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i nvention rel ates
steroids which are characterized by a
cycl opropane ring and a 17a hydroxynet hyl

{54) Title: NOVEL ANDROGENS -

{57) Abstract: The disclosed invention relates to the unexpected finding of novel stercids which are characterized by a 14B.15B-
cyclopropane sing and a 17 hydroxymethyl gronp. These steroids according to the invention are found to have in common an
androgenic activity. They can be used for the preparation of an agenl for male contraception, as well as for the preparation of &
medicameat for the treatment of androgen insufficiency.
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The present invention is in the field of steroid conmpounds having a

cycl opropane ring, which ring includes carbon atons 14 and 15 of the:
steroid skeleton. Mre particularly, the invention perbpa |ﬁ§ t.o such
steroi d conpounds as possess an androgenic activity. Steroi E ving the .
above- |ndkﬁ$®?gﬁ%yclopropane ring have been disclosed in EP 768 316, which
isin the f femal e contraception and hor none-t h&FAEYAIY? nst
endonetriosis or 10 climacteric conplaints. The steroids are described as
havi ng progestagenic activity, exanples being 1l4oc, 15a- net hyl ene

estra- 4%@§Qwsl7a ol and 3-oxo 14P, 15p- net hyI ene estra-
4, 9-di ene-17p-yl (N-phenyl)car banmat e. Nelther potency, nor any ot her

receptor activities, of these progestagens can be derived fromthis -

di scl osure. 15 In a non-prepublished patent application PCTI DE99/01795
(published on 29 Decenber 1999 as WD 99167276) a group of

14, 15- cyitk pm@pyivemtoetimindbe field obgemiddespeundetizvingrasygloptepals ragewhitlp- hydr oxy
subs |tu1ed ot epubl j | Gt ik, WO -

00/ 5 6191% F%caébo& omskﬁ gﬁglpg{hg stero:d% Eg{lgl?[ g)gan‘l’églg\]léglger Ig bt\?\hl ch have
a 14p, 1'partainsa bichuteniid mmpomdz as ﬁcﬂsgqss dnZajrogento-activitr oxynet hyl )" steroids. The
present ‘i nventi on now pravi des a novel group-of steroids of the general
type as indicated above, which possess an unexpected androgeni'c activity.

Di sti ncigddi@Mhdvit thé QReimgRnd Hosthsat aag tavenbseindiseibded ih IBP Za3d¥idgens of
the present invention - includin ver ﬁ)otent ones -.int sat |sfy t he

requi r endyphgs ime feldeolclrmple GpERS qrinone;therapy éﬁf"’éh?f'dgﬁ'g'im%?\ car bon

at orgyno chﬂithenCQ:ohx}Sﬁfn%x Yhekkbsds %Qiéﬂ:nb&i KRsa brdg‘?ﬁtd‘gbmb SotivitQrdxemples. As a
consequence, the steroids of the invention have he 14@5‘§onf| uration,

cont r ar ypeing lﬁ‘a,tlﬁﬂﬂ!eﬂ%’tey? eima-4bilighsnbenc- et 284 3 W‘%éﬁ%%fﬁa ¥leag %8st r adi ol

whi ch h &ﬂ;laﬁat Ziher 30ench Nor Shi oBiedl fec@icrUicaNing, bp t he
i nventi %\f?esaeﬁg gucture‘: formrrngj gnc?s 2r ?I\/AY 2004 WO 01/40255 2 R

PCT/ EPO@M&QQG&SM@SME@V&MW(SWSH}’WW(H OR), NOR with R being hydrogen,
(C .6) alkyl, (C 6) acyl; R2 is hydrogen, or.(C .6) al kyI'

15 In a non-prepublished patent application PCT[DE99/01795 (pubhshed on 29 Decernber 1999
-as WO 99/67276) a group of 14,15-cyclopropyl steroids has been described, among whtch are

17p-hydroxy substituted ones. .

Another non-prepublished ,pﬁtent application is WO 00/53619 wherein a group of androgenic
20  steroids is described which have a 14p,17a. configuration, viz. ( 14B,17a)-17-(hydroxymethyl)

steroids.

The present invention now provides a novel group of steroids of the general type as indicated
above, which possess an unexpected androgenic activity. Distinct from the progestagens

25 diséiosed in the art, the androgens of the present invention — including very potent ones — int.al.
satisfy tﬁe requirements that the cyclopropane ﬁng is B-oriented and that on carbon atom no. 17
a hydroxymethyl group is present which is c-oriented.  As a consequence, the steroids of the
imlrention have the 14p-configuration, . contrary to natural steroid hormones, such as
testosterone and estradiol, which have a configuration 14ct, 17p.

300 |

The steroids according to the invention satisfy the structural formuia I



5 R is hydrogen; or R is (C .6) alkyl, (C2.6) alkenyl, or (C, .6) alkynyl,
each optionally substituted by halogen; R' is hydrogen, (C,.6) alkyl, or
(C2.6) .alkenyl; RSis (C.6) alkyl; R6 is hydrogen, h POGE: 200k (C )

al kyl; 10 R, is hydrogen, or (C,.6) alkyl; RB is hydrogen, hydroxy, (C, .6)
al koxy, hal (C,.6) alkyl; Rg and R 0 are independently hydrogen; or
RO and. R oﬂgﬁgﬂl}z%ependent ly (C, .6) alkyl, (C2.6) al keifIEPOYI20096)

cycl oal kyl, (C5.6) cycloal kenyl, or (C,_6) al kynyl, each optionally ,
substituted by (C,,,) alkoxy, or halogen; 15 R' is hydrogen, SG3H, (C, _,$)
acyl; and the dotted lines indicate optional bonds, selected froma e', ‘
AS'f, or Q' double bond, or a A'9 or A'F @ ene system The invention not
only pertains to steroids which satisf ‘S%%ﬁgyral formula I, but also to -
20 pharmaceutical ly acceptable salts or egt¥rs, prodrugs and precursors
thereof. The term (C,.6) alkyl as dsedAy tptedefinition of formula | neans
a branched or unbranched al kyl @ R0 carbon atons, |ike nethyl,
ethyl, propyl, isopropyl, butyl, \>/tertiary butyl, pentyl, and
hexyl . Likewi se, the term (d ) aRs an al kyl group having I 25 4
carbon atons. Preferred al kylggrogps~haig, 184 carbon atons, and nost
preferred al kyl groups. are net hy2 and et %yl. 2 4 MAY 2004 WO 01/40255
PCT/ EPOQ' 12009 3 Thé term (C2.6) al kenyl nmeans a branched or unbranched

al kenyl gVB¥finhavi ng at | east one double bond and 2-6-carbon atons..
Pref.erredg gl keayly rd.-carbon atons h,as, vinyl and
propenyl .- LI:he’%r%@?’@&a@%ﬁ?ﬁ/&m@gﬁ@g% [)érié?nag: zge’d}acﬁhbranched al kynyl
group havRsighwdrogemas (Cioredkylit ri pl e bond and 2-6 carbon atons. Preferred
al kyny. e _2-4 ca uc t hyn and propynyl; 10 The
term (flC, .%ﬁy@;ﬁlﬁkg%{t’loﬁé? 'Srgngﬁmglgﬂ’ @i’f@ F@S’i’@é’ﬁzcﬁs ﬂg""ﬁgﬁ%hﬁp@"eﬁ%ﬁ%ﬁﬁe‘%t oms,
| i ke - cydivdplogpmne, cycl obutane, cycl opentane and cycl ohexane. ’,
- Ry is hydrogen, (CM) alkyl, or (C,.,) alkenyl; |
R is (C,) alkyl;
' R, is hydrogen, halogen, or (Ci;) alkyl;
10 R, is hydrogen, or (C, ) alkyl;

R, is hydrogen, hydroxy, (C,.) alkoxy, halogen, or (C,..) alkyl;
R, and R,, are independently hydrogen; or R, and R,, are independently (C,,) alkyl, (C,.,)
 alkenyl, (C,,) cycloalkyl, (C;.} cycloalkenyl, or (C..) alkynyl, each optionaily substituted by
(C,.,) alkoxy, or halogen; . ' ‘
15 Ry, is hydrogen, SO,H, (C, ;) acyl; and
the dotted lim;s indicate optional bonds, selected from a A%, A**®, or A'* double bond, or a A*

or A*"! diene system.

" The invention not only pertains to steroids which satisfy structural formula I, but also to ,

20  pharmaceutically acceptable salts or esters,'prodmgs and precursors thereof.

' ~The term (C, ) alkyl as used in the definition of formula I means a branched or unbranched

- ‘alkyl group having 1-6 carbon étoms, like methyl, ethyl, propyl, isopropyl, butyl, isobutyl,

,terﬁary butyl; pentyl, and hexyl. Likewise, the term (C, ) alkyl rﬁcans an alkyl gfoup having 1'-

25 4 carbon atoms. Preferred alkyl groups have 1-4 carbon atorns, and most -preferred alkyl groups
are methyl and ethyl. '



The term (C5.6) cycl oal kenyl neans a cycl oal kene ring having at |east one
doubl e bond and 5 or 6 carbon atons. 15 The term (C,.6) alkoxy, neans a
branched or unbranched al kyl oxy group having 1-6 carbon g@ﬂsg |ike
met hyl oxy, ethyl oxy, propyl oxy, isopropyloxy, butyloxy, 9so Jpoxy,
tertiary pent yl oxy, and hexyl oxy. Likew se, tm (C, 4)
al koxy ne (g&éhgganched or unbranched al kyl oxy group ﬁggﬁﬁﬁﬁfgﬁ car bon
atons. Preferred al kyl oxy groups have 1-4 20 carbon atons, and nost
preferred is methyloxy The term (C,.$%) acyl neans an acyl group derived
froma carboxylic acid having 1-6 carbon atons, like fornyl, acetyl,
propanoyl, butyryl, 2-nethyl propanoyl, pentanoyl, pivaloyl, and. hexanoyl.
Li kewi se, the term (C, .15) acyl neans an acyl oup derived from a
car boxyl The ke dCad alkempil mgans a Brapghes op ua‘zrawﬁed algeﬂg’ogiiom pEidREI2EhPTE t he
definiti Q‘f;hbﬂef bo('lﬁ:’ancmﬁ%ﬁ%hn Homé. Ci»wféééd A1 SbSps Ha6Y1-4 RaBU BoMSr duviess T rom
di carboxylic acids, |ike hem-nmaloyl, hem-succinoyl, hem - glutaroyl and
so on. TM@Yh@dnﬁhangen‘neans quorlne chl ori ne, bronlne, or iodine. Wen
halogsn is a substituent 30 at an al kyl group, like in the definition RS,
R, and R o, C and F are preferred, F being nost preferred. 2 4 NMAY
2004 VK)wmi&ﬁﬂ56MPﬂKhEP®&M$20@@mﬁhtoﬂ4WQMQBﬁ3ﬁMth&bﬁhbmmﬂaﬂdﬁﬁh@ﬁbl

steroid (Y of ,thi s inyention u < i ons 5a,
8[3, 9a, E'TE?O,‘Jnér‘?H‘??g[“rbo'fﬁeomcsog 1gar a altkp@ mw%-‘z{l]gtzﬁsaﬁoa.ﬂ geq{élg‘arr%ounds of
t he i nveahymyhandgyopymdsess al so one or nore. additional chiral carbon atons.
They may therefore be obtained as a pure diastereoner, or as a mxture of
di astereonmers. Methods for obtaining the pure di astereomers are wel | known-
in the aThke t@mQ(C,QT y:gdicdiiyl zatano m @_mdsmmtmgram;g 3Rorcabbe rageut iks use,

salts of the conp @gs of fPrnuI @ t hose wherein the counterion is
phar nace%f"&"é’??‘}? FECRYIELPE °p‘?—‘?(5%§\7‘éq'°y° B¥P% of the acids according to

formula I may al so flnd 10 use, for exanple, in the preparatlon or

purification of a pharmaceutically accep tﬁble C oun? fﬁ?é whet her
phar mac et e (G s¥dealicayimeapy2 qysioalkegeging %‘I“E?d’é ‘?beeﬂ’é’“% "of the
present [pygithan. Exanples of salts of acids according to the invention
are mneral salts such as sodiumsalt, potassiumsalt, and salts derived
fromldrgani ¢ bases |i ke anmmoni a, -inidazole et hyl enedi ami ne, triethylam ne

and the J1“1’1 kérm (C,..) alkoxy means a branched or unbranched alky}oxy group having 1-6 carbon
atoms, like methyloxy, ethyloxy, propyloxy, isopropyloxy, butyloxy, isobutyloxy, tertiary

butyloxy, pentyloxy, and hexyloxy. Likewise, the term (C,.) alkoxy means a branched or

" unbranched alkyloxy group having 1-4 carbon atoms. Preferred alkyloxy grbups have 1-4

20  carbon atoms, and most preferredlis methyloxy.

The term (C,,) acyl means an acyt group derived from a carboxylic acid hajv'ingr 1-6 carbon
atoms, like formyl, acetyl, propanoyl, butyryl, 2-methylpropanoyi, pentanoyl, pivaioyl, and

' hc:lcanoyl. Likewise, the term (C, ;) acyl means an acyl group derived from a carboxylic acid

25  having 1-15 carbon atoms.. Alsé included within the definition of (C,) acyl or (C,.) acyl are
_-acyl _groups derived from 'dica‘rboxylic_: acids, like hemi-mﬁ]oyl, hemi-succinoyl, hemi-

glutaroyl, and so on.

The term halogen means fluorine, chlorine, bromine, or iodiﬁc. When halogen is a substituent
30 at an alkyl group, like in the deﬁnitiOn"Ra, R.. R;, R, and R,,, Cl and F are preferred, F being

most preferred.



15 The conpounds of the invention as described hereinbefore in general
possess an unexpected androgeni.c activity. Androgenic activity can be:
measured in various ways. Thus, the potency of androgens, ¢an be -determ ned
in vitro usi ng t he -cytopl asm ¢ androgen receptor from hurdah MAY &B&¢ ¢ unor
cells (IVCF A,E J ine); see Bergink, EW et al, Conparison of the

recept or BI ndi ng properties of- nandrol one and testostpgir@ﬁ%olﬁwaer in
vitro and |n vivo conditions, J. Steroid Biochem 22, 831-836 (1985). It
is al so possible to use Chinese hansteg ovary (CHO cel | s transfected with
t he human androgen receptor (incubation time 16 h, tenperature 4 C) and
conpared with the affinity of 5a-dihydrot estosterone [according to the
procedure described by Bergink, EEW et al, J. Steroid Biochem 12,

1563- 1570 Tha 343} 3B-mathde5 7ormagtianelt steroid | dedvativel ofgthis im@nﬁm haye ¢lic ndyaral
conmpound efH | y ovary
el | 5 (G5 bafors T8l ORISR RH Blanti -1 7S ARG HRLSY ©°

conbi natl dtelwetitivnanaymussessmtmmqr mdnmltmnalmhnra(l Mﬁdﬁ)atomn'cﬂhdyumyftmra"se o

recept incubation tine 16 erat ure ed with
he ncti viEbinsds Bt ora a i PR SRSty Psbrderoitahape” 1"
descri bedph*ydiﬁﬂéremmare%mqﬁu&m&tame,g Bﬁ)rsfélrhaitbohorcﬁitmmphﬂm 222-224
(1998)].. For the in vivo potency determ nation of androgens the classical
Hershberger test can be used- In this test the androgenic (increase in
prost at e Rordhdvipéutions, A& 6&&46&&%5@%‘%&6&%&2%& w&irgml)e oaaﬂﬁterad‘naibol [ c

activities [inc ? of P%[]e muscul us | evat or H’é a co g

tested i npllahﬂ‘ﬁf‘ﬁ'r"é Youeriatee oy s salisof theggids §’/°°3r& A9 g’f’F‘&Pl gRY elsp e days

see Heg shie[ fgedxample, lﬁme@&epalanoﬂ\dfgﬁﬁmﬁmlfofa%wa&mu@hy dfefltd @nipasdder one and
ot her steroids determ ned nodi fied | evator_ ani nuscle nethod

Proceedi nfj¥ sgs theth %rd%‘P’@iaﬁe“F‘S‘i”YékﬁéF’Pﬁé’ﬁt’QF a5 Brigdsl Wi theeabil ofhe 3,

175-180 (J8&RA)invendeH. Ex@RAAd of satlshe 2884 f«.@&mﬁ% t@fe ANEHBH BRIKin&ARRAWEL On LH
suppressi.on can be tested in mature castrated rats according to Kumar, N.

et al, Thee seiigmagi.catassivge ealty prdysalis depiyedofiem wesepg baselikpammeanizo dridezsife i s not

arrpllfl edethﬂen%hﬁm@%ﬂé%%hé&%:ﬁélﬂ&t as is that of testosterone,
Endocri nol agy | 3683 (1992). 10 The preference goes to those

corrpobﬁds according to the invention which exhibit a relatively high

andr ogeni ’Pheac%I'nhXﬁ Y of 3 ivenddihs REEHEL Rfei Y nﬁ@ﬁ’a’h@ﬁe ool & dhbepelon are

t hose sat| sf e above structural oxo, and
t he dott emlldtogﬂesaqtmuiy Caklmgenicictidityutdnebe measured in various ways. Thus, the potency

© of androgens can be determined in vitro using the cytoplasmic androgen receptor from human
breast tumnor cells (MCF-7 cell line); see Bergink, E.W. et al, Comparison of the recep{or
20 binding properties of nandrolone and testosterone under in vitre and in vivo conditibn.;‘, J.
Steroid Biochem. 22, 831-836 (1985). It is aiso possible to use Chinese hamster ovary {CHO)
- cells tranéfected with the human androgen recéptor (incubation time 16 h, temperature 4 °C)
and coxﬁpared with the affinity of Sa-dihydrotestosterone [according to the proceduré
described by Bergink, EW. et af, J. Steroid Biochem. 19, 1563-1570 (1983)]. The
25  transactivative androgen activity of the compounds of the invention can be measured, e.g. in
Chinese hamster ovary cells (CHO) transfected with the human androgen receptor (hAR), in
combination with-a mousec mammary tumor virus (MMTV), and luciferase receptor gene
(incubation time 16 h, temperamre' 37 °C) and compared with the activity of Sa-
dihydrotestosterone [according to the procedure described by Schoonen,_. W.G.E. et al,
30 Ana!y‘t. Biochem. _Zﬁl, 222-224 (1998)]. .For the in vivo potency detérmination of androgens

the classical Hershberger test can be used. In this test the androggnic (increase in prostate



bond. More preferred are conpounds wherein R is 7a-nethyl. A specifically
preferred conpound of the invention is

(7a,14ii,15(3,17x)-17- (hydroxynet hyl )-7-net hyl -i -4, 15- 1?& N 2004

nmet hyl eneestr-4-en-3-one. As androgeni ¢ hornones the steroids of the

present in%«ar&mog%acan be used in, inter alia, nmale CO?‘%‘%‘?@%@P% n and nal e

HRT (hornone replacenent therapy). Thus, e.g. male con may
conprise a regi nen of adm nistration of hornones in which a progestagen
serves to 20 achieve a contraceptive éffect and an androgen serves to

suppl enent the resulting decreased testosterone |level. Another. option is
that mal yeshit4nd GRBMbIiO Retiviied Andraseraithnintuscuhs levathr @gie(MIcA)] eb6r wompotaione. The

androgens can al so be used for androgen supplenentation in the.partially =
andr ogen #Fclepted EnimmaEr AEFTAES &ats R&%ftdgﬁ% a‘?rﬂlﬁpsﬁgtg’n%r %ﬁl%y Sﬁgfeegaﬁbger Shdr ogens
of the i RVENLI QN MPSphiE Wik &S BiNbifesioi@rohe il €othe? . Geroids dandihipgeiby

repl acenent. therapy i'n postnenopausal, 25 wonen, or in andrﬁgen-'def I,ci ent

chi | dr en.mopifeed fevaioemi muscle meihgrh Papesedings|of thesopigty o R Plolegy and

conpos t i&é&ic%%”ﬁ{. ?1%—?@ ?19§@.ewahﬂonzﬁ19,”@.9té!@féctaa0&r SiRgeri® chiifouhd\caMLi on ni xed
wi th a pharmaceutically acceptable auxiliary, such as described.in.the
st andar d snpressiem can, beGested ar makwte captrateRaptirpergidans 1o Kbman hh et {hedrolegis%nces, 30

18th ed., . Publ i shi 990 See, i W8 tra as is
(18th e £ivt fob" I_Z)?}épa-}n:?t?ﬁ-r}g-ngggﬁ%ﬂ ne SO RS anpBfedS DR .%l;l;_‘-dli £k tradr

Phar maceut’i par at ons eir Manufacture). The m xture of the
steroi d aaurppustaseraccBrdingldgy 180 867MEALINA- and 2 4 MAY 2404 WO 01/ 40255
PCT/ EPOO/ 12009 6 the pharmaceutically acceptable auxiliary may be "
conpressed into solid dosage units, such as pills, tablets, or be

pr OC emps e At Prefera2p §ots @S those dmpposls aapida. to By imeaton wiicipprdibiecislativdl | y

sui tabl e liquids the .co unds ¢ | so be | b RleGkd .
prepar at i 4PArOBHIEC ‘I‘%quﬁufqaﬂ?cﬂr%?’?%ncf) ™ -ﬁ%nggﬁgélhgﬁse'grﬁr’ﬂlaagﬁ %]E%Besg{rlgfggg a spray,
e. . Nasahe sHwvaYuuched fomiaiay wheshgR, ismiko,sand ehegdotted dibéscindicate hat' Wowblof

conventional additives such as fjllers, cal qrants ol I )] s -and
the Iikeond Mare erfsired . corppopsds evherem &y ‘B?f R el'u?'l %%eﬂ ‘§a‘§cg‘j§%?‘§ | e
addi ti ve WhiGhddQgs HRO0tnyehfidier ik € R, Wp, 13p/10&)- M gdrboymetyl)t himethgl 14/19-
conmpounds can be used. The steroid conmpounds of the invention may al so be
i ncl utfed thethydgnessinA-ent-onea vagi nal ring, a patch, a gel, and any ot her

preparation for sustained release. 10 Suitable carriers with which the

conposi tions can be adnini stered include | actose, starch, . )
As androgenic hormones the steroids of the present invention can be used 1n, infer alia, male

contraception and male HRT (hormone rgpl.acement therapy). Thus, e.g. male contraception
may comprise a regirhcn of administration of hormones in which a progestagen serves to
20 achieve a contraceptive effect and an androgen serves 10 suppiement the resulting decreased
testosterone level. Another option is that male contraception is performed with an androgenic
‘hormone alone. The androgens can also be used for androgen supplementation in the partially
'.androgen deficient ageing male. Next to the use in the male, the androgens of the invention
alsb can be used in the female, e.g. as androgen replacement therapy in postmenopausal

- 25  women, or in androgen-deficient children.

The -p.rese'nt invention also relates to a pharmaceutical composition comprising a .stcrqid _
-compound according to the invention mixed with a pharmaceutically acceptable aqxiliary, such
©as describcd in the standard reference, Gennaro et al, Remmington ‘s Pharmaceutical Sciences,
30  (18th ed., Mack Publishing Company, 1990, ..see especially Part 8: Pharmaceutical Preparations '

and Their Manufacture). The mixture of the steroid compounds according to the invention and



cel lul ose derivatives and the like, or-m xtures thereof used in suitable
amounts. Furthernore, the invention relates to the use of the steroid
conmpound according to the 15 invention for the manufacture of a nedi canent
in the treatnment of androgen-deficiency, such as in nalgiopaf @al e HRT
(hor none r%a&g&gnt t herapy). Accordingly, the invention also includes a
met hod of treatnent in the field of male or femal e HRT, PEERMOIZOKg t he

adm nistration to a male or fenmale patient suffering froman

andr ogen-deficiency, of a conpound ase¢descri bed hereinbefore (in a

sui tabl e pharnmaceutical dosage form. 20 Further, the invention relates to
the use OthegphatREQKCABFUIRPHEBR AGRRY Ha) De LOMPBRed MUPRIil Qb OtnitsI 8 as
manuf acture of a nedi.canent having contraceptive activi try (for which in the
art the t 8, @bletser, becrpeessed infp sppsules gr suppesitoriesdBy mraRssoft pharmasewsisalidon al so
pertains tgabldSiqliReline 3bmpHiLah! IEPRLL AGERE Bfparktiof i r{@%h of
contraception Cgﬁpfi-S?ﬁgﬁ%ﬁggﬁg%ﬁﬂ%ﬁ%ﬁ%ﬁﬁﬁﬁ&gkgEfbéraéig;[o?i mg’g el‘%g:l a mal e,
pr ef er abl §elgfioRuFHaPEIRaN.cmudsiong o asrmWIYde & saské sprry.- ot making dedsed writs, €20 a

sui tabke (RRAT MBeGHE GRbenlARAMRIIEL Bhn ad RGO @I‘o{ﬁﬁg, ﬁotlﬁxﬁé@i{g)ﬁirwelts%@t}le )
progestagen or not. The androgens according’'to the invention can al'so be
used .i n alikd & doptemplated. oa¢nesat ept pammacepicalip acfepteble sddkiiite which cloapnétse one
or nore ; s Lt el f d.that |t mpLises. 30 ngans.for the
i i ot rarERSH Eftabeccbor b3 $ANE L ShAGAL AR be Licg ORI SrieBAT B o, ("
andr ogen. inZentioniiey 200 be\WMRIBIEA 40 265 tmPGT| EPGHBL AON A patchhe ghlabddednyn@hers i S a’
pharmaceut i cal. fornul ati.on _conprising conpound according to the invention
as descr‘i%%‘?(f?mﬁré%erfnynme'?egrme?as%nd a pharmaceutically acceptable carrier. The
i nvent@on al so pertains to a nethod of treatnent conprising adm nistering"

to a (notabl 5 hunman or female in need.af apdrogen-suppl ementation
a therapetl't lglcweng’éiL?’ %b%ﬁ%‘tﬁﬁ“‘é}?ma"aﬂﬁTﬁ’gﬁ Wﬁ‘gﬁéﬁcﬁgtmﬁ&f hanol
steroi d dehilvgtdereatiaes ale geik@d mbaires thitedfQEdd. in sultabls assunts{ r espect i ve of

whet her or not the need for androgen-suppl enentati on has arisen as a’
result of male contraception involving the adm nistration.of a sterilitant,

such as aFuphagRed, aBe hvekn' Btk NeThe Lieof MéedrbiacoRPbkAI RSorifg a0t hod of
contraception, conprising adnmnistering to a fertile male, notably human,

a 14 ¥ 15pyentien foy henmanufactyng ehpmericagent 18t teratmepiefiapdrogen-defigiency; we

her ei nbefRrg nalt & ARSRIRP MRHASneARSladeRiBht TRIapIN Ldkoldmgil bife! ifbRbn fRE sai d
conpound to be contraceptively effective per se. Altérnatively, the nethod

of cont r dedigles onmsthedi deticament tindhprfieklenf rmiatp entferogle dBpr doswsisingnthai st eri ng
to a fertyulGidmic J'tA0k Yor hi*e!tqglg’paaent suffering from an androgen-deficiency, of a-
compound as des&ribed hereinbefore (in 2 suitable ﬁhannaceutical dosage form),
- 20 _ o
Further, the invention relates to the use of a steroid compound according to the inventio_n‘for
- the manufacture of 2 medicament having contt;aceptive activity (for which in thé art the tefm
.‘_‘comraceptive ggenﬁ“ is also used). Thus the invention also pertains to the medical indicatioﬁ
of coﬁtraception, i.e. a method of contraception comprising the administration to a subject,
7 25 being a male, preferably a human male, of a compound as described hereinbefore (in a suitable

pharmaceutical dosage form), in combined therapy with a proges'tagén or not.

The androgens according to the invention can also be used in a kit for male contraception.
Although this kit can comprise one or more androgens only, it is preferred that it COmprises

30 means for the administration of a progestagen and means for the administration of an androgen.



15 contraceptively effective conbination of -a sterilitant, such as a
progestagen, and a 14[ 3, 150- net hyl ene-17a-nethanol steroid derivative as
descri bed herei nbefore. The conpounds of the invention may be produced by
various nethods known in the art of organic chenistry2isnwgerifial , and
especially_in the art of the chem stry of steroids (see, for 20 exanple:
Fried, J. gp"é’f‘qzsb' ganic Reactions in Steroid Cheni st ry?CWT"B{mgﬁ’ | and I,
Van Nostrand Rei nhol d Conpany; New York, 1972). Essential is the.

i ntroduction of a |4[3,15(3-nmethyl ene group and a (substituted) | 7ot
(hydroxynethyl) group to the steroid nucleus. 25 A convenient starting
material for the preparation of, conpounds of fornmula | wherein R is o0xo;
R2, R7, REPSfpfermeans s a pharpiepiicalRiormplatiqn compgising srEgeimd seeqrding d ta kyl ; RS

i s methyl inv&ti_on&déﬂdae&ereinwé ahd & pRiaNdeBitally acBpit ARANI NY; and t he
dotted lines indicate a A4 double-bond, 1is for instance -a conpound of

general formula Il, ‘wherein R3 and R are hydrogen.or (C .6) alkyl, whose
synt hesi sThSikDRYR akd phrtatR 18l Widhod Wf nbhtehk &ﬂﬁn‘ﬁﬁ E’Jn%[?i@{eﬁl%q%sd gﬂtaﬁ ndar d
methods. 30 [see e.g. US 3407217 (1965 R3 = H R4 = H), PR 1434173 (1966;
R3 CH3? RmmnMmalpr faede 30 meqd] of @ndr@n-supplenRatatiorCatheransatiodly xdeive( R, =
CH31 R4 = ‘ 4 ' /33 . la Il
Voo For malo P 4R e bt e Rbhaat ol Bl b I R SRS R et on
starts wiThis {shgedpeaive o whethéram nof the Becdcipandngen-efpplementetion Hab aiigeh @s a '

A 4-compounds ~of . formula |L]l wusi t hods descri. i VO 0 9..
addi 1 on e SatecBlRitaion pivoltla it AMAARar H3SLerBER, bR PSR st
ina (214(3,15[3,1713)-3-net hoxy- 14, 15-met hyl eneestra-1, 3,5(10)-trien-17-01
derivativ Hel.qui st,. P., .in Conprehensive anic Synthesis. Vol. 4, p. -
05n. ' Bhr B B duEhtion pasns IR B PRSI PRSBHTON, CHRgRr b (AR ing © goi | b
p. 999 (1ffile) mdiaratdly Ruian, £0MP, SiandhweeIrgaietitnd Osidibrn gédatied izens, VCH
Publishers, In¢c. ,1989, p. 71]. Oxidation.of the 17-hydraoxy .group produces
01433, tesehoraRte i Pradordse ARCHY e SR A OR SO 3 e ool
deri vati g bt keftrac@uvdptirense pSa8 Altetatitdy, thdnethdaé ohtrRE i ioh Proddd@ By C
Chem stry, ACS Monograph 186, . ) L

the present invention compnses administering to a fertile male, notably human, a

15 contraceptiﬁely_effec-tive combination of a sterilitant, such as a progestagen, and a 148,150-

methylene-17c-methanol steroid derivative as described hereinbefore.

The compounds of the invention may- be produced by various methods known in the art of

organic chemistry in general, and especially in the art of the chemistry of steroids (see, for
20 example: Fried, 1. er al, Organic Reactions in Steroid Cﬁemistry, Volumes I and II, Van

Nostrand Reinhold Company, New York, 1972). - _

‘E.sscmial is the introduction of a 14[3,15[3-rr£ethy1ene group' and a (substituted) 170-

(hydroxymethyl) group to the steroid nucleus.

25 A convenient starting material for the preparation of compounds of formula I wherein R, is
- ox0; Ry, Ry, Ryand R, are hydrdgén; R; and R, are hydrogen ér (Cre) ali_cyl; R, is methyl; R,
R, ahd R, have the previously given meaning; and the dotted lines indicate é A* double bond, |
| is for instance a compound of general formula II, wherein R, and R, are hydrogen or (Ce)
alkyl; whose synthesis is known in literature, or which can be prepared using stahdard methods.
30 [see e.g. US 3407217 (1965; R, = H, R, = H), FR 1434172 (1966; R, = CH,, R, = H), DE
2539300 (1976; R, = H, R, = CH,), WO 99/26962 (R, = CH,, R, = CH;}}.



Washi ngton, DC, 1990) which.serves as starting material for the

i ntroduction of the 17- carbinol fragnent. 15 The conversion of 17-o0xo to
17-(CH OH) can be acconplished in several ways: (a) 1. Wttig or Peterson
reaction to a 17-net hyI eneestra-1, 3,5(10)-triene deri vaﬂllfv&‘\‘rl\zaﬂir cker, A,
in Og. Reﬁﬁbo?ﬂﬁ . 270, Wley, New Yor k,  1965; Ager, D.J., in Org
Reacti ons Wley New York, 1990]; 2: hydrobora‘iqT@ﬁ“"“PQ?P i nst ance
by use of 9-BBN, di si anyl borane, or thexyl borane [see e.g. Zweifel, G et
al, in Og. Reactions U, p..1, Wley, &ew York, 20 1963), resulting in the
formation of a (17a)-estra-1,-3,5(10)-triene-17-methanol derivative and/or
the corresponding 1713 isoner. (b) 1:° Conversion of the 17-ketone to a
(1713)-spiroestra-1,3,5(10)-tri enef[ 17, 2" ] oxi rane by . reati on with e.g.
trimet hyl sul foni um i odi de/R;;u BuLi orey, E. J. etR at, J th  Cchem Soc.
1353 (1965)]; -(Lew s)aC| 0 A ' the 1713-oxirane
to 17a-fornyl 25 [ R ckborn, ynt hesi s, Vol .
3,- p. 733, Perganon P @ d - . reduction of
17a-fornyl to 17a-(CH2d) AW0J017 40255 9 2 4lamyl 2004 PCT/ EPOQY 12009 (c)
1: Conversion of t#O17-Ketonhe, Reo a 17- MeChyl €ne” cor’rﬁ@und 2: epoxi dation

wth e.g. a peroxy aC|d6§ t?ﬁs m- chl or oper be 0|‘§ to a ‘
(17[3)-spiroestra-1,3,5(1 )° TH ene[17,2']Joxira 8 ﬂfLer s) aci d- cat al yzed
i somerization to 17a-fornyl as descri bed under (b) 4: reduction of

17a-fornyl, rsion ket ne.to

17P- oxi rane'f; gsslg%gg&h%’%};g teupﬁ}aégr%?%u?dscqﬂ m)%?n%ﬁl? %{ weih the tomt‘at’fm ?gd

r educt 6 oncdmpotniz of Ternml2binal A'Stcempnuﬁﬂs [otﬂ mmgladllg:smglaaﬂi’&ﬂi\ﬁg&bEﬂ ;rQNGs ee:

Tone, dro Let 23, 4569 (1987) 1: Reaction of the
17- ket oneO@%}:’sﬁé{ ‘E ‘QB ?6 eng rierme g‘tafe ‘gf @f 48& 1924 ARl ey ani de
[TosM C, @gep,1811p)-3dndtoxpt4, as-mefﬁszltexﬁaaﬁ&dmﬂnb)rmaﬁﬂol(&wﬁ)z} {Hezqulé’tquCtl on of
the 10 C}/ag u fqr sobu %I um nuP ride; 3: _reduction
of Ct ho- 171 O TPt (e Syl eyt B( Pl Pesppon P O S v h
(Ph) 3P= Gm) Rairhydr mcysvsx of ¢. h@svr@gsml)t LRGCIENRIC. ethBSrehadsive [ORgHMEL | ON Of

| 7-fornyl to 17&@@05}% Conversion of the 17-ketone to a

17( 3 6% rgﬁésfqgm C Butglﬁlaf&q Iyeoo)l98§na é’y) Oxzdatlon of the 17-hydroxy group

produces a (1483,15B)-3-methoxy-14,15- -methyleneestra-1,3,5(10)-trien-17-one derivative (for

oxidations, see Hudlicky, M., Oxidations in Organic Chemistry, ACS Monograph' 186,
Washington, DC, 1990) which serves as starting' material for the introduction of the 17-
carbinol fragment. ,
15  The conversion of 17-0x0 to 17-(CH,0OH) can be accomplished in several ways:
~ (a) 1: Wittig or Peterson reaction to a 17-methyleneestra-1,3,5(10)-triene derivative [Maercker,
A., in Org. Reactions 14, p. 270, Wiley, New York, 196_5; Ager, D.J., in Org. Reactions 38§, p.‘ :
1, Wiley, New York, 1990]; 2: hydroboration, for instance by use of 9-BBN, disiamylborane,
or thexylborane [see e.g. Zweifel, G. et al, in Org. Reactions 13, p. 1, Wiley, New‘York,
20 19631, resulting in the formation of a (170.)-estra—1,3,5_(10}-trienc-17-methano] derivative
and/or the corresponding 17p isomer; _ |
(b) 1: Conversion of the 17-ketone to a (17P)-spiroestra-1,3,5(10)-triene{17,2"Joxirane by
reaction with e.g. ﬁiﬁiethyisulfoniﬁm iodide/n-BuLi [Corey, E.J. e al, J. Am. Chem. Soc. 87,
1353 (1965)]); 2: (Lewis)acid-catalyzed isomerizat_ioﬁ of the 17B-oxirane to 170-formyl
25 [Rickbom, B., in Comprehensive Organic Synlhesis, Vol. 3, p. 733, Pefgamon Press, Oxford,
New York (1991)]; 3: reduction of 17c-formyl to 17a-(CH,OH).



15 elimnation to a estra-1,3,5(10), 16-tetraene-| 7-net hanol derivative; 3:
hydr ogenation of the Ai6 double bond. (h) 1. Conversion of the 17-ketone
to the corresponding enol triflate [see e.g. Cacchi, S. et al;,_  Tetrahedron
Lett. 25, 4821 (.1984)): 2: palladiumcatal yzed al koxycakb¥yE%ion of the
tatter to § gl k!(vfl estra-1, 3,5(10), 16-tetraene-1 7-carboxylate [Cacchi, S.
et al, TetVSRE#FGh Lett. 2, 1109 20 (1985)]; 3: reductHiBHEPBI®®e |atter to
t he correspondi ng 17-net hanol, derivative; 4: hydrogenation of the Al6 .
doubl e bond. (i) 1: Conversion of thegl7-ketone to a alkyl

estra-1, 3,5(10), 16-tetraene-17-carboxyl ate as described under (h); 2:

1, 4-redugly f t] i1 hi ol jum.ik.n Liquid
ammon a. Pof Lozferden BLmEAPARGE0EIA, PrmBhyBle ot BTy Yo RBRGH et G .
reduct i orpeskyt hetdestugh 225, m-tidordperife@dtOHpcid, Sane aof (17fjepronet-hod610je. g. b, c)

result in.th t.er.eos cti.ve.fo tion of th as ' i.soner,. Ot hers

(o0 a) il UBmRe Y, sl ARt BimSizpdende LTl shaat B0y or

4L s e O e a3 a(301 11 17 et hano
15(3, 17x) - 3- et hoxy- 14, 15- ne .eneestra: : -triene-17- net hano

<(1Ier i vati @ské?@"‘f%@ %ﬁ%¥%EW%ﬁ%a'I§%%T?EBT éﬂéwbs? F'&dﬁg @gaﬁi@:&h Lt

subseque @&idm?:iudysduaﬁ&ﬁo HeQ 6 lhthahd Bterdid Phéidg e.g. NaBH,CN/BF,.EL,0, see: Tone, _

15( 3, 17aﬁ}l@7-$ﬂb¥droxynet %Iczpl%st r-4-ene-3-one derivatives of the invention.

2 4 MAY By al\igrehedmn 2t Z8CH6ROA9671:2009 10 Optional Iy, a (14f3,15]

, 17a) - 3- g@;t NOoxheddh SPWERT NNGREBSHE A7kyahooltdBil- by r&B&ml ith GadyReeiglidehyde

nment i oned above can be reacted with an”(organonetal i C%# conpound “of

f ormul a ROfapide WhsvHCRepe flad), 1-Reet @.cletraligdiop 3di ¥idh (WYAHI Agreductiepef ey
hydr ggen.. i i . ks 1R, uce a
y &@'Rg aj?f;‘ greor%q: 'téfoll-xhv;g b&h'ﬁﬁsoblﬁ?rla%mﬁ&?én%&%?ﬂedﬁnﬁﬁoﬂﬁe ﬁﬁl%’m&l%r&{pqg

1 7-( vat Ich s usually a mxture of G20 epirners. The
| atter can(G&OfBpar at ed whereafter Birch reduction and hydrolysis as

d i b ides - 54. - AH), - 3.
ot byl onghat F1e Satbhid sl 1) pICAGMECE: idbBle e pe ERBR LA RS L the
pr evi ousledugiou efil 7-foraylitn i7-€OH,0H). f or hydrogen. Optionally, a (14 j3, I S

f3,17a)-,17- R9 - 3- -14, 15- met.hyl st.ra-1,,3 10)-t.ri,. 10
can bg) ofﬁjjd‘izg O(?V?rgf?% ogﬁ%gﬁﬂgégrfotp Kt onet! ?%%gsgﬁgegh“enrqﬁbés raé‘élc(f)g:% : \(/avint(:a h an

( or gapOoNElirihhtich)o a EXATIRET00)Q6-tdr@ELU7 andthaadll defk/0vd) Aviydpgtrdadopsfake Hés| y gi ven
meani ng except for hydrogen, and M having the previously. given neaning.
I n that gopble bepd.ch reducti on and hydrol ysis wl |l ' '

(h) 1: Conversion of the 17-ketone to the corresponding enol triflate [see e.g. Cacchi, S. et al;
Tetrahedron Lett. 25, 4821 (1984)]; 2 palladium-catalyzed alkoxycarbonylation of the latter to
a alkyl estra-1,3,5(10),16-tetraene-17-carboxylate [Cacchi, S. et al, Tetrahedron Lett. 26, 1109

20 (1985)); 3: reduction of the latter to the corresponding 17-methanol derivative; 4:
- . hydrogenation of the A’ double bond. R o
(i) 1: Conversion of the 17-ketone td a alkyl Kestra—l,3,5(10),16—teuaene-17-carboxy.latc as
déscribcd under (h); 2: 1,4-reduction, e.g. by hydrogenation or by lithiu_m or sodiﬁm in liquid
' aﬁunonia, to a alkyl estra-1,3,5(10)-triene-17-carboxylate de_rivative; 3: reduction of the ester
25 to 17-(CH,OH). ' |
Some of these methods (e.g. b;c) result in the stereoselective fdrmatiqn of the 17a-(CH,0H)
- isomer. Others (e.;gr. a) may give mixtures which can be separated by chromatography or
- ) cfystallization._ ' | , | ,
' The (14B,15B, 17a)-3-methoxy-14,15-methyleneestra-1,3,5(10)-triene-17-methanol derivatives
30 thus obtained are subjected to Birch reductioﬁ and subsequent hjldrolysis to prodqcc the
| (14p,158,17cx)-17-(hydroxymethyl)estr-4-ene-3-one derivatives of the invention.



provide "I 7- (CRRR, OOH) derivatives of the. invention wherein R and R a
have. the previously given neaning except for hydrogen. 15 Optionally, the
20- ketone can be reduced by reaction with Li AlH4, NaBH4 or other reducing
agents. In that case, 17-(CHR OH) derivatives are obtai ngd. afaYi2i¥ert ed
stereochema,t0 K/I"{q C 20. Epinerization at -C 20 can al so be acconplished
by nmeans of "a unobu reaction [Dodge, J.A et al, BRSIEWI2RINEd. Chem
Lett. h, 1 (1996)], or by treatnent with nethanesul fonyl chloride or

p-t ol uenesul’fonyl chloride foll owed. bygreaction with an oxygen 20

nucl eophil e [e.g. potassium superoxide, see Corey, E.J. et al, Tetrahedron
Lett. 31830ftiR4IB) ] - ti A, 3

£3,17a) - 33?7‘& hglgy 14, % %ﬁ” nlgg)sg ?“;‘L‘% %?%53 methylsneeptrasl, 30 Odrge-17-

deri vat i vecarjoxgdehygre nﬁnm@tabMtann@dreaftwammhm Bjrganbmételdbgct:dxﬁmunccam be

oxi dized t r boxal de on wth a conmpound
of fornul aﬂﬁgwg{s%fﬁ?gggﬂ g‘% \%%mgl% y%?‘(%% ?06?’ °¥e|‘?e"“|dt}" CSC,IHR9C]—|)
deri vat i velda, & MeKeZih\GeX.i SiR, i SnRy, roamﬂpce?élﬁﬁm,oblederazbmeyhléﬁhg SsubMact i on

seqguenc t roduc t ituents and . anal ogously, R o,

ohich vt e (G B RS 1R 1l 550 DR bty SRS TR ToRRatneR
2, 5(10) - dlterdemsghtasal «smftbed cmamrtlﬁdvntl@ athBOT (@4(5 1 B0I78)-$ Y. GO HS-19,1 5.2

3, 3- dlnetho str-5(10 erlv ve or. a estr-4-en-3-one cyclic

1, 2- et hane"&s "f’e(ﬂr 6% e&f’“"ﬁf%"r‘? ¢ fryentiog in ghigh R, hgs theanreioisiyrgiveneact i on

with ROM rﬁdaﬁingékcemfor?;@dr\zs\@noll 40255 i 2 4 NAY 2004 PCT/ EPOO/-12009 - .

Corrpounds substituents at G4, CG7, CG11, Ci3,
Gi', éﬁ’ pills ﬁ”ﬁn‘tSﬁéF“l HAfC WG Smedion- %&P mdiglenceste- GbS( Mkttieon of

f or mul m 1kan 8¢ oB@RRPINGRaiNVa 20 KEon® WARE o @Rn HRNELRASRH A goﬁié},g%}ﬁémﬂg Wi t hout

doubl e bonds |n the steroi d nucl eus, or wi th unsaturation er .t'than a e
doubl e boemPaHchfamieRal el h%‘"ffgdhqRimousmmnmxccm@rlhwgm;a.:nd in

which R ing hﬁﬁaﬁhe gr&hid B, glmneaﬂﬁ'@ B ih§t J:_A,SV\E l?])regi\l:tb{llmd ydlég'sm)\wﬁcyl can

be prepared from conpounds of formnul ounds in
which R iPEOV(de1710&&09H)§p@va@msafmﬂvmm whergio U ched 8, Hawe. nmlpaevﬁouslu whi-ch

RT is hydie9&Banid gqg&gwgp d substituents R other than hydrogen can be
prepared from e. b @y[)‘%ggg 10 ethenyl- | 7-hydroxyestr-4-en-3 -one

whi ¢ h 18an OptionsHy e Eblkduyw cappereficed bpratbyomeritil LAl tHaBHpor other reducing
agents. In that case, 17-(CHR,OH) derivatives are obtained of inverted stereochemistry at C-

' +20. Epimerization at C-20 can also be accomplished by means of a Mitsunobu reaction
[Dodge, JA. e al, Bioorg. & Med. Chem. Lett. 6, 1 (1996)], or by treatment with
methanesulfonyl chloride or .p-tolueneSquohyl chloride followed by reaction with an oxygen

20 nucleqphile [e.g. potassium superoxide, see Corey, E.J. et al, Tetrahedron Lett. 3183 (1975)]‘.
'Optionally,_ a (I4B,15[3,17a)-3—methoxy—l4,IS—methylcnéestra—i,S(10)—diené-17—methanol
derivative, ie. the product obtained after the Bitch reduction, can be oxidized to the
‘correspondmg 17-carboxaldehyde. Reaction with a compound of formula RyM as described
above and hydrolysis affords the 17-(CHR,OH) denvatwes of the invention as already

25 dcscnbed above. This reaction sequence allows the introduction of substituents R, and
analogously, R, Wthh would not survive a Birch reduction. Optlonally, the 3-methoxy-
2,5(10)-diene rmght also be converted to a more stable system, e.g. a 3,3- dlmcthoxyestr—S(l())-
ene derivative or a estr-4-en-3-one cyclic 1,2-ethanediyl (dithio)acetal derivative; prior to
oxidation and reaction with R,M, and s0 on.

30



of vinyllithiumor a vinyl magnesi um conpound to e.g. -
(17(3)-17-(acetyl oxy)estra-4, 6-di ene-3- one [Syntex, DE 1143199 (1963)].
Conversion to (70_)-7-ethenyl -3-nmet hoxyestra-1,3,5(10)- trien-17-one and"
construction of the functionalized and/or unsaturated sj gg; np at G 7
from 7-ethenyl are carried out using standard nethods, and introducti on of
t he 14[ 3, PP Bu4etsShyl ene 15 group and the side-chai n at reT&EPomE2e09
acconpl i shed as descri bed above. The preci se sequence of reaction steps
needed for these operations, and for the Birch reduction and the hydrol ysis
of the resulting estra-2,5(10)-diene! is dictated by methods common in
synthetic strateg ounds with substituents R ‘other than hydrogen or
(C,_6) alCR ytpoggﬁog@n@gggwﬁngbpmwuéatgé C-4, C-7, C-11, C-13, C-1°, C-16 and C-17
(11[3)-1 lic

12 o o SRt e B RN E L kg U L b T 98

( 1977) ] hyfro@nnert dompypwsis mithdyt od(ld Bynds in theesterdid hiclelis ovrewithy wisptyrations

17- (1. an den Braek. A J. et al, Recl. Trav. Chirp.
Pays- Bas @gﬁﬂ?% ‘%Lfg%ﬁ d(%aL‘ée Elre%fmd T ﬁ\’/\ﬁlbféh R5 is-e.g. ethyl can be
pr epas ed Chinponnds of thd Bverdtioy hrgwmeMReme{H;H),’L(H GRPINOR, [aBd Rtio H, T, Jetlid] or Synt h.

Com 2 S i e o TR G2 b oot e i

15- met hy Cepamby in-vihich, 16 (isL@), ; tallty® fire lobtdmed Rortl @binp@uintls/ef . fordndfalF iAlvidjdnar.ed
conpounds .of formila | can e.g. be obtained via al kylation of a alkyl
(14[ 3, 15F3Y9985: 3- net hoxy- 14, 15- net hyl eneestra- 1, 3, 5(10) -t ri ene-

7- car boxgbpdund SRR oubaMGentOR, SiférThdnehykirdgen Wi Kekpraﬁmu Frofty €lg Ry, 1 76)- 6)
al kox or halo§$P can be grepared froma (17]

spi r b%st sthenyl-B7-Bydiqyyestrd-grisprepvhich %Wff@mw e&rrpa'élirsﬁa*ﬁdz‘ 653dgitip™ 2004
PCT /EPQ}/&%@%UMQM@%@Q@S,J“@@OMW{OW (ms wée{m&y)es&aamﬁs -(C, _15)

acyl are obtained from conpounds 1S h?lldrogen

ConpoundenedSystere IF\ &431P% 19631 h%‘m"elﬁlﬁg é? &?%)ﬂ—@}h@yi—}rwWex&@ﬁ@ b#d({Rbcl eus are
pr Oducedmg§ Q’ggﬁéb?ng bO HQ)Q%f ‘Mk%ﬁ‘én nzmzed ahdff Qnsam%%alﬂfm tbegbgvention

having L 0 | ene system are produced fromthe

Arai} di 2ethenybbre zamied| outf ttsmg Stah@rCBmpﬁJhdsr eauhmtm@ntlon&f r&ipfolﬂﬁ@ﬂéﬁhwﬁl)ﬂglea A"

doub b r ir t

[ Br 0(535 s, gﬁlgpl a%%\%e%?de%gl %[6(; ?%ara gccg%;?ﬁshﬁ% c{egtéﬁfﬂ 110%'«9 ﬁ'ﬁ@ﬁ'regisa]szmﬂzh%
reaction steps needed for these operations, and for the Birch reduction and the hydrolysis of the

resulting estra-2 5(10)—chene is dictated by methods common in synthetic strategy.
Compounds with substituents R, other than hydrogen or (C,.,) alkyl can be obtained from e.g.
(llB)-ll-(hydroxmethyl)- -methoxyesira-1,3,5(10)-trien-17-one cychc 1,2-ethanediy] acetal
20  [van den Broek, A.J. et al, Steroids 30, 481 (1977)), or 3-methoxyestra-1,3,5(10)-triene-11,17-
| dione cyclic 17- (I 2-cthanediyl acetal) [van den Broek, A.J. er al Recl. Trav. Chim. Pays-Bas
94,35 (1975)]. '
Compounds in whxch R, is e.g. ethy! can be prepared from e.g. 13-ethylgon-4-ene-3,17-dione
[Brito, M. et al, Synth. Comm. 26, 623 (1996)]. ' |
25  16-Substituted compounds can be obtained via alkylation at C-16 of 2 (1413,15[5).-3-methoxy—
14 -IS-methyleneestra-l 3,5(10)-trien-17-one derivative. '
| g | 17ﬂ-Alkylated compounds of formula I can e.g. be obtained via alkylation of a alkyl
(14B,158, l'hx) 3-methoxy-14, 15-methy]encesl.ra—l 3 5(10)-tnene—17 -carboxylate. Compounds
of formula I in which R, is hydroxy, (C,.) alkoxy, or halogen can be prepared from a (17{5)-
30  spiroestra-1,3,5(10)-triene[17,2° Joxirane.



10 The invention will be further-explained hereinafter with reference to
the foll owi ng Exanpl es. Exanple 1 413.15E 15 -17 I Hvdroxvnme -nme Imtr-4-en
i) - A solution of : ‘ ‘ _

(7ac, 17(3) - 3-met hoxy-7-nmet hyl estra- 1, 3, 5(10), 14-tetraen-21%- @Ay [26ggal of f, A
et al, StegRids ;99 (1973); 25.4 g] and diiodomethane (27 m) in dry
di chl or omet hane 0mM) was cooled to 0 C. A sol ution YI/RRIZ zinc in
hexane (15 %wt., 300 nl) was added in | h and the reaction m xture was
stirred for 21'h at roomtenperature. |ce was added and the 20 ni xture was
poured into a saturated aqueous sol uti ¥ of ammoni um chloride. The pr oduct
was ext rag ed into _diethyl ether; the conbined organic phases were washed
wi th bri néMRPRY ofthe mvertivgiimithish R dt 30:HaidCoded Arrohtaingd fnmtepmpaude ed
pressure. o@ﬂinﬂﬁlﬁiﬁh&;ﬁl&ﬁk,?ﬁr@%?ﬂ@ff orded (7ct, 14[i,-15f3, 17

3) - 3-met hoxy- 7- et hyl - 14, 15-net hyl eneestra-1, 3, 5(10)-trien-17-01(6. 50 g).
i) - A solution of the product obtained in the previous step (6.50 g) in
acetone ( : . ' gr W\ gnes, [ ent, (8 M
1100 ) - CRptpBims gF@Plebthiiof kel g e 3lehdls el B RRRARIT . (% e
m xt ur & waempqundoyherein Rhigofd. | trat e was concentrated; water was added and
the produgl: I nto. ethy ,acetate. Thg,conbi ned organi c .phases
were - _ms%ﬁl\g@mﬁ}dﬁétﬁgﬁi‘%&éﬂnﬁgﬁm ver dsoélglg&omglﬂrfaa eﬁgﬂ?js}'g%ﬁ'c%ﬁgfc’gl‘?a under

reduced pfresisher &> tdiengs ateaidd4ftédile BigthdedtBidhl/ 40255 PCTI EPOO/ 1 2009 13

(7a, 1413, 3)- 3- pet hoxy, 7- net hyl - 14 15- et hyl eneestra-1, 3,5(10)-trien-17-0
ne (6.57 § Lp%"ﬁ‘gs g‘%ﬂn&aau t d%ﬁe E%'gdm? ke PWBHFJ;?{?'B\ﬁign@St‘é‘t“eld"’{}\‘E"F%dﬂtd‘%ﬁrt her
puri fi cat [Bxoess,iA.LA. ef aPBtemiBisa aIgeravzput oxi de (6.1 g) was added in portions
to a. Ql.ution of the product obtained in the previous step (3.81 g) in a

m xt u of dry tetrahydrofuran (26 nl) and dry _
. The invention will be further explained hereinafter with reference to the following Examples.

‘Example ‘1

15
i) - A solution of(7&,1713);3;methoxy-v-inethyiestra-1,3;5(10),1Hetraeh-l?-'o'l [Segaloff, A. et

a{, Steroids 22, 99 (1973); 25.4 g] and diiodomethane (277 ml) in dry dichloromcthahe (500 ml)

7 was cooled to 0 °C. A solution of digthylzinc in hexane (15 % wt., 306 ml) was added inlh
and the reaction mixt_ufe was stirred for 21 h at room fcrhpcratﬁre. Ice wé.s added and the

20 mixture was poured into a saturated aqueous solution of ammonium chloride. The product was
" extracted into diethyl e;her; the coﬁxbined organic phase:s were washed with brine, dried over
| sodium_ .sulfatc, and concentrated under reduced pressure. Column chromatography afforded
(7a,14P,158,1 7[3)—3—metﬁoxy-7-rneﬂ1ﬁ—14,1 5-methyleneestra-1,3,5(10)-trien-17-o0l (6.50 g).

ii) - A solution of the product obtained in thé previéus step (6.50_ g) in acetone (325 ml); cooled |

25 to 5 °C, wasA treated with Jones reagent (8 M, 11.9 mi). After 15 min. stirring at 5-10 °C, 2-
propanol was added and the mixture was filtered. The filtrate was concentra:ted; water was
added and thé product was.' extracted into ethyl acetate. The combined organic phases were

washed with brine, dried over sodium sulfate and concentrated under reduced pressure, to give



5 dinethyl sulfoxide (65 m), containing trinmethylsulfoniumiodide (8.4 Q).
The reactiron m xture was stirred at roomtenperature for 3 h and then
poured into an aqueous sol ution of amronium chloride. The product was
extracted into ethyl acetate; the conbined organi c phasts wef @bkwashed with

brine, dried over sodiumsulfate, and concentrated under reduced pressure,
to obtain WO 01/40255 : : PCT/EP00/12009

(7a, 1413, 151, 17J3) - 3- et hoxy- 7- net hyl - 14, 15- et hyl enespi roestra- 1, 3, 5(10) -
10 triene[17,2" Joxirane (3.76 g). The;product was used in the follow ng
step without further purification. . 1v) - A solution of the product

obt ai.ned i L\ S (344 i Aadiexane ,6113 s treated
with an é%%é%?ﬁ@-é%%@o%ﬁ-?ﬁr&&%eirlgﬁggx}el Ieélgelsé f?gh@(}( i}f“é i )(&—zl'ﬁ)évﬁ'gact i on

m xt ur e \paslugtvas g imthe falmidgesnp evihbutrfertfeo purificktioand t hen treated with

anot her partion of perchlorig acijd . 1 Q.36 mM). The m xture wag stirred
For ot A+ BORssim HoHEHoRis fouRE] et 50l b outoah o A oblin 81 PRRSE ' Coat um
hydr ogencbtahedat the pfagoudrs@g U8 B1 WRth £xtixart &liry Muehwkdfytan PERYtHd drpe

conbi ned organi ¢c_phases were washed with brine, dried over sodiumsulfate
and cAnc &M sufoxigls de mp eniiminerRg By Fultoniug. 1ggide (8.4 g). The reaction mixture: |

(7@, 14( 3 whodtitrell GBoovR-tERS RRXY fof 3 MR Men ddurddinidRh RyleBa@Atib@of ammonium
1,3,5(10)-triene-17-carboxal dehyde (4.11 g{ The product was used in the

: g \
f ol | owi nghletidsy Tho preduethwesn emrafﬁfﬁfzevo B} aqeiss ithgncompjned opgagis) RIRFSVEE t he

product - QRLRLREH bithe! Bfed 8 RY sQiiRn $h1tHk, GRd Lorftintialbd Aindert lcBN yrlE@flin (24
m) was added dropw se to an ice-cool ed suspension of |ithium alum nium

hydri de oWaig80 g) i n(7oEABIAR AR wethexy Dpethyly14,1Af methylgnespiroestrprli3py10)t he
react,j,on bt f L SwiiuH of |
sodi t}Pn sul gtlg’%@%ﬁ? (%zée gﬁg&\ﬁg@ugtd‘g%d%%g%%% hg)l?ngggﬁ?% "\"/\'gs “Fi terr ed over
25 di cal perdicatidire or gani ¢ phase was separated fromthe aqueous phase and

hed with ,bri ' ] i f at ] .
e b A e ) WD ML O SRS S
(7a, 140, ¥ad trdafel WithiSannmjuévnx yolutionelf byrthidds 46t (T8 04 \186 map Sthe seaddd, k@ -t ri ene-
| 7- thanol. (1.30 g). vi) -_.The . duct obtained in.the -previ t

(1. 30 g) "PEHERY e AR kA B R FereE s e g BRI Rng

sol utison (A6 i)l Thesmixtie 82s grredfod ingthiel2 &R HeA pbiréd iHtg a sdinated @q@biON

m xture was, stirred at reflux temperature for 45 min, tért-Butanol (2.7 m)
was addedPldtieg fhtediny éﬁ‘?rﬁ@?gﬁbc’fﬂ‘e’z%%e PIoRUCt 776 £ UpsEefy ’Eﬁb&’h‘szﬁ@“’m”?& ure was

stirred EGhbidQ dikdnic frafaRele WaBedadtasina Nddich beer apaTRRA st falPdd @bhcaimBed: O
evaporat -leu-lder reduced pressure, to give (7c,148,15B,17a)-3-methoxy-7-methyl-14,1 S—methylgneestra-
1,3,5(10)-triene-17-carboxaldehyde (4.11 gj. The product was used in the following step
20  without further purification. A | _ _
'v) - A solution of the product obtained in the previous step (3.7 g) in dry tetrahjdi’dﬁlfari {24
. ml) was added dropwise to an iée—cooled suspension of Iithit.xm' aluminium hydn'dé (1.90 g)'in-
tetrahydfoﬁran (24 ml). After 1 h stirring, the reaction was quenched by ﬁddition of a saturated
aq.ueous-solution of sodiurﬁ sulfate. Ethyl acetate was added, -ahd the mixtufé was ﬁiteréd over
25  dicalite. Tht;, organic phase was separated from the aﬁueous phase and washed with brine, dried
over sodium sulfate and concentrated under redﬁced pressﬁre. Colum ch.romatograp'hy
afforded (7o, 14, 15p,17c)-3-methoxy-7-methyl-14,15-methyleneestra-1,3,5(10)-triene-17-
‘methanol (1.30 g). o o
vij P The product ;.)btained in the previous step (1.30 g) in dry tetrahydroﬁlr;m (27 ml) was
30 added to a reﬂﬁing solution of lithium (0.82 g) in liquid amnionia ‘(54 ml). The reaction

mixture was stirred at reflux temperature for 45 min. tert-Butanol (2.7 mi} was added and the



Wat er was added and the product: was extracted into ethyl acetate. The
conbi ned organic phases were washed with a saturated aqueous sol ution of
ammoni um chl ori de and brine, dried over sodiumsulfate and concentrated
under reduced pressure, to give (7cc, 140, 15p, 17a)-3- 5 4

met hoxy- 7- net hyl - 14, 15- net hyl eneestra- 2, 5(10) - di ene- 1| 7- rre?tglaH\f Enl 17 9g).
The product “%E%d in the fol | owi ng step Wit hout furt herTgrasizhiscat i on.
VII) - A solution of the product obtained in the previous step (1.17 g) in
acetone (23 mM) was treated with hydrochloric acid (6 M 2 nl). After 1.5
h stirring at roomtenperature, a satdfated aqueous solution of sodium
hydr ogencar bonat e was added and t he product was extracted into 10 ethyl
acetate. THETEYAhStsEd fo580 min Etianel s added andfhe tramlonid whs dllobed evagbrited over
sodi um sulfait & n ur.

chr omat ogr aphy ai? a%ergggggqig ﬁl?g&g “}J%" ggt{:ac{egqﬁ{§$ﬂ?yﬁ ag?agex \ﬁﬁtcﬁmlblf'gp SRS en
eest r - 4- ePhasesgeee woheiovigh a saMrged mwsa@m@n of ahmafium-£HBrife fhd(tEins, dheﬂ)O

((:IlS oxgne?_ » over W %lte lnd8cog e?.gﬁz%) ﬁnd(s)ﬂllg%lhxie d)resilﬂg gl_ve8('7%31 3&85@.{9?) 1.1g_9

0 28 (d, mﬁthqsr,v 'Gmethﬂ 14, 15mebti leBedsir-2, SERpdvaleet 7andkhndl (1.17 g}lethﬁHu&wa? ‘al-l14

- et e ution of
(7a 14(Sr‘%g%nﬁe%on‘gﬂ%ft%om%/how %Q‘Eeﬁ{/"lmqu t"’I‘S met hyl eneestra- 2, 5(10) - d| ene-17-
met hanol vi¥Ex dnplutiod of gt @wdudt obfdindBingthe pravidusistept(1 8 gPin d&"&bﬁ@?@'mli 68s n ) and
xa

0 i e Bt 3 hiocrked af® s 4 BT sty Th Apahioomparetitees S eact | on

m xt ure waseops)whexdm ioNscdlivan ByRlropemiaRSn A€ WROid8edSOl Whd fR8duef waOSHMRd into
hydro enc gonate nd tEL %(Product was extracted intqg ethyl acetate. The
conbi gt Jue GRuliped GRepic pRASFReYerhtashel Y ife? baRs: daed orsr sedigmum
sul fate ammso@.eeawcam&dun@tﬁr feaﬁa@eﬁessmemﬁﬁ, R bRRY OfRI-@Qr aphy
af f or ded eth - .14, 5-neethy eneestr-5( 14) en-3 one (4.27 g).'H
NMVR '( CDCiH9-14 dgok1i-(hydrpxymethyl)-7 l14.15-methylenecgir-diep-3-one 7 0.08s £)-2H) , 2. 46
(bz 52|'|)i_1\|42 1@,4 1@6°C 3&9,, =0+7§% ((EL—IQ)U dlé(aﬁe) H]Nlbﬁz)(co%iﬂﬁs(s@q% Oéﬁ}’seb = 8.3
an :

(m, iH),sso(m 1H),109(s 3H) 062(d,3H i= 71Hz) 047(dd 1H, I = 83and51Hz)

15 0.28(dd, [H,J= Sland35Hz)

Example 2
14 7a)-17-(Hydroxymethyl)-7-me 1-14,15-methyleneestr-5(10)-en-3-one.

20 A solution of (7a,14p,15p,17c)-3-methoxy-7-methyl-14,15-methyleneestra-2,5(10)-diene-17-
* methanol (Example 1, ste;;) vi; 7.38 g) in a mixture of metﬁandl-(68 ml) and tetrahydrofuran (48
ml) was treated with a solution of oxalic acid (2.38 g) in water (40 ml). After 1 h _sfirring at
'robm tcmpérature, the; reaction mixiﬁrc was poured into a saturated aqueous solution of sodium

* hydrogencarbonate and the product was extracted into ethyl acetate. The combined organic

25  phases were washed with brine, dried over sodium sulfate and concentrated under reduced

pressure Column chromatography afforded (MMMMMMQM
1& 15-methyleneestr-5(10)-en-3-one (4.27 g). 'H NMR (CDCl,) 8 3.69 (m, 1H), 3.51 (t, 1H, J.=
9.0 Hz), 2.72 (bs, 2H), 2.46 (bs, 2H), 1.04 (s, 3H), 069 (d; 3H, J=7.1 Hz), 0.48 (dd, 1H,J=
83and51Hz) 0.27 (dd, IH J=5.12and 3.1 Hz).



WD 01140255 PCT/ EPOO/ 12009 15 Exanple 3. 41J 7 rivoroxvneinvi i- r-melnvi-

f 4. i z)-nmebLnvi eneesura-4.Y-alen-s-on 5 Phenyltrinethylamoniumtribrom de
(1.01 g) was added to a solution of (7a,14(3,15(3,1 7a)-

17- (hydr oxynet hyl ) - 7- met hyl - 14, 15- met hyl eneest r - 5( 10) - erp- 3-ppye200Exanpl e 2,
0.85 g) in d ridine (25 m). After 1.5 h stirring at roomtenperature
the m xtur& §1g%ured into ice- water and the product WNBERMM208Cted into
ethyl acetate. The conbined organi c phases were washed with a saturated
aqueous sol ution of sodiumthiosulfate_and brine, dried over sodium 10

sul fate and concentrated under reduced!pressure. Col urm chromat ogr aphy
provi ded (73x.14015 : , o

. 17(x) - 17- (hydr oxynet hyl ) - 7- met hyl - 14. 15- et h- vi enenst r a- 4. 9- t hen- 3- on

(0 18 9) ExathN\A? (coa, ) 3568 (s, "1H, 3.72 (m 1H), 3.60 (m |IH, 3.01
(bs, 1H), ' 069(d 3H, J : : ( H J =28.3
and 5.5 L i X zl)-3-mathy-d4.45-methvienesstmehfdien-3pone. 4 1 7- 7- t
-4 7-di eth I-14 1- _,_014- C]—I i) - A soI utlon of

(7a,14(3, 15[ 3, 172 7 - (hydroxynet hyl ) - 7- met hyl - 14, 15- mst hyl eneest r - 4- en-
3-one (Exanple 'ﬂ» 20 °g) in a mxture of formal dehyde (37 wt. % solution
in Water 0 V20 triethylamne (0.288 m), thi ophenol (0.276 m) and
et hanol 4 «wWas stirred at .room tenperature overnight. ‘The reaction

t t | ut f t hydr oxi de (0.5
and the W?Ea& e e EA e R AR

phases: mena(mm?ﬂemm hn@:@qwpyﬁlemhwestps(m)tenpps@qgm?imdfgsxg)dﬁ dP-5 M |

-and brine, . dried over sodiumsulfate and concentr at under reduced
pressure. p@'&}lws dﬁlp Gﬁﬂ%dg‘"rlétﬂm]m@ gt rgp:potpra@qgature the mixture was poured into ice-

(72, 14R, 15l 4@ ﬁé%r&dﬂymgwﬁﬁ&win)o ngﬂ%&ytl: Prid doRfBGIRY lotdahi@) JRBE D Wete 14, 15-
met hyl eneestr-4-en-3-one (. 4 WO 01/ 4 55 PCTI EPOO’ 12009

16 " washed w1th a saturated aqueous SO?UUOI’I of sodium thlosulfate and brine, dried over sodium

10 sulfate and concentrated under reduced pressure. Column chromatography prowded

' {0.18
g),"H NMR (CDCl,) & '5.68 (s, 1H), 3.72 (m, 1H), 3.60 (m, 1H), 3.01 (bs, IH), 1.11 (s, 3H),
0.69 (d, 3H, J = 7.1 Hz), 0.52 (dd, m, J=8.3 and 5.5 Hz), 0.38 (dd, 1H, ] = 5.5 and 3.9 Hz).

. 15 Example 4

1) - A solution of (7{1,1413,1SB,I'7(1)-17-(hydroxymethy1)—7~methyl~14,1S-methyleneestf-4fen—
o 3-c;ne {Example 1, 0.40 g) in a mixture of formaldehyde (37 wt. % sdlution in water, 0.24 ml),
20°  triethylamine (0.288 ml), thiopheno! (0.276 ml) and éthanol {0.721 ml) was stirred at room
| temperature overnight. The reaction mixturé was poured int.o a aqueous solution of potassium
" hydroxide (0.5 M) and the product was extracted into ethyl acetate. The combined organic
.phases were washed with a aqueous solution of potassium hydroxide (0.5 M) -and brine, dried

over sodium sulfate and concentrated under reduced pressizre Column chromatogréphy -
25 afforded (7c,14p3,158,17a)-17-(hydroxymethyl)- 7-methyl-4-[(phenylth10)mcthyl] -14,15-

methyleneestr-4-en-3-one {0. 13 g).



51i1) - Asolution of the product obtained in the previous step (0.13 g) in
acetone (4.8 nl) was treated with Raney-nickel (suspension in ethanol, 0.5
m) and the m xture was heated at reflux tenperature for 45 mn. The
mxture was filtered and the filtrate was concentrated undernayr ggyced
pressure. Col um chromat ography afforded (.7a.14 15 _

17a) - 17- (hvOR4R /et hyl |- 4 7- imethyl- - et e tr-4-e -PCTEPEVR@GIO50 g) ' H
NVR (CDC13) S 3.69 (dt, part A of AB system | H J = 10.6 and 5.1 Hz),

3.50 (ddd, part B of AB system | R J = 10.6, 8.3 and 4.7 Hz), 2.76 (dd,
IH,J:134and31Hz) 178(t 3H6 3 = 1.2 H), 1.08 (s, 3H), 0.61 (d
3H, J = 8.3 and 5.1 Hz), 0.27 (dd, 1H, J = 5.1

Hz 0.47

and 3.5 Hz')) %6‘” Q@ BO‘t“?faobI%ﬂcdfs the preyjauy step f}/|3 @7 pgetone (4.8 mi) was
ydr oxvr net el wid- Rjaﬁeytfﬁékléb/ds&?@r%ﬁhﬁn é’tﬁﬁa@f 6'5%?and%lx}ure was heated at reflux

Chl orotrinmethyl silane ( was added in mn. to a suspension of

(17a)-.17- Hyapeastyee fagdh ayin g raistug: wee filtael WL @ed’d@at‘f ssamcewe@ramd ur@B 935116

(1958); 1 r 18 d ©

(25 ™), %ﬁcgidp’lte%“’% Ghithll &’ﬂa“%ﬁ?ﬁ %?‘Ji“ﬁédo Tk

pour ed 5 ntiel-dimethak 14 ISt methyiepaestredsenshabne (D@ﬁl of Hs@de@Dﬁyblﬁ ég@(m,a:abm e. The

prosict, e BULLERSL 0 gy R T G iR R D

concent r athzll iteddd, 1Helad 24 apt 2 & Ha), é78tto31af1f=or.2in) 1 .08 (s, 3H), 0.61 (d, 3H, J =

(17a) - 17[(ti Lyl )axyl =L 9-narpregna-4, 6- di yn-3-one (22.3 Q).

The pr odudt! ﬁag’e%ﬁé‘kfl?eﬁ‘ %2 aﬁ‘%}%ll %511 ﬁ'&\%\(‘ﬁgﬂgtj e wrtdﬁgﬁzqf urt her

purlflcatlon ii) - Amxture of lithium (5.0 g) and dry diethyl ether (200

m ) oled to -30 C.  Bronpethane (26.9 nl) was added dropw se

wher e te xpgle rsesultl ng sol ution of ethyl lithium was transferred to a

suspensi omRi4B0GE . : hefd dhy dropé.uran (140 nl),

cooled to -30 C The resultlng cuprate solution was stirred for 45 mn. at

t hat' terrper ature a d~’2951 a solution of the' product obtained in the- previous
tetrahydrofuran (160 M) was added dropw se. After 45

C, chlorotrimethylsilane (20 nl) was added and

mn. stirri
stirring was gg ued for another 30 mn. The reaction m xture was poured
into a safurated aqueous sol ution of ammoni um chl ori de.and the product. was

extract edi)i- rﬂhdprmimymylsmé:w?trel) whinedded irb$ méxd tos gua;pcnsmploaeléfa) -Wehplrsyshed with

A sat ur at g4l a0ucouse 5ol A LD .8 5 YA 39040 A4 0255, BG. H5R01,42000

15 dichloromethane (300 mi) and pyndme (25 m!), cooled to 0 °C. After 2 h st:rnng at 0 °C the
_ Teaction mixture was poured into a saturated aqueous solution of sodium hydrogencarbonate. -

The product.was extracted into dichloromethane; the combined organic phases were washed

with water and ‘brine, dried over sedium sulfate and concentrated under reduced préssure ld

" afford (17a)-17-[(trimethylsilyl)oxy]-19-norpregna-4, 6-dlen-20-yn 3-one (22.3 g). The product

20  was used in the following step without further purification. o

i) - A mixture of lithium (5.0 g) and dry diethyl ether (200 ml) was cooled to -30 °C.
Bromoethane {26.9 ml) was added dropw1se whereaftcr the resulting solution of cthy]llthmm

was transferrcd to a suspension of copper(l) 1od1de (30 6 g) in dry tetrahydrofuran (140 mt),
cooled to -30 °C. The resulting cuprate solution was stirred for 45 min. at that temperature and

25  asolution of the product obtéinéd in the previous step (20 0g)indry tetrahydrofuran (160 mll)
was addcd dropwnse After 45 min. sumng at -25 °C, chlorotrimethylsilane (20 mI) was added
,and stlrrmg was continued for another 30 min. The reaction mixture was poured into a
saturated aqueous solution of ammonium chloride and the product was extracted into ethyl

acetate. The combined orgahic phases were washed with a saturated aqueous solution of



17 ammoni um chl ori de and brine, dried over sodium sul fate and concentrat ed
under reduced pressure, to give

(7a,17a)-7-ethyl -3,17-bis[(trinmethylsilyl)oxy]-19- norpre‘gpm& %mh en- 20-yne
t

(29.5 g). The product was used in the follow ng step w further
purificati othbfs; A sol ution of the product obtai ned in the Fr evi ous
step (29.5¢g n~acetone (400 mM) was 5 treated vmthh Y c acid

(2.3 M 20 rﬂ) After 1.5 h stirring at room tenperature, the reaction
m xture was neutralized with a. saturpfed aqueous sol ution of sodi um
hydr ogencar bonat e. The acetone was rermved under reduced pressure and t he

product was extrﬁc acet he cdo em rug ni ¢ lp ses wer e
rme 0 er SO ate dr COI]CEH te d
washed wi THEBHH ne, ove’r um su e and concen U

reduced mress&u,rre grvb Q’Icg i ’MQ 7(&1@,1 B Z &b)ﬁ(ﬁnﬁﬂ%lylb&yﬁﬂﬁw&gﬂt@ S-dten 20-yne

for o P 885 &1, he enanet o G m i ettt o T iBRb TREr PR Ben ori o acid (6 M

240 M) vigp. AdeEGorURYirsdict SotRncals BRPSIVRIs Qfp B9Ga) iid Re(0adP100)ml) Was Met hanol
(1200 m). After 20 min, stirring at roomtenperature the dicalite was

col | edt edrepigd withihydrorhlericaaril QeisMed0 Mk Kiiga érh SHFAE| 2t A FeIPeratathe i ¢ was

suspendectedcﬁomvat]atmé 9G8s Mhehtradbd Ny ¥i gaﬁaoé sduebilsi OISO POE! by Nitrate
trihydrate (145 g) was added, followed" rg% careful addition of ‘a solution
0

of sodi urivéag anate( The ceigne was yamoxpd peisredioed pressusy amhthaipFedugt W% i ng, t he
product - yag.Ghd, %&%?15[?%.8%}{8 6%%&@&@%&&?& BRR Wishdd W Eine Wtielloviieut ral .

The product was dri under uced pressure, to give copper(Il)-
car bonat embum dilfatd dntl eor{c8itQited undeAradicet pressuest totghive (7 Gudtictthydt 7 divaredy-under i i

(19.349) 48! - (oloh € 7 1ol 30 20 M)
was ﬁe}ate "ar e%gfl uxﬂoterrp%rcggﬂsgff or pg)dﬁé a%%segrgrtr]%z/tg}]g%l&g SH? It ';;j use of a
Dean- St alfithet pugificatibhe reaction mxture was filtered, the resi due t hor oughl y

washed wi, acet d the L t.rate yas_ conecentrat d reduced
pressur e uhc(lje éw%hlg }‘gg%gbtlggw wd')g det(l t;ro?wr?e oatsHs)ﬂenm 1calqe (%B%g dl one
(9.14 9g). metﬁanol (F20BGhIt AR 20 ik, Réming adisein tebpeaditive thei dtcat:toevqxroeutcmdsbgst ep
(9.14 9), r br.om de 3.6 )., and lithium br 64 g) in
acetoni t rﬁtrF‘ gé"aﬁ%"f Whﬁé""é"fi é‘ Utgﬂ-zﬁﬁ%ﬁﬁ ‘f.””é‘rfﬂ%??’é‘{ Br"ewf‘tﬁr @g& "ﬁ (A%

r eaCtl'SOr‘v[lQoﬁxHEtﬂnH@§o NPRrhtd trh &\ﬁieQMSag)dvaE B&ic oNiwEd beXhiefl titidnnt 0 et hyI
acetate conmbi ned organic _p ases wer e. was washed w t-h a sat urated

aqueous. §57 tRfytisR Oéﬁdmoﬂﬁ? CRi28 Froate A $p0IRY- ifter 3t mlystETRg the @A sul f at e

and concet EHeael téﬂdﬁﬁmﬁ%ﬂ&t%&.epwe SfeFuntil FRkHIMMChHbRIBL AR Bysoatf or ded
(7a)-7-et 3/I-3 hydr oxyestra-1 -trien-17-one (6.54 30 g) 2 4 MAY 2004
er reduced pressure, to give copper(ll) carbonate on dicalite (310 g). A mixture of the

product obtained under iii (19.5 g) and copper(II} carbonate on dicalite (70_g) in toluene (330
20 mi) was heated at reflux temperature for 9 h under removal of water by use of a Dean-Stark
trap The reaction mrxture was filtered, the residue thoroughly washed with ethyl acetate, and
the filtrate was concemrated under reduced pressure. Column chromatography gave (7a)- 7—
ethylestr—4 -ene- -3, 17-dlone (9.14 g).
v) - A solution of the product obtained in the previous step (9.14 g), copper(II) bromide (13.6
25  g), and lithium bromide (2.64 g) in acetonitrile (285 ml) was stirred at room temperature for 4
h. The reaction mixture was poured into water and the product erctracted into ethyl acetate. The
combmed orgamc phases were was washed with a saturated aqueous_solution of ammonium
: chlonde and bnne dried over ‘sodium sulfate and concentrated under reduced pressure.
Column chromatography afforded (TOL) 7-ethyl- 3-hydroxyestra—1 3 5(10)—tnen~17 one (6.54
30 g



WO 01/ 40255 PCT/ EPOO/ 12009 . 18 vi).- A mxture of the product obtained in
the previous step. (6.54 g), dry potassium carbonate (18.6 g), iodenethane
(5.6.mM), and dry dinmethylformam de (22 m) was stirred at roo %enperature
for 3.5 h. The reaction mixture was poured into water anZi'*tM@(‘gbﬂ duct
extracted into ethyl acetate. The conbi ned organi c phases were washed with
wat er, a sav9f¥#2¥ aqueous .5 sol ution of ammoni um chl orsaiarammodor i ne,
dried over sodium sulfate and concentrated under reduced pressure, to give
(7a)-7-ethyl - 3-met hoxyestra-1, 3, 5(10) -lgri en-17-one (6.77 g). The product
was used in the follow ng step without further purification. vii) - A

solution g i_i.sopr opyl am ne .(6. 15 in dr hydrof uran (70 ., m ) was
cool ed towi" gdn lwgnoﬁ%ﬁﬁrg%"ft. %’J(“!\W“édfl [ﬂe’l)pdﬁw?“ﬁ s%f%i%%fgé XIQ"P."?SW FReided
dropwi se @RE ®} iodbmheBaneaS.6 ), aendiyndigethfimaidel (B2 mijevas e@edd SnrobinXt ure

was cooled to -50 C ngd a solutiqn of the l%Eoduct obtained .in the previous
step (6. I5TETA B 3° Lol PeasrPD AL (2 HOUAT JPiouaten afste Brgptics®c®dst i rri ng
was cont i iatéeshyl edetate. The Snitiied @ORhicPlaseOwere Qrabhed GhthOrAdr] 4 Rairkyd Sjubase (11.1
m) was added. The m xture was stirred for 20 min. and then treated with a

sol ut i-bn BHEEhehITeT R CRPIdhRSHITER drict BVErPdam sttt ap) carreniRlPd BH9F di ne (31
m ). Aft eedubed pRbdufd, 181 Givat (70 LR eth}P3-faethbRiRstiil 3,511 6)- e | ROM &h7 P ahyat er and
t he product was extracted into ethyl acetate., The conbined organi c phases
wer e was HERRUR was ugeddathe fellosineatrpertheutdither psMicsionsodi um  hydr ogencar bonat e.
and bri nej dii SRGRY 8 diR Qb 63k SnpRdicF RRSRALFhEE 0 WIfREs oBRH &Ld
pressure. | um' chromat ography afforded (7a,” 16(x)-I

6- br onp- BOChytBubi fed I wgluinr in-hexanes, 2 75Y mb)) wasradded: drppwise ayd3stirgngyvas 20 vilii)
- A Mt . i:ned in [ &Ve (8- l'ithi-um
br om'n] e %@@%ﬁopggﬁgp #fﬁfﬁ%’?&%ggﬁ%tge %Otsgﬁ)gwg\ 3313‘9@" |(§r%r\\=§}t7'3 y gtr mam de
(77 M) whgiredat éd prvibes siep (625 gX ordry Btakydmfurdd (190 rdd olas adled divpwiseact i on

m xture . ed. . r ] adu ' et hyl
cet at o. SRSk B fr O ok BRoubb o RO°E BlorlBen BT LAl Y, e

dri ed oveuddeiodihgmmiirbrt aves atigledc dorc @0t mat eghdurider treaduedt prebgioneof Col umm.

chr omat ogt a 25 affor.ded. ) ) e ..

eyt o e bRy Rt GhEE ibrqmide 410 48) in dpy puidine ! P Aflr Y bystising 60,

( 7a, 16( 3)y€,/the aiiktye-wis FBlbO iye shteant, tBe priodit) wibeitatiedtie dfyloneatelTE g) . | X)
- A solution of sodjum borohydride, (0,21 and sodi um hydr oxi de. (0.44 Q)
in met hafBPPREh oTERe pRases Y édwaﬁ?-siwwe 3 Q%atgcgﬁavﬁ%ﬁq spjfition ‘of SSiul

(7a) - 7- etnpitbgercdiBnBRXan@ Shdnd; dricd, Slet Addildifl - Sulhté A -corcenid@ (deB ted@dedi N

di chl oronet hane (12 mgr and net hanol e420 m), cooled to 0 C. The reactio
pressure, Column  chromatography afforded (7w,16a)-16-bromo-7-ethyl-3-methoxyestra-.

1,3,5(10)-trien-17-one (8.75 g).
20  viii) - A mixture 6f the product obtained in the previous step (8.75 g), lithium bromide {12.7 g)
and lithium carbonate (10.9 g) in dry dimethylformamide (77 ml) was heated under reflux for
325 h. After cooling, the reaction mixture was poured into water and the product was
_eXtraéted into ethyl acetate. The combined organic phases were washed with water and brine, -
dried c;ver sodium sulfate and concentrated under reduced pressure. Coiﬁmn chromatography
25 afforded (7a)—7-cthyl-3-metho;_cyestra—1,3,5(10),14étetraen-17éonc {431 g) and (7c,14P)-7-
 ethyl-3-methoxyestra-1,3,5(10),15-tetraen-17-one (1.0 g). |
- ix) - A solution of sﬁdium borohydride (0.21 g) and sodiurn hydroxide (0.44 g) in rnethénof (50
‘ml) was added dropwiée to a solution of (7d)-7-ethy1—3~methoxyest_ra-1,3,5(10),14—tetracn—17_-
one {(4.31 g) in dichloromethane (12 mlj and methanol (20 mi), cooled to 0 °C The reaction
30  mixture was stirred for 1.5 h, quenched with acetone (4 ml), and then poured into_ a saturated

aqueous solution of ammonium chloride. The product was extracted into ethyl acetate; the



30 mixture was stirred for 1.5 h, quenched with acetone (4 m), and then
poured into a saturated aqueous solution of anmonium chloride. The product
was extracted into ethyl acetate; the 2 4 MAY 2004 WO 01/ 49@%?

PCT/ EPOO/ 12009 19 conbi ned organi ¢ phases were- washed vvlt n@m dried
over sodium sul fate-and concentrated under reduced pressure, to give
(7a, 170) - RPKPP*3- et hoxyestra- 1, 3, 5(10), 14-t et raen- 1 RGPEPWROPS o) . The
product was used in the following step without further purification. x) -
Fol l'owi ng a procedure- anal ogous to that described under i of Exanple 1,
the product 5 obtained in the previ ot step (24.27 g) was converted to
(7(x, 14[ 3, 1?5% 7-et hyl - 3- net hox % ) . _

14, 15- metRPE %‘@%‘P%P*fs%‘ st(iryyshmvé brine, dried ovsr gosivg sulfate-and mrycentigfedg a

pr ocedur anwW%r&wé hatgxd@fﬁ{l @gd-emw%emoxfésuﬂ @@pbﬁxﬂwn&éﬁq 7pcnoduct

obtained in the previous ste was converted

j 3) - 7- et K§F3 ©): ot mradust W¥415€i@nrﬁh9tfﬁ%“é%%@t‘f“§wt @ﬂt&(rmo)ﬁqawren 17-one (7 34
9). . 10- % L)Fotiowink laObdd8urd aeripgo@giw maaa@&%@uﬁdérq otffmmgﬁslc rngegﬁg u@der i

of Exarrpl e 1, the product obtained in the previous ste

(1: 2 mlxgﬁt e;ﬂ;&ﬂ?ﬁ% in(the E!ﬂ‘{lg;sjﬁ@(ﬂ fqﬁ,m%g(;fcwmdl?ﬂgmgd]ﬁwm) 7-ethy(]-73-n£jhoxy3 i
methyken LOes I e oxi rane g). Xiii

- Following a proce ure!§§$1I ogeods igh‘%g? descri bed under .iv of Exanple 1,

t he prodedt- kslpwineacprogedirh @nglegeus tuthatsdeeqibéd udier §)of \Exsmple rly @fet grokiuco '

(AL L Sudpld il € )orebicil Wb R0 T b &Y eordBied g (T 4R S-S ety v) -

Fol | owi nd4, aS-memgbdamsta—ah&dIO)gms-n-Ond(haugaiescr| bed under v of Exanpl e 1, the

?;gd ¥§ "ofg I@‘?’gy' 3%’%‘?3 I Ous@j&} %f%%kg lH;gl)Frhvl o%' Egcgr?u\)/lg rlt tehe product

eneestr ae&alaaﬁﬁll&)prteﬁmermp Ié’ smrg; Warohveltd B3 76)148,X50, Im)-ﬁolﬂynwnﬁ&may procedur e
anal ogou under e product 20 obt ai ned

t d b 1, th
"t e prebPpaERera et o Oienet bt (1 o)
(7a, 143, i’:iﬁi L FélIoWing/a loBealure3mAMBEAHE X thatldksckibed BAdaY lv%@é‘(%f)l@'lzthe product

5(10)-dierie-17-methanol (1.19 g). xvi) - Follow ng rocedur e anal ogous
to that efRI¥EdIiBdRe RipiiRYE S&?Piﬁ%‘rg)%ﬁm“@ﬂ&d tot(fe 14 bstﬁd(?ﬁl) shyh-msthoxyr t he

Previious1 £t £peh eﬂe%stﬁ)1,3/,\9(50)019&@{71&%0&8&(1@&0(8lhég) 15 . 17x)-7-ethyl - 17-
(hvdroxym et hyl)-14. 15- et hyl eneestr-4-en-3-one (0 40 g). "HNWR (CDCI 3) 8

5.82 (i nXiv) HyolioMingza prgcedyre anpiagaus 10 Bt m:r&»y% peder v DEExgmple 10thg peaddcts. 5 Hz) |

sig 0 9 TEBIE A B D g on ) QB e Bl o7
(dd, IH, lﬁlﬁnahﬂemﬂras,ﬁ(l-ﬁ))mene 17-methano] (1.23 g).

xv) - Following a procedure analogous fo that described under vi of Example 1, the product

20  obtained in the previous step (1.23 g) was converted to (7a,148,158,17a)-7-ethyl-3-methoxy-
| 14,15-methyleneestra-2,5(10)-diene-1 7-methanol (1.19 g).

‘xvi) - Foli.owin'g a procedure .analogous to that described under vii of Example 1, the product

~ obtained in the previous step (1.19 g) was converted to { To 14B8.15B.1 Jo)-7-ethyl-17-

(hydroxymeth yl]-l&,lﬁ-mgj;hylcgéggtr-‘i-gn. -3-one (0.40 g). 'H .NMR (CDCl,) & 5.82 (m, 1H),

25 3.69 (dt,'part A of AB system, 1H, ] = 10.6 and 5.5 Hz), 3.51 (ddd, part B of AB system, 1H, J

- =10.6, 7.9 and 4.7 Hz), 1.09 (s, 3H), 0.79 (1, 3H,1=75 Hz), 0.45 (dd, 1H, J = 8.3 and 5.5 Hz),
©027(dd, 1H, J = 5.5 and 3.5 Hz). |

Example 6

30




Exanpl e 6- 30 (7a.145.150.17a)-13-Ethyl-1 7-(h drox, et yl)-7-nmethyl-I
4.15-meth, Iti enego, n-4-en-3-one: 2 4 MAY 2004 WO 43/ 40255 PCT/ EP00112009
20 +1, i) - Tetrapropylammoni um perruthenate (1.3 g) was add%j %ﬂﬁi

sol ution of (7a, 17[1)-13-ethyl-3-

met hoxy- 7- m%‘;(ﬁ% gpna-1, 3,5(10)-trien-17- 01 [ FRAD 87961 (1966); 109. 5 gl and
4- et hyl norp (4 % N—OXI de (21.5 g) in acetone (513 ml )2CTHM&R2080 mn n.
stirring at roomb5 tenperature the reaction mxture was filtered over
dicalite and silica. The filtrate was ,goncentrated under reduced pressure.
Col um chr omat ogr aphy of the crude pr oéuct gave (7a)- _

- 7- megshyl gona- 1, 3, 5(10) - trien-17-one (11.0 g). ii) -

¥ “d (0.41 g) was added to a solution of the product

ous step (9.9 g) in a mxture of ethylene glycol

| orthoformate (23.9 10 ml). The reaction m xture was
rrperature for 3 h. Additional ' p toluenesulfonic acid

(0.41 9g) dded .and stirring was continued for 2 h. Water was added and
stirring XZST%'SH?PHHB'B‘”T"HF P%fﬁ’é*ﬂ’i@? (133 g way h@eﬁmmlowﬁmzmaamkw 0

et hyl acet:ﬂdﬂmxynhﬁethﬁgdm‘wm@@lm,%myqﬂpm@@ W5 th,a_saturated
aqueous sol %yl on of saodi um hydrogencar bonate and\t\?%l he I’Igéd o@e?’ stl um

sul fate altfiodneehting Aeeridmedrs Bleureend $513rmls dfter, 3@ oningi stiering at room
(7a) - 13- etrdtiyderabrreRbd) Qoa¥riofi- ABLY | GRN 3 r {- clic 1,2-

et hanedi yl%et al and s?oartl ng rr%?e@féﬁd ?égjng")amtc é"% s’iéca C}?‘ }Fﬁlg %?Socedure
was repeat @ieRiiptedrader fedtleﬁda’éqfﬁ@/QOWMMmtogmﬂwfshm&fprﬁharghvma}mt erial .

The prodqu_eﬁgkﬁmg,)nowaﬁmg&?@ %i@ )J—:Qr{ lp_onerz?ws ep without further-

purification. iil). - ammnlu romde(8 25 g) was added
to a sol ufi} of- T@luﬁmﬁelfqyrwm@ 41%) vabtaddcne@lalsﬁlumdheofpheyrbmus obthiggt {n%hm80 g) in

dry tetra (R% f} h, stii di'tional
phenyl tri %E%Q{R%r?l mErD ur"ng\m gﬁglenfﬁlyﬁ (&:{5 Wgsa"gﬂlfgﬁl %EFMfoFK?%% was
cont i dQedﬂﬂ)orTlanr%cidmt nmmab Wash stinfdde atr emvat it@fipefdtuté Ube 3RS AREHAL Nt o a

saturated on of m.t hi osul fate. The product was -
extract ed ?’%‘ff (fhnf l§?e %ﬁ‘g OSHB}“ﬁé‘ffscﬂPﬂ&?ﬁ{lfer%)Hg‘é’é@fw@d%shed

with wat eandemduigrwasepntdmeceﬂ»r ancier 3 0ol THTpEcE dbLodider AR hekad B> under
reduced pressure
(7a, 16a) - ?Loé“%b 8 gf%c g#’?ﬁ?? werewaghidy with o saYRtgd mquects Folytiam )oft sidiam 17- one

cyclic 1, Bueighaa®dhié AL 6hRd, dridd oPerOdodiufNuliicOgM Céom‘!gﬂéat&is Gildel Redul&

foIIoY\gng strgvmthout further purification. _
pressure, to give (7a)-13-ethyl- 3~methoxy—7-methylgona-l 3,5(10)-trien-17-one cychc 1,2-

13- et hyl - 3- net hoxy.
p- Tol uenesul f-oni
obtained in theé

ethanediy] acetal and starting material (10.5 g, ratio 1:1). The procedure was repeated in order
to achieve complete conversion of starting matenal The product (98 g) was used in the
- following step without further punﬁcauon
iii) - Phcnylmmcthylanunomum tribromide (8.25 g) was added to a solutio.n of the produét
20  obtained in the previous step (9.80 g)'- in dry tetrahydrofuran (SSl ml). After 1 h stirring
| additional phenyltriméthy]anunonium tribromide (412 g) was added and stimring was
cqntinued for an additional 1 h. The reaction mixture was poured into a saturated aqueous
solution of sodium thiosulfate. The product was extrac_:técAiA-into ethyl- acetate; the combined )
organic phases were washed with water and brine, driéd over sodium suifate and concentrated
25 under reduced pressure, to glve (7e,16a)-16-bromo-13- ethyi-3 methoxy—?-mcthylgona—-,
1,3,5(10)-trien-17-one cyclic 12—ethaned1yl acetal (14.5 g). The product was used in the '
following step without further purification. ‘ '
iv) - A solution of the product obtained in the ]ﬁrc\?ioué step { 14.5 g) in dry dimethyl sulféxidé

(35 ml) was treated with potassium zerz-butoxide (12.4 g) and the reaction mixture was stirred



iv) - A solution of the product obtained in the previous step (14.5 g) in
dry dinethyl sulfoxide (55 m) was treated with potassiumtert-butoxide
(12.4 g) and the reaction mxture was stirred 2 4 MAY 2004 WD 01140255
PCT/ EPOQ 12009 21 at roomtenperature for 1.5 h. Additi @nalapoiigissi-um
tert-butoxide (12.4 g) was added and the reaction mxture was stirred for
anot her 3 WOR14M% C. The mixture was poured into a sat urarErdo/128Mueous '
sol ution of amoni um chl oride and the product was extracted into ethyl
acetate. The conbined organi c phasesy;were washed with water and brine,
dried over sodiumsulfate and concentrated under reduced pressure. Colum
chromato (R) 5
ot oy SRR ALAT8 (TR) ARl Bl cqeuonide 124 g wes st e e
acetal ( Gea@®org)uxtw9 was sﬁrrsd)famambhcr ofh at 4@ Cbﬂbelmixtummaapmadd intp ¢ feeirgedvi ous
step(63 ouene 62n1 t t. i dipju
p-tol uene%‘gﬁ)"’f“‘osr?é‘?mxf’ “‘5‘?‘“‘"}’“ G ““%‘ S Blodet E‘r‘% ?ﬁ“&g‘if"t‘(}?%‘%g&% Bhe
cool i ng, 'cotnbiged agartm phinsm\xérumshaﬂmxtbom@dnd btlme dnscabwabchutnaqlﬁmmami sol ution
of sodium 10 onat e a t he product was ex et hyl
acet at’e. “FIfE" tE’b ﬁegnf"i‘?ssﬂﬁa Bimp FEORASHARY AT %{ffr?éqg h’lyf gd over
?3di) u rlnss lﬁieﬁ@}kﬁ;&ﬂﬂmyﬁgbﬂﬁeglsu@ﬁ ﬁsiieufsﬂanldngdymiaoi mtlri.asm acetdl 5.30 gle .

a) - et - 3- met hoxy met ona- tetr clic
112" et hahedi® Ptl%{tf&“ﬁlaqpr?dew'sob@wd%h ¢ Bielig v(éé et obepn 062 1 s ng step
Wi t hout . fterKt&d"Q[th Pyhdibumas-toRRnestfonatél (1.21 gf\ abid helitddokhde refifie f@r OHUAEe0bt ai ned
in the previous step (6.5 g) in dry toluene (251 m-) was  treated with .
p- t ol uen&aUmg.oHE creairy rlelsms% WP RAwehdBlp o sHaET 396U SOREPN A% SRPHM Af t er

cool i1gg, rt# ch&RGIhte Ind \nE ptb fict wﬁ,se;dagaéaeﬁhd Bh RemEl MAlRbiRAURAHE SOl uti on
of sodiu hydrogencarbonate and the product was extracted into ethyl

acet at e. plfises wortyasked witigemiec drigdheyse sodiysy aulfatesand Fongentiatothtieder Z98°8r i ne,
d d t
rie 0V§Feis§ ;ﬁ% 7%2-efﬁ%2l§5_ @1%8@35- Oﬁg‘f&f?'g%%“g)q AEARESEoRE @FGHr e, tO

give (7a rreth A l4-tetraen-17-one
(5.9 0). I"Ehﬁlapedgdmetalvﬁ§ g)s Gtle |prpdtl¢teva’solstd)in thg fsﬂ@pngf\nsltenomhoﬁtuﬁlﬂh@r
purificati otn vii) - Followi ng a procedure anal ogous to that ‘described
under v 8f* E)%anpl e 1, the product obtained in the previous step (5.9 g)
was aenvedt adolutior dfabelpfoddipt dhfkiret fivythe Bremiptdutepy(6.3 g) in dry toluene (251 ml) was

R I S
obt ai neden rédbgonP I RiktupdISwat §Pufed. tht@) aV\MUrﬂ@d”IVﬁIuE(ﬁd tsalution of sodium
(7(x, 14 3yd]f(?ginc]ézb%21z;tg_ ?mde Ehg)grad%ctn\sgshcxtlzcted into ethyl acetate. The combined organic
phases were washed with water and brine, dried over sodium sulfate and. conccntmted under
20 reduced pressure, to give (7a)-13-cthyl-3-methoxy— -methylgona-1,3,5(10),14-tetraen- 17-one
(5.9 g). The product was used in the followmg step without further punfication.- '
o vn) Following a proccdure analogous to that described under v of Example 1, the product
‘ obtamed in the previous step (5.9 g) was converted to (7a,17()- 13 ethyl-3-methoxy-7-
methylgona-1,3,5(10), 14-tetraen-17-0l (4.4 g). | , |
25 viii) - Following a procedure analogous to that dcsc;ibed. qndef i' of Example-l, the pro'duét
. obtained in thc previous step (2.9 g) ”was converted t0 (701,-1‘48,'1'5[3,1_7[3)-13~ethyl—3-methoxy¥
7-methyl 14,15-methylenegona-1,3 5(10) tncn-l?—o] (1.4 ). ' : ‘ .
o ix) - Followmg a procedure analogous to that descnbed under it of Example 1, the product

obtamed in the previous step (1 4 g) was converted to (7o, 148, 15B)-13 ethy1-3 -methoxy-7-
30  methyl- -14 15-methylenegona-1,3,5(10)-trien-17-one (1.4 £).



7- met hyl - 14, 15- net hyl enegona- 1, 3, 5(10)-trien-17-01(1.4 g). ix) - Follow ng

a procedure anal ogous to that described under ii of Exanple 1, the product
obtained in the previous 'step (1.4 g) was converted to
(7a, 140, 15(3) - 13- et hyl - 3- met hoxy-7- 30 net hyl - 24 MAY 2004

14, 15- met hyl enegona- 1, 3,5(10)-trien-17-one (1.4 g). 2 4 MAY 2004 WO

01/ 40255 PGFPEP%B?ﬁZOOQ 22 x) - Following a, procedure awalEpgwisoet 0 t hat
descri bed.- under iii of Exanple 1, the product obtained in the previous
step (1.3 g) was converted to (7a, 14[i,153,17[i)-13-et hyI --3- met hoxy-

7- met hyl - 14, 15- met hyl enespi rogona- 1, 3, 8%10) triene[ 17,2']oxirane.(1.36 Q).
xi) - Foll vm % a, procedure anal ogous to that descri bed under iv of Exanple
1, the pro ollowing| prperepreianalegons E?rféﬂtl dysrsibed eple( fii FEEgMPWAE thops@ided t o

(7a, 14(3, 1&,&;&,@7{@)11- : o h t hyl epegona- 1, 3,
5(10)-triene- 17- cgrplr)e;)ie(xdgllE %5? %é% ng tg%(f“ﬁ 15‘153 ‘1) %%E"Ia-* By B‘E‘é{dure
anal ogous }"@e‘i’ﬂalt“ lééé%hxlm@mm-rl M(@-tr&ndﬂﬁ,aéoﬁmn&MBﬁm oduct obtained in.

E gg EE‘,?;I (]?g)(s 3, 17a) R I:IHB&E%E%QEI V@ﬁ?{%ﬁ}q}/oeﬁlgtecgscn%ed under iv of Exampie ], the product
7- _rrgt hyA M‘a!@d rnatbhgl‘man@g:apal 16 ) v ﬂ:@a)vemerdlteaa-mz lwtn@ngleﬂ(yﬂgmtmy_ -10
Ecamml o 1 RS 18 R SREER 3RO e b Pebrae S G5, 60 o) wms
(73 Onvte;:]t Ied ﬂlblfmb?\'&@? ihﬁ(:&pﬂa?:(nxl))gdugicgghbbééesarbﬂ@l '571*&@(%‘ I‘?f Exellmpzl?) 16%13 product, )
nme y ene Il ene- nmet hano . g). Xitv) -
Fol | owi ng g p?docgﬁaetﬁ/ gloﬁsgf” tapueried M AR P RulYae 3-¢ihyl-Dnetigenl e 1,
t he pr Odu('l’{meﬁ[}ﬂm@,ﬂﬂﬁdthyl&négbﬁz-QB s(\wp@;snesmﬁetﬁﬁoﬁ@ s@)g was converted to (7a.14

7a).13-eth,. 15 - 4 - . "H NMR (CDC13) 5 5.79
(bs 5 )" @ ?3‘5‘{“{{{‘8 3 pygpedurg a&fm‘wf tq mﬁbdeswbq(bur(dpr w@%Exrsm&er tbé pip)luctz) 59 (d,

3H, J = 701313_1[1&’:1)111 te. prefious Step (0l f) J/MOZ?C?(B@QC{'?& 1‘3‘3 H?)l’mplfl &Pﬁgﬁme"bﬂﬁrgdr g '

and 3.5 ﬁé Eiagg%e 7 20 (7m’
1-14 1 - mdoRty F‘F‘hﬂle@ggna“%w) d@‘ie-”-me)han‘)!m@ﬁ)utlon of lithium

T S(t 11 mexy! Btloingi 46 a4ed o8P ek Bed P AR BRI 12T, i rolER ?00' ed

(7a, 143, 151{'§y%d31mﬁtehmym$-#m Iﬁ@zﬁﬂ B}, w5 - quevdmyd a0 d@sl4M1 58,1 70)-13-ethyl-17-

2-1221 r5716§-08 OXVITE v 4 ENELQ en —6(9?7 g? 'HM¥C]58| rbaS¥gr of uran
(bs, 1H), 3.73 (m, 1H), 3.47 (m, 1H), 0.92 (1, 3H, J = 7.5 Hz), 0.59 (d, 3H, J = 7.1 Hz), 057
(dd IH,J= 79and51Hz) 0.41 (dd4, 1H, J SIandBSHz)

Example 7

20 (70,14B.15B.16B.170)-17- (Hvdroxvmethvﬂ 7.16- dlmethv] 14,15-methyleneestr-4- en-3-one.

| i) - A solution of lithium bis(tﬁmcthyisilyl)amide (20.2 mmol) in tetrahydrofuran (35 .ml) was
cooled to -40 °C. A solution of (7a,14ﬁ,153)—3-methoxy-?-mcthy]—l4,1S—methyleneestra-

1,3 5(10)—trich—17-0m3 {Example 1, step ii; 5 60 g) in dry tetrahydrofuran {24 ml) was. added

25 - dropwise and the reaction msxture was stirred for 30 min. Then, at -30 °C iodomethane (2.4
ml) was added and stirming was contmued for 45 min. The mixture was poured into a saturated

| aqueous solutlon of ammomum chloride and the product was extracted into ethyl acefate. The
combined organic phases were washed with brine, dried over sodium sulfate and concentrated

~under reduced pressure, to give (70,140,15p,16a)-3-methoxy-7,16-dimethyl-14,15-



25 dropwi se ‘and the reaction mxture was stirred for 30 mn. Then, at -30
C, iodonethane (2.4 m) was added and stirring was continued. for 45 mn.
The m xture was poured'into a saturated aqueous solution of anmmoni um
chloride and the product was extracted into ethyl acetaté.* W& Bonbi ned
organic p §%Isl re washed with brine, dried over sodiumsulfate and
concentr at 4 reduced pressure, to give (7a, 14P, JCT/EP00/12009

R, 16a) - 3- net hoxy- 7 16-di net hyl - 14,15 2 4 MAY 2004 WO 01/ 40255

PCT/ EPO0/ 12009 .23 net hyl eneestra-1, 3 29(10)-trien-17.-one (5.99 g). The
product was used in the foll ow ng step wi thout further purification. ii) -

A m xtur L4t g bro 17 s$sium
tert-but grQng %%.Q% %3(?@%? 'Qlt%p(g r%g“}(- fw\g/’\slagsegé‘?;\tﬁged} ﬂ%‘&‘@? S%Bf 1 ux for
1 h A sovmopbﬁnﬁbﬁrpnmah@tone obtained in 5 t he previous step (5.04 g) in
dry tol ugge ,( r opwi se,_and ting was co r 3 h.
After . co§ AR 9( e re lﬂ g‘t Ef?é‘““t/\?ig B%Ef?a “’5‘?& 4143 &gueous
sol uti on an d@rmlnmet(mrﬂnl)w:as teated Uager peME 6 1 mrassscﬂwoﬁ epmeqte:bﬁet SdtRhdd)h

ani c hases were washed with brine, dried over

o oL b e 8 U 0Liaf i Wbt 40 Pt e aoder et anching was

chr omat ogbmHayd ﬂ:frfBOIi degkr cédlink4 de kR dbinbmde WRS IBQ&?MT #ntol © sathidted aqueous o
di met hyl -1 7- rre(ékh ene--14, 15- net hyl eneestra-1, 3,5(10)-triene (3.61 i)

- m Chi o8Bty ‘i‘,’“‘% FHOT%T%P@&WQ“BS Etraglad iniei gyl acetals; Bie|combiny of t he
pr oduct okgaaab tkes iwdrd WEHEY Gith D, Britl ol Baith duiffallla4d %ﬁ!&htﬁﬁé&”ﬁh@@”e (51

m ), containing solid sodium hydrogencarbonate (3 g). The reaction mixture
was stir Feycedt PrOWHS: t EAp@RafiipwEatograrhy3 aﬁﬂfdﬁhd%ﬁ%hﬂﬂ 1@6) B-insthoxpf,16-

™ Chitor OBRHIRIA Rhfenithéli Findthyihiecia Ty RloMaLe g after 1 hand 2 b, - 15

respectively.” The réaction was” poure turdted agueous sol ution of
sodi um siibf Pt@hiaqqaerbwlpmo@(?@tﬁ%@ 3es) twag edded] toi anstobltidm o:ﬂthe);uroalmt Sterimed The

conh e YRRl 455531 85 it bef RGNS A0MLT S0 ShaRelL U

hydroxi d I ne; d over rsodl u su fa
under r edxdr@mptri@gggr(é E)t Ghegreagion mixture was stirred at room temperature, for 3 h;

1a° 15 o MDA eropt d PSR pAP TR B0 pditaren! Bt e
produst wsectinedd The reattn w26 pourekintesd ﬁpxrﬂ!bd'ma_iusfsbﬂhﬁéiﬁdf spdituh fshigied dn@n. i v) -
oL O e B A R RS SR B el L o Ergtple L
(7a,14][ 3Wﬁ563qtib6ﬁs?aolh?iaﬂ ofSsolRinNGMxide (10 %) and brine, dried over sodium sulfate and
7, 16-di rrt?o[nc nltr;tr]e_c?f ur}dé:r ITSIECEX | ret:sns?treest[or ?\:el('kz 14[§ 15 16%3r1|7'§)[]36-m|eﬂ710£ ?'; PGqc)i(t?nleg)eEyde (299
9). P g Y y
14,15-methylenespiroestra-1,3,5(10)-triene(17,2* ]ox1rane (2 85 g). The product was used in the
-20- - next step without further purification. _
iv) - Following a procedure analogous to that described under iv of Example 1, the product
obtained in the previous step (2.85 g) was converted to (7a,t-4£3,15ﬁ,'16[3,170&)-3-methoxy-
7,1 6-dintethyl-l4,1 S—metﬁyleneﬁtra—l,S,S( 1 0)-triene—'l7-carboxa1dehyde.(i-99 £).
. vy -"Following a procedure analogous to that described under v of Example 1, the product
25 .ob.tained in the pretrious step (2.99 g) was converted to f?or. 14B,158, ISB 170)-3-methoxy-
A 16 dtmethy] 14 15-mcthyleneestra—l 3 5(10) tnene-l?-methanol (0.30 g).
v:) Following a procedure analogous to that described under vi of Exampie 1, the product
.obtamed in the prev:ous step (0.30 g) was converted to (7(1. 14B,150,16B, 170t) 3-methoxy— '
7. 16-d1methyl 14 ,15-methyleneestra-2, 5(10)-diene-17-methanol (0.31 g)

30 i) - Followmg a procecl_ure analogous to that described under vii of Example 1, the product

obtzined in the previous step (0.31 g) was converted to (7o,14B,158,16B.17a)-17:



v) -Follow ng a procedure anal ogous to that described under v of Exanple 1,
te product 25 obtained in the previous step (2.99 g) was converted to

(7a, 1413, 1513, 161, 17a) - 3- net hoxy- 24 MAY 2004

7, 16-di net hyl - 14, 15- net hyl eneestra-1, 3,5(10)-tri ene-17-methanol (0.30 g).
Vi) - Follomnnﬂ 8Eﬁgrocedure anal ogous to that described under vi of Exanple
1. the rodJE ained in the previous step (0.30 g) mmsnﬂmmnﬂmied to:
(7a I4p 15[ 3, 16( 3, 17a) - 3- et hoxy

, 16- di net hyl - 14, 15- net hyl eneestra- 2, 5%}0)-diene-l7-nethanol (0.31 g). 30

vii) - Follomnng a procedure analogou to that described under vii of

Exanple 1, d bt |n t he -reV|ous ste .31
converted 1O 2 P 22 S RSN AerRcona (B ﬁﬂﬂggcﬁ@hhSr et -7
-d' a 1-14.80 (mmH),emsm 28,8109 (é @H@stogbd. 3HH M‘dﬁ 1({2@'1%23%1 8y, P=80r 1y, 1H),

3 64 (m éﬂ%”c{ﬂ‘} ‘% £§3a“‘w'/‘l§[zhﬂ&5§d(dlnlilzj)“5 b%-‘(ﬂ@ 1 H o J (g 132ndJ3_57 :

Ft) 5 Exanple 8 41 - 7-Hydroxy-1 - dr eth - -neth - 4 15-meth lene r-4-e
- one. Pot assi um hydroxi de (3.28 g) was added to a sol-ution of
3 aTﬂf)s |

(7a, 14 3- met hoxy-7- 10.
'_g@ (Exanple 1,

met hyl - @u@ﬁgﬂmm
step iii; 5.00 g) in a mx - wat er

y
(25.3 n1)—m?he reaction mxture was stirred at 100:C overni ght and then
poured into a aqueogs sol ution of ammoni um chloride. The product - was
i ate; the conbined organic phases were washed wth
bri ne, driequﬂHI pbdi um-sul fate, and concentrated under reduced pressure.

Col um chro :
(7a, 143, 167, wl? (hydroxynethyl) 3 nethoxy 7-met hyl - 14, 15- et hyl enesest
02 9) - Foll owin rocedure anal ogous

- 1,3,5(10).-t -
[g that d %)P "ﬁr&iﬁ‘(‘aﬁﬁé‘@?"c}e\ﬂ? g%ﬂ) E?éaff?ﬂ?fbmla sofutign gf G&dg@ 15lgblﬁa\13mh¢xm~7t he

previ o0is mitdyl-14]15QR0§)en¥PBo @AY 8 5t 108 irfeRe { 7 8ryokditn 3
( hydr oxyngt h et ho SonetT f futead{7h ! 5@%@’?@%@2’}‘%"%’0500 Bn-17- ol

(1.05 g).™ "%‘F‘} of dimgihy fﬂ’@d"a(lﬁ? Gébﬁlﬁlr‘éﬂt%rr@ 3 gl SThe geactien md@ye miabed under
vii Of ExsicRd & 190 °¢ Sk%nﬁ’éh@%&qﬂen poured into a aqueous solution of ammonium chioride. The

product was extracted into ethyl acetate; the combined organic phases were washed with brine,

dried over sodium sulfate, and concentrated under reduced pressure. Column chromatography
‘15 gave (7a,148,15B,17B)-17-(hydroxymethyl)-3-methoxy- 7-methyl ~14,15- meﬂlylenesestra-
1,3,5(10)-trien-17-ol (1.02g).
ii) - Followmg a procedure analogous to that described under vi of Example I, the product
obtained in the previous step (1.02 g) was converted to (7a 14B,158,17P)- 17-
- (hydroxymethyl)-3-methoxy-7-methyl-14,15-methyleneestra-2,5(10)-dien-17-ol {1.05 g).

20 iii) - FoliOng a procedure analogous to that described under vii of Example 1, the product

'.obtamed in the previous step (1.05 g) was converted to (J_q_,Mﬁ.lﬁB_J_&)ﬂj-_hJ@_rg;k]_’{_-
(hydroxymethyl)- Z~m§1hy!-|4,l5-m§1hytcneeslr-4~eu—3-gne (0.12 g). 'H NMR (CDCl,) § 5.80

(bs, 1H), 3.63 (dd, part A of AB system, 1H, J = 10.6 and 4.7 Hz), 3.46 (dd, part B of AB
system, 1H, ] = 10.6 and 5.1 Hz), 111 (s, 3H), 1. 10 (dd, 1H,J =47 20d 3.9 Be), 0.61 (4, 3H, J
25 =7.1Hz), 054(dd 1H,J=8.3 and 4.7 Hz).

Example 9



obtained in the previous step (1.05 g) was converted to (74c
141.1_171)-17-hydroxy-17- dr et 1 - - 4 1 - enee r-4-e - - e (0.12g9)- 'H
NMR (CDC13) 5 5.80 (bs, 1H), 3.63 (dd, part A of AB systgpgﬁby ﬂ@h_ 10.6
and 4.7- Ft) 3 46 (dd, part B of AB system 1H, J - 5 1.11
(s, 3H), S 1H, J 4.7 and 3.9 Hz), 0.61 (d, 3H, J 25 = 7. 1 Ft)
0.54 (dd, ‘1VP|‘“’ 355_ 8.3 and 4.7 Hz). Exanple 9 2 4 MAY mwzewmoz% 25
Qc IN=7th | 4 PC T/EP0O0112009 MC -4 =(a) and - 7-flu -1 - e h -7- et - -
eth 1 nee tr .- en-3-one (b). F 5 i) 2@ sol uti-on of g
(7a, 14(3, 150, 17(3) 3- nethoxy 7- nethyl 4, 15- met hyl enespi r oestra-
1,3,5(10)44 el | L 1 75 g) in dry d|ethyI
et her (43 ' 4 é5mms e ¢
etherateg@imjﬁu. ATl f , B g
guenched Wit h a)saturated aqgueous solutron 0 yorogencar.onate
The prod dextracted into ethyl acetate; the conbined organic phases
10 were washed wittr a saturated aqueous sol uti on of sodium

hydr ogencar bonatelaptd™~gsd ne, drie rer~&pdi um sul fate, and concentrated
under reducegd are. Col um graphy afforded -

(7a,14(3, 1 7-fluoro- - 7-met hyl - 14, 15- net hyl eneestra- 1, 3, 5(
10) - tri exfe Hol (0. a8 ) ﬁﬁllomnng a procedure andl ogous to

t hat ri_bgd upder | roduct 15 obtained in the
pr evi gusﬁslt e% o g¥ L E@ﬁ\rjgb ?@%’8&5 ’&1&‘?‘3?@ 1§f15-methylenespiroestra-
(7a, 14(i 1,35(18)-fried} #,2 Toxirane (Example 1, step iii; 1.75 g} in dry diethyl ether (43.7), cooled to -

-10°C, was treated with boron trifluoride diethy! etherate ( 1.75 ml). The reacuon mixture was
stlrred for 15 min. and then quenched with a saturated aqueous solution of sodium
hydrogencarbonate. The product was extracted into ethyl acetate; the combined organic phases
10 .were washed with a saturated aqueous solution of sodium hydrogencarbonate and brine, dried -
. aver sedium suifate, and concentrated under reducéd pressure. Column chromatography
afforded  (7c,14B,158,17B)-17- ﬂuoro-3-methoxy—7 -methyl-14,15-methyleneestra-1,3,5(10)-
triene-17-methanol (0.36 g). _
i) - Following a procedure analogous to that described under vi of Example 1, the product
15 . obtained in the previous step (0.36 g) was converted to a mixture of (7c,148,158,178)-17-
fluoro-3-methoxy-7-methyl-14,15-methyleneestra-2,5(10)-diene-17-methanol and
(7, 14B,15B,17a)-3-methoxy-7- mcthyl 14, lS-mcthylenecstra—Z 5(10)- dlcne-l'i-mcthanol
(036 g, ratio 1:3). ,
fii) - Fol_lowmg a procedure analogous to that described un,der vii of Exampie i, the mixture of |
20 . products obtained in the 'previeus step (0.36 g)-was converted to (7(1,14[3,156,17ﬁ)-17-ﬂu0m-
17-(hydroxymethyl)-7-methyl-14,15-methyleneestr-4-en-3-one  and  {7c,148,1 53,17&)-' 17-
(hydroxymethyl)-?—méthyl-14,1S—ntethylcncestr-4-eﬂ-3—one (0.32 g, ratio 1. :3). |
iv) - A solution of the mixture obtained in the pre\rious step -(0.327 g) in a mixture of dry
_pyrdine (1.50 ml)'_ and dry tetrahydrofuran (5. ml), containing 4-(dimethylamino)pyridine
25 (0.005 g) was treated with acetic anhydride (0.90 ml). The mixture was stirred at room .
temperature for 1.5 h and then quenched with ice-water, followed by addition of a saturated
~ aqueous solution of sodium hydrogencarbonate. The product was extracted into ethyl acetate;
the combined orgamc phases were washed with water, aqucous sulfuric acid (2 M) and brine,

drled over sodium sulfatc and concentrated under reduced pressure. Column chromatography



f 1 uor o- 3- met hoxy- 7- met hyl - 14, 15- net hyl eneestr a- 2, 5( 10) - di ene- 17- net hanol
and (7(x 14( 3, 15 '

R, 17a) - 3- met hoxy- 7- net hyl - 14, 15- et hyl eneestra- 2, 5(10) - di £RA ,ﬂet hanol

(0. 36 g, ratio 1 3). iii) - Followng a procedure anal ogous to t hat
described. upglglspssi Of Exanple 1, the mxture of 20. products obtained in
the previous step %0 36 g) was converted to (7(x, 14P, 15FRGHEPEVINE ¢ | yor o-

| 7- (hydroxynet hyl ) - 7- met hyl - 14, 15- met hyl eneestr - 4- en- 3-one and

(7a, 143, 15P, 17a) - 17- 26 -

(hydr oxynet hyl ) - 7- net hyl - 14, 15- net hyl eneestr 4- er| -3 one (0 32 g, ratio 1
3). iv) Aﬁ?fdgﬂ[‘m;@ﬂdﬁﬁnm)mmmdé rﬂo) a'u ‘ d7-0korh ;ma b RR 32 g) in
a mxture o ry ri 0 an tetra dr of uran

cont ai ni nge-“ﬁ?—?nﬂ(‘rlr&b@i M)(Wq‘ﬂf’ﬁél (bs, Q@y(léz G@SP@AwééBtWéaPe’cﬁ Vit h

acetic anrpdrande2.f fiz thacn A bystefn, YAST 53 4 480 231.4,0019 rpture for
1.5 h and then quencﬁ ?’n |cg \/vat)’eére "foll owed by addz?tl on(g gm:‘ rzytat ur at ed

aqueous sdétth on &Hzé’&ﬁzdﬁﬂ%éiradéﬁdar bonate. The product was extr.acted
into etshylv? aR_bIRLG of:ﬁéﬁocﬁa@raﬂﬁ@lumegﬁreb B3 gggéﬁa&hmr d Jxrzwﬁ mh%t er,

aqueous sulfuric acid (2 M bri ne, over s m sul T at and
concent r atselgtionsd é?dﬂlﬂéém&@@dfmoé’@% grip 2 nmgtllmmﬁ metherniEd byhaph yaer @. (Mh’rl) 2004 VD

N

2 22 (dd Theprodyyt whs Alraglys intmpthyl legetale; the @mbihed nigari@ pRastdzyere dashd (vittl, part B

25 He)) Bk %“(rd Gy 50%&,,.7 %ﬂaﬁ‘&)la%zv@"xaé%r d?forr% essar%dtéﬂ “Bot ai ned

under 10v (T s nd _ : .
sodi um hy € 0 ter

(0. 03 m)?d%eg‘? 5‘( @V?‘ &D?g’%&rgg ‘\%a)sjhgﬁ @8‘55 ?b‘b‘lrﬁéélrﬁ&é‘kéi*u? edzr0 30 nin-
aﬂd po%edzgammssﬁe} , B0 @ddd, paﬁrmofprmegﬁetn WSl €1 8, élQIZQﬁlcéﬁ mtug) ,etbyd, 3arg|et at e;
the conbi ned organ|.c p es we wasne rpne rred over sodi um.

ST at e, aha AR S B C R RS s B B e 0% -5 T
dr 1 -7- et |- - e leneestr-4- - - e (0.030 g). "HNW'(CDC13) 8 5.81 (bs,
1H), 3.74_(ddd, part. A of AB system IH J = 20.4, 12.2 and 6.6 Hz), 3.60
(ddd, par Expupje 10 system 1H J = 22.8, 12.2 and 6.7 Hz), 1. 15 (d 3H, J
= 2.8 Hz) 483 5 - | ot ) Bt 569 .

i) - Followmg a procedure analogous to that descnbed under Example 2, the mixture of
20 (7o, 14[3 158,174)-17-fluoro-3- methoxy-7-methyl-14, 15-methyleneestra—2 5(10)-d1cne—1 7- l
methanol and (7a,14B,158,170)- -3-methoxy-7-methyl-14,15-methyleneestra-2,5(10)-diene-17-
methanol (0.076 g, ratio_ I. : 3} {Example 9, .s_tep' ii)- wars ‘converted to a mixture of
(7, 14p,15p,178)-17-fluoro-1 7-(hydr_oxymethyl)-7-methyl—14,1S-methyleneestr—S(l 0)-cn—3; n
one and (7a,14p,150, 17a)—17-(hydrox}rrrrethyl)-7-methyl-14,15-‘mcthyleneestr-5(10)-en-3-one
25  (0.060 g, ratio l 3. '
ii) - Following a procedure analogous to that descnbcd under iv of Example 9, the mixture of ‘
products obtained under i (0.060 g) was acetylated and sc,parg_ted by column chromarography, . |
te_.'give 7- 4 -17-{(acetylox hyl]-17-fluoro-7- -14.15- eestr-
5(10)-en-3-one (0.008 g). "H NMR (CDCL,) 5 4.25 (dd, part A of AB system, 1H, J = 23.6 and



14 cetvl oxvhn ethvl1l-17-fluoro-7-nmethyl- | 4.15-meth eneestr -en 3-one OAc
i) - Followi ng a procedure anal ogous to that described under Exanple 2, the
m xture of 20 : _
(7x, 141, 151, 17(3) - 17-f | uor o- 3--nmet hoxy- 7- met hyl - 14, 15- el hyM&n@8lst r a- 2, 5( 10)
-diene-1 7 _nethanol and (7x, 14(3, 15(3, |

7x) - 3- met h& Rt hy| - 14, 15- et hyl eneestra-2, 5(10) - di eF&T/BPPO/1368% hanol
(0.076 g, ratio | : 3) (Exarrple 9, step ' ii) was converted to a m xture of
(7cc,14(3,15 (3,17 (3)- 7 - _ ‘ :
17-f 1 uor o-1 7- (hydr oxynet hyl ) - 7- met hyP? 14, 15- net hyl eneestr-5 (10) - en- 3-

one and '
(7a, 14( 3125K5); 4 12, WB(WWWE{IWD”’?%E%ﬁlf‘z?n37ié"sn%%g’71ogﬁse%§ -5(10)-&
n- 3-one | 2hd($1,060 guzy abo @, 31, 73).1Hz).i) - Foll'owing a procedure anal ogous
to that descrl bed under iv of. Exarrpl e 9, the mxture of products obtained
under i (0. 060 g) was acetyl at ed and separated by coI umm chr omat ogr aphy,

to give a?'T P,151 17(3}-17 [(ace
| oxy) et hy 7 fI uor _0-7- rret hyI 14J35- et hyl eneestr -€ - 0. 008 3; "H NMR
(CDCIS ). {dzd4 A 1Y w2 Q-Hadre hmethivis t4lfrmethyleng- 19-nompreen-d-c OnE #Y 2004 WO
IH J
2 . 2.8
Hz), 0.69).(d, 3H J=71Hz) Exarrple114 2 - .71 e-14-eAbong- -4-
- - (a) and 140.15 ILI O0- - th - 14. 12 - mthyj ene- 1 9-r -e - - e (b)

H15-net hyl eneestra- 1, 3, 5(10) - 10

5 tep iv; 2.50 g) i'n dry '
t¥ O,4g wWas treated with net hyI magne5| um

chl ori deot ] &t rahydrofuran, 62 ml). After 15 min.

stirring he sglsta,%t oPy &T%Mﬁ 1459 74RE QB RENRRNDII Atidhiththeblinad, S0y at ed

aqueous | ution of rum ch orid The foduct was extracted |nto et hyl
acetdi e; tnéd‘d:el'?-carboxaldehyde (Example 1, step iv; 2 50 g) in dry tetrahydrofuran (15.4 ml), cooled

to 0 °C, was treated W1th methylmagnesium chioride (l 5 M solution m tetrahydrofirran, 62

‘ml). After 15 min. stirming, the reaction mixture was quenched by addmon of a saturated
aqueous solution of ammonium chloride. The product was extracted into ethyl acetate; the
- combined organic phases were washed with brine, dried over sodium sulfate and concentrated
15  under reduccd pressure. Column'chromatography afforded (7a,14p,15pB,17a,208)-3-methoxy-
7-methyl-1 4,'1 5-methylene-19-norpregna-1,3,5(1 0)—trien—20-ol (0.84 £) and
(7{1 14[3-15|3 l7(1,26R)-3-inelhbxy—?-methyl-l4,15-rnethylem_a-l9-norprcgna—l,3,5(10)-trien— '
.20-01 (0.23 g). A o
_iia) - Following a procedure analogous to that descnbed -under vi of Example 1,
iO {(Tex, 14[3 15p,17c,208)- 3-methoxy-7—methyl-14 15-methylene-19- norprcgna—l 3,5(10)-trien-
. 20-0l (0.48 g) was converted to {7a,14B,158,17a,205)-3- methoxy-'i—methyl 14 IS-methylene-
lQ-norpregna—2 5(10)-dien-20-01(0.59 g).
iib) - Following a procedure analogous to that described under v1 of Example 1,
- (7a,14B,15f,17a1,20R)- 3-mcthoxy-7-methyl 14,15-methylene-19-norpregna-1,3 5(10)-tncn-
25  20-01 (0.23 g) was converted to (70.,14B 153,17 20R) 3-mcﬂ10xy—7-methyl 14,15~ methylene-
| l9-norpregna—2 5(10)—d|en-20—ol (0.11 g)
jiia) - Following a procedure analogous to that dcscnbed undcr vn of Example 1,

('70: 14B,158,17a,20S)- 3-methoxy—7 -methyl-14,15- methylene 19~n0rpregna—2 5(10) dnen-ZO-ol



conbi ned organi ¢ phases were washed with brine, dried over sodiumsulfate
and concentrated 15 under reduced pressure. Columm chromat ography afforded
(7a, 14(3, 15(3, 17a, 20S) - 3- net hoxy- 24 MAY 2004 ‘
7-met hyl - 14, 15-r et hyl ene- 19- norpregna-1, 3,5(10)-trien-20-ol (0.84 g) and
(7a,1413,1 20R) - 3- met hoxy- 7- et hyI 14, 15- et hyl ene-1 9- nor pregna- 1, 3,
5(10)-tri eﬁ%g i'r{pgys (0.23 g). iia) Following a procedurt&T4RY13 gus to that
descri bed -under vi of Exanple 1, 20

(7a, 141, 151, 17a, 20S) - 3- et hoxy- 7- net tpgl - 14, 15- et hyl ene- 19- nor pr egna- 1 3, 5(
10) - tr|en- 20-0ol (0.48 g) was converted to
(7a, r14(301§3§}3w$:?aor2r@@d - R 11 hg

19- nor pregna- 2, 5( 10) - di en- 20- @ o1 & > Followi ng. Brocedure

ol e S e 0 Theh AR Coc 6@%3.@ %373@?&“%4(13 {5 30,

13, 17a, 2GRy ésmeybww o8l @y bH A 1 1R tohil&n el P=norps €9ndy Jo. 5% 86,10) -trien
25 20-ol & was converted to

(7(x, 140} %‘i?@@bhfﬁk met hoxy- 7- met hyl - 14, 15- et hyi ene-

19- nokpr G- Foféwie - AiphRedis %419@4,; tg)ﬂlat' hes@abea 5%1 QW ageamnﬁzgcedure

anal ogous to that described under vii "Exanpl e

151, 17a, $SHAPISAiTdd0R)-3rmetharyyd- mithﬂil&,lmqtiwllt’eﬁé9-ﬂ°mr€gna-2 5(10) chBﬂ--’ZO-
| 9- nor pr 2,,5(,10 )s 01,02 o M. C A =
(0.59 g) ot S 1c n‘\((/gesr%ongér{%EI tg ' e

(7a. | 43, 1%Aompicgad-20Son (0.060cs) 0/ NREIDGH) -5154801 G, nidt) 3/ T B tva- 1HD- 1.82 (d,

- pre, gn- (,Q.,.3 ) ( 3

1.20 (s, §I§1—§ 8735 I?és 55‘21063’ @ - ﬁ)oag(d?uﬁ%g%ﬁ“w%l %")Hg)zg 0. 44
(dd, 18H; (44, H1, 7 ~%.pad 35 Hz)Hz), 0.26 (dd, | H J =51 and 3.1 Hz). .5 iiib)
- Followi ng a procedure anal ogous to that descrl bed under vii of Exarrpl e 1,
(7a,14) 3,15 ,

17a, 20R) ggaiifik DXy - 7- met hyI 14, 15- et hyl ene- 19- nor pr egna- 2, 5( 10) - di en- 20-
ol (0.11 g) Wwas converted to : . -2 h 7-met hyl - 14, 15-
et |ene- 38,190 el valTOX - (3 iae s R & %8580 (m 1H),
3.77 (m 1H), 12\&:d 3HJ:67Hz)116(s 3H) 0.63 (d, 3H J =7.1
Hz), 0.45 (dd, 1H, —83and51Hz)023 10 - (dd, 1 H J = 51and
3.5 Hz). : (7a 1405j }, 17a) - 20=Ht i dr oxy- 7 :

{ e-19-norpregn-4-én-3-one. HO

s

5 1)- Followinrg‘ a procedure analogous to that described under ii of Example 1, a mixfure of
(7(1 148,15pB,17¢,208)-3-methoxy-7-methyl-14,15- methylene-19-norpregna-1,3,5(10)-trien-
20—01 and (7a,14B,158,170,20R)-3-methoxy-7-methyl-14, 15-me_thylcnc-19 norpregna-
' I,3,5{10)-tﬁen—20?01 (Example 11, step i; 0.45 g, ratio 1 : 1) was converted to
. (7a 14f8,1 5[3, 1 7a)-3-methoxy-7-_meﬂ1yi-1 4,1 S-mcthylene— 19-norpregna-1,3,5(10)-trien-2G-one
20 (055 g). | ' . '
Cif) - Follovnng a‘procedure ana!ogous to that described under i of Example 11, the product
: obtamed in the previous step (0.55 g) was converted to (7c,14B,158, 17a) 3-methoxy—7 20-
' d1methyl—14 1S-methylenc-IQ-norpregna-l 3,5(10)-trien-20-0l (0.26 g).
iii) - Followmg a procedure analogous to ‘that described under vi of Example 1, the product
25 "obtmncd in the previous step (0 14 g) was converted to (7a,14f, ISB 17a)- 3-mcthoxy-7 20-
| dimethyl- 14 15- methylene—lQ norprcgna—?. 5(10)-trien-20-o0l (0.14 g)

IV) Following a procedure analogous 'to that described under vii of Example 1 the product . -

obtained in the previous step (0.14 g) was s converted 1o W&z&mmmm: o



15 i) - Following a procedure anal ogous to that described under 1i of
Exanple 1, a mxture of (7a,14P, 15 f

3,17a, 20S) - 3- met hoxy- 7- net hyl - 14, 15- net hyl ene- 19- norpre%na 1, 3 5(10) trien-
20-0ol and (7a,

| 4f 3, 15P, 17a, 20R) - 3- nethoxy 7-met hyl - 14, 15- et hyl ene- 1 9- norpregna-

1, 3,5(10) - WO0B250- 0| . (Exanple 11, step i; 0.45 g, rat@¢mErbI200) was
converted to (7a,14) ,15R

| 7a) - 3- met hoxy- 7- net hyl - 14, 15- met hyl gne- 19- norpregna 1,3,5(10)-trien-20-0ne

20 (0.55 g). ii) - Follow ng a proc ure analogous to that described under
i of Exanple h croduct obtalned t r o] 55 g) was
convert &% : i e ETyd-S : 02% '13 ﬁMh &%as%os g}(?( _

di net hylm}éhslziis rafﬁt) hyilqa%;%me mggm@r% :&15(—130) Hey, 0@p(@D1BN(HD7.8end)) . i)
- Follown rocedure anal ogous. to that described under vi of Exanple 1,
t he proéddﬂﬂfh (@dt18: hed-1liand BAdIZhr evi ous step (0.14 g) was converted to

(7a, 14{3, 1511, 17a) - 3- net hoxy- 7, 20- :
di met hyl -'1. 4, 15- met hyl ene- 19- norpregna 2,5(10)-trien-20-al (0.14 g). iv) -
Follémnﬁgaapbﬂécedure analogous ‘to that descrlbed under vii of Exanmple 1,

the pro ' -GN ted to (7a
14[i. 5 3 N, d ' J CI7TEP00112009 29,

di met hvl - e hyhene 19- nC}pregn 4-en-3-one (0.050 g). "H NMR (CDCl,) 3
5.80 (m ' 2u(s, 3H), 1.21 (s, 3H), 1.20 (s, 3H), 0.64 (d, .3H, J =
7.1 Hz), 1H J =7.9 and 5.1 Hz), 0.25 (dd, 1 H f =5.1 and 3.5
Hz). Exang \/ -

. (-7a. 140 7;;1 20%) - 17- (I-Hydroxypropyl) 7 met hyI 14 15 m

thylenec IT - 4 en-:3 -one. The title_co q} fr?g1
( 7a, 14( iTha Sle] TIPS Med XBrERE e T -(12,14 15ﬂ17a)3m dhoxy methyl-14,

met hyl CUREY 55&5&3-%5@'0%5&41ﬁ&?oouxaa@aqunmydet Exjiﬁmh@ socedtr&p i V)

usi ng procedures escrib ample 11 g 80 (m 1

H), 19 7 Gescrived id Byample DiL f(moq}DCloiig@O((mlHBﬁﬂS@nJH? b2l ﬁSr_z%H)vQ) %% (d, 3H, J

= Hfsé{ 73%1 Wezi@sn?é‘i&(@o A, 1 BRE, . 1 -17- 1 z et -7-eth - 4
nee 1 ol Ut o

- n of

( a,143 15(i, 17a) 17- (hydroxynethyl) 7- nethyl 14, 15- et hyl eneestr - 4- en- 3-
Exampie 14 _ : '
(7c..140.15B.1 7a)-17-[{ Acetyloxy)methy])]-7-methyl-14,15-methyleneestr-4-¢n-3-one. -

— OAc

A ‘solution of (7a, 14[5 15[3 17(1) 17- (hydroxymethyl)-’l—meﬂ'lyl 14 lS-methyleneestr—4 -en-3-
one (Example 1, 0.20 g) in a mixture of dry pyridine (1.76 ml) and dry tetrahyc_iroﬁxran (8.8 m})
was treaied wit-h acetic énhydride (1. 06 ml). The mixture was stirred.at room temperature
overnight and then quenchcd with water. After 1 h stlrnng the product was extracted info ethyl
20 - acetate. The combmed orgamc phases were washed with brine, dried over sodmm sulfate and
concentrated -under reduced pressure to give 14 7 -{{ace Yme -7-
Mmtuﬂ;[mcsﬂﬂm g (0.22 g). 'H NMR (CDC],) 5580, IH, J=28 Hz)
4.05 (dd, part A of AB system,; 1H, J— 11 0 ‘and 6. 3 “Hz), 3.95 (dd, paﬂB of AB system, 1H, J
=11.0 and 7.1 I—Iz), 2.03 (s, 3H), 1.08 (s, 3H), 0.62 (4, 3H, J=7.1Hz), 0.48 (dd, 1H, I =83
25  and 5.1 Hz), 0.27 (dd, 1}, J=5.1 and 3.5 Hz).



one (Exanple -1, 0.20 g) in a mxture of dry pyridine (1.76 m) and dry
tetrahydrofuran (8.8 ml) was treated with acetic anhydride (1.06 m). The
m xture was stirred. at roomtenperature overnight and2t4hﬁﬁY nched with
water. After 1 h stirring the product was extracted into ethyl 20 acetate.
The conbi ne‘googxﬂggni c phases were washed with brine, dried over sodium
sulfate, and e 07¢€ - - concentrated under reduced pressECEFEr@®/I1goye 14 7 - -
a 4 _15-methyl t -one (0.22 g). '"H NVMR(CDC13) 8 5.80 (t, 1H, J = 2.8 Hz),
4.05 (dd, part A of AB system 1H .1l4511.0"and 6.3 Hz), 3.95 (dd, part B of
AB system 1H, J = 11.0 and 7.1 Hz), 2.03 (s, 3H), 1.08 (s, 3H),.0.62 (d,
3H J = Exdmbiéds 0.48 (dd, 1H J =8.3 25 and 5.1 Hz), 0.27 (dd, 1H, J =
5.1 and 3.5 Hz). 2 4 MAY 2004 WO 01/ 40255 PCT/ EPOQ/ 12009 30 Exanple 15

Fol | owi n§olipvingne emerdiraazlagous the ddsatbed @sdar ivoefiExuaghes 1 vamaf usmeamel e 1, and

using th el 2 . and 8. respectjv ,.as starting
nat eri.al %@g@%ﬁ%@mﬂ% 1,52(},35%@ eERP: ?frséaﬁg}ge'ﬂ?tg%i the g’l“gw‘f‘g products

- U - Hydr wsrg piepared:hy| - 14. 15- Tnet byl eneestr-4-ene-i 7-nethaiiol. HO vv-. "H
NVR (£DC); ) 33, |

(s Spy o) o tubes Buraf ot inthn. |

0.22 (dd, I H J =5.1 am 3.1 Hz). 10 bi) :
eth lent - 0 -ene-] Reth | OH HO'H NVR-(CDC13) S 4.09.(m |I' H), 3.69
(m 1H), 3.50 ( .03 (s, 3H, 0.63 (d, 3H -~ J = 7.1 Hz), 0.46 (dd,
1H, J =.8.3 and 0.24 (dd, 1H, J = 5.1 and 3.5 Hz). 15 b2)- (3, a,
,14(3.153,1 Ho %y - 7- met hyl - 14. 15- net hyl eneestr_5(1Q) - pne--17-

met hanol . SOy NMR (CDCL,) § 5.33 (bs, 1H), 4.21 (m, 1H), 3.67 (m, 1H), 3.48 (m, 1H), 1.05 (s,
~ 3H),058(d,3H,J=7.1Hz), 045 (dd, IH, ] = 7.9 and 5.1 Hz), 0.22 (dd, 1H, J = 5.1
~ and 3.1 Hz). '




20 -¢] '"H NWR (CDC13) 5 3.82 (m 1H), 3.69 (m 1H), 3.50 (m IH), 1.03 (s,
3H, 0.63 (d, 3H, -J =7.1 Hz), 0.46 (dd, 1H, J = 8.3 and 5.1 Hz), 0.24
(dd, 1H, .J =5.1 and 3.5 Hz). 4 7J3.)-3.1 -7- e - 14t2t4~ﬂqyemml7-

nmet hanol . 2 4 MAY 2004 WO 01140255 PCT/ EPOONn2009 31 :OH HO~~/\~ 'H NWR
(CDC13) 5 5 (lm 11-1), 4.21 (m 1H), 3.61 (dd, part A of AB system 1H,
J = '10.6 ‘A’H& 2% 1) 3.45 (dd, pait B of AB system 1RCT/BPO&IM® 6 and 5.9
Hz), 1.09 (s, 3H, 1.02 (dd, 1 H J =4.7 and 3.5 Hz), 0.56 (d, 3H J 7.1
Hz), 0.54 (dd, 1H, J =8.3 and 4.7 Hz). c2) - 4 7- - - - et t - - 7-

met hanol. HOB'" '"H NWR (CDCl,) 8 5.51 1rn IH), 4.12° (m 1H),.3.62 (dd, part
A of AB system 1H | = 10. 10.6 and 4.7 Hz), 3.46 (dd, part B of AB
system ‘IH J = 10.6 ang p.9 Hz) 1.09 (s, 3H, 1.03 (dd, 1H, J = 4.7 and
3.9 Hz), 0.59 (d, 3H, 7.%"Hz), 0.54 (dd, 1H, J = 8.6 and 4.7 Hz).
Example 16 15 - ¢y (> eth x eth -7- th |- 4 5- e e -4-e = - onee
(reference corp%7 . OH OMOyvv-., i) - A solution of B

(7a,14(3, 15(3, (3) 3- rret hoxy- 7- met hyl - 14, 15- et hyl enespi roestra- 1, 3, 5(10) -
triene(17, 2" ] oRiNMRECDEKENPSR(r, ,1HS 1421 (imi, nﬁ),z‘e@(@,pmm&"m@h&anm 5106 )

was treat ed W15 and 4.7 Hz), 3.45 (dd, part B of AB system, 1H, J = 10.6 and 5.9 Hz), 1.09 (s, 3H),
1.02 (dd, 1H, J =4.7 and 3.5 Hz), 0.56 (d, 3H, ] = 7.1 Hz), 0.54 (dd, 1H, J = 8.3 and 4.7

E
'H NMR (CDCl,) § 5.51 (m, 1H), 4.12 (m, 1H), 3.62 (dd, part A of AB system, 1H, J =
10 10.6 and 4.7 Hz), 3.46 (dd, part B of AB system, IH, J = 10.6 and 5.9 Hz), 1.09 (s, 3H),
1.03 (dd, 1H, J = 4.7 and 3.9 Hz), 0.59 (d, 3H, J = 7.1 Hz), 0.54 (dd, 1H, J = 8.6 and 4.7
Hz). '
~ Example 16
15

i)- A SOquion of (7,14B,158,17B)-3-methoxy-7-methyl-14,1 5~methylen§5piroestra_—l,3,5(10)—
triene{17,2’Joxirane (E}'cample 1, step iii; 2.0 g) in dry methanol (106 ml) was treated with
20  sodium methoxide (6 91 g) and refluxed overnight. The reaction mixture was poured into ice-
water and ncutrahzcd The product was extractcd into diethyl ether; the combmcd organic
phases were washed with a saturated aqueous solution of sodium hydrogencarbonate and brine,

dried over sodium sﬁifate, and concentrated under reduced pressure. Column chromatography |



20 sodi um et hoxi de (6.91 g) and refluxed overnight. The reaction m xture
was poured into ice- water and neutralized. The product was extracted into
di et hyl ether, the conbined organic phases were washed with a saturated
agueous sol ution of sodi um hydrogencarbonate and brine, 2driMad 28er sodi um
sul fate, ang %%Pg%gtrat ed under reduced pressure. Colum chronmat ography 2 4
MAY 2004 WO'Q 5 PCT/ EPOO 12009 32 gave (7a,14 f , 1PW/EPIYEY93- net hoxy-
17- (et hoxymet hyl ) - 7- et hyl - 14, 15- et hyl eneestra- 1,3,5(10)-trien-17-ol
(0.50 g). ii) - Following a procedurg,analogous to that described under vi’
of Exanple 1, the product. obtained rn the previous step (0. 50 g) was

convert fo (7 .3
(et hox;e/ér%;t hyl ) (%l%%#ﬁaﬁz@ n'gt ﬂ?rpéelﬁoeﬁmtethﬁl)é’ "5&(‘}3?'&))14&? Eﬁﬂ‘I*F“ﬁF‘“’(o 69 g).
iii) - Fb-’rﬁ(cb%—tngn-a?-plr(@é@d);re anal. ogous to that described under vii of

| met howa‘airh;thb e ptetuyhs ﬁégl((ﬁsorgl rws eoResddr mAfvarm@wre; 13 rﬂéhca} 17- H NVR

(CDCI 3) part A of ABs J 3 Hz) ,

3. 33 (s i"%ﬁ](?dmy%% 1? Ié %4"3’}(’8‘3%&@99% “'I17’F4 (0§9 £).8. 3 Hz) I 1 (dd,
1 H, 111)4- l?ollaﬁmg%prbb'é)iure kn:ﬂ&go(.@ to (Bi)desddb@Durlaeh vidt Exhmiple’t, the ﬂ'tlgauct 0.50 (dd,
1H, J g % nple 17 14.1 517J)-17 15 (reference compound- 4) .
oH 7- rré’ ﬁV‘P‘? irhﬂ‘fSPTFrﬂ ‘Fr\ﬁlt@n@é?tﬁ) Wasghpnveried to KELI 44 5Rd 78):- Kl - anal ogous
t (0] t hat PR (8 EhHY naiersy "_“:ﬂ b o (_ )

met hoxy- 7- rret yl-14, I eneest ra- %@(df':f g)r ?fgfﬁ'ﬁ?h{ §Pi%)DnCel’) 6E$><arrp le 1,

step ii (mgliy, éﬁz\ﬂﬁé’méb%%?tséﬂcwd}{ J =83 Hz), 333 (S 3H), 3.16 (d, part B of AB
(7oq014f3 fmlia)g}? ihp I , | gpe £1Q)-dien-17-
oi ’:?Stelié . Hggl omgﬂﬁggcﬂééfﬁgnﬁ%oﬁg 656[ 3t§ Jgeiigrl bed -
under vﬁZ)B Oﬁi@a JJe-§3amd1‘b7Hdeuct obt ai ned -i n the previous: step (8 0 9)
was converted to (7a, 140 15 3,-17a) - 17 hydroxy 7-met hyl - -

Example 17

15

i) . Following a procedu,re anaiogoue to rhat described under vi of Example 1, (7c,1483,158)-3-
methoxyﬁ—méthyl 14,15-methyleneestra-1,3,5(10)-trien-17-one (Example 1, step ii; 8.0 g) was'
converted to (7a, 14[3 158,17a)- 3—mcthoxy-7-mcthyl 14 IS-methyleneestra-Z 5(10)-d1cn—1 7-0l
20 (8.0g)
if) - Following a procedﬁre analogous to that described undcrl vii of Example 1, the producr |
obtained in the preﬁous step (8.0 g) was converted to (?0.,14[3,15{5,1_7{1)—17~hydrqu—7-methyi—
14,15-methyleneestr-4-en-3-one (2.51 g). '
ifi) - Following a procedure analogous to'thaf described under ii of Example 1, the product
25 .obtained in the previous step (2.51 g) was converted to (7a,14p, lSB) T-methyl-14, 15-.
' 'methyleneestr-4-cne-3 17-dione (2.23 g).
~ iv) - Boron trifluoride diethyl etherate (0.27 ml) was added to a mixture of the product obtaine-d.
in the previous step (2.23 g), 1,2-ethanedithiol (0.67 ml), dry tetrahydrofuran (10 ml), and dry '
methanol (20 ml), cooled to 0 °C. After 2 h stirring at room temperature, the reaction mixture



14, 15- met hyl eneestr-4-en-3-one (2.51 g). iii) - Follow ng a procedure

anal ogous to that described under ii of Exanple 1, the product 25 obtained
in the previous step (2.51 g) was converted to '
(7a,14(3,15(3) - 7-nmet hyl - 14, 15-. net hyl eneestr - 4- ene- 3247 MAY i (2. 23 @).
iv) - Boron trifluoride diethyl etherate (0.27 nml) was added to a mxture
of the protB&¥#%t ained in the previous step (2.23 g),PCEEPI®I2RENedi t hi ol
(0.67 m), dry tetrahydrofuran (10 m), and dry nethanol (20 m), cooled
to O C. After 2 h stirring.at roomtggperature, the reaction m xture 2 4
MAY 2004 WO 01/ 40255 -PCT/ EP00112009 ‘was poured into water. The product
was extrggted i.nto ethyl, acetate; the combi ned organic phases were washed
with aqu\g‘%‘upscﬁll_se(f)ichn it ttifdjrr%ex]“ éucE 3" o aﬁtﬁg e F‘ﬁ%’, aca*g CotheFOBPINED QFEIRF sul fat e
and concuhates ated] washed fwithed ieas! sqiis Sidrexid oA ahEraRBHAG SR Yodaxe (7a,
14[ 3, 15j3)- 7:nethyl-14, 15- net hyl eneestr-4-ene-3, 17-di one cyclic :
3-(1 2 PR 8t GPesgier Bidceiediipt prests: gy SRoRrRu Fote (e #0d 89 n ¢ he
next st epmithyIeuIs-rhddlyidheéstiéne 3 I7atidne Rycli¥ B-(1,2eMah@Wi QfhidacBOGLEYEE

anal ogouys to that described under iii of Exanmple 1, the product. obtained
in the ﬁﬁ@ﬂ%‘ﬂ%‘“{?ﬁéﬁdcrzt.hsaexgit%mm@bﬁv&?pwe@%?n( 7a, 14[3,15(3,17A)-3-[(2-
mer capt q?t_ *Bbhbkiﬂ? QprdcelRt Aidiogbls bR bENGRB fi0RSaAPR B fB&lL 7, 2' ) oxir
ane (2.81 g). vi) - A solution of the product obtained in the previous step
(0.50 g)obtamedi ietths | Breviepsnisige (27683 ) 192 cpnyerted t lee T #Bal BH 7Bbii@nt r at ed
hydr ochl Qri.coasistnbR7. a1 I [4ld by o6 ' enature, the
reaction magtour!éﬂhwa 7é%ﬁ@e?f’}ﬂngtﬁ%‘el{scgé}ﬁ%%;ﬂgg—ggﬁgg&sﬁgtg%n%?il]glné}bf sodi um
hydr ogerdardsshiioe obthe profies!t pirtaidedon thage:viexs stepd 060 ) intdonatinhfpmanpde Gtle. The -
comhisne i [ \%§h W t. i ne, Qri ver sodi um sul fate
angbl 8ongrgﬂtqqugt@r éﬁmu% gr%g'?cee" u"“(t:edh pr éﬁgﬂ?e.’gé?juﬂﬁ?' (ﬁﬁ%?ra gt(f:;r?ﬁ ﬁé;mé’fnf or ded
(7a_14 -leffiberaturd,-the idactio@eixhye Whs poufedhintr QQyturated Ziqueous solution of sodium

7-met hyl,.- 14. 15- pet hyl eneest r 4- en- 3- one . 0 . VR | 6.5.81 (m
T 5 bR g ARG B gy (o S, Rhraie) Y BorbiRls pebagly > B Mg
syst em phaskl wdre=wakledOwitht brine] dfidd ovedl doditrsdifdte dndadtilcentrbtediipder reduced -
1.15(s, 3H), 0. 60&&‘13H, J=6. 7Hﬁ}t(% 4(dd, . : 2 4 NMAY
2004 WDPEFEFUD Sgimnchromatography afforded (/ =
15 E -14,15-met estr-4-en-3-one (0.035 g). 'H NMR (CDCI,) & 5.81 (m, 1H), 3.67 (d,

part A of AB system, 1H, J = 11.0 Hz), 3.58 (d, part B of AB system, 1H, J=11.0 Hz), 1.17

(dd, 1H, J = 5.1 and 3.5 Hz), 1.15 (s, 3H), 0.60 {(d, 3H, J = 6.7 Hz), 0.54 (dd, 1H, J = 8.3 and

5.1 Hz).




PCT/ EPOQ' | 2009 Exanple 18 BiologlLegi- results. The conpounds according to
the invention and four reference conpounds were tested for androgenic
activity (the procedures for which have been descri bed above) and rated
according to the follow ng schene: (-)no androgenic ac}ikvidlly B%und;
(+)androgenic activity found; (++)high androgenic activity; excellent
andr ogeni ¢ WOOA4RIS . (n. d. )no dat a -avai | abl e(pr o) pr odr ugct@rookzeeéonpounds
of the invention. Ex. R RRRBRARSR6R7R8RgR, oR11Uns. Res. 1OXOHMeHVeHHHHHA4+++
20xoHVeHVeHHHHHHgoo+ 3oxoHMeHVE HHHHHHAA- " ++  40x oMe Mc HVie HHHHHHA'
50xoHEt HVeHHHHHHA4 60x oHVEHEt HH HHHHA®™ 7ox0oHMeH. MeH1613- MeHHHHA' +
8ox oHVeHVe HHOHHHHA4+ 9aoxoHVeHVeHHFHHACA' ++ 9boxoHMVeHMe. H. HFHHHA' ++-
10oxoHVeHVE. H HFHHACAX10J+ | | aoxoHVeHVEHHH20S- MeHHA' ++ -
| i boxoHVEERmii-HHPOR MeHA' + 12o0xoHVEHMeHHHMEMEHA' + 130X0.
HNEHNEHHW%OB EHHE@ + 1l4oxoHwe' . HMe. HHHHHACA. ++ 15a3 HNHNHHHHHHA OH
P- ee++1 . - : ' :

The compounds according to the invention and four reference compounds were tested for

5 androgcmc activity (the procedures for which have been described above) and rated according

to the following scheme:

() no androgcmc activity found; ‘(+)  androgenic activity found;

- (-H) h1gh androgenic activity; : : (+++) excellent androgenic actw:ty, :
(nd) no data available = =~ = (pro) prodrug

10 ' :
f the inv _

Ex. R R Ry Ry Ry R, R R, R R, R,;. Uns. Res.
1 0X0 H Me H Me H H H H H H A H+
2 oo H. Me H Mc H H H -H H CH A9 4
3 oxo H Me H Me H H H H H H 4% ++
4 X0 Me Me H Me H H H H H H A‘ S+t
5 ox0 H E H Me H H H H ‘H H a 4
6 oo H Me H E H H’ H H H H A 4
7 o0 H Me H .Me H 16BMc H H H H A+

8 oxo H Me H Me H H ‘OH H- H H A o+
9a ox0 H Me H Me ‘H H F H H Ac A et
% ox2 ‘H Me H Me H H F H H Hoa
0 oo H Me H Me H H F H H Ac A% 4 |
12 ox0o H Me H Me H H " H' 208-Me H H a o+
b oxo H Me H Me H H - H H 200Me H A+
2 oo H Me H Me H H  H - Me . Me H At o+
13 oo . H Me H Me H . H H 20SEt H H A o+
14 oxo. H. Me.H Me H H H H H Ac AY 4+
152 3O0H H Me H Me H H H H H H A e
1561 330H H Me H Me H H  H H H H A% pro
1562 300H H Me H Me H H 'H H H H AY  pr
15c1 3pOH H Me H Me H  H OH H .- H H A0+
152 3¢OH H Me H Me H ' H OH H H H A+




15b130- OHHVe HVe HHHHHHAX 19npr o 15b23a- OHHVe HVe HHHHHHA" ' 01Pr o :

15¢1313- OHHVeHVEHHOH - H . HHA' + 15c¢23a- OHHVeHVEHHOHHHHA" + 2 4 MAY 2004 WO
01/ 40255 35 11. Reference c9npaunds. PCT/ EPOQ 12009 Conpound Result 5
(1413, 15p, 17p) -1 7- hydr oxy- | 7- (nct hoxymet hyl )- 14, 15- met 14 ifedlr - 4- en- 3- one
(reference co ound 1, WD 99/67276, J 1222) . (14(3, 15p,

| 7p) - 17- (c hyl )- 17-hydr oxy- 14, 15- et hyl eneest r -ELT&R0BL200%e
(reference corrpound 2, WD 99167276, J 1364) _

(7x, 1413, 15(3,17(3)-17- hydr oxy-17- (gﬁ hoxynnet hyI) 7-met hyl - 14, 15- net hyl enc
estr-4-en-3-one 10 (reference conpound 3, Exanple 16) (7x, 1413 1513, 1713) -
| 7- (chm_meth | ) - 17- hydr oxy-7-met hyl - 14, 15- met hyl eneestr - 4- en- 3- one
(refere 5%%59#89%1‘1‘Exanple 17) 15 20 25 30 WD 01/40255 36 Clains: 1. A
conpound satisfying the structural fornmula 2 4 MAY 2004 PCT/ EPOO/ 12009 5
wherein R 1s 0, (HH, (HOY, NOR wtih R béing nydrogen, (C.) alkyl,

(C ) aé%?P‘,W“rﬁx is hydrogen, or (C,.,) alkyl; R3 is -hydrofesult or R is
(C,) alkyl, (C2_,) alkenyl, or. (C2,) alkynyl, each optionally '

5 (14B,158, l7B)—l7—!;ydroxy-l7-(mcihoxymet]1yl)-]4,15~methyleneesu-4-en—3-onc . -
" (zeference compound 1, WO 99/67276, J 1222) '
(14B,15B,178)- 17-(chioromethyl) l7~hydmxy-l4 15-mcﬂ1yleneestr-4-cn 3-one -
{reference compound 2, WO 99/67276, ] 1364) . _
(7&14{3,!56,173)-l7-hydroxy—l7-(mqthox)rmethyl)-7-mcthyl-14,15-melhyiénccstr~4-cn-3¢one -
10 (reference compound 3, Example 16) - '
{7a,14B,15p8, 1 7B}-17-{chloromethyl)-17-hydroxy-7-methyl-14,1 5-meﬂ1yleneéstr-4~eh~3-one -

(reference compound 4, Example 17)

15

20

25

30



substituted by hal ogen; 10 R4 is hydrogen, (C,,) alkyl, or (C, .6) alkenyl;
R is (C .,) alkyl; R is hydrogen, hal ogen, or (C, .) aIkyI R iIs
hydrogen, or (C,.6) alkyl; R$ is hydrogen, hydroxy, (C, _6) alkoxy, halogen,
or (C,.6) alkyl; 15 R9 and R,, are independently hydrogen; or RO and. Riff
are |ndependentlg (C, _6) alkyl, (C2.6) alkenyl, (C, _6) é&%ﬂ@%lﬂ?ﬂ (C,)
cycl oal kenyWOB4i26c  6) al kynyl , each optionally substi tM’HEbou/wng(Cl . 4)

al koxy, or hal ogen; R' is hydrogen, SQ3H, (C, ,5) acyl; and the dotted

| i nes indicate optional bonds, selecteg froma A4, A5'0 or A" double bond,
or a 20 A4.9 or A4." diene system A conpound according to claiml,
charactenhzed in that the substituent R is O 3. A conpound according to
claiml AJS: characterized in that the dotted lines indicate a A4 25
doubl e bond. 2 4 MAY 2004 WD 01/40255 PC / EPOQ 12009 37 4. A conpound
accordin to any one of the preceding clains, characterized in that R4 is
7a- net hy't. 5°%P°“rﬁéatr§6rrﬁ§émwemalffzr@ﬂa5(3 17a) - 17- (hydr oxynet hyl ) - 7- met
yl -14,15- et hyl eneestr-4- en-3-one. 6. omﬂ und according to any one of
the preceding clains for use in therapy ” gg use of a conpound according
to any one of claims 1-6 for the manufact® a nedicine having

] hornDnaI contraception in a
mal e, conprising a sterilitant and an yem®; characterised in that the
androgen i s a conpound according € of clainme 1-6. 9. Use of an
ef fective anount of a conpound a any one of clainms 1-6 in the
manuf act ure- of i nedi carment f or r{AA ‘ Ref andr ogen insufficiency in-a
human in 15 need thereof. 10. Useg. of claim9, characterized in that the

human is a nmale, and the androgen fnsuffrcrency IS
5 wherein .

R, is O, (H,H), (H,0R), NOR with R bemg hydrogen (C.q) alkyl (CM) acyl;
R, is hydrogen, or (C,.,) alkyl
‘R, is hydrogcn or R; is (C, 4,) alkyl, (C,..) alkenyi or {Cye) aikynyl each opuonally
_ * substituted by halogen; _
10 R, is hydrogen, (C,,) alkyl, or (C,.,) alkenyi;
| Ryis (C,) alkyl;
R, is hydrogen, halogen, or (C,,) alkyl:
R, is hydrogen, or (C, ) alkyl;
. R, is hydrogen, hydroxy, (C,.) alkoxy, halogen, or (C, ) alkyl;
i5 R, and R, are independently hydrogen; or R, and R, are independently (C,.¢) alkyl, (Cp.)
alkenyl, (C, s) cycloalkyl, (C; ) cycloalkenyl, or (C1 6) alkynyl each Optronally substituted
by (C, _) alkoxy, or halogen;
Ry, is hydrogen, SO;H, (C, 5) acyl; and |
the dotted lines indicate optienal bonds, selected from a A*, A", or A'* double bond, or a

20 " AYor A™! diene system
2. A compound according to claim 1, characterized in that the substituent R, is O

3. A compound according to claim 1 or 2, characterized in that the dotted lines indicate a A

25  double bond.



the result of the admnistration of a sterilitant to said nmale in the
course of a nethod of nale contraception.

24 MAY 2004

WO 01/40255 PCT/EPOO/12009
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4. A compound according to any one of the preceding claims, characterized in that R4 1s 70
methyl.

5 5. The compound (7c,1483,15B,17c)-17-(hydroxymethyIl)-7-methyl-14,15-methyleneestr-4-

en-3-one.

6. A compound according to any one of the preceding claims for use in therapy.

7. The use of a compound according to any one of claims 1-6 for the manufacture of a

medicine having androgenic activity.

10 8 Akt providing for hormonal contraception in a male, comprising a sterilitant and an
androgen, characterised in that the androgen is a compound according to any one of claims
1-6.

9. Use of an effective amount of a compound according to any one of claims 1-6 in the
manufacture of medicament for the treatment of androgen insufficiency in a human in

15 need thereof.

10. Use of claim 9, characterized in that the human is a male, and the androgen insufficiency is
the result of the administration of a sterilitant to said male in the course of a method of

male contraception.



