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substituted | |a-hydroxy steroids, 7a,l7a-substituted 113-hal ogen steroids
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Description:

The invention relates to microbiological processes for the production of 7a.-
substituted 11a-hydroxy steroids, 7a,17o-substituted 11(3-halogen steroids that can be
produced therefrom, production processes for the latter compounds as well as their use
and pharmaceutical preparations that contain these compounds. In addition, the invention
relates to other 7a-substituted 11B3-halogen steroids, namely 7o-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



birth control also results in the release of LH and in the dropping of
testosterone levels and |ibido, which are conpensated for by adm nistering
t est ost erone pharnaceutical agents (D. E. Cunm ngs et al.,
"Prostate-Sparing Effects of the Potent Androgen 7a-

Met hyl - 19- Nort est osterone: A Potential Alternative to Testosterone for
Androgen 2 Repl acenent and Mal e Contraception,” Journal of Cinical
Endocri nol ogy and Metabolism Vol. 832 No. 12, pages 4212-4219 (1998)). A
conbi nation therapy with the adm nistration of androgens and a
gestagenically active conponent can be used for control of male fertility
(see, f or Replaeeicat anddale onO8®ptign,adowedl] of §8intdabEntlscuimelogrand t ed t herein).
In the case of a treatnent with testosterone, it has been shown that side
effects aRudbliny, Vb pe;Nal 13, pageser2ll 2#4ge9e9p8yf the prostate owing to an
increase in the nunber of <cells and glands of the stroma (BPH: benign
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formation of u sirabl.e DHT, but also in that .an qral .
ﬂ’l tﬁe case of a treatment w1th testosterone, 1thhas been s%own that side effects

develop, especially an enlargement of the prostate owing to an increase 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 A1).
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

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



adm ni stration of higher doses is necessary to reach the desired effect

| evel of testosterone. Alternative forns for dispensing, such as
i.m-injections or large patches, are therefore necessary. To replace
testosterone in the above-nentioned indication areas, 7a-nethyl-19-
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It has been shown, however, that the pharmacokinetics of testosterone is not
satisfactory. In particular in the case of oral dispensing, testosterone is quickly excreted
again, so that the effectiveness and the duration of action of the thus produced
pharmaceutical agents is unsatisfactory. Other testosterone derivatives were therefore
also synthesized. Such derivatives are described in, i.a., US-A-5,952,319, in particular
70-,11B-dimethyl derivatives of 19-nortestosterone, namely 7a,11B-dimethyl-17f-
hydroxyestr-4-en-3-one, 7a,1 1p-dimethyl-17B-heptanoyloxyestr-4-en-3-one, 7a,11p-
dimethyl-17B-[[(2-cyclopentylethyl)-carbonyl]-oxy]-estr-4-en-3-one, 7a,11p-dimethyl-
17B-(phenylacetyloxy]-estr-4-en-3-one, and 7a,11B-dimethyl-17p-[[(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



pharmaceutical agents is unsatisfactory. O her testosterone derivatives were
therefore also synthesized. Such derivatives are described in, i.a.

US- A-5,952,319, in particular 7a-,11 [3-dinmethyl derivatives of
19-nortestosterone, nanely 7a, 11(3-di nmethyl -173- hydroxyestr-4-en-3-one, 7a,
113-di met hyl - 17( 3- hept anoyl oxyestr-4-en-3-one, 7a, 11(3-
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improved pharmacokinetics, and that are especially easy to produce. A very significant
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 11B-halogen steroids according to claims 23, 24 and
25, the use of these 7a,17a-substituted 11B-halogen steroids according to claim 26,
pharmaceutical preparations that contain these 7a,17a-substituted 11(3-halogen steroids
according to claim 27, as well as 7a-substituted 11B-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:



The problem on which this invention is based is therefore to find
derivatives of testosterone that are not sensitive to reduction with
5a-reductase, that al so have an inproved pharmacoki netics, and that are
especially easy to produce. A very significant aspect of this invention
consequently consists in finding a process for better accessibility of the
initial products, with which the initi®l products are easy to produce. The
probl em on which this invention is based is solved by m crobiol ogi cal
processes for the production of 7a-substituted steroids according to clains
1, 3 and 6, 7Allkrawpigshdicals edothdr(sBubtatab geits cah e edctlcasedeonadedig to claim 11,
process for the production of 7a, 17(x-substituted 11(3-hal ogen steroids

accor di ngirldepenl@itiiFofdde andthé@ Wl thikthe ildicutddseRlof hidasiag.7(X, 17(x-substituted
11(3-hal ogen steroids according to claim 26, pharnaceutical preparations

that contain tRASALT GlyichElhikeyPaiehl Rty CdALARA. BlApOLASe accor ding

¢
to claim 27, as wel a-substituted 11(3-haloestra-1,3,5(10)-trienes

accordi ng_t,0 i . f e odi ) t | ai subj ects are
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all portions of the descrigtion and the clains as well as to Diagram | that

i s at t achebthe shempical gprucpres §elow; 4GiHEG-6Ha-ChleffaiCHar PU&(GPa=Clki T@Scan in each
case be varied
for example, methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, #-butyl, n-pentyl, i-pentyl,
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-zn-butyl, etc., fall under C;- to C;g-alkyl.

Alicyclic alkyl is either a cycloalkyl or a cycloalkyl that is substituted with one
alkyl 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,



i ndependently of one another within the indicated areas of nmeaning. A

al kyl, al kyl ene, al kenyl, al kenyl ene, al kinyl, and al ki nyl ene groups can be
ei ther straight-chain or branched. For exanple, a propenyl group can be
descri bed by one of the chem cal structures below -CH=C CH3, -CH2-C=CHZ,

or -C(CH3)=CH2. Thus, for exanple, nethyl, ethyl, n-propyl, i-propyl,
n-butyl, i-butyl, t-butyl, n-pentyl, |6pentyl t-pentyl, neo-pentyl,

n- hexyl, 1-nethyl-n-pentyl, 2-nethy| n- pentyl, 3-methyl-n-pentyl,
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Hal ogen is fluorine, chlorine, bromne or iodine. Pharmaceutically

conpati ble addition salts are salts of the corresponding conpounds wth

i norganic or organic acids, for exanple with hydrochloric acid, 6

hydr obrom ¢ acid, hydroiodic acid, acetic acid, citric acid, oxalic acid,
tartaric acid and nethanesul fonic acid. The esters can be fornmed in
particular with succinic acid. Superscfipt nunbers on synbols R, for exanple
R13, designate their position on the steroid ring skeleton, whereby the C
atonms in the steroid ring skeleton are nunbered according to | UPAC

nonmencl at DeRripfiolpefth€ vehtishinber s on synbols C, for exanple Cl0O, designate
the position of the respective carbon atomin the steroid ring skeleton. 7

Description of N6R& nli¥8iBldeRA! prodssds o & ?&r%&&b@é’dtioﬂ 1998388 %nAEE used for
the production of 7a-substituted 1 |a-hydroxy steroids with general fornula

4, B: 4, B i, b4 i . i gggg whereby P represents Cl-to
C4- al kyl e;]gl %&% %Blggsﬁﬁggﬂg&@@ga -al kyl- or Cl- to C4-fluoroal kyl
(alkyl that is partially or conpletely

0)

R13
Ho//,,,’

4B

in which
R’ is the grouping P-Q, whereby
P represents C;- to Cs-alkylene and Q represents a 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 CF3, 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:



fluorinated), and grouping P-Qis bonded via P to the steroid skeleton,

R10

stands for H CH3 or CF3, and R13 is nethyl or ethyl. In a first process

variant for the production of these substances,

a suitable 7a substituted

steroid with general fornmula 3,A- 8 3,A in which R7, R10 and R13 have the

same neani ngs as indicated for the conpounds with general

formul a 4, B,

is

hydr oxyl at ed and oxi di zed in one proce8s step with use of a m croorgani sm
selected fromthe group that conprises Aspergillus Sp., Beauveria

that is

sp., Gonerella Sp., Grononia sp., Haplosporella sp. and Rhi zopus sp.

Especially preferred are Aspergillus awanori, Aspergillusfischeri,

Aspergillus malign us, Aspergillus niger,
ci ngul ata, Gnononia cingul ata, Hapl ospore
stolonifer, whereby in particular Aspe

fischeri

(ATCC 9142), Beauveria bassi ana

Bet

(ATCC 1020), Aspergillus mabi

yori (CBS), Aspergillus
061), Aspergillus niger
erella cingulata (CBS

Bvepia bassiana, donerella

15226, CBS 23849, CBS 98069, 64682, | FO 6425), Gnononi a

ci ngul ata (CBS

3,A

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 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. 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



15226), Hapl osporella hesperedi ca (CBS 20837) and Rhi zopus stol oni fer (ATCC
15441) are used. As an alternative, this m crobiol ogical production process
can al so 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 exanple, after % certain reaction tinme, the 9

hydr oxyl ated, but still not oxidized, species can be isolated. Both process
steps can therefore be perforned separately or in a mxed fernmentation: To
t hi s end, hydrexytaied butndilloren okidizey,dpecigd cat bd isohatelll -Buols proicess stips bargener al
formula 3,Ain a first mcrobiological process step with use of a first

m cr oor gathieffare be pérfsrhred sépaadiely beings mixed fhalentatemr i ses Aspergillus sp.,
Beauveria sp., G bberella sp., donerella sp., Giononia sp., Metarrhizium

sp., Ngr osporvo&psendRme%eﬁp@urﬁipoan%@ﬂydrvp%ﬁ&tb&ld 11-poBited: withB&icRPY a _
7a-substituted steroid is formed wWith a hydr oxy group in 1lla- position. This

conpound Hﬁﬁuﬂ?‘cﬁﬂ d&?ygev%&f)ﬁ;m recémtggwgyg 55 ) ARAmRTGbrBaNGn t he same

meani ngs as in ate e Cco general Formila 4,B. Used
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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:

in which R7, 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,



fujikuroi, G bberella zeae, G onerella cingulata, donerell afusaroides,
Gnhononia cingulata, Metarrhizium ani sopliae, N grospora sphaerica, Rhizopus
oryzae, Rhizopus stolonifer and Verticilliumdahliae. In this connection,
especially Aspergillus malignus (IM 16061), Aspergillus nelleus (CBS),
Aspergillus niger (ATCC 11394), Aspergillus ochraceus (NRRL 405, CBS 13252,
ATCC 46504), Beauveria bassiana (ATCC19159, 10 | FO 5838, ATCC 13144, |FO
4848, CBS 11025, CBS 12736), G bberella fujikuroi (ATCC 14842), G bberella
zeae (CBS 4474), domerella cingulata (ATCC 10534, CBS 23849, CBS 23749,

ATCC 166410 58BECATECS3,144,HE0O6vER, CBO1 60P35C BT W263680GiHbBR 10 FitikaRsi | FO 7478,
| FO 5257, ATCC 64682, ATCC 15470), d onerellafusaroides (ATCC 9552),

Gnononi a m@@I1asz@),(@@&,éﬁzze@)e§ch’§t4a174)b't;me%zmi§@mtbgﬁb@s&@,ﬂ@s
Ni grospora sphaeri ca (ATCC 12772), Rhi'zopus oryzae (ATCC 4858, ATCC 34102,

ATOC 241023003 oD, SYRIONGRr A6 AFCR82318 oo TRk bR Vagg i 111 um

dahliae ( re use ydroxylat’ion.” Trnternmedi’ate product C
is then oxidiz ' e d,n Lol ogi 0GESS ep w,th use of a
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Baci | | us . bacteriumsp., Nocardia sp. and Pseudopnonas sp., wWith the
f or mat i ona&)qc ‘%géu g @lagyla{aa(%dwg%@), é’*{zféﬁ’ fﬁlagmmsraplg@r{éﬁ%ﬁgﬁoaf mul a 4, B.
Used in particular are Bacillus lactinorbus, Bacillus sphaericus,

My cobact eMNguesrasowdeeriqe (WIESH ALY, iRkfropus oryzae (ATCC 4858, ATCC 34102,

ATCC 34102), Rhizopus stolonifer (ATCC 6227b, ATCC 15441) and Verticillium
dahliae (ATCC 11405) are used for the hydroxylation.

Intermediate product C 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 7a-substituted 11a-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.



snmegmati s, Nocardia corallina, Nocardia globerula, Nocardia m ninma, Nocardia
restrictus, Nocardia rubropertincta, Nocardia sal noni col or and Pseudonobnas
testosteroni, whereby in particular Bacillus |actinorbus (ATCC 245),
Baci | | us sphaericus (ATCC 7055), Mycobacteri um neoaurum (ATCC 9626, NRRL
B- 3683, NRRL B-3805), Mycobacteriumsnegmatis (ATCC 14468), Nocardi a

coral lina (ATCC 31338), Nocardia gloHBdrula (ATCC 9356), Nocardia mnina
(ATCC 19150), Nocardia restrictus (NCIB 10027), Nocardia rubropertincta
(ATCC 14352), Nocardi a sal noni col or (ATCC 19149) and Pseudonobnas

t est ost eroni (WHOGthed fra6dss anmantitkelconpouhds witlo péreral forands4Bwan bant , t he
conpounds with general fornula 4,B can be produced in a m crobiol ogical
reaction pio@iiedan § wlistoblolpprd] feh@idl fitsin W slbsBRAGT Mrofd9 withl @@nerb fonulb N Whi ch
R7, R10 and R13 have the sanme neanings as indicated in the conmpounds with
general fernula 4,B. This reaction is performed with use of a m croorgani sm
that is selected fromthe group that conprises Aspergillus sp., Beauveria
sp., Curvularia sp., Gbberella sp., Gonerella sp., Giononia sp.

Hapl osporel |l a sp., Helicostylumsp., N grospera, 8p., Rhizopus sp. and
Syncephal astrum sp., whereby the steroid is hydroxylated in

| a- position and thus the 7a-substitute oxy steroid with

10

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



general formula 4,B is produced. Aspergillus alliaceus, Aspergillus awanori,
Aspergillus fischeri, Aspergillus malign us, Aspergillus nelleus,
Aspergil |l us nidual ans, Aspergillus niger, Aspergillus ochraceus,
Aspergillus variecol or, Beauveria bassiana, Curvularia lunata, G bberella
zeae, G onerella cingulata, donerella fusaroi des, Giononia cingulata,

Hapl osporel | a hesperedi ca, Helicostylde piriforme, N grospora sphaerica,
Rhi zopus oryzae and Syncephal astrum racenosum are preferred, whereby in
particular Aspergillus alliaceus (ATCC 10060), Aspergillus awanori (CBS),

Asper gi | | yigudibacharac 1(2875; Dus nhTPEADEC I0ws2, F G0N U940 | MpeAbBg1) |
Aspergil | usunefélc(gus (CBS) ?Q,&é%grgfgln#ﬁs@ﬁz ni dual ans (ATég 1f§’§$),

Aspergil | i T Ghs 9 - i : I (NRRL 405,
ATee Sa2s8 A e LT R o SR Rl i BRRTRRS L ver

b i 8. ATCC.13 % , , ATCC 7159),
Oajlf\s;lu?g?i gdq%%?tzguv(e f&&fﬁgmﬁaﬁ@? g%fggAzeaelztI%éFﬁ%?’, C%?rlwgﬂr%l ci ngul at a)
ATCC 105 , CBS 23749, 6646, | FO 9, | FQ 6425 | FQ,
é47o, ATcgfl’fé%’??éﬁé%, (e ’#6”8%%’ é@g@e%%,(gﬁgw& erella

d onerel | af usar oi des ( ATCC %%%éz Gnononi a ci ngul at a ( CBS 152283,

Hapl ospor @rgatakAd6Er Kt LRERBEBH)23 748 IATCSs 1 §446nTHR 64 7% FI42SATCC 8992)

Ni grospora sphaerica (ATCC 12772), Rhizopus oryzae (ATCC 4858) and
Syncephal B, 641, Aelde@bdshh ATEO 10682,AFOH267,u8BAC 56596, ATCC 64682),

Glomerella fusaroides (ATCC 9552), Gnomonia cingulata (CBS 15226), Haplosporella
hesperedica (CBS 20837), Helicostylum piriformae (ATCC 8992), Nigrospora sphaerica
(ATCC 12772), Rhizopus oryzae (ATCC 4858) and Syncephalastrum racemosum (IFO
4827) 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 CH; and/or R!° stands for H and/or R stands for CH;.

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.



Especially suitable are processes in which 7a-substituted | [|a-hydroxy
steroids wth general fornula 4,B are produced, in which, independently of
one another, R7 stands for CH3 and/or R10 stands for H and/or R13 stands
for CH3. 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 1#th the culture solution of the
strain to cultivate the strain. The preculture that is produced in this way
is then added to a fernenter that is optionally coated with a suitable

nut ri ent sol ut iFomm thHertkdseobidihed a@htpennds vyjthogenbrapfomselafdoB, dthe compowrds of t he
strain, the starting substance is then added to the fernenter, in this case
ei ther a aospditgch the invegtiviedadlbe sithésided withhréductio piopesdehls dcbordiges al
formula D, so that the reaction according to the 1nvention can proceed.
After the tdieacdition. NAsareAladhe 70 78subHEReOf 1 pHIASHARRESdd Witk Bédefdied i n the
usual way to isolate the desired 7a-substituted |I” | a-hydroxy steroid. 13
From the ths .09ty ped conpounds with general formula 4,B, other conpounds
according to the i hvéntion can be synthesized with production processes al so
according to the invention. In particular, the 7a, 1 7a-substituted
11(3-hal ogen steroids wth general fornula 8, 10, 12: W-—-Y\ J ,~ /R7

8,10, 12

3 B OR'”

8,10,12

in which

U-V-W-X-Y-Z stands for one of the ring structures C'-C*-C>-C*=C>-C"°,
clC-C-ct-c’=C"or CI-CZ-C3-C4-C5-C10, whereby in this case, an oxo
group (=0) is bonded to W (=C>), or for the ring structure C'=C2-C=C*-
C’=CS, whereby in this case radical OR? is bonded to W (=C3 ),

R} stands for H, C,- to Cs-alkyl, C,- to C4-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 Ci- to Cs-alkylene and Q represents a C;- to Cs-alkyl-

or C;- to Cs-fluoroalkyl (alkyl that is partially or completely



in which UV-WX-Y-Z stands for one of the ring structures
Cl-C2-C3-C4=C5-C10, C-C2-C3-C4-Co=C10 or Cl-C2-C3-C4-C5-C10, whereby in
this case, an oxo group (=0 is bonded to W(=C3), or for the ring
structure C =C2-C3=C4- C5=C6, whereby in this case radical OR3 is bonded to
W(=C), R3 stands for H Cd- to C4-alkyl, G- to C4-al kanoyl or a cyclic C3-
to C7- ether with the OGatomof the O3 radical, R7 is the grouping P-Q
whereby P represents a Cl- to C4-al kylene and Q represents a Cl- to C4-al kyl
or Cl- to C4-fluoroal kyl (alkyl that is partially or conpletely 14

fluorinated), and the griiopinigd)Pakd ths ghRPRSP-Giidbdhded vialtetoshesielofl skel et on,
R10 can be in a- or a-position and stands for H CH3 or CF3, and is present

only if X-Y-Z is not CA-goefeh0. RL1 is a halogen, R13 is nethyl or ethyl, Rn
stands for H d- to Clg-alkyl, alicyclic C- to Clg-alkyl, Cl- to C15-

al kenyl, ali Cyﬁioi ¢ cglfbeth‘? a-%%—&lslft%ﬂyalnd St(;{ldst f3r ﬁ}éH?lol'(bp}/, Iand glp_restegt Clg-
only if X-Y-Z is not C*-C°=C',

R'"  isahalogen,

R"® s methyl or ethyl,

RY  stands for H, C;- to C;s-alkyl, alicyclic C;- to Cyg-alkyl, C;- to Cyg-
alkenyl, alicyclic C;- to C;g-alkenyl, C;- to C;s-alkinyl, C;- to Cs-
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;z-alkenyl, C;- to C;s-alkinyl or C;- to C;3-
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

BR" or one or more groups SOR®, 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 R7,
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



al kylaryl, Cl- to Cg-al kylenenitrile or for the grouping P-Q whereby the
groupi ng P-Q has the above-nentioned neaning, Rr stands for H Cd- to
Cl5-al kyl, alicyclic C- to Cg-alkyl, C to Cl5- alkenyl, alicyclic Cr to
Cl15-al kenyl, Cl- to Cl5-alkinyl or Cl- to Cl15- al kylaryl, whereby R 7' also
can be bonded via a keto group to the 17(i oxy group, and whereby Rn' al so
can be substituted in addition with od® or nore groups NR18RL9 or one or
nore groups SOXR20, whereby x = 0, 1 or 2, and R1S, R19 and R2 in each case
i ndependently of one another can have the sanme neaning as R17, as well as

t hei r phaimiespetidliyalf kffe@ivepaitrdekgtivedderts o wdal¢ mgredicher for Borehoaen des, produce
advant ageous active ingredients. These conpounds that can be obtai ned by
addi t i onajeplapééif Serspy§ARTH om t he 7a-substituted | |a-hydroxy steroid with
general fornula 4,B are valuable active ingredients with strong androgenic
action w t houtyet; 1 [Hf A 19 ounds are

sui table for tlﬁ’elhgcrlcg 81\(4?} gﬁgg%ggﬁgpn‘gggaﬁ??{é% agfan’;lﬁs?g?gn gﬁgpespeci ally of
ef f ect | ve, canhREe Al S AA5R! SnARMACAENSIhRE SHIGMGIf 80, hor mone

repl acement Y erapy"ﬂ P Y ARG T oA R Y AB Y t uted with a gr oup
NR18R19, thi

hyl am i hyl am hyl am
di et hyl a ic¥e oll%gglpglﬁggwleg&faﬂﬁn& %p%%ﬁylgﬁ1g1?)} be%zy?larlnmﬂl%’or %Ebe%zﬁgpnglg 'group.
Especially suitable 7a,17a-substituted 11p-halogen steroids with general formula
8, 10, 12 are compounds in which U-V-W-X-Y-Z stands for the ring structure C'-C%-C*-
In the first case, (U-V-W-X-Y-Z = C'-C%-C*-C*=C>-C'%), these are steroids with

general formula 10:

10

In the second case (U-V-W-X-Y-Z = Cl-Cz-C3-C4-C5=C1°), these are steroids

with general formula 12:



di cycl ohexyl am no, phenyl am no, di phenyl am no, benzylam no or di benzyl am no
group. Especially suitable 7a,17a-substituted 11(3-hal ogen steroids with
general formula 8, 10, 12 are conpounds in which U V-WX-Y-Z stands for the
ring structure Cl-C2-C3- C4=C5-C10, Cl-C2-C3-C4_C5=CI O or Cl=C2_C3=C4_Ch=C
In the first case, (UV-WX-Y-Z = Cl1-C2-C3- C4=C5-C10), these are steroids
with general fornmula 10: 10 In the sedénd case (U-V-WX-Y-Z =

Cl- C2- C3-C4-C5=C 10), these are steroids with general formula 12: 16 12
Conpounds with general formulas 10 and 12 are androgeni c conmpounds. In the
third case (UV-WX-Y-Z = Cl=C2- C3=C4- C5=C6) , &p,ese are steroids wth
general fornula 8: R30 8 These conpounds armgsest regens (estrogen
rezeptor-affine conpounds). In akt
R17 and Rl7have the sane neani ngs
formula 8, 10, 12.

"’I/
I// R7

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”, R!?, 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 Cyg-alkinyl, in particular ethinyl, CH,CN or CF3, and/or R!” stands for H.



| ndependently of one another, R preferably stands for H and/or R7 stands
for CH3 and/or Rl11 stands for fluorine and/or R13 stands for CH3 and/or R17
stands for H CH3, C- to Cl8-alkinyl, in particular ethinyl, CH2CN or CF3,
and/ or R17' stands for H 17 7a, 17a-Substituted 11(3-hal ogen steroids with
general formula 8, 10, 12 that are especially suitable according to the
invention are: 17a-Ethinyl-11(3-fl uord417[ 3- hydr oxy- 7a- net hyl estr - 4- en- 3- one
(Formul a 10)

17a- Et hi nyl - 11(3-fl uor o- 17[ 3- hydr oxy- 7a- net hyl estr-5(10) - en- 3-one (Fornul a
12)  17a- Et hi nd, t u-$ubsBrutdduidiBchalogenrsteivydsasith gendraBfophdR)8, 10 B2Bat3rd 7( 3- di ol
(Formula 8). For the production of these conpounds, the follow ng

product i ogspeBAINORSaBIBAcdedin@ ARt G¥entidard:ne production of 7a, 17a-substituted
11 (3- hal ogen st'eroids with general forrmula 10, in which U V-WX-Y-Z stands

(o1 e 19, STTUERIGR 51 TR, S BT ARSI ) o MO
Starting  cubol SRR} P Bupor OB AR a ke SR B Rt el s>
Subst £ ut i on-w PnEnS BhBlgar BrrRienG Fed0onsnir ol fbo! EGRRe8 Bbndi ng
7a-substituted 11(3-hal ogen steroids 5:
For the production of these compounds, the following production methods can be
adopted:
For the production of 7a,17a-substituted 11f3-halogen steroids with general
formula 10, in which U-V-W-X-Y-Z stands for the ring structure C'-C*-C*-C*=C3-C",
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 11B-halogen steroids 5:

[Halo-
dehydroxylierung]
_______»

4,8 5

[Key: Halodehydroxylierung = halodehydroxylation]



4, B 5 [ Key: Hal odehydroxylierung = hal odehydroxyl ati on] 18 As

hal odehydr oxyl ati ng reagents, all conpounds that are comonly used for this
purpose are suitable, for exanple, hydrofluoric acid, hydrochloric acid,
hydrobrom c acid or hydroiodic acid, thionyl chloride or thionyl brom de,
phosphorus pentachl oride, phosphorus oxychl oride, N chlorosuccinim de,

t ri phenyl phosphi ne/ carbon tetrachlori d& HF/ pyridine or diethylani nosul fur
trifluoride or preferably nonaflyl fluoride/1,5-diazabi-

cycl o[ 5. 4. 0] undecene. Conpound 10 is then produced from5 by sel ective

al kylation on Cn of the ring skeleton (see Diagram 1 in this respect). For
sel ective al kyl ation, common al kyl ating reagents can be used, for exanple

Grignard conpour@sioddhydRIxgRARE R A, 6116 Q8lehat are EO@F0Rly Vsedbds¥hib i t hi um
conpounds. For exanpl e, ethinyl magnesi um brom de can be used as an

| kyl ati h ty : L = Loyl -17[1 -
al Kyl atl ”gltn?gé?e”ire E@fable! ﬁ)]g ?J&QHM& H;@%_t@%g% gﬁ%gl?g{ogﬁlgﬁgg&ﬂghyycﬁar&%ﬁ'a@b& [

hydr oxy- e 4-en- 3-one om est or t’he production of

7a, | 7a- St I N; ogen.stenoids,, in wWhich - W X-Y-Z stands
(o Lot DEBREdib Sha imlorIRbSRT RIS Hue iRl pentesfiies, 2 o1 an

12 h n i [ r formul a, 10, ar and | ri
, the C%H&%Horﬂss o;‘l‘;’}cmn%g, -cﬁforosgccrlrrldm?de, Prlp egylp Soesp 1ge/gar gno g?rac'h%c?r?de,

such that
HF/pyridine or diethylaminosulfur trifluoride or preferably nonaflyl fluoride/1,5-diazabi-
cyclo[5.4.0]undecene.

Compound 10 is then produced from 5 by selective alkylation on C'” of the ring
skeleton (see Diagram 1 in this respect). For selective alkylation, common alkylating
reagents 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-17p-
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*-C?-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 1 1B-halogen
steroid with general formula 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 C1=C2-C3=C4-C5=C1°, the

procedure is as follows:



the A4-double bond is isomerized into a A5(10)-doubl e bond. To protect the
3-keto group, first a cyclic ether is formed in 3-position for this

pur pose. Then, the A4-double bond is isonerized into the A5i 101-doubl e
bond, whereby the 7a,1 7a-substituted 11(3-halogen steroid with general
formula 12 is forned, and the protective group is cleaved again. For the
production of additional At, | 7u-subdBituted | | n-halogen steroids with
general formula 8, in which UV-WX-Y-Z stands for Cl=C2- C3=C4- C5=C10, the
procedure is as follows: 19 First, as already described above, the

correspondi ng Hidd,3sARbQGRsEibed Bbde)\vht Borr@ptetiad 1 fpotididgen srdig wi@r ned from
the 7a-substituted | |a-hydroxy steroid, obtained by mcrobiological

hydroxyl afdam) anfhul’d 936, frofh thR 78806dRted Pf({liti')hfe}o;@y FerBid, BGthdehy dr oxyl ati on

in a nucléeophilic substitution reaction. From l"fatter, a 7a-substituted

estra-1, 3 % 1] ' far [ enpfiormed by oxidation,
for ex anp?lz&émlg%l;?bghl?%gg}g?%p?]? %g(%’?l:ianl&gt)% ?%“%5% ?%WMEBQBIQ?’ R11 and R13 have
t he sane ani ngs as,.desi gnat ed .aboye,. |.f R3 stands for H, these conpounds
can be syﬁﬁW%%V%@ﬁﬁaWFBB?ﬁvg&PﬁngﬁﬂﬁﬁgwLW&H?@&W'is to stand as H for R3,
the corresponding ethers or esters nust be forped in the knowmn way, after
t he From the latter, a 7a-substituted estra-1,3,5(10)-triene with general formula 6 i§

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

R13

’ :l,////

R30 R7

in which R, R, 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 11pB-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 7a,17a-substituted 11p-

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



1,3,5(10)-triene ring has been formed by oxidation. The 7a-substituted
11(3-hal oestra-1,3,5(10)-trienes with general formula 6 as well as
pharmaceutically conpatible addition salts, esters and am des thereof are

al so new and are therefore clained as internediate products in the

synt hesis of 7a, 17a-substituted 110- hal ogen steroids with general forrmula 8
al so according to the invention. 20 AZ0especially preferred 7a-substituted
1143-hal oestra-1,3,5(10)-triene with general formula 6 is

1143-fl uoro- 3- hydr oxy-7a-net hyl estra-1, 3,5(10)-trien-17-one. The 7a, 1
7a-subst it ut edAil tddeially patsiredt7arsabstitinged 1 BRaleesab- 1f N5 (10)-aicle aGth@eakrilg to the
i nvention can be fornmed fromthe 7a-substituted

1143- hal omm@s?n@m@ao3hy&8@ymh{ethy&eﬁ£nels(i®rﬂuﬁ 37%nkn the same way as
is previously described for the synthésis of the conpound wth general

Formul a 10 by $gl RE1vGnelideialpQ lggén SQQTZldQI’Itﬁ é\%efa ﬁgm%raeé %ICQIthgI tpsadd' tion,

7a-substituted 1143-hal ogen ste gene ornu can a
produced r.omt Aance a4 ar e ob ai ned by
i cr obi ol &% l%veflpﬁri/%arnoxyf)mtl dsfﬁo% }5’ OXI t%}ltg‘r%? I%%O?Sﬁf@q?ﬁag@bl) e M8y steroi ds
with gener aI for A or D, and said 7 B ted %th ogen
steroi ds 8¢k frapula éﬁdb%@a&ﬁ A58 BRgYionsly CW ?f#OR © spt esé% t%3 have the
same neani ngs as indicated above. An especially

compound with general formula 10 by selective alkylation at C" of the ring skeleton.

In addition, 7a-substituted 11p-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 7a-substituted 11f-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.



preferred conpound is 1143-fluoro-1743-hydroxy-7a-net hyl estr-4-en-3-one. The
conpounds with general fornula 9 as well as the pharnaceutically conpatible
addition salts, esters and am des thereof al so have androgenic action. 21
For the production of conpounds with general formula 9,
estr-4-ene-3,17-dione 5 is reduced to 170-hydroxy-estr-4-en-3-one 9, for
exanple with a boron hydride. In addition, the conpounds wth general
formula 9 can be converted into the éﬁrrespondlng 7a-substituted

113- hal oestra-5(10)-enes: whereby R7, R10, R' and R13 have the neanings as
in general fornmula 8, 10, 12. For this pur pose, the conpounds w th general
formul a 9 are Femheprodedidmofabmpoatds enthgendrhldfordula @pesiot-4 etxaBid7ditine Sa
A5(10) - doubl e bond. To protect the 3-keto group, first a cyclic ether in

3- posi ti o fe§ude@ taTETB-hydlrodyhéstr-eri-pRse 9, fbh etampld@itha- bdesnHyaribend i s
isonerized into the Asp 0l-double bond, whereby the above-indi cated

7a- subst i t ut ed il ddihal %%B@Bﬁmlvgwg%nera%ﬂﬁaa 9284 bt BShvRFEd BiES fe group s

then cleaved again. Finally, the corfesponding 7a-substituted

11( 3- haloggﬁ&;o(g %»ﬁﬂﬁﬁuﬁﬁqlﬁ}ﬁﬁwgf yﬁgp%%rted fromthe conmpounds with

general fornufa y 1sonerization o double bond into the
A5(10) - doubl e bond: 22 whereby R7, R10, R' and R13 have the neanings as in
general formula 8, 10, 12. For this 13 OH

R11

ul,////

whereby R, R!®, 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*"?-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**9_double bond, whereby the above-indicated 7a-substituted 11B-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*19-double bond:



pur pose, the conmpounds with general fornmula 5 are isonerized by alteration
of the A4- double bond into a A5"01-double bond. To protect the 3-keto
group, in turn first a cyclic ether is forned in 3-position for this

pur pose. Then, the A4-double bond is isonerized into the A5(' -double bond,
whereby the 7a-substituted | i a- halo%fn steroids that are indicated above
are formed, and the protective group 22 finally cleaved again. Al
above-nmenti oned conpounds can al so be further esterified or etherified if
correspondi ng hydroxy groups are present in 3- or 173-position. For exanple,
conmpound 9 can be converted into a correspondlngol7(3 ether or 17(3-ester.
A preferred conpound is RS

11(3-fluoro-17(3-(4-sul famoyl benz®t st r-4-en-3-one. As
substituents on the oxy-oxygen atom a ixxally the same radicals as
are also indicated for R17' are suitap partj cul ar, the 7a,
7u-substituted 11(3-hal ogen ste -|ds he formula 8, 10, 12 are
suitable for the production a agents. This invention
therefore also relates to the use of t he|above- nenti oned conpounds wth
general fornmula 8, 10, 12 -rodu0||on of pharmaceutical agents as
wel | as pharnmaceutical prg } 2 ngﬁﬂntaln at | east one of the
above-nenti oned conmpounds with general formula 8, 10, 12 as well as at

| east one pharmaceutically conpatible vehicle. The 7a, 17a-substituted
113- hal ogen steroids wth general formula 10, 12

whereby R7, Rm, 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 17f-position. For example, compound
9 can be converted into a corresponding 17B-ether or 17B-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



according to the invention are conpounds wi th strong androgenic action

w t hout the above-nentioned side effects, for exanple stinmulation of the
prostate (especially no benign prostate hyperplasia). The compounds are
easy to synthesize. It has been shown that the conpounds according to the
invention with general formula 10 or 12 can be used not only for male HRT
but these conpounds, even w thout addi23i onal adm nistration of other active
ingredients, are also suitable as effective nmale contraceptive agents, if a
sufficient metering is done to adequately reduce the blood | evel of LH, of

t est ost er gdain hiidhst bie HFf tAEHERA-rhéhtibh&l RabuAs Wt %en@ﬁl Sfrmfifahs, 10, 12 as _
(follicle-stinmulating hornone). This depends on the 11(3-hal ogen steroids

2000 di 19 o Nl i deill LBy dRhase of  LH and FSH LH

stinmul ates the Leydig cells, hat " testosterone is secreted. If the bl ood
| evel of LH is kept.)ow, the.r ase of egpo nous stosterane al so drops.
Testosterone 1A f“éh}tﬁ'?dé’amflgefl lgﬁg‘f‘@ﬁ?’bﬁgﬂ §|"‘g&l gm?rlal;f%gg 32@1 ﬁ]l ates the germ
cells. Sufficjently high FSH and LH bl ood Iev&]s are therefore necessary
for an ef f&EL 1%t°§%“e‘|nﬁﬁ%tk9@éFFe§1“§’,°“n witls#ieng andregenis astiopyvithoghthe H bl ood
| evel results in the testosterone release that is necessary for
sper mat ogahesimentignedosidecffortsaforexampls stiruwptian of th prastetedespacially fa- subst i t ut ed
11 G3-hal ogen steroids can already result in effective male contraception
wi t hout abiehign posthte hgpdrplasinndgrtediosmpbendsfacreasy ®@rsiyhthgsitd. dhhastbeen stebwinni st r at i on
of a pharmaceutical agent that is suitable for this purpose can be
si gni fi catiat the sompdirids @ctordifi@tol theinsemion vaith ieherat AfmiR 10wrI2 dad Bdhged! ower ed.

not only for male HRT, but these compounds, even without additional administration of

other active ingredients, are also suitable as effective male contraceptive agents, if a

sufficient metering 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 11B-halogen 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.



24 The 7a, 17(x-substituted 11 [i-hal ogen steroids according to the
invention can also be used in conbination with a gestagen to control nale
fertility. Moreover, the 7a,17a-substituted 113-hal ogen steroi ds according
to the invention effectively inhibit 5a-reductase and the steroid-1

| -hydroxyl ase [CYP11B (P450c1l), G Zhang, W L. Mller, Journal of
cinical Endocrinol ogy and Metabolism24v/ol. 81, pages 3254-3256 (1996)],
such that, for exanple, the stimulation of the prostate is selectively

avoi ded, and t hese conpounds have an inproved pharmcoki netics. The

i nhi bition of The7ae, ITe-fupdtitnied| 14 ftalogeustewidsacardiag tcthd ideaddn saatalson of t he
andr ogeni ¢ conpounds and in their reduced excretion fromthe human body. As

a resul t, vt iedeh tasbinMenessh 2pebtdeBeto chatralhald fafiligct i on of these conpounds
conpared to known conpounds are inproved especially after oral

adm ni strati onpoFQvet i Tae%%ﬁstﬁﬁ’@& €1p- Ml %e% s?é?&‘iﬁ?h%@ﬁhﬁg’ ) tﬁé‘inﬂré’xﬁlo‘ﬁ

especially for use in malé birth control andr ogen

r epl acerepy, lbagwébl%%beﬁc{as%%%g tsaaﬂﬁpgxyf&é%@gsggggﬁgnl?f%? A and an

si mul t aneGUS] Inéd aronati za

advant age n s lip and the c stem The
andr ogeni 2H g/ﬁgert”?%‘ 6‘%502?{/5??4)&40%{?01?@@ tf@ %ﬂég %iiyga% effects
do not occur Were determned with a sem nal vesicle test for the corrpounds

accor di ng32Y-32Rd 19k Arahghatuior rxamemie ibs stisationed thapragiere ipselepreely

effectiveness of the conpounds with
avoided, and these compounds have an improved pharmacokinetics. The inhibition of the

11-hydroxylase results in a reduced deactivation of the androgenic compounds and in
their reduced excretion from the human body. As a result, the effectiveness and the
duration 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
Sa-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 11pB-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



general formula 8 according to the invention was checked for estrogenic
action wwth a wuterus growh test. The 7a,17a-substituted 11(3-hal ogen
steroids with general fornmula 10 or 12 according to the invention or the
phar maceuti cal preparations according to the invention that contain these
conpounds are extrenely well suited for treating non-sterile male 25
patients as well as basically also nmal26 manmal s. An application for male
contraception results in that the male patients are only tenporarily
sterile. After the application of the active ingredients according to the

i nvent i onpf¥entsas wiehaks BRGQUY aka mak @Ramalsi AiSapbRcatiof T B416 donttddgptdni gi nal
state is produced again, so that the nale patient is no |onger sterile, and

Lhe sper TRLAGSHRE telAlE BakhRGFe R idhrlofarlt) B! dlritRlneSthlion Epmeep the

condition of tenporary sterility constant over a desired period, the
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per f ormed contImuous adm nitstration, pendi ng on the form
of administration, is.tq be repeated dail atf a  sharter interval or else
per todi cartpisieddhg ergE siaf s Prdncedaeply sq e e Bale eSS hefRuitred
adm ni stration of the active ingredient or the preparation is conpleted, the
non- st er i fterilecanddhe snsEMaPLanpEs rkeseplprgiagainto historiginal exfents Tadeen theredi at el y
restored but rather only slowy restored, whereby the tine span that is
necessar ycdnditiontoif $emporgry steritl pprensisntemer adesirediperfodcthe adminfisiratiex afithe e t he
dosage, the body constitution of the patients and the

active ingredient or the preparation is to be performed continuously, whereby the

administration, depending on the form of administration, is to be repeated daily, at a

shorter interval or else periodically at a longer interval. After the one-time or repeated

administration 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

7o, 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 LE./ml (LE.: International Units), especially at

most 1.0 LE./ml, and the blood level of testosterone is at most 10 nmol/l, especially at

most 3 nmol/l.

If the 7o, 17c-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



paral l el adm nistration of other pharmaceutical agents. |If the purpose of
adm ni stration consists in contraception, the dosage of the 7a, 1
7a-substituted 11(3-hal ogen steroids nmust be set high such that the bl ood

| evels of LH and FSH in each case are at nost 2.5 1.E./m (I.E.
International Units), especially at nost 1.0 |.E./m, and the blood |evel

of testosterone is at nost 10 nnol/|, especially at nost 3 nnol/Il. |If the
7a, 1 7a-substituted 11(3-hal ogen ster<¥ ds according to the invention are to
be used for HRT without a contraception being achi eved, the dosage is set

|l ower. For this case, an attenpt is nade to achieve effect |evels that nake
possi bl e férd thansbliSH efxsbpeciéely orord tHamAd [EJkhl efid fordgsenstarared of nye thahhan 2. 5
1.E/mM and for testosterone of nore than 10 nnol/1. The dosages of the
7(x, 17a-d0bhsbi/t.uted 11(3-hal ogen steroids with general fornmula 10 or 12
according to the invention that are required to set the blood | evel of LH,

FSH and t est 03h&HQA8sAFRRN, PT-SutRHIRA" 18T haloREd QERiRNEt Remelor e be

; . H%&Erai
determned in an admnistration-specific manner. First, the dosage is
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the case of , a use for, HRT. The dosage al so, depenpds_on the type of
7a, 17a- suf’d ieftaftsr&niﬂ%@ﬂapa@@ﬂl Sl rleg o ARmpidhgpsTe) deterpyitadip an The type

of administration-specific manner. First, the dosage is naturally dependent on the type of
therapy. If the compounds are to be used for male contraception, significantly higher
doses must be given than in the case of a use for HRT. The dosage also depends on the
type of 7a,17a-substituted 11pB-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



adm nistration is also essential for the anmount to be adm nistered. Finally,
the dosage also depends on the body constitution of the patient to be
treated and other factors, for exanple the state of whether other
pharmaceutical agents are provided in parallel. The conpounds can be

adm nistered orally and parenterally, for exanple i.p. (intraperitoneally),
i.v. (intravenously), i.m (intramuscW#7arly) or percutaneously. The
conpounds can also be inplanted in the tissue. The amount of the conpounds
to be admnistered can fluctuate within a wide range if an effective anount
i s adm ni séBpRMds addofitl ©thd MCeRRAdH tHe®BdY graB&alfgrcﬁ%{ 8¢ cafif ahdy@nt ype of

di spensi ng, the anount of adm nistered conpound can vary within a w de

range. lnWmﬂ?ﬁg%ﬁn%&&”ﬂﬁb&ﬁﬁggéﬁw& CBH?&Q§ range of 0.1 to 100 ny. The

preferred da osage In ns i to 10 ng. The duration of

adm ni strati on.depends..on th rpose.;t o_he achij .. Capsul.es ills,
tabl ets, coat eggrtoggll ag‘ﬁ]s","&(r:artgﬁ’rr%%‘“g?sh lrlrllg’ntfi @Fts’l G *egngb?etf ?%ﬁ%s‘&s dsruc ' as

syrups, gels, inj ctaﬁje.li uids, far exanple far i.p., i.v.,.i.m or
per cut aneBURYY AEbEFTo for disperiing it weed g phgEesueal Reepatiqas-clyhis K54 ndi vi dual
forms for dispensing release the 27 conmpounds according to the invention to
the body #reabamnacoutisal agenisigan beformalageddn puch awayths theysiglsase the agtiveependi ng on
the type thereof. For oral adm nistration, capsules, pills, tablets, coated
t abl et s amgrédiants eltheoin agthhe timekand walivar ghenf orthebddyror dheydems 2 depotirgionsed as
pharmaceutical preparations. In this case,

so that a prolonged, slow feed of active ingredient to the body is achieved. In addition to

the 7a,17a-substituted 11B3-halogen steroid, the dosage units can contain one or more

pharmaceutically compatible vehicles, for example substances for adjusting the rheology

of 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 1183-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 11f3-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-, B- or y-cyclodextrin or derivatives thereof.



t he pharnmaceutical agents can be formulated in such a way that they rel ease
the active ingredients either in a short tine and deliver themto the body
or they have a depot action, so that a prolonged, slow feed of active
ingredient to the body is achieved. In addition to the 7a,|7a-substituted
11(3- hal ogen steroid, the dosage units can contain one or nore

phar maceutical |y conpati bl e vehicles, 2or exanpl e substances for adjusting
the rheol ogy of the pharmaceutical agent, surfactants, solubilizers,

m crocapsul es, mcroparticles, granulates, diluents, binders, such as

starch, sugar, Ifgesahis} cihtnesacs, eibAd and, liqaids ehdt ichil & gpplisdithpically aitbbei ¢ aci d and
talc, lubricants, dyes, perfunes and ot her substances. In particular, the

7a, 17a- supsd] ﬂma@eraa%ét?be%hmed it 6Pk da ﬁﬁ?%@bﬁgoﬁrﬁisfab&rdm%\’@t'ﬂ&' on can
also be formulated in the formof a solu¥|on that 'is intended for oral
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pharmaceutjcally c atible water-m scjble solvent. In thls respect,
ref er encep]:‘aémé‘r'eé‘ﬁc g, 6“%@%&“9?%%9’“ ‘Fﬁlugﬁll"?iarév@h‘lﬁéttst%‘}’s%’l"cﬁs ailability
of the steroid, the conmpounds can also be fornulated as cyclodextrin

cl at hr at eBicreggipg theips pivg ef the pleraidsrasenrdiag taithe invwaterethreyghihe gin, (3- or
y-cycl odextrin or derivatives thereof. 28
dyes, perfumes and skin protection agents, such as conditioners and moisturizers.
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 7o, 17a-
substituted 11B-halogen steroids.

The 11f-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



If creans, ointnents, lotions and liquids that can be applied topically are
to be wused, the latter nust be constituted in such a way that the conpounds
according to the invention are fed to the body in a sufficient anount. In
these fornms for dispensing, adjuvants are contained, for exanple substances
for adjusting the rheology of pharmaceutical agents, surfactants,
preservatives, solubilizers, diluents, substances for increasing the
perneability of the steroi ds accordln@Qx)trma|nvent|on t hrough the skin,
dyes, perfumes and skin protection agents, such as conditioners and

noi sturizers. Together with the steroids according to the invention, other
active i ngraedpeeatt s/ithammehisrend) dmptamus can rentaiinras ifeet materialy dedxamale, agent .  For
parenteral admnistration, the active ingredients can be dissol ved or
suspendedbioaeg:ramksﬂdp}xﬂ@ha meﬁ@@maéﬂeblfer ShahipB¥ilicohs ginl UBBUSE- very often
oils wwth or wthout the addition of a solubilizer, a surfactant, a

suspendi ng,13g&Nerbis W%cﬁh {o8he ﬁ‘irvgntldd%ﬁlq alsgﬁ@m%l%%ra@éd ifl fo8 ckdigifle,ar € used are
olive oil, peanut oil, cot onsee oi |, soybean oil, castor oil and sesane

oil. To f eparati on, any I|qU|d vehicle can be used
in which ?ﬁe coﬁ%ﬁ%ﬁlggggg% ﬁ%ﬁﬁo t he invention are dissolved or

enul sified. se li s fr.equen al so c taln subst anc to regul ate
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additives, with which the solution is set to isotonic. O her active

|ngred|enﬂ§1E§W“QPso be adm ni stered together with the 7a, 17a- substituted
11p- hal ogen steroids.




The 11 G3-hal ogen steroids according to the invention can be adm nistered in
the formof a depot injection or an inplant preparation, for exanple

subcut aneously, which can be fornmulated in such a way that a del ayed

rel ease of active ingredients is made possible. To this end, known

techni ques can be used, for exanple depots that dissolve or 29 that operate
with a nenbrane. Inplants can contain38s inert materials, for exanple,

bi odegradabl e pol yners or synthetic silicones, for exanple silicone gum The
11(i - hal ogen steroids according to the invention can al so be incorporated
in, for eAamNliceobidlogikak S¥nthdsi: per cut aneous admi ni stration. The exanpl es
that are indicated below are used for a nore detail ed explanation of the
invention: 30 A. Mcrobiological Synthesis: 11

a- Hydr oxy- 7a- net hyl - estr-4-ene- 3, 17-di one (Conpound 4, B): Exanple 1:

M kr obi ol o FiGhrox HERM 116 Wthe- 2P GK] R2bpR0nd 4,B):

Example 1:
OH O
Mikrobiologische HO,,
H Hydroxylierung H
und Oxidation
o “ - o "

]

[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 comn steep liquor, 0.2% by weight of NaNOs, 0.1% by weight of KH,PO,, 0.2%
by weight of K,HPO,, 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



F1 [Key: M krobi ol ogi sche Hydroxylierung and Oxidation = M crobi ol ogi cal
Hydr oxyl ation and Oxidation] A 2 1 Erlenneyer flask that contained 1000 m
of a nutrient solution, sterilized for 30 mnutes at 121 C in an autocl ave
and consisting of 3% by weight of glucose, 1 %by weight of corn steep

l'i quor, 0.2% by weight of NaNG3, 0.1 % by wei ght of KH2PO4, 0.2% by wei ght
of KZHPO4, 0.05% by wei ght of KO, 0.83% by weight O MS04 71-120 and

0. 002% by wei ght of FeSO47H20 (pH 6.0) was inoculated with a slant rod
culture of the strain Giononia cingulata (CBS 15226) and shaken for 72

hours at g@tulhted aln RldRioN, beFORMR sterilizAhén, aidtherW.d Ml bhdiBcdde ®fhd Urem] a 201
fernmenter that was coated with 191 of sterile medium of the sane final

conposi ti g ASerf “gaogegh&%fho&gg E’Gvgfeual dht for Y% fna%iaténmwlf?efrggrlo%tﬂ maddlot' on,

before the Steri tion, anot i cone oll

synper oni (sgxpfﬂ liorrlﬁc.:allt Oe} barWBQﬁ%ss\A@e ad%?agu U 2% an a?ra iS5 After a

grow h p ase o our's at erpressu errpe?a ure of 28C,
an aeratign.of 20 1/ m nute astlrrln peed a sol ution of
4.0 g of m@twﬁﬂo&wﬁw%&%ﬁémraw@ el Z@ﬁmro was added.
Stirring was continued, and it was aerat ed After 135 hours, the culture
broth wasmetylFaistten-hors X0rmmldPME wasaddel. Roming wes cantimugd, apdl itveashy| | sobut yl

ketone and for 5 hours with 5 1 of nethyl isobutyl ketone. The
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 | 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 110a-hydroxy-7a-methylestr-4-ene-3,17-dione

was isolated.

Example 2:
OH OH
HO,,
H Mikrobiologische] H Mikrobiologische
Hydroxylierung Oxidation
(o) Y1y, O "”I
k]
O
HO,,
H
0 “

[Key: Mikrobiologische Hydroxylierung = Microbiological Hydroxylation

Mikrobiologische Oxidation = Microbiological Oxidation]



conbi ned organi c phases were evaporated to the dry state. The silicone oil
was washed out with hexane. After chromatography on silica gel with a

gradi ent that consists of hexane and ethyl acetate, 1.64 g (39% of |

| a- hydr oxy- 7a- et hyl estr-4-ene-3, 17-dione was isolated. Exanple 2: ¢

M kr obi ol ogi sche Hydroxylierung M krobi ol ogi sche Oxidation [Key:

M kr obi ol ogi sche Hydroxylierung = M cr3i ol ogi cal Hydroxyl ation

M kr obi ol ogi sche Oxidation = M crobiological Oxidation] 32 A 2 1 Erlenneyer
flask that contained 1000 ml of a nutrient solution, sterilized for 30

m nutes at 121C in an autocl ave and consi sting of 3% by wei ght of gl ucose,
1% by weight of corn steep liquor, 0.2% by weight of NaNG3, 0.1 % by wei ght

of KH2PO4, 0. 2% mrléfﬁ‘iegatﬂagf( tHAEESR e 1 0 a1 RY a Wi soRbtiok Cterile@ 330 LY
wei ght OF MyS04 7H20, ahd 0.002% by wei ght of FeSO4' 7H20 {pH 6.0), was

oY) SR PR U kel oL ARG, it a2 (17O
weight of corn steep liquor, 0.2% by weight of NaNOs, 0.1% by weight of KH,PO,, 0.2%
by weight of KyHPQO,, 0.05% by weight of KCI, 0.05% by weight of MgSO,47H,0, and
0.002% by weight of FeSO47H,0 (pH 6.0), was inoculated with a slant rod culture of the
strain Glomerella cingulata (IFO 6425) and shaken for 72 hours at 28°C in a rotary
shaker at 165 rpm. With this preculture, a 20 1 fermenter was inoculated, and said
fermenter was coated with 19 1 of a sterile medium of the same final composition as
described 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
l/minute and a stirring speed of 350 rpm, a solution of 2.0 g of 17p-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 | 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,17p-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.



shaker at 165 rpm Wth this preculture, a 20 1 fernmenter was inocul at ed,
and said fernmenter was coated with 19 1 of a sterile nediumof the sane
final conposition as described for the preculture. In addition, before the
sterilization, another 1.0 m of silicone oil and 1.0 m of synperonic were
added for foam abatenment. After a growh phase of 12 hours at 0.7 bar of
overpressure, a tenperature of 28C, al3aeration of 10 1/minute and a
stirring speed of 350 rpm a solution of 2.0 g of 17[3-hydroxy-7a-

nmet hyl estr-4-en-3-one in 30 M DW was added. Stirring was continued, and it
was aerated. ARti@rlehBeys dlask thath@ntiined 50 nilobh hutniaat Jodutioasitadlizad orext r act ed
for 16 hours with 201 of nethyl isobutyl ketone and for 23 hours with 201

of et hyl 3¢ safudsiak 1XPCaRan alidelavEMiionsi sty Fans% WHhASER otBlhuBoRYapw at ed to
the dry state. The residue was dissolved to a large extent in nethanol. The

silicone gy f fo 0 and
after chronat%gﬁgg%§£ SQ%FQ%%%‘Egéﬂgﬁwﬁﬁp 3 ggﬁéﬁgd?%%? gong%ggg&ﬁ?
di chl or Ogﬁ% nE1'\10ra Pp(.;l}.{ ?ﬁgt\x%rs] I%ioc%lllaé a “ch(fgur rﬁospheres from a cultlcjire o'&]ﬂ{e sfrain

|l a, 17[ 3- solate

Crystals G i rfquﬁﬁﬁ{?%ﬁ%fanﬂe %'Zﬁiqoﬁresiatz?%]we Aok, 501) “vas

isolated. 33 A 2 1 Erlenneyer flask that contai nhed 500 of a nutrient
sol ut i on, 1&x@p | Witk ¢his preculde, oy gt 11 eamexezﬂaémuthat&ﬁntau%ép%méot-;mﬁ@rﬂéons| sting

of 0.5% by wei ght of glucose, 0.5%
medium of the same composition as described for the preculture were inoculated with

10% each of this culture broth. After a growth phase of 4 hours at a temperature of 28°C
in a rotary shaker at 165 rpm, a solution of 50 mg of 11a,17p-dihydroxy-7a-methylestr-
4-en-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° (CHCl3, ¢ = 0.529) was isolated (direct

crystallization without previous chromatographic purification).



by wei ght of bacto-yeast extract, 0.1 % by weight of peptone, and 0.2% by
wei ght of corn steep liquor (pH 7.5), was inoculated with four cryospheres
froma culture of the strain Bacillus sphaericus (ATCC 7055) and shaken for
24 hours at 28Cin a rotary shaker at 165 rpm Wth this preculture, four 2
1 Erlenneyer flasks that contained 500 ml of sterile nediumof the sane
conposition as described for the prec#ture were inoculated with 10% each
of this culture broth. After a growh phase of 4 hours at a tenperature of
28C in a rotary shaker at 165 rpm a solution of 50 ng of 11

a, 17J3- di Rxalinple)3: 7a- met hyl estr- 4-en-3-one in 2.5 mM DWMF was added to each
fl ask. Shaking was continued for 48 hours. The conbined culture broths were
extracted twice with 2 1 of nmethyl isobutyl ketone. The conbined organic
phases were dried on sodiumsulfate and evaporated to the dry state. In
this case, 630 ng of an oily-gyystalline residue was obtaiged. After
recrystallization from ace ¢/ di i sopropyl ether, Hd)3 R

yel | owi sh crystals Ei} Wyremmeistm d Py 1890 and ‘ +40. 4 (CHC13, c
= 0.529) was isol at cryggﬁwﬁlﬁ@tton i ous
on) 3 M k ngi sche

chr omat ogr aphi ¢ pur
[Key: Mikrobiologische Hydroxylierung = Microbiological Hydroxylation]

Hydr oxyl i erung D O

A 2 1 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 NaNOs, 0.1% by weight of KH,POy4, 0.2%
by weight of K;HPO4, 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 half slant rod culture
of the strain Aspergillus ochraceus (CBS 13252) and shaken for 72 hours at 28°C ina
rotary shaker at 165 rpm. With this preculture, a 10 | 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



B [ Key: M krobi ol ogi sche Hydroxylierung = M crobiol ogi cal Hydroxylation] A 2
1 Erlenneyer flask that contained 500 mM of a nutrient solution, sterilized
for 30 m' nutes at 121 C in an autoclave and consisting of 3% by wei ght of
glucose, 1 %by weight of corn steep liquor, 0.2% by weight of NaNCG3, 0.1 %
by wei ght of KHZPO4, 0.2% by weight of KZHPO4, 0.05% by wei ght of KC,

0.05% by wei ght of MyS04 7H20, and 0.3802% by wei ght of FeSO47H20 (pH 6 0),
was inoculated with a half slant rod culture of the strain Aspergillus
ochraceus (CBS 13252) and shaken for 72 hours at 28Cin a rotary shaker at
165 rpm iisidhe vias disgiledub talarge exaterit 0l mkthana nTae sitiasnd sibwal fltezel ofind sai d
fermenter was coated with 9.5 1 of a sterile nediumof the sane final

conposi ti Gas éncertRSQAy dr@iort, Bl &1Tep ShiolindtoRy alphij'oﬁiﬁllﬂbé baRvithedradientt he

sterilization, another m of silicone oil and 0.5 m of synperoni c were
added forthfa%?;sée%ffeﬁﬁm &hdreland a G .78 &1 . 7 bar of
over pressure, a terrperat%nrle of B a, an aer Ffﬁ)ﬁ) of gﬂmﬁjnute and a
stirring s ) soI Ny f 1 0 7az et hyl estr-4-ene-3, 17-
di one in TE& ©s '4 ﬁ%newaﬁsl r%relgn (AR, khz tloélgfm%nd it was aerated.
After hour

the ul tur s.harvested and extracted twice for 4
hours w tﬁcetf’nf? dgiponter gther, ﬁib (%56%96?{ ite q‘ﬁgalémarfégltlw BYAt Y phases were
evaporated to the dry state. The 35 resi due was dissolved to a | ar ge extent

i n met hand?0°Crand [&lp|5 tﬂﬁéCHﬂla, oad. F90P1 wassigolated.. | t

B. Chemical Production Process:

Example 4: Production of 11B-fluoro-178-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 11B-fluoro-7a-methyl-estr-4-ene-3,17-dione was obtained. Melting

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



was concentrated by evaporation, and after chromatography on silica gel with
a gradient that consists of dichloronethane and acetone, 0.78 g (74% of 11
a- hydroxy-7a net hyl estr-4-ene-3, 17-di one was isolated. After
recrystallization from acetone/diisopropyl ether, 311 ng (29.6% of white
crystals with a nelting point of 200C and [a]D = +52 (CHC 3, c¢ = 0.5905)
was isolated. B. Chem cal Production B6ocess: Exanple 4: Production of 11
3-fluoro-17(3-hydroxy-7a- net hyl estr-4-en-3-one: a)

11( 3- Fl uoro- 7a- met hyl -estr-4-ene-3, 17-dione: 11.5 m of

per fl uor obpt%umu&mﬂwa@akﬁ(ya@hﬂetﬁﬁg@f4@3.3\1@@ added in drops at 0OCto a
sol ution of 08 g of 11 a-hydroxy-7a-nethyl-estr-4-ene-3,17-di one

(produced by ”R%GﬁmofPEf grv%roqhu ngfocﬁl L3108 &%34 EnP8§PLaiagn 148 fD6r | nventi on
[Part A]) in 25 of tol'uene and

1, 8-di aza £ ur tralized with 2
M hydroc%]k fdé&gi’apgva%]nﬂég rt0 Bb\%gfor B th rltéc? 293 If(())flulr rrlélgl 2%L/i\,impﬁnuenf'hyI
acetate, wash atura e odi u chl sol uti g dr| and

concent r afff” %?)"tWEPESQF I Sfranydr 83\935&5‘5] 1re (’Lrgre°S hayes *Erou %?Hf‘ct‘ was
chronatogragggd on S|I|ca el with a hexane/ethyl acetate gradlent 8.7 ¢
of 11( 3- f Pulbwis avid wasiapded &t §F ¢ and dheareactipn sefubipie Wamaddsg taicgda@ierMel ting  poi nt :

101.4C, [a]D : +135.8 (CI_—IC13) 36 b) . _
11D Fl uor oxtna?(eﬂimdnmﬁg/wvtheﬂﬁt #ogtatss washed aquigal odried on sodium sulfate,

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 11p-Fluoro-17p-(4-sulfamoylbenzoxy)-7a-methylestr-4-en-3-

one:

A solution of 500 mg of 11p-fluoro-17B-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. [a]p =+100.5°

(CHCL).



A solution of 8.7 g of 11 3-fluoro-7a-nethyl-estr-4-ene-3,17-dione in 148 ni
of tetrahydrofuran was m xed drop by drop at OCwith 29.5 mM of 1 MIithium
aluminium tri-tert-butoxyhydride in tetrahydrofuran and stirred for 5.5
hours at OC. Then, dilute sulfuric acid was added at 0C, and the reaction
solution was added to ice water, extracted three tines with ethyl acetate,
washed neutral, dried on sodium sul fat3d, concentrated by evaporation in a
vacuum and chromat ographed on silica gel with hexane/ethyl acetate. 5.8 g
of I I (3-fluoro-17(i-hydroxy-7a-nethylestr-4-en-3-one with a nelting point
of 143- 14EQampk @ bPraduntidn of &]dEthinyd9 1B-{GHATB}hydtosgrial-methylehe-dehmet-i on of | 1
3-Fluoro-17(i-(4-sul fanoyl benzoxy) - 7a- net hyl estr-4-en-3 one: A solution of
500 nmg of odét(i-fluoro-17(i-hydroxy-7a-nethylestr-4-en-3-one in 7.5 m of
pyridine was m xed at roomtenperature with 750 ng of 4-sul fanoyl benzoic
acid, 800 ng of N, N-dicycl ohexyl carbodiimde as well as 125 ny

of p-tol uenesul fonic acid and stirred for 8.5 hours. Then, it was added to

sodi um bi ﬁﬁ@?ﬁﬁ‘%f?;32%5‘55&9-9%=me?33545ﬁ§-t395qdi59‘1"7-053:”‘9S wi t h di chl or onet hane,

washed ne on sodi um-’sultat'e,  concentrated by evaporation in a
vacuum and chronpt.ogr heg siligca gel. with 3& hl.or anet hanel/ acet one. 302
nmy of 11(3-fl uérsgfluil?€ P?%) 49 l!lﬁ? QHWT@éH%EW§tr% ne- t9 ‘Préas‘fqﬁbﬁlﬁéﬁ-z “one With a
mel ting poi nt. of 232C was obtai ned. [U] D=+100.5' (CHClS%.

dimethoxypropane was stirred with 200 mg of pyridinium tosylate for 6.5 hours at 80°C.

Then, it was diluted with ethyl acetate, washed with sodium bicarbonate solution and

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-11B-fluoro-17B-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 11§-
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-11B-fluoro-17p-hydroxy-7a-methylestr-4-en-3-one with a melting point of

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



37 Exanpl e 6: Production of

17a-Et hinyl -11(3-fl uoro-17(3-hydroxy-7a-nethyl estr-4-en-3 one: a)

11( 3- Fl uor o- 3- et hoxy- 7a- et hyl estra- 3, 5-di en-1 7-one: A solution of 2 g of
11(3-fluoro-7a-nethyl estr-4-ene-3,17-dione in 20 m of 2,2- dinmethoxypropane
was stirred wwth 200 ng of pyridiniumtosylate for 6.5 hours at 80C.  Then,
it was diluted with ethyl acetate, washed wi th sodi um bi carbonate sol ution
and sodiumchloride solution, dried &3 sodium sulfate and concentrated by
evaporation in a vacuum 2 g of crude

11(3-fl uoro-3-nmet hoxy- 7a- nmet hyl estra-3, 5-di en-1 7-one was obtained. b)

17a- Et hi nEkarhple37: fRraductiod 6f B7dalthirgx-\l 1 F-fluomt IMBHBdtdxy4roemetByleste5(18)-s@! uti on of
9.17 g of cerium(lll) chloride in 60 m of tetrahydrofuran was m xed drop by
drop at O0&opeth 74.2 ml of an ethi nyl magnesi um brom de solution (0.5 M in
tetrahydrofuran) and stirred for 1 hour at 0OC. Then, a solution of 2 g of
crude 11(3- fluoro-3-nethoxy-7a-nethylestra-3,5-dien-17-one in 40 m of
tetrahydrofuran was added drop by drop and stirred for another 3.5 hours at

0 £ LR B TR} AL L, 20ded. adec
chi or - de Sol ut RORGR pEAGme 66 BfamiadiT ik BuoredAbdntioat 48 Tyhuish: at i on fn &
en-3-one in 7 ml of dichloromethane and 4.7 ml of ethylene glycol was stirred with 2.3
ml of trimethyl orthoformate and 30 mg of p-toluenesulfonic acid hydrate for 6.5 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.

205 mg of 3,3-ethanediyldioxy-17a-ethinyl-11B-fluoro-7a-methylestr-5(10)-en-17-ol

was obtained.

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

A solution of 205 mg of 3,3-ethanediyldioxy-17a-ethinyl-1 1B-fluoro-7a-methyl-
estr-5(10)-en-17p-o0l 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-11B-fluoro-17p-hydroxy-7a-methylestr-

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



vacuum and chromat ographed on silica gel with hexane/ethyl acetate. 1.15 g
of pure 17a-ethinyl-1113-fluoro-17(3-hydroxy-7a-nethylestr-4-en-3-one with
a nelting point of 218-220C was obtained. [a]p =+19.2 (CHC13). 38 Exanple
7: Production of

17a- Et hi nyl -11J3-fl uor o- 17( 3- hydr oxy- 7%% met hyl estr-5(10)-en 3-one: a)

3, 3- Et hanedi yl di oxy-17a- et hi nyl - 11(3 uor o- 7a- et hyl estr-5(10)-en-17(3-o0l:
A solution of 700 ng of 17a-ethinyl-|

| p-fluoro-17(3-hydroxy-7a-nethyl estr-4- en-3-one in 7 m of dichloronethane
and 4.7 nExsmpkté Pretuetigl ofcldl-Ethinylst Iifr flelo-RiinnetRyl Strasll, 3,661 0)-trienet hy|
orthoformate and 30 ng of p-toluenesulfonic acid hydrate for 6.5 hours at
room tenpgagdict: Then, it was added to sodi um bi carbonate sol ution,
extracted three tinmes with ethyl acetate, washed neutral, dried on sodium
sul fate, concentrated by evaporation in a vacuum and chromatographed on
silica gel with hexane/ethyl acetate. 205 ng of

3, 3-et ha_n?Qﬂ%k&)&g—_ﬁi&&ﬁd}&@&h&&j3f5I(HB_rtIqén7_w_ggé:hyI estr-5(10)-en-17(3-ol

was obt ai
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estr-5(10)-en-17(3-ol . in 27 m of t hanol and 3. wat er was stirred
with 361 AFtptrileoxay stigred ¥yilh 4@8@&% %anﬁrgl)&ﬁomﬁeﬁert%@%ra@m%c Thehit it was

added to sodi um bi carbonat e
was diluted with ethyl acetate, washed with sodium bicarbonate solution and sodium

chloride solution, dried on sodium sulfate, concentrated by evaporation in a vacuum and
chromatographed on silica gel with hexane/acetone. 280 mg of pure 11p3-fluoro-3-
hydroxy-7a-methylestra-1,3,5(10)-trien-17-one with a melting point of 185-186°C was

obtained.

b) 17a-Ethinyl-11B-fluoro-7a-methylestra-1,3,5(10)-triene-3,173-diol:

A suspension of 2.03 g of cerium(IIl) 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-3,17f-diol

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



solution, extracted three tinmes with ethyl acetate, washed neutral, dried on
sodium sulfate, concentrated by evaporation in a vacuum and chronmat ogr aphed
on silica gel with hexane/ethyl acetate. 95 ny of

17a-et hinyl -113-fl uoro-17(3- hydroxy-7a-nmet hyl estr- 5(10)-en-3-one with a
melting point of 112-114C was obtai ned. 39 Exanple 8: Production of

| 7a- Et hi nyl -11(3-fl uoro-7a-nethylestr#&01, 3,5(10)-triene 3,17 3-diol: a) 11
0- Fl uor o- 3- hydr oxy- 7a-met hyl estra-1, 3,5(10)-trien-17-one: A solution of 500
nmg of 11(i-fluoro-7a-nethylestr-4-ene-3,17-dione in 16.5 m of acetonitrile
was stirrethimeth 400 ng of copper(H) bromde for 6.5 hours at 25C. Then, it
was diluted with ethyl acetate, washed with sodi um bi carbonate sol ution and
sodi um chloride solution, dried on sodium sulfate, concentrated by
evaporation in a vacuum and chromat ographed on silica gel with

h / i - Q- .
yor oxy- 7a- mot hyFodpPaioflogPlbisy e Me b RGN ecpybstivned Vs, of

185- 186C was., oht.ai ned. - b) 17a-Et hi nyl - 11

P- f | uor o- Qpﬁgﬁﬁbﬁ%§F?E@T%§%5€§0)-triene-3,17f3-dio|: A suspension of 2.03 g
of cerium(lll) chloride in 7.5 m of tetrahydrofuran was m xed drop by drop
at OCwith 16.5 m of an ethinyl magnesi um brom de solution (0.5 M in
tetrahydrofuran) and stirred for 0.5 hour at 0OC. Then, a solution of 280 ng

of 11 p- R13 le}

4B
in which
R’ is the grouping P-Q, whereby
P represents a C- to C4-alkylene, and Q represents a C;- to Cs-alkyl-

or C;- to Cy-fluoroalkyl, and the grouping P-Q is bonded via P to
the steroid skeleton,

R  canbeina-or B-position and stands for H, CHj; or CF3, and

R"™ s methyl or ethyl,

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



fl uoro- 3- hydr oxy-7a-net hyl estra-1, 3,5(10)-trien-17-one in 2.8 m
tetrahydrofuran was added drop by drop and stirred for another 3.5 hours at
0C. For working-up, a saturated anmonium chloride solution was added, added
to water, extracted four times with ethyl acetate, washed neutral, dried on
sodi um sul fate, concentrated by evaporation in a vacuum and chromat ographed
on silica gel with hexane/ethyl aceta#d. 220 ng of 17a-ethinyl-1

| j 3-fluoro-7a-nmethylestra-1,3,5(10)-triene-3,178-diol wth a nelting point
of 115-117C was obtained. 40 Clainms: 1. M crobiological process for the
production of 7a-substituted 11 a-hydroxy steroidg, with general formula 4,B:
4,Bin which R7 is the grouping P-Q wherebyRP r¢presents a G- to

C4-al kyl ene, and Q represents a - to C4~al Cl- to C4-fluoroal kyl,
and the grouping P-Qis bonded via P tg oi d skel eton, 1110 can be
in a- or p-position and stands for g8 [C and R13 is nethyl or

et hyl,

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:



in which a 7a-substituted steroid with general fornmula 3, A" 41 3,Ain which
R7, R10 and R13 have the sane neanings as indicated above, is hydroxyl at ed
and oxidized 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. 2. Process according to claim1,
characterized in that the mcroorganismis selected fromthe group that
conpri ses Aspergillus awanmori, Aspergi4d us fischeri, Aspergillus nmalign us,
Aspergillus niger, Beauveria bassiana, donerella cingulata, Giononia

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

M crobi ol ogi cal process for the production of 7a-gubstituted | |a-hydroxy
steroids with general forrmula 4,B: 42 4,B inBRhi¢h R7 is the grouping P-Q
whereby P represents a G- to C4-atly) ene~s Qlfepresents a O to C4-al kyl -
or Cl- to CA-fluoroal kyl, and the groufp

bonded via Pto

4,8

in which
R’ is the grouping P-Q, whereby
P represents a C;- to Cs-alkylene and Q represents a C,- to Cy-alkyl-
or C;- to Cy-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
R®  is methyl or ethyl,

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

13 OH

3,A



the steroid skeleton, Rio can be in a- or R-position and stands for H, CH3
or CF3, and R13 is nethyl or ethyl, in which a 7a-substituted steroid with
general formula 3,A: 3,A 43 in which R7, R10 and R 3 have the same neani ngs
as previously indicated, is hydroxylated in 1 la-position in a first

m cr obi ol ogi cal process step with use of a first mcroorganismthat is

sel ected fromthe group that conprise#3Aspergillus sp., Beauveria sp.,

G bberella sp., Gonerella sp., Gilononia sp., Metarrhiziumsp., N grospora
Sp., Rhizopus sp. and Verticilliumsp., with the formation of a

7a- subst i inwbkidh R’) R™ hyd RoXhave sticevanie dneahings ggprevialsly mdivaled, C. C i n whi ch R7,
R10 and R13 have the sane neani ngs as indicated above, and the

7a- subst i {uyaghxllated-inY d6Pu¥itish 8 Lhidi MckdbiflegeProde®y FY Ritfuldidta firs Produced

is then oxidized in a second m crobiological process step with use of a

d mcgrl I i | f he i
SO BTSSR By L8 8] R TRl R

Baci | | us sp. acterrum S

formati on of the 7a-substituted steroid w eneral fornula 4,B.
sp., GztbbereZIa sp., gfomere }a sp., nomonz% sp., B\Pet(grr}z-;'zium sp., Aggrospora sp.,

with the

Rhizopus sp. and Verticillium sp., with the formation of a 7a-substituted 11a-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



4. Process according to claim3, wherein the first mcroorganismis sel ected
from the group that conprises Aspergillus malignus, Aspergillus nelleus,
Aspergillus niger, Aspergillus ochraceus, Beauveria bassi ana,

G bberell afuji kuroi, G bberella zeae, donerella cingulata, Gonerella
fusaroi des, Grhononi a cingulata, Metarrhizium 44 ani sopliae, N grospora
sphaerica, Rhizopus oryzae, Rhizopus ol onifer and Verticillium dahliae.
5. Process according to one of clains 3 and 4, wherein the second

m croorganism is selected fromthe group that conprises Bacillus

| act i nor busisofiaej NignspseqahspbadrivasRhizdlys obaas, Rhizopusnealaifdarand Wyarbaaher i um
snmegmati s, Nocardia corallina, Nocardia globerula, Nocardia mnina
Nocar di a Wesidel ctus, Nocardia rubropertincta, Nocardia sal nonicolor and
Pseudononas testosteroni. 6. M crobiological process for the production of

7a- subst T Lut e ploaclNgrauKe LRI Wy BSIREH o Qemib A hoBizafof) 0 Wi cf

R7 is the grouping P-Q P represents a - e and

represent I Cl- ot 0.,CA:f ] uor,oal nd the grouplng P-Q
i s bonde d?svslelae%d tfrogl tgA gl%ug)ﬁllat cgmprl s Bacillis lac)zmorbus l¥a¥:zllus Sp. }gaerlcus

Mpycobacterium 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:

4B

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

R!®  stands for H, CH; or CFs, and



the steroid skeleton, Rl stands for H CH3 or CF3, and 45 R13 is nethyl or
ethyl, in which 7a-substituted steroids with general fornmula D D in which
R7, R10 and R13 have the sanme neani ngs as indicated above, are hydroxyl ated
with use of a mcroorganismthat is selected fromthe group that conprises
Aspergillus sp., Beauveria sp., Curvularia sp., Gbberella sp., Gonerella
Sp., Ghononia sp., Haplosporella sp. 45Helicostylum sp., Ni grospora sp.,

Rhi zopus sp. and Syncephal astrum sp. 7. Process according to claim®é,
wherein the mcroorganismis selected fromthe group that conprises

Aspergi | | us al R*aceisspetidAdpeetil | us awanori, Aspergillus ftscheri,
Aspergillus malign us, Aspergillus nelleus, Aspergillus nidualans,

Asper gi | | éswhicH @6-substieRET dérbldd svidGehaardemuldpper gi | | us variecol or, Beauveria
bassi ana, Curvularia lunata, G bberella zeae, d onerella cingul ata,

G onerel l a fusaroi des, Giononia cingulata, Haplosporella hesperedica,

Hel i costylum piriformae, N grospora sphaericays zopus oryzae and

Syncephal astrum racenosum 8. M crobi ol ogical cess according to one of
claims 1 to 7, wherein R7 stands

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 Aspergillus sp., Beauveria sp., Curvularia sp., Gibberella sp., Glomerella sp.,
Gnomonia sp., Haplosporella sp., Helicostylum sp., Nigrospora sp., Rhizopus sp. and
Syncephalastrum sp.

7. Process according to claim 6, wherein the microorganism is selected from the
group that comprises 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.

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

for CHs.



for CH3. 46 9. M crobiol ogical process according to one of clains 1 to 8,
wherein RLO stands for H 10. M crobiol ogical process according to one of
clainms 1 to 9, wherein R13 stands for CH3. 11. 7a, | 7a-Substituted 1
1(3- hal ogen steroids with general fornmula 8, 10, 12: 8,10,12 in which

U V-WX-Y-Z stands for one of ring structures Cl-C -C3-C4=C5-C10,

Cl- C2- C3- 4-C5=C10 or C1-C2-C3-C4-C5-Cl0, whereby in this case, an oxo
group (=0 is bonded to W(=C3), or f ring structure Cl=C2- C3=C4- (C5=C6,
whereby in this case radical OR3 is bonded to W(=C3), R3 stands for H, C -
to C4-al kyl, d- to CA-al kanoyl or a cyclic C3- to C7-ether wth the O -atom
of the OR3-radf-cMicromplogical precess aeserding P-oge ofiwlainmshltor3, mdpreisBntstands C1- t o
C4-al kyl ene and Q represents a Cl- to C4-al kyl 47 or Cl- to C4-fluoroal kyl,
and groupfargl.P-Q i s bonded via P to the

10. Microbiological process according to one of claims 1 to 9, wherein R"? stands
for CH;.

11. 7a,17a-Substituted 11f3-halogen steroids with general formula 8, 10, 12:

OR17'

R13

in which

U-V-W-X-Y-Z stands for one of ring structures Cl-Cz-C3-C4=C5-C10,
C-C2-C-C*-C=C"? or C'-C*-C-C*-CP-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 C4-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 C,- to Cs-alkyl-



steroid skeleton, Rio can be in a- or (3-position and stands for H,

CF3, and is present only if X-Y-Zis not C4_C5=Cl0 Ru is a hal ogen,
nmet hyl or ethyl, Rn stands for H Cl- to C 3-alkyl, alicyclic G- to
C 3-al kyl, Cl- to C18- alkenyl, alicyclic C to d 8-al kenyl, Cl- to

G 3-alkinyl, C to

C18- alkylaryl, Cl- to C8-al kylenenitrile or for

groupi ng P-Q whereby the grouping P49 has the above-nenti oned nean
stands for H Cl- to Cl8-alkyl, alicyclic C to Cl8-alkyl, Cl- to (C

al kenyl, alicyclic

C- to d8-alkenyl, Cl- to Cig-alkinyl or - to

CH3 or
R13 is

t he

ing, R
8-

C18-

al kyl aryl, whereby R17' alC5otoo@pflingodlioyided grdupirg IEXi0 befidedyid Ptd the 17k- oxy

group, and wher eby

Riv also in addition can be substituted wi th one

groups NR18R19 or one orsypiekdeedps SOXR20, whereby x = 0, 1 or 2,

R18, R19 and R20,

AT TEAT 19 RN CandS ELY P g BRI RLLICOL L, SRR

according to claim
Cl- C2- C3- C4=C5-C10

R13

R17

n each case independently of one another can ha

%&Kagg (%g:%; (yébebf stands for ring structur

is a halogen,

is methyl or ethyl,

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

stands for H, C;- to C;s-alkyl, alicyclic C;- to C;g-alkyl, C;- to Cs-
alkenyl, alicyclic C;- to C;s-alkenyl, C;- to C;s-alkinyl or C;- to Cis-
alkylaryl, whereby R'” also can be bonded via a keto group to the 17p-
oxy group, and whereby R'” also in addition can be substituted with one
or more groups NR®*R" or one or more groups SOR?, whereby x =0, 1
or 2, and R'™, R" and R?, in each case independently of one another, can

. 17
have the same meaning as R"’,

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

12. 7a,17a-Substituted 11B-halogen steroids according to claim 11, wherein U-V-

W-X-Y-Z stands for ring structure C'-C2-C3-C*=C>-C'% or C-C2-C-C*-C°=C" or

Cl=C?-C=C*-c’=C"°.

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

12, wherein R!

stands for H.

or nore
and

ve t he
dition

roi ds

e



Cl=C2-C3=C4_C5=Cl 0 13. 7a,1l7a-Substituted 11 O-hal ogen steroids according to
one of clains 11 and 12, wherein Rl stands for H 48 14. 7a,17a-Substituted
11(3- hal ogen steroids according to one of clains 11 to 13, wherein R7
stands for CH3. 15. 7a, 17a-Substituted 11(3-hal ogen steroids according to
one of clainms 11 to 14, wherein R' stands for fluorine. 16.

7a, 17a- Substituted 11(3-hal ogen steroi8s according to one of clains 11 to
15, wherein R13 stands for CH3. 17. 7a,l|7a-Substituted 11(3-hal ogen
steroids according to one of clains 11 to 16, wherein RLl7 stands for H,

CH3, Cl- to Cl1Bhadbli7eplubst@HRCNI hal GEed. stet@ids F@pdliee: tBwins bf tlainesdl 11td (135 hal ogen
steroids according to one of clains 11 to 17, wherein R1l7 is ethinyl. 19.
7a, 17a- SubkéreiniR 'asthntid (@-CG18). ogen steroids according to one of clains 11 to
18, wherein R17' stands for H 20. 7a,17a-Substituted 11(3-hal ogen steroids

according to ore7ef17&/SabdtRutdd 1 {Rhdi8zenSNIBHY according to one of claims 11 to 14,
17a-Et hinyl - 11(3-fl uoro-17(3- hydr oxy- 7a- net hyl estr - 4- en- 3-one
wherein R"! stands for fluorine.
16. 7a,17a-Substituted 11B-halogen steroids according to one of claims 11 to 15,
wherein R"? stands for CH;.
17. 7a,17a-Substituted 11B-halogen steroids according to one of claims 11 to 16,
wherein R!7 stands for H, CHs, 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. 7a,17a-Substituted 11B-halogen steroids according to one of claims 11 to 18,
wherein R'” stands for H.
20. 7a,17a~Substituted 11p-halogen steroids according to one of claims 11 to 19,
namely
170-Ethinyl-11p-fluoro-17p-hydroxy-7a-methylestr-4-en-3-one
17a-Ethinyl-11B-fluoro-17p-hydroxy-7a-methylestr-5(10)-en-3-one
17a-Ethinyl-11p-fluoro-7a-methylestra-1,3,5(10)-triene-3,17p-diol.

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



17a-Ethinyl- | 1 fl-fluoro-1743-hydroxy-7a-mnethyl estr-5(10)-en-3-o0ne
l17a-Ethinyl-11 f3-flu oro-7a-nethylestra-1, 3,5 (10)-tri ene-3 ,1743-diol.
21. 7a-Substituted 114-hal oestra-1,3,5(10)-trienes with general formula 6:
49 R30 6 in which R3 stands for H d- to C4-alkyl, d- to C4-al kanoyl or a
cyclic C3- to C7-ether wth the Oatomof the OR3-radical, R7 is the
groupi ng P-Q whereby P represents a @8-to C4-al kylene and Q represents a
Cl-to C4-alkyl or G- to C4-fluoroal kyl, and the grouping P-Q is bonded via
Pto the steroid skeleton, Rr is a halogen; R 3 is nmethyl or ethyl, as
wel | as their pharmaceutically conpatible addition salts, esters and am des.
22. 7a-Substituted 11(3-hal oestra-1, 3,5(10)-tR®engs according to claim 21,

I IS , 5 (10)-trien- | 7-one.
ed 11 G3-hal ogen steroids

23. Process for the production of 7a, 17
with

e,
l// R7

R3O0

in which
R} stands for H, C;- to Cs-alkyl, C;- to Cs-alkanoyl or a cyclic C;- to C;-ether
with the O-atom of the OR3-radical,
R’ is the grouping P-Q, whereby
P represents a C- to Cs-alkylene and Q represents a C;- to Cs-alkyl-
or C;- to Cs-fluoroalkyl, and the grouping P-Q is bonded via P to
the steroid skeleton,
R"  isahalogen;
R"™  is methyl or ethyl,
as well as their pharmaceutically compatible addition salts, esters and amides.
22. 7a-Substituted 11pB-haloestra-1,3,5(10)-trienes according to claim 21, namely
11B-Fluoro-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:



general formula 10 according to one of clains 11 to 20, in which U-V-WX-Y-Z
stands for the ring structure Cl-C2-C3-C4=C5-Cl10, with the follow ng
process steps: 50 - Nucl eophilic substitution in a 7a-substituted |

| a- hydroxy steroid with general formula 4,B in 11-position with a

hal odehydr oxyl ati ng reagent; - Reaction of the 7a-substituted 11(3-hal ogen
steroid that is produced in this case i th an al kyl ati ng agent in a

sel ective manner on the Cl7 atomof the ring skeleton to formthe 7a, 1
7a-substituted Il R-halogen steroid with general formula 10. 24. Process for
t he product i-onNoéleatilic7aubstithern inut 7edsubdt{tBtetl | ohpdrosy stewidiwithvigereralgener al
formula 12 according to one of clains 11 to 20, in which UV-WX-Y-Z stands
for the ring sformalaut,B ifClE-pasitiah WiiCh Bélddehyddok Mlatilerehgdnk;,o0wi ng process steps:
- Nucl eophilic substitution in a 7a-substituted 11 a-hydroxy steroid with

general fornuRgacfioBof the ¥é- sB@s'iitﬁtbcP'I‘lBMmélJSgeﬂ sheadi@ Ao wroaickdtd M\ cagagent, -
Reaction of the 7a-substituted I1(3-hal ogen steroid that is produced in this

case Wwth an dde m of the
ring skel eton @hﬁx{? gﬁ%ﬁgﬁ%@{ m]J]s_gi?ecﬁ r‘ﬁ“ tut egﬁll(éto%%ﬂiﬁ%%ggg@d W th
e e L M
%ﬁ?gz?lc?)f (();E mul %&é’rocelss fort e%rrloduléjt-lc\)/r; c\ﬂ{ %(a T7a susbstltuted 11%-ha oggn gtlerrg)gdssv'\[n{huc'[ ure

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:
- Nucleophilic substitution in a 7a-substituted 11o-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 11p-halogen steroid with general formula 10,

- Isomerization of the 7a,17a-substituted 11B-halogen steroid with general formula

10 to form the corresponding isomer with general formula 12, in which

U-V-W-X-Y-Z stands for the ring structure C'-C2-C3-C*-C>=C"’,

25. Process for the production of 7a,17a-substituted 11B-halogen steroids with
general formula 8 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:

- Nucleophilic substitution in a 7a-substituted 110-hydroxy steroid with general

formula 4,B in 11-position with a halodehydroxylating reagent,



25. Process for the production of 7a,17a-substituted I (3-hal ogen steroids
with general formula 8 according to one of clains 11 to 20, in which

U V-WX-Y-Z stands for the ring structure C 1=Ca-C3 =C4-C5=C6 with the
foll owi ng process steps: - Nucleophilic substitution in a 7a-substituted |

| a- hydroxy steroid with general formula 4,B in 11-position wth a

hal odehydr oxyl ati ng reagent, 51 Oxidi ZAing of the 7a-substituted 11

&3- hal ogen 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 clains 17
and 18; Reacti ORid¥ing BEthd Fo-Subsitdtéd!! 90hasdeh atefoid thaf sProduckERah@ichde gener al
formula 6 wwth an alkylating agent in a selective manner on the C17 at om of
the ring skele _ &, S [ [ 3= . oid with
gener al fornulgpgﬁhg%Fhﬁgghg$§P%?;%ggggg?§%%@##@ﬁ?@&bﬁT?%k%gﬁggg%ﬁgteroids
wi th general fore Fai8s 17494 182 according to one of clains 11 to 20 for the
producti on of B%a?naceutica? ggents. 27. Pharnmaceutical preparations that
contain at |east one , 17a-substituted | 10 hal ogen sterpid wth general
fornula 8, 10, E%’“Qeé’gﬁﬁi g “f’%f‘%tﬁ C%Ta"c?’éﬁlg??s'triefe thiggneral igEpyla 6ty | east

one pharmaceutical ly conpatible vehicle. 17 .
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 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.

27. Pharmaceutical preparations that contain at least one 7a,17a-substituted 113-
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.





