiana, donerella cingulata,

Gnononi a ci ngul ata, Hapl osporella hesperedi ca and Rhi zopus stolonifer. 3.

M cr obi ol ogi cal process for the production of 7a-sumbstituted | |a-hydroxy

steroids with general formula 4,B: 2 3 JAN 2§ 12 R13 O HORIO O /R7
sle

4,B in which R7 is the grouping P-Q y epresents a Cl-to
CA-al kyl - or Cl- to
P to the steroid

C4- al kyl ene and Q represents a hydr oge
C4-fluoroal kyl, and the grouping P-%)i$
skel et on,

3,A

in which R”, R' and R"® have the same meanings as indicated above,

is hydroxylated and oxidized with use of a microorganism that is selected from the group
that comprises Aspergillus sp., Beauveria sp., Glomerella sp., Gnomonia sp.,
Haplosporella sp. and Rhizopus sp.

2. Process according to claim 1, characterized in that the microorganism is
selected from the group that comprises Aspergillus awamori, Aspergillus fischeri,
Aspergillus malignus, Aspergillus niger, Beauveria bassiana, Glomerella cingulata,
Gnomonia cingulata, Haplosporella hesperedica and Rhizopus stolonifer.

3. Microbiological process for the production of 7a-substituted 11a-hydroxy

steroids with general formula 4,B:



R10 can be in a- or n-position and stands for H CH3 or CF3, and R13 is
methyl or ethyl, in which a 7a-substituted steroid with general forpuljay200A:
13 OH 10 O 3,A 23 JAN 2007 43 in which R7, R10 and R13 have the sane

meani ngs as previously indicated, is hydroxylated in | la-position in a
first mcrobiol ogical process step with,use of a first mcroorgani smthat
is selected fromthe group that conprises Aspergillus sp., Beauveria sp.,
G bberella sp., Gonerella sp., Gilononia sp., Metarrhiziumsp., N grospora
sp., Rhizopus sp. and Verticilliumsp., with the formation of a
7a-substituted 11 a-hydroxy steroid with genggal dformula C. 13 OH HOg/ 10
Oj R7 Cin which R7, R10 and R13 have the spne ani ngs as indicated
above, and the 7a-substituted 11 a’l yaly with general formula C
that is produced is then

4,B

in which
R’ is the grouping P-Q, whereby
P represents a C;- to C4-alkylene and Q represents a hydrogen,
C;- to C4-alkyl- or C;- to C4-fluoroalkyl, and the grouping P-Q is
bonded via P to the steroid skeleton,
R'  can be in a- or -position and stands for H, CHs or CF3, and
R®  is methyl or ethyl,

in which a 7a-substituted steroid with general formula 3,A:

13 P

3,A



oxidized in a second m crobiol ogical process step with use of a second

m croorganism that is selected fromthe group that conprises Baci |2 TigAi0]
Mycobact eri um sp., Nocardia sp. and Pseudononas sp., with the formation of
the 7a-substituted steroid with general formula 4,B. 4. Process according
to claim3, wherein the first mcroorganismis sel ected from the group that
conpri ses Aspergillus malignus, Asperg‘?:fl us nell eus, Aspergillus niger,
Aspergil |l us ochraceus, Beauveria bassi ana, G bberel | a fujikuroi, G bberella

zeae, donerella cingul ta, G onerel l a fusaroi des, Ghononia ci ngul at a,
Met ar r hi zilmwhizh®R .JBN AR hirve thebanupinkanings b previopsly andigeskr i ca, Rhi zopus
oryzae, Rhizopus stolonifer and Verticillium dahliae. 5. Process according

to one of ichygiresrylaedind 14-poshidnhén B ficd eicebiolvgical prooss gRpiwsust 8f sfitsect ed from
the group that conprises Bacillus |actinorbus, Bacillus sphaericus,

Mycobact ermhibidbraram tHilis ME&RRPES S metg}anﬁmgtr&wpﬁsesmﬁarg@m sp OB@&JM@

Nocardi a globerula, Nocardia mnima, Nocardia restrictus, Nocard

rubropertig d| i on| .
M cr obi ol g. ca begé?%% < mo?'%tlﬂpeﬁ é% Jcntll %)d kﬂ suggl%9 %?5‘985'%6;10& hydr oxy
steroids \%hzzop sesl}ezgx?(i Ver%czWJum sp., w1th Eljé?fonnatlo fa 7a-s&bstltuted 1 la-hydroxy

steroid with general formula C:

in which R, R!® and R have the same meanings as indicated above, and
the 7a-substituted 11a-hydroxy steroid with general formula C that is produced is then
oxidized in a second microbiological process step with use of a second microorganism
that is selected from the group that comprises Bacillus sp., Mycobacterium sp., Nocardia
sp. and Pseudomonas sp., with the formation of the 7a-substituted steroid with general
formula 4,B.

4. Process according to claim 3, wherein the first microorganism is selected from
the group that comprises Aspergillus malignus, Aspergillus melleus, Aspergillus niger,
Aspergillus ochraceus, Beauveria bassiana, Gibberella fujikuroi, Gibberella zeae,

Glomerella cingulata, Glomerella fusaroides, Gnomonia cingulata, Metarrhizium



OR7 4B in which R7 is the grouping P-Q whereby P represents a C-to
C4-al kyl ene and Q represents a hydrogen, O - to C4-al kyl- or Cl- tog3 jAN 2007
CA-fluoroal kyl, and the grouping P-Qis bonded via P to the steroid

skel eton, R10 stands for H, CH3 or CF3, and 2 3 JAN 2097 45 R13 is nethyl

or ethyl, in which 7a-substituted stergids with general formula D0 13 O R10
R7 Din which R7, R1I0 and R13 have the sane neanings as indicated above,
are hydroxylated with use of a mcroorganismthat is selected fromthe group
that conpri.ses Beauveria e vularia sp,,. G bberella s G.onerella
b cnomaearlas MR ord e te Hnegr® drdher DRSS AP RGP sp. | and
Syncephalggz,un1sp. 7. Process according to claim®6, wherein the

m croor ga s selected fromthe group that conprises Beauveria bassi ana,

Curvul aria lunata, G bberella zeae, ) ) _
5. Process according to one of claims 3 and 4, wherein the second microorganism

is selected from the group that comprises Bacillus lactimorbus, Bacillus sphaericus,
Mycobacterium neoaurum, Mycobacterium smegmatis, Nocardia corallina, Nocardia
globerula, Nocardia minima, Nocardia restrictus, Nocardia rubropertincta, Nocardia
salmonicolor and Pseudomonas testosteroni.

6. Microbiological process for the production of 7a-substituted 11a-hydroxy

steroids with general formula 4,B:

4,8

in which
R’ is the grouping P-Q, whereby
P represents a C;- to C4-alkylene and Q represents a hydrogen,
C;- to Cy-alkyl- or C;- to C4-fluoroalkyl, and the grouping P-Q is
bonded via P to the steroid skeleton,

R!  stands for H, CH; or CF3, and



G onerella cingulata, Gonerella fusaroi des, Giononia cingulata,

Hapl osporel l a hesperedica, Helicostylumpirifornmae, N grospora sphp®ripga07
and Syncephal astrum racenosum 8. M crobiol ogical process according to one
of claimse 1 to 7, wherein R7 stands for CH3. 9. M crobiol ogical process
according to one of clains 1 to 8, wherein R10 stands for H 2 3 JAN 2007
46 10. M crobi ol ogi cal process accordi to one of clains 1 to 9, wherein
R13 stands for CH3. 11. 7a, | 7a-Substituted | | p-halogen steroids with

gener al fornulalﬁ, 10, 12: R17 R13 = ORIT Rl11 Rlo U-l1j WR- 8,10,12 in
whi ch R is methyl or ethyl,

in which 7a-substituted steroids with general formula D:

13

R10

7 ////

in which R, R and R!® have the same meanings as indicated above,

are hydroxylated with use of a microorganism that is selected from the group that
comprises Beauveria sp., Curvularia sp., Gibberella sp., Glomerella sp., Gnomonia sp.,
Haplosporella sp., Helicostylum sp., Nigrospora sp., and Syncephalastrum sp.

7. Process according to claim 6, wherein the microorganism is selected from the
group that comprises Beauveria bassiana, Curvularia lunata, Gibberella zeae,
Glomerella cingulata, Glomerella fusaroides, Gnomonia cingulata, Haplosporella
hesperedica, Helicostylum piriformae, Nigrospora sphaerica, and Syncephalastrum
racemosum.

8. Microbiological process according to one of claims 1 to 7, wherein R’ stands
for CHs.

9. Microbiological process according to one of claims 1 to 8, wherein R stands

for H.



U V-WX-Y-Z stands for one of ring structures Cl-C2-C3-C4=Cs-C10
Cl- CZ- C3- C4- C5=C10 or Cl-C2-C3-C4-C5-Cl10, whereby in this case, an DpXdAN 2007
group (=0 is bonded to W(=C3), or for ring structure Cl=C2-C3=C4- C5=C¢,
whereby in this case radical OR3 is bonded to W(=C3), R3 stands for H, Cr
to C4-al kyl, Cl- to C4-al kanoyl or a CY, lic C3- to C7-ether wth the O atom
of the OR3-radical, R is the grouping P-Q whereby P represents a Cl-to
C4- al kyl ene and Q represents a hydrogen, C- to C4-alkyl- or Cl- to
C4-fluoroal kyl, _a ouping P-Qis onded via P to the steroid skel eton,
R10 can be in &% &gcrg- ’ﬂg‘%‘ct BWC%FHGC%"F‘SH%IE" g0t glairps B tayy, “@%?lngﬁg“?‘?spr esent
only 23 JAN 1007 47 if X-Y-Z is not C4-C5=C10, R1' is a halogen, R13 is
met hyl or f‘élt@;h-, R17 stands for HH G _ to G s-alkyl, alicyclic G _to
Cl8-al kyl, - to C18- alkenyl, alicyclic G- to Cl18-alkenyl, C- to
C18-al ki nyl, Cli. Ve 10-Substitwtgd hlBrhalogen-stereid CRith Igknera femmtla B 6, 32: f or t he
groupi ng P-Q whereby the grouping P-Q has the above-nentioned neani ng,
R17' stands for H, Cl- to Cig-alkyl, alicyclig,Cl- to Cs-alkyl, d- to Cl18-
al kenyl, alicyclic Cl- to C s-alkenyl, C go £ tkinyl or & to G s-

R H

in which
U-V-W-X-Y-Z stands for one of ring structures C'-C?-C*-C*=C>-C",
C!-C2-C3-C*-C=C"? or C'-C2-C*-C*-C>-C"°, whereby in this case, an oxo
group (=0) is bonded to W (=C?), or for ring structure C'=C?-C*=C*-
C*=C®, whereby in this case radical OR® is bonded to W (=C?),
R} stands for H, C;- to Cs-alkyl, C;- to Cs-alkanoyl or a cyclic Cs- to Cs-ether
with the O-atom of the OR’-radical,
R’ is the grouping P-Q, whereby
P represents a C;- to Cs-alkylene and Q represents a hydrogen,
C;i- to Cs-alkyl- or C;- to C4-fluoroalkyl, and grouping P-Q is
bonded via P to the steroid skeleton,

R  can be in a- or B-position and stands for H, CH; or CFs and is present only



al kyl aryl, whereby R17' al so can be bonded via a keto group to the 17R- oxy
group, and whereby R17' also in addition can be substituted with ong3 jay 2007
nore groups NR18R19 or one or nore groups SO R20, whereby x = 0, 1 or 2 and
R18, R19 and R20 in each case independently of one another can have the
sane neaning as R17, as well as thei rsgléar maceutical ly conpatible addition
salts, esters and am des. 12. 7a,17a-Substituted 1113-hal ogen steroids
according to claim11l, wherein UV- WX-Y-Z stands for ring structure
a-C2- G- C4=C5-C10 or Cl-C2-C3- CA-C5=C10 or C =C2-C3=C4-C5=C 13. T7u,

17a- Substituted 11 @Xn¥thisewt §i-67eF ds according to one of claims 11 and
12, wherein R1 stands for H 14. 7a, 17u-Substituted 11 G3-hal ogen steroids
according to o of icdkilogen]ll to 13, wherein R7 stands for CH3. 2 3 JAN
2007 48 15. 7a, 17a-Substituted 1113-hal ogen steroids according to one of
clainms 11 to 1RP® whemelhyl &fetigiands for fluorine. 16. 7a, 17a-Substituted
1113- hal ogen steroids according to one of clains 11 to 15, wherein R13

stands for CH3.R17. (4fds forZ@@%%&_Qm&,@gﬁ%ﬂgcpqhqgg%@ﬁ %1;_35@8_accordi ng to

one of clains 11 to 16, wherein 7 Stands for to C18-al ki nyl,

CH2ON or CF3. 18, 7qudfa- NSkl EULSe, by 2! OB, SheyRl € (peGor ding to one

of clains 11 to 17,

alkylaryl, C;- to Cg-alkylenenitrile or for the grouping P-Q, whereby the
grouping P-Q has the above-mentioned meaning,

R!”  stands for H, C;- to Cys-alkyl, alicyclic C;- to Cyg-alkyl, Ci- to Cys-

alkenyl, alicyclic C;- to C;s-alkenyl, C;- to Cs-alkinyl or C;- to Cis-
alkylaryl, whereby R also can be bonded via a keto group to the 17-
oxy group, and whereby R'” also in addition can be substituted with one
or more groups NR®R" or one or more groups SO,R*’, whereby x =0, 1
or 2 and R'®, R" and R in each case independently of one another can
have the same meaning as R’

as well as their pharmaceutically compatible addition salts, esters and amides.

12. 7a,17a-Substituted 11p-halogen steroids according to claim 11, wherein U-V-
W-X-Y-Z stands for ring structure C'-C*-C-c*=C>-C" or C'-C*-C*-C*-CP=C" or
C'=C*.C’=C*-C°=C".

13. 70,170-Substituted 11p-halogen steroids according to one of claims 11 and
12, wherein R! stands for H.

14. 7a,17a-Substituted 11B-halogen steroids according to one of claims 11 to 13,

wherein R’ stands for CHs.



wherein R17 is ethinyl. 19. 7a, 17a-Substituted 1113-hal ogen steroids
according to one of clains 11 to 18, wherein R17" stands for H. 2@3]&;,; 20[]7
17a- Substituted 1113-hal ogen steroids according to one of clains 11 to
namely 17a-Et hinyl -11(3-fl uoro-1713- hydr oxy- 7a- net hyI estr-4-en-3-one
17a- Et hi nyl - 1113-f | uor o- 170- hydr oxy- 78y qet hyl estr-5 (10)-en-3-o0ne
17a-Ethinyl -1113-fl uoro-7a-nethylestra-1, 3,5(10)-triene-3,1713-diol. 21.
7a- Substituted 1113-hal oestra-1, 3, 5(10)- trlenes wi th general formJIa 6: 13 0
R11 | R30/ER7623 AN 2007 in whic tands for H,
C4- al kyl , tor el Bvredolrlﬁiaazal Flgrogss acwgleg N Cl%"?ﬂltt%é“ O at om of
t he OR3- radl cal R7 is the grouping P-Q whereby P represents a Ct-to
C4- al kyl eﬁ@em%ﬂtféﬁﬁ@éhloﬁma hydrogen, Cl- to C4-alkyl- or Cl- to
C4-fluoroal kyl, and the grouping P-Qis

16. 7a,17a-Substituted 11p-halogen steroids according to one of claims 11 to 15,

wherein R" stands for CHs.

17. 7a,17a-Substituted 11p-halogen steroids according to one of claims 11 to 16,
wherein R'” stands for H, CH3, C;- to Cyg-alkinyl, CH,CN or CF;.

18. 7a,17a-Substituted 11B-halogen steroids according to one of claims 11 to 17,
wherein R is ethinyl.

19. 70,17a-Substituted 11p-halogen steroids according to one of claims 11 to 18§,
w_herein R'” stands for H.

20. 7a,17a-Substituted 11p-halogen steroids according to one of claims 11 to 19,
namely

17a-Ethinyl-11p-fluoro-17p-hydroxy-7a-methylestr-4-en-3-one

170-Ethinyl-11p-fluoro-17p-hydroxy-7oa-methylestr-5(10)-en-3-one

170-Ethinyl-11p-fluoro-7a-methylestra-1,3,5(10)-triene-3,17p-diol.

21. 7a-Substituted 11p-haloestra-1,3,5(10)-trienes with general formula 6:

13 0

R30



bonded via P to the steroid skeleton, R' is a halogen; R13 is nethyl or
ethyl, as well as their pharnmaceutically conpatible addition sal ts,zga;wqgw
and am des. 22. 7a-Substituted | |p-haloestra-1,3,5(10)-trienes according to
claim 21, nanely

11( 3- Fl uor o- 3- hydr oxy- 7a-net hyl estra- 1 93 5(10)-trien-17-one. 23. Process
for the production of 7a, 1l7a-substituted 11(3-hal ogen steroids wth general
formula 10 according to one of clains 11 to 20, in which U V-WX-Y-Z stands
for the ri.ng} shructure Cl-C2-C3-C4=C5-C1, with the follow ng process steps:
- Nucl eopM FMehsubstitution in a 7a-substituted | |a-hydroxy steroid with
general fornmulg 4,Bin 11-position with a hal odehydroxyl ating reagent; -

4
Reaction of th& 7a- stawdstfpt Hi ed ta CealkyhiCoglerCasallaneypraraeli¢ Si-ge 6agthed in thi s

case with an alkylating agent in a selective manner on the C 7 atom of the
ring skeleton to fwitnth@-afam ofthe OR'stadicalt ed 11( 3- hal ogen steroid with
general fornula 10. 24. Process for the production of 7a,17a-substituted
11(3- hal ogen sRér oi thahsvziolping @@y wherétgr mul a 12 according to one of claims 11
to 20, in which UOV-WX-Y-Z stands for the ring structure

C-C2-C3-C4-C5=Cl1, with fdppest@b b oW BLT,MIBEERINE esehtsda Hyhbge07 50 -
Nucl eophilic substituti onelﬂi n a 7a- subs4ti tuted 1?ergﬁrhydroxy st%?oi d wth

eneral fornula 4,Bin &l1- Lik® i 1 ) j [ ent, -
9 &L a%%%_r‘@l & @, Ay Haany E‘Ll%glblgg g d(g?sg

Reaction of the 7a-substitute hal ogen sterol d that ced in this

case bonded via P to the steroid skeleton,

R" s a halogen;

R"®  is methyl or ethyl,
as: well as their pharmaceutically compatible addition salts, esters and amides.

22. 7a-Substituted 11p-haloestra-1,3,5(10)-trienes according to claim 21, namely

11 B—Fluqro-3 -hydroxy-7a-methylestra-1,3,5(10)-trien-17-one.

23. Process for the production of 7a,17a-substituted 11p-halogen steroids with
general formula 10 according to one of claims 11 to 20, in which U-V-W-X-Y-Z stands
for the ring structure C'-C*-C*-C*=C>-C'?, with the following process steps:

- Nucleophilic substitution in a 7a-substituted 11a-hydroxy steroid with general
formula 4,B in 11-position with a halodehydroxylating reagent;

- Reaction of the 7a-substituted 11p-halogen steroid that is produced in this case
with an alkylating agent in a selective manner on the C"" atom of the ring skeleton

to form the 7a,17a-substituted 11B-halogen steroid with general formula 10.

24. Process for the production of 7a,17a-substituted 11p-halogen steroids with

general formula 12 according to one of claims 11 to 20, in which U-V-W-X-Y-Z stands

for the ring structure C'-C2-C*-C*-C’=C"°, with the following process steps:



with an al kylating agent in a selective manner on the C7 atomof the ring
skeleton to formthe 7a,17a-substituted 11(3-halogen steroid w th ggnanai07
formula 10, |Isonerization of the 7a,17a-substituted 11(3-hal ogen steroid
with general fornmula 10 to formthe corresponding i somer with general
formula 12, in which U V-WX-Y-Z stan for the ring structure
C-C2-C3-¢4-C5 =C10. 25. Process for the production of 7a,1 7a-substituted
11j 3-hal ogen steroids with general fornula 8 according to one of clainms 11

to 20, in whic t ands_f or structure C1=C2- C3

242 C5=Ch 't h Nieophifiv B%SHBIUBP iy S%ﬁsewéed “a%gfér%arﬁr?lfiemgtﬁfg?rﬂ ution in a
7a-substituted 11 a-h droxy steroid with general formula 4,Bin 11-position
with a hal odehyerreaHBindd-nosizge with &habﬁpwdiqw&tmgrmém?a substit uted
11(3- hal ogen steroid that is produced in this case to form 7a-substituted
estra- 1, 3, 5(10Reactionrnd the Tohsupsttwted|1 1f-brlvgérastGonltbatrisiprogduead indrigcast cl ai ns 17

and 18; - Reaction of the 7a-substituted estra-1,3,5(10)-triene with general
fornmul a 6 with withranallkyyitiigiagentag e séledtive manndrentthe/€' mmorn ef theminghkel&od at om of
the ring skeleton to formthe 7a, 17a-substituted |I | 3-hal ogen steroid

with general f e fnahd7o,2%-sistu@id 113chaioged dt8rofd R ith pbntrfidorkdl31d1al ogen
steroids wth general forml a 8, 10, 12 according to one of clains 11 to 20

for the productiaf ki Reee Wd-Gaki@ara ntlg hal%ggh stANi 2O %eréilal rmuja

Phar maceuti cal preparations tRat contain a st one 7a, I7a-substituted

L1(3- hal 097 3pH Rirfl t‘ﬂ‘% b SEORERY isSRE Mt Reral Rirmiia ACHAMLRY L0 one of

clains |
U-V-W-X-Y-Z stands for the ring structure C'-C*-C*-C*-C*=C",

25. Process for the production of 7a,17a-substituted 11B-halogen steroids with
ge;neral formula 8 according to one of claims 11 to 20, in which U-V-W-X-Y-Z stands for
the ring structure C'=C?-C? =C*-C3=C® with the following process steps:

- Nucleophilic substitution in a 7a-substituted 11a-hydroxy steroid with general
formula 4,B in 11-position with a halodehydroxylating reagent,

- Oxidizing of the 7a-substituted 11p-halogen steroid that is produced in this case
to form 7a-substituted estra-1,3,5(10)-triene with general formula 6 according to

one of claims 17 and 18;

- Reaction of the 7a-substituted estra-1,3,5(10)-triene with general formula 6 with
an alkylating agent in a selective manner on the C'” atom of the ring skeleton to

form the 7a,17a-substituted 11p-halogen steroid with general formula 8.

26. Use of the 7a,17a-substituted 11B-halogen steroids with general formula 8,

10, 12 according to one of claims 11 to 20 for the production of pharmaceutical agents.



as at |east one pharmaceutically conpatible vehicle.

23 JANT0U
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27. Pharmaceutical preparations that contain at least one 7a,17a-substituted 11f-
halogen steroid with general formula 8, 10, 12 according to one of claims 11 to 20 as well

as at least one pharmaceutically compatible vehicle.



