Ti tl e: - NOVEL . ANDROGENS Abstract: The disclosed invention rel ates
to the unexpected Finding of novel steroids which are characterized by a
14[err],15[err]- cyclopropane ring and a 17a hydroxymet hyl  gr . These
steroids according to the invention are found to have in co an

andr ogeni tjvity. They can be used for the preparation of an agent for
mal e cont 5‘5‘2@6{”%&, as well as for the preparation of ZCTEEW2%Rent for the
treatment of androgen insufficiency. 2 4 MAY 2004 WO 01/40255 NOVEL
ANDROGENS PCT/ EP00112009 The present invention is in the field of steroid

conpounqgoEY A RSrROERIE opropane ring, which

The present invention is in the field of steroid _compouﬁds having a cyclopropane ring, which
5 . nng includes carbon atoms 14 and 15 of the steroid skeleton. More particularly, the invention

_pertains to such steroid compouh'ds'as péSsess an androgenic activity.

Steroids ﬁaving the_abovc-indicatcd cyclopropane ring have been disclosed in EP 768 316,

| which is in the field of female .éontraception and hormone-therapy against endometriosis or

10 climéctexic complaints. The steroids are described as having progestagenic activity, examples
-béir'l'g l4a,15a-methylene estra-4,9-diene-3-one-17a-ol and 3-oxo 148,15B-methylene estra-
4,§;diene-17[3-yl (N-phenyl)carbamate. Neith_er potency, nor any other. receptor activities, of

these progestagens can be derived from this disclosure.

15 In a non-prepublished patent application PCT/DE99/01795 (published on 29 December 1999
-as' WO 99/67276) a grouplof 14,15-cyclopropyl steroids has been described, among which 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 the requirements that the cyclopropane ring 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.

30° | '

The steroids according to the invention satisfy the structural formuia I



ring includes carbon atons 14 and 15 of the steroid skeleton. Mire
particularly, the invention pertains to such steroid conpounds as possess
an androgenic activity. Steroids having the above-indi cgkeﬁlmcgggl,opropane
ring have been disclosed in EP 768 316, which is. in the field of female
contracepti %uﬁ‘ﬂ ;mr none-t herapy agai nst endonetriosis or 10 climacteric
conpl ai nts. The Steroids are described as havi ng progesti&JERPYI2et i vity,
exanpl es being 14oc, 15a- et hyl ene estra-4, 9-di ene- 3-one-17a-o0l and 3-oxo
14P, 15p- net hyl ene estra- 4, 9-diene-17psyl (N-phenyl)carbanmate. Neither

pot ency,- nor any other. receptor activities, of these progestagens can be -
derived fromthis dirsclosure. 15 In a non-prepublished patent application
PCTI DEQ9/ 01795 (published on 29 Decenb 1:&1&&, as WD 99167276) a group of
14, 15-cycl opropyl steroi ds has been descrglded,” anong which are 17p-hydroxy
substituted ones. . Another non-pr&aublighed Fat ent application-is WO

00/ 53619 wherein a group of androgemi # 5,0i ds is described which have
a 14p, 17a. configuration, viz. )<\t>7- (hydroxynmet hyl ) steroids. The
present invention now provides § gr p of steroids of the general
type as indicated above, whiggH Sess gy fnexpect ed androgenic activity.
Distinct fromthe progestagens 25R2di sclosed in the art, the androgens of
the present invention - including very potéent ones - int.al. satisfy the
requi reneWhEgeiB hat the cycl opropane ring is -oriented and that on carbon
atomno. g% ; 4p o [ esent i.ch. is . a-oriented. As a
consequen%'ef,S Oi ﬁ{éﬁ)s:?ig’r@%{?’ﬁé I?)‘&%h%{a%ll i érﬁg?noﬁégf\f/ké’ ’t(ﬁ’é) Tﬁb- configuration,.
contrary Rgds hydrepemlor §E.eradliylt hor nones, such as testosterone and estradiol,

whi ch havg . fl.gukatian , Ry, 30" e eroi ds according. to the
inve-ntilhonl%slg}tll S e}l’%ﬁg’ &st(gb%f]ﬂ gﬁaﬁd—*f Spcﬁqﬁq’a?rl-@“)zﬁél’m ?acgﬁbtlf’"ﬁb' WE%H'G?@SS 2 R
PCT/ EPOO/4W2@B8enpherein R, .is 0, (H H, (H OR), NOR wth R being hydrogen,
(C, .6) al C . | ii.s hydrogen, or.(C,.6) alkyl; 5 R is
hydr ogen;l@é‘“lrhyﬂgogf%?%‘@%él’ OéI(%J alke %2 6) al kenyl, or (C, .6) alkynyl, each
opt i onal IR;ishikilyt ed by hal ogen; .

' 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. '



R' is hydrogen, (C .6) alkyl, or (C2.6) alkenyl; RSis (C .6) alkyl; R6 is
hydr ogen, hal ogen, - or (C,,) alkyl; 10 R is hydrogen, or (C 6) al kyl ; RB
i s hydrogen, hydroxy, (C,.6) alkoxy, halogen, or (C, .6) % and R O
are independently hydrogen; or RO and. R o are independ Y ( .6) al kyl,
(C2.6) (C,.6) cycloal kyl, (C5.6) cycloal keny 6) aIkynyI
each optlgﬁﬁ€¥&5§ubstituted by (C,,,) alkoxy, or haloé’gﬁ’%w&'gﬂF

hydr ogen, SQO3H, (C _, %) acyl; and the dotted lines indicate optlonal bonds,
selected froma e', AS'f, or Q doubl® bond, or a A"9 or A'F diene
system. The |nvent|on not only pertains to ster0|ds whi ch satisfy
structural forrmula I, but also to 20 pharnmaceutically acceptable salts or
esters, Erodru gs and precursors thereof. The term (C,.6) .alkyl as used in
the defi mPe Ioom (65 Rikemvimeans Hbapched op MRS ﬂ¥c“éih5fP5?1éﬁ‘@’Eﬂ ata'Fﬂ/P“‘“gr oup

havi ng 138526008 Andd %rﬁrbmll bdss "L Ya alﬁén?}yérouﬁ Y34 chrdOR hoRY, suchbd Y |
i sobutyl, tertiary butyl, pentyl, and hexyl. Likew se, the ternl(G )

al kyl neanxhadpabwyl group having I 25 4 carbon atons. Preferred al kyl
groups have 1-4 carbon atons, and nost preferred al kyl groups are nethyl
and et hy 2 4 MAY 2004 WO 01/ 40255 PCT/ EPOQ 12009 3 The term (C2.6)

al kenyl Hmfatu:sn aCm aligriyd chears aibrianchind be dntednickadydlkygyylogrputh baMinggat deast @gst one -

s’ ol 09 afd 2 AlR ghlso PRl ShEL Sfbudl £50%e SAUPRLREKEas? car bon

at ons, ropeny yny reans a
branchedaﬁﬁwunhm&m@mﬂd aIkynyI group having at least one triple bond and
2-6 carbon atons. Preferred al kynyl groups have 2-4 car bon atons, such as
ethynyl and propynyl: 10 The term (C,.6) cycl.oal kyl neans a cycloalkane_ :
ri ngifavimg tsmb (Car Rkedloalyd Ntieant |al<eyclmylmhepmgphmm,g Gy&c Icaibont cat@ms, cjisl opent ane

and -cycl ohexane. The term | oa| ken means a cycl oal kene ring
havi ng: dﬂmkﬁﬁﬁﬁmdﬁﬁOUﬂﬂﬁPﬁ&Bﬂﬁﬁhﬁﬁ%f%mﬁb a’g‘ycarbon atons. 15

The term (C,) cycloalkenyl means a cycloalkene ring havmg at least one doublc bond and 5 or
, - 6 carbon atoms.
15
The temm (C,,) alkoxy means a branched or unbranched arlk'y}oxyl 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.



The term (C,.6) al koxy, neans a branched or unbranched al kyl oxy group
havi ng 1-6 carbon atons, |ike nethyloxy, ethyloxy, propyl oxy, :
i sopropyl oxy, butyloxy, isobutyloxy, tertiary butyl oxy, eﬁ?nta@l ox-\b_/, and
hexyl oxy. Likew se, the term (C, 4) al koxy neans a branch MAY d¥br anched
al kyl oxy gr ing 1-4 carbon atons. Preferred al kyl ox roups have 1-4
20 carbon a gﬁ}i@%nd nost preferred is nethyl oxy The t& 99,’1.2@?. acyl
means an acyl group derived froma carboxylic acid having 1-6 carbon
atons, .li ke fornyl, acetyl, propanoyl,gbutyryl, 2-nethyl propanoyl,
pentanoyl, pivaloyl, and hexanoyl. Likew se, the term (C, .15) acyl neans
an acyl group derived froma carboxylic acid 25 having 1-15 carbon atons..
Al'so included within the definition of (C .6) acyl or (C, .15) acyl are

acyl groupse déh.1 Bedethylensridiaratirostystéreid aisiivistived ofkthisHuventionphayy [the natural

hem'-succic[;]ﬁ%]l : t@anoyl,, ' . : I

fluorine, ¢c ol}atll%gfghb%%%&’n@?’ %19 1?%31?1 ﬁz&%‘@ﬁ ‘E%‘%S{aﬁh?‘g @9?%@ Sl'sj%fnt .30

at an al kste igyentinp, mdyipkssessnlst hee ataidraadditional @Biral REhorRtgmsRTheymabyRhavefofel and F-
are preferred.. E being . nost preferred. 2 4 NAY 2004 40255,

pCT BP0 Hou0RniS e AE 4 e RaE RS Bt oGy MEOP R AP PE e ves of
t hi s i nvepdre diastérastgert ére walkknowailin the anf d g divallionidn bochrdifabogrdpay. 100, and 13[i .
The configuration at G 17 is 17a. The conpounds of the invention may

possess al so one or nore additional chiral carbon atons. They nmay therefore

be obt ai nBel thGapRutihise, ditast e CaMRUNdsAT foduda Nirk tHokEwhdreifl itRSdoeROGIERS.
Met hods for obtaj nI n'_lgC thﬁ pure di astereoners ar 1 known in tré-le' art,
EPERle ing

e. well
e.g. crysPBpacsdicplly; oHBYOEr PP hedrids prePape e foomyla d max 3lsp dinds ¢ e
conpoumdsusef fof Ebiipledin khepfepartaiSR pURatord bilahBarfRsH QI Sddeptsble compound.
pharmaceutjcal |l y acceptable. However, salts of the acids according to

formul a | AlssitsaPaeiheri Riarmpeentically acesptable aiiok arg ipcluged Withish HieAmbinofhe

puri fi cat hreRnGhvedtt) ExaRAaWrisAaldr Yci@ LR AP EME BRRIAGe miflkl 2@ dun Whet her
phar maceutical l'y acceptable or not, are included wthin the anbit of the

present i#feedinmsalt. netesyysm eall, axd sgliy desivest frepm jopranis dassy bkerrgneenia reidazeifent i on

are m ner ghyl§ebikdine Uahhy1Asins 2t eal t, potassiumsalt, and salts. derived
fromorgani'c bases 11 ke amoni a, | m dazole, ethyl enedian ne, triethylamn ne

and the like. 15 The conpounds of the invention as described hereinbefore

canbo. meieBaREnRs SEukIRKRRE.S deAORY RARNRAPR olddipu b AREN R 01 1Y
det er m nexhdrogenid datigity Sindpgetieadtiyihoindsmesaaiinogaeus vege Fhos, tHerpotantyinan
© 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



breast tunor cells (MCF-7 cetl line); see Bergink, EEW et al, Conparison
of the receptor 20 binding properties of nandrol one and testosterone under
invitro and in vivo conditions, J. Steroid Bi ochem 222 8‘?&(@@6 (1985).

It is also possible to use Chinese hanster ovary (CHO ‘tells transfected

with the rogen receptor (incubation tine 16 h ure 4 O
and conpare w{?%dt he affinity of 5a-di hydrot estosteron%é%@gﬁéf Ing to the
procedure described by Bergink, EEW et al, J. Steroid Biochem 12,
1563-1570 (1983)]. The 25 transacti vati ve andr ogen activity of the
conmpounds of the invention can be neasured; e.g. in -Chinese hanster ovary

cel I's ( Clkdighk) 0 shadolie seriitied [ihdreast ufmbn nanadmmgmtdreneﬂmmﬂ (OﬁAlay»mpwnd

conbi natlon vvlth a nouse manmary %e%p % \% 2 SLase '
receptor ﬂ&eﬁ@“ﬁﬁ&%&??ﬁ@@ﬁﬁsi atly é‘?ﬁi‘@l’sg ffpdory E:’fs nd c rrpagr éd with
the activigy 0 %ougbﬂb’%%ﬁ%joﬁﬁ-ﬁ&%@m[eﬁﬁa ofndl m@rt@mm araremelﬂlbﬁ

descri bed by Schoonen, WG et al Bi ochem 560} -224
(1998) ] . .madéfied ddvator ani\riusele ﬁtﬁt"@ﬁ’rchf"ﬁé‘%'%ﬂsrﬂf H&t%‘ﬁ‘ycf?f FREBYLHL! ‘?% “B assi cal

Her shier §d S thk @fect! dTCn A dF0RGRA c6mpdune foadSIE i n
pr ost lagfqu&rdhém %ﬁﬁgs\gggllfgg‘ggﬁ@&bﬁl EP((:)t0112009 0\%El ght )lﬁaltind anal?ol iC

act i vi t i esprréssion emd® tofed ihmanresestiated ratemp@rngéﬁﬁum}&} ]3‘r s The iegifind  are
tested i-n é\g}%ﬁ :Z'l}ale taqrgtkylgbgzﬁﬂ&%ﬁér&fe: Eot% bidedBSl P %Fﬁ&btﬂz@ a8 asTis days;

see HersHf ot rophic act|V|ty of 19-Nortestosterone and
ot her steﬁamoﬁtastdﬂmrenEmehrbjogym%We%ﬁSBél?él@br ani nuscl e nethod,

Proceedi ngs of the society for experinental biology and nedicine $3
175-180 (1953). Additionally, the effect of an androgenic conmpound on LH
SupprEssiTe pfa@d’llcrhe gbeR 3d e.dsa compaiinds eccomiitzrtatiednyeation wodbeditip rehtivdyar .

et al, The bi i.cal.- IVIt r IS nbt |
anpl i fi ed“ﬂhrf*“aﬁ’ﬁg’ ?@BV‘% ptr%f% aglp?us“g?%’ﬂ%lf mlv?' ot gsa%%%%%%ﬁ%ﬂﬂg
Endocr i nghOshbve stnﬁura(i&%m&%&héﬂ:&%,)m 5301 a]ihehepdcmi:é ﬂlmuedlg@es ¥ dotilose,

conpounds accor di ng to the invention which rel e gh
andr ogeni tOn&cMpiF préferrad e, commppaungs oYReFR £ i E)u%t I Sgeﬁ%tca% énﬁng#\ are

t hose satd ﬁxF,wnag oft B 3hRMEorStik umourm1513(1rfdﬂpi?@(hydrommﬂenl)n?-ﬁithy!slfldﬁa and

t he -dot t 3 ines indicate a A double -bond. More preferred are conpounds
wher elh Rnetiuéen%strrf’ektwﬂe A specifically preferred conpound of the
invention is (7a,14ii,15(3,17x)-17- (hydroxymet hyl)-7-methyl -i-4,15- 15

nmet hyl eneestr - 4- en- 3- one As andr ogeni ¢ hornones the steroids of t he
present iAsvandtigenc bamolns tmmﬂmftﬁ%?‘-@?“’“h‘“l‘"ﬁ‘““‘?‘rﬁﬁ“ebc ysethity 52 B{it g8 nd nal e

HRT (hor M Nackpt haSE TR R P ?ﬂc@ﬂxae re&géﬁnenleﬂlgrapm s COR A6 @Pritiabdption
| l may comprise a reg:mcn of administration of hormones in which a progestagen serves to
20 achieve a contraceptive effect and an androgen serves 10 suppiement the resulting decrease;i'
testosterone level. Another option is that male contraceptiqn is performed with an androgenic

‘hormone alone. The androgens can also be used for androgen supplcnientation in the partially

'.androgen deficient ageing male. Next to thc use in the male, the androgens of the invention

also can be used in the female, e.g. as androgen replacement therapy in postmenopausal

- 25  women, or in androgen-deficient chlldren.

The -p.rese'nt invention also relates to a pharmaceutical composition comprising a steroid
compound according to the invention mixed with a pharmaceutically acceptable aux:hary, such
" as described 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



may conprise a reginmen of adm nistration of hornones in which a progestagen
serves to 20 achieve a contraceptive effect and an androgen serves to

suppl ement the resulting decreased testosterone |level. Another option is
that mal e contraception is perfornmed with an androgen|c24hgnnumb al one. The
andr ogens %@ﬂn%ﬁﬁg be used for androgen supplenentation in the partially
androgen det1cient ageing male. Next to the use in the REFEPOOHES andr ogens
of the invention also can be used in the female, e:g. as androgen

repl acenent therapy in postnenopausal &5 wonen, or in androgen-deficient
children. The present invention also relates to a pharmaceutical

CONpOSi ti @t phemPEdSicAly @ceptableAufiliary ) e BmAESA! ﬁlto%h& eosfa&em{:@vﬁ@ﬁ Lon m-xed
w th a pharmaceutically acceptable auxiliary, such deScribed in the
standard PBFeRRIpEcor @eﬂﬂ%?ﬁ%d IO £RpsulRE AT FURBRSHpFics. marefmhac@acms@nlénces 30
(18t h ed. suif¥bre figidPinke §O0R :

Phar maceut i cal Er e%ar gﬁ%ﬁlg angﬂéll'ﬁﬁlgp?)ﬁ%aaﬁu? %3&3@12 b t}émmﬁg(h%lf%én %ffa t he
steroi d c&HyionntsPeasien refiulsipn: or askresprayyesntriasah sprayl For makmg/dmwuru@ 84/ 40255
PCT/ EPQO/ {3{dA%:6 uLJ‘@f o%ﬂ@c%ﬁ@r&?&'&cﬁtﬁz@é botn CRARL, %Qlofé é%l)l'ni)) il zqu the
conpressed into solid dosage units, suc i -

pr ocessedlikmiscroptgpplateds Iro gensappuys phmnacsstlcamy ammie (aﬂdxpmwhubeiots patl | y

sui t abl € in\‘.e%}e%#tn?efuﬁ&m H]qsac Qm% o%xgdsbc%n ap Rsle!i eﬂw Stere ?‘c{-' com oun g
preparation int orn}o u I'on, suspension, : a spray,
e. g. nasainvappmynay Bbo hmkqlm@d dmsmgnplam,l 4 sagmal gng, atpmblhei gc:l hrhi%an}&ﬂh@f
convention S _such as fillers, colorants, polyneric binders and

t he Ilkéxﬁgﬂggﬁkrsx$%? 5& fi general any pharnaceutlcally accept abl e
addi t i&ze whi ch does not |nterfere with the function of the active . '
conpound be used.. eroi d conpounds of .the in ion may al so be

i ncl uded ?"ﬁ&éﬁ mﬁ‘ﬁfsa‘ﬁ‘fh wﬁ:cb RUTPOFRRRy . caﬁq‘ﬁa"td 'Stﬁe‘bﬁc}{ﬁﬁh FtosyS ‘Ehmer

pr epar at i @hulberdes usives ane chelliké, @0 sk urdth&ei fugdaliesi@ble k@it t h which the
conpositions can be admini'stered include |actose, starch, cellulose’
derivatives and the |ike, or mxtures thereof used in SU|tabIe anmount s.

Fur t her noF@theddog, itRY @vektRR eRledt8Shd Qsd b thdSkersifi doRPodidescebding AGP@ELNd
according to the 15 invention for the manufacture of a medicanent in the

t r eat Ment™RtiohRF Bi5ematrdscies efpedicament ia dhej trrapmentof gpdmgsmedeficipmRy. 98l none

repl acemegtis et @psé)nane%@pn%ﬂ&leymplséaﬁ.emuﬁglm Oﬁccaﬂdﬁlg:y, kRGhiESn &seret hod of
treatnent in the field of nale or femal e nprising the

adnmi ni st risgledsh & mcthoprpgfetreptment i the figld eﬁtmaé«imf é?rimg HRToneomprising the
andr ogen aqﬁfdls%‘a@&PYO a%al@ or female patient 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 stcroid compound according to the invention‘for
: the manufacture of a medicament havmg contracepnve activity (for which in the art the term
“contraceptive agent is also used). Thus the invention also pertams to the medical indication
of contraceptlon, 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.



conpound as descri bed hereinbefore (in a suitable pharmaceutical dosage
form). 20 Further, the invention relates to the use of a steroid conpound
according to the invention for the nmanufacture of a medi cament having
contraceptive activity (for which in the art the term 2'%ceaY réfiliepti ve

agent " %Jso used) Thus the invention also pertains to the nedical
|nd|cat|on traception, i.e. a nethod of contraceﬁ?wﬂwmcﬁﬁbrising t he
adnlnlstratlon to a subject, .25 being a nale, preferably a human mal e, of
a conpound as. descri bed hereinbefore (in a suitable pharnmaceutical dosage
form, in conbined therapy with a progéestagen or not. The androgens
according_to . the invention can alsQ be used in a kit for nmale

cont r acept Mo lptter ﬂF‘l"ﬁo‘ﬁg‘hp}taFfF%“‘Hcf’ @Eﬁ“lé'&ft?p?qnﬁ’ém'aﬁé°6‘P°‘Wﬂr”€“5ﬂH$ dyds only,
it is prefno&diof ad dadrved h&ONbEdrs Q5d 3 PhaBARstichRY ackfiRabidiidat. St ration of a
progest agen and neans for the adnini stration of an andr ogen. 2 4 NAY 2004
WD 01/ 40255 PCTI EP00112009 7 The latter neans is a .pharnmaceutical

formul at i ¢n. HOHRGA §1'55]Ec&%ﬁ@g%t%%rﬂtﬂﬂng&nﬁahﬁng h&x\fﬁ@&h%maas(n‘é% G bed
her ei nbef ore,. and a pharnaceutically acceptable carrier e i nvenfion al so
pertaihs Rumzn) mesdeh ot fetlaltt ie aeede f ancboas:mssmnt@maammuasftlewqwgcatio edfectiust ably 5

human) utically
o1 aol i vt of €8 Lo AR Dl Al B0 B R BT A B R e
as descr i Besishgespeaive bOwbether Hninst the ncadrfesgdmgwwppfenmmmdnehas erisen@s a2t he need
for androge u sen . a nal e raceptl on

i nvol Vi ng'%fulqt Yot aﬁ;‘cﬁtﬁg épg'mmvoﬂ%ng R dd mm1 Elféﬂn?f a'sfer hntaéélctéasap g%e?tflélgen
"Further, the invention pertains to a rret hod of cont raception, conpri SI ng

adm nj t o-.a ferti

Tal s, B e, YR Reen i berai e keSO sPrisos *dmisirTBR P °

her ei nbeffeftite infic sheshgeuapmUat 1wlx$ﬁxro@hymﬂa 1Whinekhahsl  serbidi aerwatwef @ said
conmpound _to_be caqontraceptively effective ternati,. , the nethod
of cont r AEEFOPORFTERYATGES asetane“?fﬁeééﬁstm P 1 oGt T pet oo stering
to a fertihhbe coftaboptitély aifdckvdpUFBA, Alttrnklivélfthd AaBe tbt\lﬂhtyacﬁﬂ(ﬁﬁ)ﬁ@idvlﬂ@d by

conbi nation of -a_sterilitant, such_ as, a oro gestagen, and a 14[ 3, 150-

met hyl enehd 7RessRt iRYsBions CRImpsises Feminsigringe i dertler mBleg TRIEPWI ARBIbr 8. The
conNpoiNdsofifrackfl ?rt\featmemmmwtteofw%g sbéﬁ A3 hrogtStapdl RQOS LB in the
art of -organic chemstry in general, and especially in the art of the-
cheni stryn@ﬁylgtﬂér'/etmj%haﬂelél?foﬂﬂ ivaiveas desotiked hreinbefore] . et al , O gani c
Reactions-in Steroid Chem stry, Volunmes | and I, Van Nostrand Rei nhoI d
Conmpany; New York, 1972). Essential is the |ntroduct| on of a

| 4] 3, 15( Srheebnpdede ofjthe ip eativh @may bubroticed b dyridu¥ gnethods 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 Chemistry, Volumes I and II, Van
Nostrand Reinhold Company, New York, 1972). -
Essential is the introduction of a 14p,15p-methylene 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 hydrogcn R; and R, are hydrogen or (C,) alkyl Rs is methyl; R,
R., and R, have the previously given meaning; and the dotted lines. indicate a A* double bond, |
| is for instance a compound of general formula I, wherein R; and R, are hy_drogen or (Cro)
alkyl; whose synthesis is known in literature, or which can be prepared using statldard 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;}}.



(hydroxynethyl) group to the steroid nucleus. 25 A convenient starting
material for the preparation of.conpounds of formula | wherein R, is o0xo;
R2, R7, Re and R, are hydrogen; R3 and R4 are hydrogen or (C,_6) alkyl; RS
is methyl; R R and R,, have the previously given medr Mg‘]’ 2Ahd the
dotted |In6§{005| 5ate a A4 double bond, is for instance a conpound of
general fornula wherein R3 and R are hydrogen or (@CT@)"“"”&?”RyI whose
synthesis is known in literature, or which can be prepared using standard
met hods. 30 [see e.g. US 3407217 (19658 R3 = H, R4 = H), FR 1434172 (1966;
R3 CH3, R4 = H), DE 2539300 (1976;-R3 = H R4 = CH3), WD 99/26962 (R =
CH31 R4 = CH3)]. 2 4 NAY 2004 WO 01/ 40255 8 PCT/ EPO0O/ 12009° OH Fornul a |1
MeO Formula |11 A possible synt hesbs route for conpounds ﬁf t he i nventi on

starts with the transforr@‘t"lon 0 5 conpounds f.or mul into

A 4- conmpounds of -formul a g\ et hods ‘descr I*bed O 00/ 53619.
Addition of a suitable c grmedi ate to_the . doubl e bond results
ina (14(3,15[3,1713) % 4,15- net hyl a-1,3,5(10)-trien-17-01

derivative [Hel quist, & Go .03 nt hesis, Vol. 4, p.
951, Perganpn Presde00f6rd, Newe York (Ms91):. N&irRsV., ibid., Vol 4, -

p. 999 (1991); Larock, ‘R rehensi ve Organl O, fransformati ons, VCH
Publ i shers, Inc., 1989, p. Q?Tj‘u?o@i dati on of therpf‘??"?{‘ilgfoxy group produces
a (1413,.1513) - 3- net hoxy- 14, 15- et hyl eneestra- 1, 3, 5(10)-tri en-17-one

dert VI YR B SRS SRR el SRS B BT
starti fig ombp@nndslof ﬁ'mfnutahmntom'f-ocdmmhmdmf ﬁmhhdllh%mgm&t}bﬂmdﬂscﬁbreagfmm 15 The
conversio cco | i\S everal ways: (a)
1: Wtti gﬂ%gsﬁét 'é‘%tb“}? ‘%@I_{T%Q"ﬁ ’.“Lt?mﬁa‘[a yiPe t&é{&i (eflﬁ'}s Tr ene
derivati Vﬂ4B,h/S{EIIﬁ|I-6¥methoAy-l4 mmahglenelaaacm SIIIIG) then-l'pol &Zﬁhnva\m&qms: New Y0r K,

1965; Ager, tiops New_York, 1990]
hydr obor at% © ?T“Pf?}t‘}Ps‘Y%ggéH&SY‘a‘ﬁcslfs °bf4 8- %EN °‘E§F‘§P%§VF%6%*8% Nevw York

t hexy! bor goen| see, &.9ibidWobf &, p. G99et199d); Lla:Ble’EC Pea:;,wemmeuorgamol Wl ey,
New Yor k, 20 1963) _ resultlng in the formation of

(17a) 1Qst fransformatiqrsoy CHr Petishersy et $2n 8l 7hleﬂx\sd&fi?wef 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).



and/ or the corresponding 1713 isomner. (b) 1: Conversion of the 17-ketone to
a (1713)-spiroestra-1,3,5(10)-triene[17,2']oxirane by reaction wth e.g.
trimet hyl sul foni um i odi de/ n-BuLi [Corey, E.J. et al, J. C?@m Soc.

1353 (1965)]; 2: (Lewi s)acid-cat al'yzed | soneri zatlon of tw §3- oxi rane
to 17a- for% %o Ri ckborn, B., in Conprehensive Organlc {%nt.hems, Vol .
3,- p. 733WOoRK g mon Press, Oxford, New York (1991)]; B#2¥%®on of
17a-fornyl- to 17a- (CH20OH). WD 01/40255 9 2 4 MNAY 2004 PCT/ EPOQO 12009 (c)
1. Conversion of the 17-ketone, to a §7-nethyl ene conpound; 2: epoxidation
wth e.g. a peroxy acid, such as mc Ioroperbenzoic acid, to a

(17[3) - sRiy ' catal yzed
(L709): SHbF 098ty 3y B Ak L PLM Al U, p ol HCLL £
17a-for rr;plero'ecm Bbdid; (Gﬁdm—l)as Erz(;ldc)roﬂﬁbeﬁ‘mweacsd onoofa tﬂéﬁ)ksﬁukﬁtmne Stm)a

17P- oxi r escr aci d-c ze

r educt i o ﬁ? ﬁgo"i“?mﬁgrﬁf q((é’%zﬁp’[sﬂé‘f%mg t&IT %dﬁlgﬁsg %da‘BX 'see:

Tone, H(b)eﬂ radmt:&edma@wﬁ@moqucr{m) 4569 (1987)]. (e) 1l: Reaction of the
17- ketone to the 17-c no teroid by reaction with to hyI | socyani de
[ TosM°C, (e Capyqrsionofighe Li-kefgne b d FeRe escr@f%ﬁﬂf’(é&@%ﬂ 7 Lf¥tuction of

the 10 @Marmalgféauaiut:ﬁbnfte Eﬂmb nkemadéns@mw@mh@b  BIRERHIT B, Ed@,, ses-Toh@€duct i on
of the 17forr'gly group to g 1: Wttig condensati'on .wth
( Ph) 3P=CHoR: 2‘“"’#?’9@:“6439#545(9? &9ﬁ@]result| ng enol ether: 3: reduction of

| 7-for rry'(e t0 RdactidrHo e 11-Rotonk: to%@"l@fc?!irﬁnst%ldt be réaZtldﬁeﬁfﬁﬂQostyﬂnéhyl

17(3-oxirane as described under -(b) and (c); elimnation to a -

estra-1, 505(31_1'97 [TesMiet yea vl I.R- erest, h'fé?ﬁéh@d@ér&lvéltﬂl \Xé975§ 2:Hgducteren®Eon of t he
Ai 6 jgou g'fbflg to fomlyl :l)y Sa%ﬁ(?faﬁxgmmpﬂydfﬁ@ 3%%3&%&195@8% P7- Foprﬁyl 5Jpq§ pond| ng

enol tr| ee e.g. Tetra Lett"
(.1984)) 17 ECHM)J adi um cat.al'yzed al koxycar bonyl ation of the tatter to a

| kyl |,

et Y hneolbi? Ty el Gk FATREhOf A AN LB ok BERM o enl 2

correspomluatgni:ﬂm:hﬂn@ll-(cc}ﬁomyat|ve 4. hydrogenatlon of the Al16 double

bond. he 17-k t -

eg'? ra-1, gg)él( 1‘%’)’9%%%'?:5’? q‘?f L%L?S“e gr%g%’g’gﬁoas desﬁ%segr d(beun er(c)(ﬁ')

1, 4- ngduelithiafion&o gesuhaa,mub)qgw:aéﬂeqn-mmbyl defivakiidy 3 @ﬁmgaduomﬂtm A'I”qw d
doublebond

(h) 1: Conversion of the 17-ketone to the corresponding enol tnﬂate [see e.g. Cacchi, S. et al;
Tetrahedron Lett. 25, 4821 (1984)]; 2 palladium-catalyzed alkoxycarbonylat:on 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 comresponding 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
described under (h); 2: 1,4-reduction, e.g. by hydrogenation or by lithium or sodiﬁm in liquid
' ammoma, to a alkyl estra-1,3,5(10)-triene-17-carboxylate denvanve 3: reductron 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
- cxystalhzatmn S |
| The (14B,15B,17a)- 3-methoxy—14 15-methylcnecstra-1 3 S(lO)-tnene—17 methanol derivatives
30 thus obtained are subjected to Birch reductlon and subsequent hydrolysis to prodqcc the
| (14p,158,17cx)-17-(hydroxymethyl)estr-4-ene-3-one derivatives of the invention.



amonia, to a alkyl estra-1,3,5(10)-triene-|7-carboxyl ate derivative; 3:
reduction of the ester 25, to 17-(CHZOH). Sone of these nethods (e.g. b, c)
result in the stereoselective formation of the 17a-(CH OH) isoner. Qhers
(e.g.- a) may give mxtures which can be separated by chronatwgrfhy or
crystalllza§; I ;‘

(14(1, 15(3, 5ﬂ§ B55re met hoxy- 14, 15- nethyleneestra 1, 3, 5( 10)EGIYER8H200P7 - net hanol
derivatives 30 thus obtained are 'subjected to Birch reduction and
subsequent hydrolysis to produce the 644(3

15(3, 17a)-17- (hydroxynet hyl ) estr-4-ene-3-one derivatives of the invention.

2 4-NAY 2 io 1140 55 3,.15J
, 17a) - 3- et tow 14, 15a2mat E(gﬁ{ Fsg(elgél)}%g%&gk)g %% lan' {ﬂa]lee%%st??l §%(ié)359<'§rlgehyde
ment | oned @RovEdehyde b‘@nm%@tab@evwmhbqamar(tei g‘aﬂhometcﬁgdnbﬁ&talﬂa)ﬁﬁﬁhp’d;dn@fof

formul a RO |ousl ven meani ng except fo '
hydr ogen, Md] Mwﬁﬁﬁghgbaﬁskn%@?%%wm ”gsﬁxf-;&m b p{gent@% _Eﬁiltrn‘ce a
| 7-( 'CHRgcﬂ)Ia. HeMeXaZiX.cCalhi iRy, dr SnRis teairddyicdsa w-mfm.,oﬁedafva@ezm@m tgaemys. The

descri bod BAEE TP eri R e By 0 87 SoRisd Whoediaie redoles and®

met hy| enedwgtinlygis enes3- mmbderlamtm vpa»awaés Line imasg, pa)-uﬂ((ym,@)lm{mlbas the
previ ously xce 0 drogen. Opti onal | ) S
f3,17a)- f'}eq?&ﬂﬁ’éﬁﬂ)eng W&t‘ﬁ? f[‘)’;“LS4°1P1‘§ iFéF‘HS?Péﬁé‘@&]r% @S@ea{rmgus'mw@ne 10
can be OXIrﬂhailﬁgicxc:eﬂtQ'orQ@Hxagdﬁ a 20 ketone V\:hl ch can then be reacted with an
(organome%g]l J | of R, 0 having the previously given
meani ng e of ql%‘f'sgdéﬁ) I7a &Wﬁéﬂeﬁﬁxl b L methyisuasste-1 {;ﬁ(\?@l‘mmﬁanl ng.

In t hato C@&BbBbi;ﬁfﬂc& ROsHHI Ar20aRBnd WAICR! S kifon We! rkac%%hdﬁhgr%mé&é%ﬁﬁ
derivatives of the, invention wherein R .and .R a have revi ou

gi ven. neaﬁ?’ﬁ@“@%&%fﬁ?“‘ﬁ%)? oy Riw BY&NS. ‘he_LBc‘GXH‘SIY(ﬂh‘a’PIﬂy-‘aﬂltlmefcmfd(émmgeﬂcmd be
reduced by tHe hrWiduldry Ldi (i 4 n t hat
case, 17-(CHR err |1va€(:_é\}eé1 a?agmgﬁdgtlh%re%ag% %&%‘9{’*@"2} B{%erﬁ“gtry at
C- 20. EpP¥ideAZ(FRA.SH) derimgvesanf thet igventien afber@lrrmqla@h&i, H:aye ﬂeamncmrslya

M t sunobu e et al, Bioorg. .& Med. Chem Lett. h, 1
(1996)], (%r %@L%n?{e%ae%rﬁt %dﬁ#eﬁa\net hanesul f onyl chl'or_i de or

p-t ol déneﬁmﬂlir@ﬂylth%m-kﬁttird@aﬁ ¢ fedwaed by Ipsactiomaneith Didh N, NaBHnoxooﬂmeeduaﬂg

ng ![ € Og glsggtp%gtygﬁt %&t g/s <dgl-fnﬁa(§ﬁg g rrlc\)l)étlv%g flrﬁs ?%l nC&) oFX‘Wened stereochemls&y at EI’ ahedron

f3,17a)- SZWeEmmmﬂ;m mSQQBtdayla&naesicbmﬂ;s&(dl&) nibb@N6: & Mitsiidbl al&kion

Sif:j,vite{jv Odeh €Al QFanélQéJrgt LA e aller g the B Lh, rgduction, can be

methanesulfony! chloride or p- tquenesquonyl chloride followed by reaction with an oxygen
20 nucleqphlle [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



correspondi ng 17-car boxal dehyde. Reaction with a conpound of fornula RM as
descri‘bed above and hydrolysis affords the |17-(CHROCH) derivatives of the
invention as already 25 described above. This reaction sequence allows the
i ntroduction of substituents R9, and anal ogously, R o, %hmgpul d not
survive a Birch reduction. Optionally, the 3-nethoxy- 22 5(10) -di enem ght

al so be cov@ewHEd to a nore stable system e.g. a 3, 3- diarmrboeywst r - 5( 10)
ene derivative or a estr-4-en-3-one cyclic 1,2-ethanediyl (dithio)acetal
derivative; prior to oxidation and reaction with ROM and so on. 30 WO
01/40255 |i 2 4 MAY 2004 PCT/ EPOO/ 12309 Conpounds  of formula | with
substituents at 3, G4, CG7, CG11, CGi3, Ci', CG'16 and C.17 other than
t hose de&emppungs eh’@énuleh@nm@fbﬁwnwmcoﬁ G-brGri G 11,C- 15C-tofdéwmd&Wth R
ot her t hafher MYFHHOYBscrifla u%&éfmuaﬂ hﬁ#ﬁuladﬂ%’ L}E) &LS\thJ{,E Bffertha 0i d

nucl eus, or wth unsaturations an a e ' e bon can be prepared
as foll owm@onwmmnmgmxdﬁ \mmemdnw!dmbmdn i theygheraith nﬁblelnssor(wh—ynsat(lfau@e) NOR,
and Ris C be prepared from conpounds of
formil a Fﬂe‘tﬁa\%h 2 da\f?m"’“d {)egoamoun 8% Ghich R is (C) alkyl are

obt ai ﬁedCbmpamnds)aﬁthunde-mﬁ irf wmnmRa:sl(H;m #NHOR) NTR, and Rhy & G enali@ompounds

with substitu ntsR ot than h ared frome.g. (7a,
17[ 3) - 7- f(tl ifé"ﬁ??éreﬁar %W&? P%mé'ﬂ "% cé’q{\M‘ﬁpd‘ﬂ can be prepared by
copper (| Tompdunbiyinachich, 16-iady|)tallgnare QfataMbd]ﬁ'brhlcblhpwﬁﬁﬁf fermuilalyih vaGeheRs] um
npound, i)o e. (17(3)-17-(acetyl oxy)estra-4, 6-di ene-3- one [Syntex, DE
1143199 e %’3%‘]% Conversion to (70 )-7-et henyl 3- met hoxyestra- |, 3, 5( 10)

trien- 17e&ﬁﬁ>@ﬂwwﬁwmtﬁtua{w R otfdr thdtenylitoged eoM! prepgactd e of. (uagap).rr—at ed
side-chain at CG7 from 7-et he‘gl)t/ are carried out usi n% st.andar d. net hods,

and %t r geeRet ] oy dsryeset-armi-anershich ¢anibe prepaed by ceppeicalzedid-1dfionchai n at
C- 17 ar eomgmmhmea&;@%@ﬁ&mm l@cﬁﬁpoaimbeeg TM)-@?-@&btﬁlﬁxﬁ%ﬂMe&f-B— reaction

st eps nee for these S?eratlons and fo Birch reduction and the

hydr ol ysons [§ymteqDE de&p méms?wmzws(tqd?a)dwh@yl—i* megppreatraet3.6( Olret hods
common '&lierﬂf‘kﬁlse dccoﬁ{?-m?tﬁo%%hrb Hzﬂﬂ&l Wakdh uRARPHddt dtfeinginRe COF RGR t han

hydrogen or (C can al ned frome.qg.
( 11[ 3) - 1}et(1¢ryrdar@>cyrrmd Imytl tysmssmdam)myﬁasdsr apdlinBodyctia) of tthe BAR. 16B-roptleylengcl i ¢

(16755 BB st oRERBhain 1Y BR oLERRRIEEK ackiribed v dirme pelpAlRnci Qe 451

17- (1. 2- mdnamﬂebsyieecad éira}ie}:e ¢peanordemd BorabkBiroh réductdn aabl theRe'dliolysﬂi Dﬁﬂle Chir p
Pays- Bas

resultmg 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 (148,15pB)-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.



9A, 35 (1975)]. Conpounds in which R5 is e.g. ethyl can be prepared from
e.g. 13-ethylgon-4-ene-3,17-dione [Brito, M et al, Synth. Comm 2-6, 623
(1996)]. 25 16-Substituted conpounds can be obtained via alkylation at C 16
of a (140, 15G3) - 3-nmet hoxy- 14, 15-nethyl eneestra-1, 3, 5(1D)- &y egm! 7-one
derivative. (Li(1Al kyl ated conmpounds of fornula | can e.g. be obtained via
al kyl ation of a alkyl /EP00/12009

(14 3, 15[ 3, 17c) - 3- net hoxy- 14, 15- et hyl eneestra-1, 3,5(10)-tri ene-|

7-car boxyl ate, ‘Conpounds of fornmula | _in which R8 is hydroxy, (C, .6)

al koxy, or hal ogen can be prepared froh a (17[3)- 30

spiroestrazl, 3, Sdg%g%t_ riene[ 17, 2' ] oxi rane. WO 01/40255 12 2 4 MAY ' 2004

PCT | EPCO/CRZSEM: dnygriiogfin whish R je$RHm (Cnshapil are oktined froarpmpaundC, 15)
acyl -are opfnGRdif wRM ROMGWIEs. of fornula | in which R" is hydrogen.
Conmpounds of the invention W thout unsaturations in the stéroid nucleus are
produced from A  conpounds wherein R, is oxo. Conpounds of the invention
having L | e produce Lforom,t he

Aol ) i enrones P e RS i b SRR YR B BN e A
doubl e SborempandyeheprieBaisexb.from e. g. estra-4, 11-diene-3, 17-dione

[ Broess, i L. rai d sy 104 (1992)],,010 The inventi.on wll be
further- exég*ngﬁhr?gggﬁ@rg el?‘ﬁgﬁnce}]raﬁ\?\]ﬁ r 4Bl e"%&‘g ¥34 hé‘ef'%ﬁisgm #o PSR es.
Exanpl e 1fdth3bd ST “idbened dbtdikdddftentkaBirchradubtiont r- 4-en i) - A sol ution of

_ 3- -7- - - - -0l
(7ac, 17( Sbor%pg{l%%p Qg(VYnJa HE tdtl;]l}gleeggnﬁaéa& bg’ b?ega}rgc? ﬁ'(;lir;1 ng?_tégtr%-%?l l}d7ien2—'3,lLl—Sd?cgl%| of f : A

et
[Broess, A.LA. et al, Steroids 57, 514 (1992)].
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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



al, Steroids 22, 99 (1973); 25.4 g] and diiodonethane (27 m) in dry

di chl oronet hane (500 m )  was cooled to O C. A solution of diethylzinc in
hexane (15 %wt., 300 nl) was added in.l h and the reaction m xture was
stirred for 21 h at roomtenperature. |lce was added and? &ha2@004i xt ure was
poured into a saturated aqueous sol ution of amroni um chloride. The product
was extracY28B% diethyl ether; the combined organi c }FTAERI208r e washed
with brine, dried over sodium sulfate, and concentrated under reduced
pressure. Colum chromatography afforged (7ct, 14[i, 15f3, 17

3) -3 rret hoxy- 7- met hyl - 14; 15- net hyl eneestra-1, 3,5(10)-trien-17-01(6.50 g)

i) - r t Vi 6..50

1) ont R Sl P S0 TRCRL R nateR, LPR0 9) 1
11.9 rrt ) proﬁixeterrasiz&dnmﬂwfa!tom:rgsmpvaﬂm&ﬁlxﬂtecpurmcatmnopanol was added -and the
m xture tered. The ancent r at ed; ed and
The. pr oaliD:- RhessBie faevatritan e Bl Rot SR asriornes & snbRRE RGB! phases
were Washamhedvid theqmmaus sdpl(edt @yer astﬁduumfm@ fettaRydadTorag QXE Rt andtded under
reduced pr essure ve 2 4 Y .2004 WO 01/ 4‘8255 PCTI EPOO/.1 2009 13

(7a, 1413 gty %& Dwoﬁ@tﬂﬁtzrmmth}ﬂeﬂmwﬁw Ae@ g)alhe reacBemmxiye | oy 17- 0

ne (6. 57wglsanéhet roBﬁtQQh‘ﬁ&atM@-&)rG%Qﬂd manbmect.ﬂtlolaﬁ biRGussoRBoMb @ibinidur t her
purification. iii) - Potassiumtert-butoxide ( g) .was added ‘i n portions

to a sol gelpade. dihe tprrdugly wepuetracterhinig gBY aastateh éleproetbr'tsﬁ orgapgpptpsEsgierg) jn a
m xture Q«fas}g& Xvﬁheﬁrfrﬁhﬁﬁlédodﬁf Hidn? §ulfgte) 2Rl dortdbMratea BHAEEREEd ?Hksfu@( iigle (65

m), containing trinmethylsulfoniumiodide (8.4 g). The reaction nm xture was
stirred abtaipoom t enflsr biPA58, 17D 3-Bethoxyntimethiinl 4plSrmathlyl¢ngsnirogstrad i Hils

sol ut bon tr%&ﬁ?ﬁﬁ%ﬂlﬂgé (fjﬂ'i gf "ﬁxg rc-)rddgt Qﬁsogslé& tm s fo?é&rfn?%a%dwit%f) ﬁﬁ{hlgy I

acet ate ned “orgdni c ases were wash rine, dried over
sodi um spﬁrifa:tamn and concentrated under reduced pressure to. obtain

L0t r1 endf 11 ol UEPR P il ik AR LN SUTIASER s 7 P00
SL ep w I:I hr_emtreatmlrwlhearn aqpenul ﬁolmamrodiperchloma/a)cad (7% ale0tmnlp r’t‘he’reat:tive ik Ct |
W th- an MU BEPPERS fardvig Pk vilrdvi BBty ok i ot Fon”

M xtuse yess &bl THeRlixddre t»a@aﬁrteerfp;ezrnatwrmfaau tr&n rpoﬁraahrﬂdteraamrraeata@céow th
anot-her paortion of perchloric' acid re was, stirred

t U
for anot PRIvOD of seqiym ﬁé‘ﬁ"%ﬁﬁﬂaﬂ‘a‘fzntr%e H“’ 'é""ttd’r'aéteé acé‘i‘j’u’é‘&hg& LGt sodi um
hy dr ogeng@hiaad:ganic fh8sed WRRUELdshdBF HBHNE Aftic Gvdr Rburk sl jke @@_bkeMratddhe

conbi ned organi ¢ _phases were washed w th brine, dried over sodium sulfate
and conc Wpfer esduggd pressure, to give (7a.,148, ISB I?u) 3-methoxy-7-methyl-14, 15—methyleneestra-
1,3,5(10)-triene-17-carboxaldehyde (4.11 g). The product was used in the following step
20  without further purification. | _
'v) - A solution of the product obtamed in the previous step (3 7 g) in dry tetrahydroﬁlran (24
E ml) was added dropwise to an ice-cooled suspension of lithium aluminium hydnde (1.90 g) in
tetrahydroﬁlran (24 ml). Aﬁer lh strmng, the reaction was quenched by addmon of a saturated
aqueous solutton of sodtum sulfate. Ethyl acetate was added, and the mixture was ﬁltered over
25  dicalite. The organic phase was separated from the aqueous phase and washed with brine, dried
over sodium sulfate and concentrated under reduced pressure. Column ch.romatography
afforded (70,14B8,15B,17ct)- 3—methoxy-7 methyl 14 15-methyleneestra—1 3 5(10)—tnene—17-
.methanol (1. 30 £).
vn) The product obtamed in the previous step (1.30 g) in dry tetrahydrofuran (27 ml) was
30 added to a refluxing solution of lithium (0.82 g) in liquid ammonia (54 ml). The reactlon

mixture was stirred at reflux temperature for 45 min. terz-Butanol .7 mi) was added and the



under r.educed pressure, to-give

(7a, 14(3, 1513, 17a) - 3- net hoxy- 7- net hyl - 14, 15- net hyl eneestr a- _ '
1,3,5(10)-triene-17-carboxal dehyde (4.11 g). The product vvas used in the
following step 20 without further purification. v) - A's m} o f the
product obtained in the previous step (3.7 g) in dry tetr ﬁy of uran (24
m) was add®® ¥Bphi se to an ice-cool ed suspension of | indriRmwebeni ni um
hydrlde (1.90 g) in tetrahydrofuran (24 m). After | h stirring, the
reacti on was quenched by addition of a saturated aqueous sol ution of

sodium sul fate. Ethyl acetate was addéfi, and the mixture was filtered over
25 dicalite. The organi c phase was separated fromthe aqueous phase and
washed- wi REEF MARstingd for d0 min Ethane) dvas addsd pidtheammehic waalowedtoastaponae
reduced pPHRESWas addal gr

(7a, 140, 151, 17¢. ) - ‘ggﬁ%%§§{°% eﬁ%%dﬂg%EhgﬁgTeéaﬁeeéré’ °gmhingd OFEREF ¢ ¢ i ene-
| 7- et haPhgses (Wereawashgd witt 3Saiunifﬁbaqufnugdalmton@lﬁtazamnmdmmhlohheaxﬂrtm\nb aitied St ep

Soi ut oh S P GHEFOUEE bt Bl pantBnesdte 29 e U e S bbb

m xture wasth@m%metwldﬁ,lﬁe:id&wkent:esmaé,ﬁ(aommeﬂormm&nm(m7tg)emhc Protiadi@das (2. 7 )
was adde%@ﬁ‘%&ﬂeﬂﬁll&@@gg# Fh% tﬁlﬁher "' 2004 PCT/EP0O0112u09 m xture was

stirred for Was adge cﬁ(ﬁ'the amoni a was all owed to
evapor at evu) Watobrtionva§ the ghobelact a;htzlmbmm the praviis: stapa($. 12} maskerk (2B18l) Ry |

acet at e. ni e washed with a saturated aqueous
sol ution '5f t%%wn’rlc%gﬁ J}ocq’!:%f:g F&bc Maﬁﬁ'?)b‘gﬁﬁﬁeg Ttimng at Ry eRpEIiES ¥t and -
concentr at;mbumuliﬂion lof ﬁhﬂlﬁﬁdhﬁﬂ?@%ﬁdﬂfbﬁnaté DasHdI& dnd Qe prddts WBPextrddt @) B

met hO@/ "Fagga ﬁl ﬁ£ Ieneestra 2,5(10).- di ene-| 7- met hanol (1.17 g).
The p D tq, J8h Py Reghe Bhstigver é’ﬁ"’lﬁjt"f’f&ﬁ brigs: tded opwrsofliumat i on.
Vii) - AsGigdteItdnan ceticerthd Pud Cledied aprofrel el mhﬁoﬂaaﬁ%pﬁy eprdedegl 7 9) 11N
acetone (23 was treated wi t h hydrochlorlc acid (6 . After 1.5
h stirrihtfs k- bistbudrgxymethyl)z/- erpethylenecst :-,:5 |dﬂ4@f godi um

hydr ogemmﬁbmah@ @\qé]nadd@@ oaresi tm)@ as;eﬁéjoh ts% (b4 R), §%96t hy

acetate. The conbi-ned onganl c.phases wer e washe a brine, "dried over
sodi um s@Pf He3-ahan.dEhd t(ifséﬁéd’ 63 k& SH. § edddi) Ongé%leeJ 83landr.1 Hz),

chr ongt ogra Iﬁfjggﬁg,qinHgﬁ[B 1' 55. 17a) 17-fhvdroxvimeth -7 -nmethyl en
eestr- 4-en- 3- one .

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

— OH:

Y
07 o : : :
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).



Mp. 137-140 C, [a]n20 =+73.0 0 (c = 1.00, dioxane),'H NVR (CDCl,) 8 5.80
(bs, 1H), 3.69 (m 1H), 3.50 (m IH), 1.09 (s, 3H), 0.62 (d, 3H J =7.1
Hz), 0.47 (dd, 1H, J = 8.3 and 5.1 Hz), 15 0.28 (dd, I H J =5.1 and 3.5
Hz). Exanple 2 14 7 - - dr x et 1 -7- al-14 15- et ene gty -uA9 200n- -one.

20 A solution of

(7a, 14( 3, 15 U453 3. et hoxy 7- met hyl - 14, 15- et hyl eneest PEI/BPOSUD0) - di ene- 17-
met hanol (Exanple 1, step vi: 7.38 g) in a mxture of nethanol (68 m) and
tetrahydrofuran (48 nl) was treated mﬁgh a solution of oxalic acid (2.38
g) inwater (40 m). After 1 h stirrinb at roomtenperature, the reaction
m xture was poured into a saturated aqueous solution of sodium .

hydr ogencar bonat e and the product was extracted into ethyl .acetate. The
conbi ned gEx@aipic3 25 phases were washed with brine, dried over sodi um

sul fate and concentrated under reduced pressure Cblunn chronatography

af forded F{« . g-hZ-(Hydnoxymethuld-7 vnatisid 4 hylengestead. 3 dispg-qng. 27 ().

NVR (CDCl,) 8 3 69 (ﬁLthD 3.51 (t, 11-, J.= 9 0 Hz), 2.72 (bs 2H), 2 46
(bs, 2H), 1.04 ( , 0.69 (d 3H 3 =17.1 Hz), 0.48 (dd, 111, J = 8.3
and 5.1 Hz), 0. dg, 1H J = 5.1 and 3.1 Hz).' . 2 4:MAY 2004 VO 01140255
PCT/-EPO0/ 12@09 ?anple 3. 4IJ 7 rivoroxvrneinvi i- r-melnvi- f 4. i

z) - neLnvi g a+4.Y-al en-s-on 5. Phenyltrrnethylannoniunttribronide (1.01
g) was adg a, solution of (7a, 14{3 15(3, 1 7a

17- (hydro 57«@ 'ﬂw‘jw‘?mwewwrmaramfs (ht gl vevrdded o ae‘e&‘twn ei79.18550, B@atrrpr e 2,
0.85 g) lmdryyiroxpméthﬁy n%&r&ﬁlmf)-mevﬁa}kﬂesnlséoﬁeﬁibﬁ d(E%ﬁézrmtg)tlﬁﬂgerat ure

the m xture_ was Eoure into ice- water and the uct was extracted into
et hyl aceP¥idne Padnly s &dh sgam Pfcroa'ﬁatsreeer%erré wa@ﬁeafwwedamgatcm at ed

agqueous SQhidt Wth@fpr&ﬂ&' WaE éxﬂh@éﬁin{cﬂ&gylaéagat@rTﬁ&ecorr@'fde@@réaﬂg na@digm 10
sul fate and concentrated under reduce ressure | umm chrdhatography
provi ded Weshssk with@saturated aqueous solution of sodium thiosulfate and brine, dried over sodium

17(X)gl75 dr.oxy 7s t t
o 18)109) sdtt,atlgl 0 E%EJ?M% mrter ftx%ucéu‘l,pt%)srr@ f@gdn?ﬁ%rt%&gaeggapgyo Ageﬂaﬁ»’a
(bs, 1H), GEeﬁﬁJé&lE3HLiEﬂkmgmﬁmniELmg_ﬂJAJiimdnmmgmmtﬁﬂ_mmﬂimg (0.18

g). 'H NMR (CDCL,) &5.68 (s, 1H), 3.72 (m, 1H), 3.60 (m, 1H), 3.01 (bs, 1H), .11 (5, 3H),

0.69 (d, 3H, J = 7.1 Hz), 0.52 (dd, 1H, 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-methyleneestr-4fen—
o 3-dne {Example 1, 0.40 g) in a mixture of formaldehyde (37 wt. % selution in water, 0.24 ml),
20°  triethylamine (0.288 ml), thiopheno! (0.276 ml) and ethanol {0.721 ml) was stirred at room
| temperature overnight. The reaction mixture was poured into 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 presstzre Column chromatogrephy -
25 afforded (7c,14p3,158,17a)-17-(hydroxymethyl)- 7-methyl-4-[(phenylth10)mcthyl] -14,15-

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



0.69 (d, 3H J =7.1 Hz), 0.52 (dd, I H J =8.3 and 5.5 Hz), 0.38 (dd,

H J =55and 3.9 Hz). 15 Exanple 4 7 4 1 7- 7-'t -4 7-di eth 1-14 1- a
-4- OH1i) - A solution of

(7a, 14( 3, 15[3 17a) - 17- (hydroxynet hyl ) - 7- met hyl - 14, 15- et hyyd qp@eshy - 4- en-
3-one (Exanple 1, 0.40 g) in a mxture of fornaldehyde (37 wt. % solution
in water, OWOPUYNHS 20 triethylanine (0.288 m), thi oph@eoIER@2@F6 m ) and
et hanol (0.721 m) was stirred at room tenperature overnight. The reaction
m xture was poured into a aqueous solutjon of potassium hydroxide (0.5 M
and the product was extracted into ethy? acetate. The conbi ned organic
phases weés washed wi th a. aqueous sol ution of potassium hydroxide (0.5 M

-and bri ne o peltfongf dhe reelyct ohtainndrin the pasripue sise €hit3 Bltie doating df -8 mitiweed
pressure. ddaledWikh Gk &

(7a, 14R, 15P. 172) - 17- hyd@%ﬁ%ﬁﬁé 10553 %&%@%C}nn a“d[ﬂ(’%'ﬁ“é‘ﬁ"f PR el peiY 14, 15
met hyl ened&mperaturg for3dd,fun. (Thic mixyye was ﬁltmi{axm the ANGItE Was GRESBAtRGT GO 12009
16 5 1ii) NeQfimh n r (0.13 9)
in acet onemd(ﬁlgf.é:oinlé S%“%mgs t pﬁr@o?{egj%#ﬁ%gga%d W‘%ﬁﬁ&?&% hanol ,
0.5 M) a i ety rie (0.650 g)xﬂtme(cacwésﬁ@(dt,z;ﬁnmmf The

mi Xt ur e %yséea,efc}%%aslﬁglfﬁ P ifadlR S SOT LR B MPREE, 8578 S

pressure. " omat ogr aphy”'a

el -dimsthpk- bt el -g

17a) - 17- ( HHedr2ois, (JaraHhg+ 13.4 4nd73.1 Hi), e7B Yt 3H,-J -e1.2 Biz), 108 ¢ 3H), 061 ad, (3@1, 050 g) _

NMVR ( CDCL 1=10.6 and 5.1 Hz
3. 50((ddd%)lp}§zr)’ﬁ]%9(8ﬁg qks" ét“%‘@?ﬂh}a‘}%ﬁ%&%}gm 4383"@35?%2)4 7 ﬁg) 2.76 %dd,
| J =134 and 3.1 Hz), 1.78 (t, 3H J = 1.2 Hz), 1.08 (s, 3H), 0.61 (d,

3H 3.7 HEhesQ. 47 (dd, 1H 9 =8.3 and 5.1 ). 0.27 (dd, 1H'J = 5.1
BExarrple5(7a 14 _15 17a) 7-Ethyl -17-t1

and 3.8

ydr oxvr ne{jwyi4 St AVITZE dvi p5-EHaf] : '

Chl orotri nmet hyIS|Iane 19 m ) Was added in5mn to a suspen5|on of
(17a)-17- hydroxy-_ 19<hor pregna4, 6-di en- 20-yn-3-one [Syntex S.A , GB 935116
(1958); 18.0: gJ m xture of 15 dichl oronethane (300 m) and pyridine
(25 n]), cophd C. After 2 h stirring at 0 Cthe reaction mxture was
pour ed |nt ol 4 ;M_r at ed aqueous sol ution of sodium hydrogencarbonate.

- i - Chlorotrimethylsilane {19 ml) was added in 5 min. to a suspensibn of' (17a}-17-hydroxy-
19-norpregna-4, 6—dlen—20—yn-3-0ne [Syntex S.A., GB 935116 (1958); 18.0 g] in a mixture of

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 added 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



The product was extracted into dichl oronethane; the conbi ned organi c phases
were washed wth water and brine, dried over sodiumsulfate and

concentrat ed under reduced pressure, to afford 4 Y 2004
(17a)-17-[(trinmethyl silyl)oxy]-19-norpregna-4, 6-di en- 20%/ -one (22.3 9g).
The producgmﬁgﬂ s used in the follow ng step W t hout further
purification. - Anixture of lithium (5.0 g) and dr RN et her (200
m ) was cool ed to -30 C. Bronoethane (26.9 m) was added dropw se
whereafter the resulting solution of hyllithium was transferred to a-
suspensi on of copper(l) iodide (30.6 g) in dry tetrahydrofuran (140 m),
cooled to -30.C. The.re tin uprate.sol ut.i on was s 45 mn. at
Chat ¢ enpEPIHR BRAIG AR brl oD SaE e Sl 3 HB o o

step (20.gesgyre,ith ghte Y 7d, Elol) Tregeli-of1 %B[(tr(lﬂoﬁ@lsﬁlid)oxymncﬂﬁdgd 8- Oi]BWZB-@ne After 45
mn. stir n orotrimet I sil an was added and |

stirring é\gg gdﬁ??‘"ﬁ%‘@d“'“ﬂﬁ '&HUtflf;i wingytep wjtho rfwf"}eaa‘&'f%‘ﬁ’“m xture was pour ed
into a satir ASEiAmIRRUSoER! sHiiiR iR thePravivik HBp @Bl5qy iiflecpne(dobenpivasduct was
extracted into_ethyl acetate. The conbi ned or%anl c phases were washed with

a sat dr at'egted gl dulrogiemin 38h(2or M2 20 mjapfispba b /% 02055 epReRRpB 67012009 17

amoni um el | denad dwhy | RAraifkd ediRVEr safdldMqkbiatenanf . songents at ed
under reduced: pressure, to give

(7a, 17a) hydiegtmparb@iates Thyt adetone waerameved igdey rdyded Posiisy prdeliA #rBivg. Wasen- 20- yne
(29.5 g) exﬂlﬁed%tggﬁlglta}& a8 ﬂéecgmh%?& &Emﬁpaﬂaeme whAR Wi BeME adedovber

purification. ii1l) ution o e product obtained in the previ ous
step (29 s&duy)l S!ilfatamétsmeﬂt(arb@@nd# yedweed preSsute; watived 7o Th-hsthivld@fiydioky aci d

(2:3 W 30 o8lo)en Al dily b 2old (B4 gfﬁg Rlaudt SRLWLATR A fing LB withBACL T ON

m xture was . aturat ed aqueous so um
hydrogen(ﬁaﬁbommiﬁ'eanoﬁhe acetone was renoved under reduced pressure and t he

o OUUEL 5% LA 2 L 9455 Bl B RS AR R e

washed wi PRSP € an concen
reduced pie@fafel ((E200tmt). ARLE 2§ hin. st @ing -at/ roehhythpdraiurhy}(ércﬁoayte].\@as collected by

Fol | ol ngUeie BRI R L TEm R Soroject LA oo B ci d (6 w

240 nys) %g%roagi@leﬂngie%\ef(ﬁﬁnﬁrﬂe m@w@@qnel &) Wwa0 hiddail, qalldvied by 24/@fug pddition met hanol
(1200 m). After mn. stirring roomtenperature the dlcallte was

col I ect e@f b?’mt'loplof%ffil“&‘r\caﬁ’l‘?ﬂat&ggﬁéd ‘W%“Ff (FR0=h- ARt 79 miflediming. thepRRdCt |t was

suspendeg,k PoatEehy ﬁl%@t%n%a wasled Wit Ratdt SO QbbSalS The Prbdi@s wQRREk(dol°L nitrate
trihydrate (145 g)" was added, followed by careful addition. of a solution

of sodi ummdearisoerdt messTe. @ give sanpRED cpTbpmE oRdicalitn(318r2)36 wixFre &f ther i ng, t he

product 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 mlxture 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 eﬁtracted 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



was collected by filtration and washed with water until neutral. The
product -was dried at 80 C wunder reduced pressure, to give copper(ll)
carbonate on dicalite (310 g). A mixture of ‘the product obt ai & under il
(19.5 g) and copper(l1) carbonate on dicalite (70 g) in zélﬁéng ?330 20 m)
was heated at reflux tenperature for 9 h under renoval of water by use of a
Dean- St ark WPPH255The reaction mixture was filtered, thearasosiizenst hor oughly
washed with ethyl acetate, and the filtrate was concentrated under reduced
pressure. Col um chromat ography gave an)-?- et hyl estr-4-ene-3,17-di one -
(9.14 g). v) - A solution of the product obtained in the previous step

(9.14 g), .copper bro | de m bromde (2.64 g) in
acetonitri f R(“% e fyhe pe E‘i"ti&?‘lﬁeél lﬁtthcrpdg)ﬁ?"tsé{gff)éér %{ %r fp8fa554"m ﬁarg '
reaction (rBx%tg). &’dma&hmt(ﬁednl)m:ﬁi u@tcﬁmemﬁlﬁormhmdpr(mﬂmj wax istirgeit adobmt o et hyl

acetate. The gani ¢ phases th a saturated
aqueous. sST"B‘Er?tB’ﬁr?) 3 g?hrﬁ B TGRAUER FHF g Y aér?ﬂ“rﬁwqﬁ‘éwaﬁf F‘E’cfw‘éﬁ'é’ld“%(?ﬂ‘i“’& sul fate
and .conceiffor ety tbetafed €he écﬁdhk%Qr@hﬁﬁ)ﬁ%ﬁwere%kﬂémx&hﬁm @grrﬂah uadusor ded
(7a)-7-ethyl -3-hydroxyestra-1, 3 trien-17-one (6.54 3 2 4 NAY 2004
WO 01/%028 t‘P‘C?fEF’G@‘FTQGUQ““?@’W“? dried oyerspdipm %‘ﬁfa‘F ed Eﬂ"ﬁﬁlﬁ"c‘ dypdesi ned in
the previgues bRBburd fo %ﬂe({%la)—ﬂ@ﬁl‘lypﬁhéﬁgi}léﬁ}aclaj baoatien-11-42 &.1) g). ifpdenet hane
(5.6.m), and dry di nethylfornmam.de m) was stirred at roomtenperature
for 3.5 Hprodppiovas gsedtin e f?ﬁ%ﬂﬁs@mg’oﬁé@?ft@dpqﬂ%ﬁ'%t er and the product

ext r act edyj L AtQuibiy d:i@&ﬁ&lﬁia?nme (:36159:9571?1' P EherQHy A RSB ﬁh%ﬁ?@aé’\%%ﬁd washed with

water, a saturat ed aqueous . uti on of -ammdni um chl ori de and bri ne,
dri ed ovel0 “SodiBwd §L:6 Mts@lummdmclvﬁmﬂﬂaﬁt vl wascddded drdpreiew] apst studny was t 0 gi.ve

(7a)- 1o etcm{tjinuﬁd gf 5#'1 2%y e Iregctﬂm ‘?'mxl:\ %out Eécl & 140 ®hd %@OIZt?Or&gt)f the \}{}g%uclf) r Zd uct

was used 1 nt oW ng step w Rer purification
sol ut i on cbfaingdd iirs te mogyydua siep €6.9 5211 B dﬂ)ctrlahvdmfgrm éltﬂﬂahiydm)ﬁideéldm@%c m) was

i opw 5o SRy oMbl oy O SRl 6120 0. BfsARRRu R () B CEE

was cool eddddo FHeOmixtandwas Stiredt ifan 20f mirheangr dtductreanddt &iithed sqmt(oheofpr evi ous
step(69 t et rah r Stlrrlng
was cont iP ﬁng’bmf“gP °m}531t"é rm&iagkl Oadg]g) 9“’85“ %‘," V@E rllghe%lﬁwgsa [Gne (11.1

m) wes - °eﬂwleduxtiﬁlae~amp&ﬁrud EitoVeratess ridr the prothox wzﬂemaated Memyﬁeﬂ&ethneeﬁieed with a
sol ution of en Itrlrrethylarrrmmg&ntrlbromde ridine (31

LY
m). Aft (—?Pmﬁ gapic; PRpsest wergowashed (vithy ﬁesﬁmrﬁ%&ﬂ“%&% IBB?% ﬁ‘??’}émwat er and
the prod Fh‘]ﬂm%&arﬂiﬁﬁfe_a&lﬁ%nb,naﬁbdebﬁy|sod1@xﬁtsﬁtfﬁe ahfl @oncentrated under reduced

pressure. Column * chromatography afforded (7(1,]6(1)-16-bromo-7—ethyl—3-rﬁethoxyestra—.
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



conbi ned organi ¢ phases were washed with a saturated aqueous' sol ution of
sodi um hydrogencarbonate. and brine, dried over sodiumsulfate and -
concentrated under reduced pressure. Colum' chromat ogr??o?y %féﬁ ded (7a,
16(x) -1 6-brono-7-ethyl-3-nmethoxyestra-. 1,3,5(10)-trie M {8 75 Q).
20 viii) - A mxture of the product obtai ned in the previous step (8.75 g)
lithium br¥fPH¥2%¥12.7 g) and |ithium carbonate (10.9 CTEPOYI2)09

di mret hyl formam de (77 m) was heated under reflux for 3.25 h. After .
cooling, the reaction m xture was pon% into water and the product was
extracted into ethyl acetate. The co ?ned organi ¢ phases were washed with
wat er and ‘tég g‘ﬁﬁ‘g dried over sodium sul fate and concentrated under reduced

pressure. AR B}ﬁa?sdbqr%wﬁ%heégngpp@ﬁ, &gﬂi over sodium sulfate and concentrated

7a)-7- etl.lh é &m tE) \10 115 +
E?a) 14(3) - &_r ret hyl wﬁnﬁfhto?};es?r a( 9-)7 ﬁ?lﬁ%ﬁ}%ﬁfbé%%gggﬂg f14o{r?ga[m(i’llll 0 g) i X)

- A sol utf 6%%%%!25&41{%\"%&5 i dhei ﬁ'@“(‘t’ﬁ%‘ip‘@'}hoah@ﬂh%ﬁmﬁﬁamrom de (0. 44 g)
in net hagyl %ﬁ&vm@a)pr%éur@qgﬁ odl %Oggatg@es&%ca uﬁ@érqto' %Ie 1 tré:e proguct

(7a)-7- e hoxyestra-1 1l4-tetraen-| -
di chl ér oﬁb‘lﬂwaﬁ@ t('faﬂe‘fwl)s SEHdMﬁtgimtm(vmer §7a, U@dﬁ@-dﬂ7ﬁ)€7-@h)¢3-ﬁf¢1®xweact i on

30 mXturﬁlmﬂgkhéés@mB@Qoﬁtrénhv-oﬂ gagppd with acetone (4 ), and ther

poured into a saturated”’ eous so u’tl of anmoni um chl ori de.” The product
was ext r abt-diptlpwing aelrbepﬁura@eztlegogs tat that @satibhmwcz:eﬂzbf\mmﬁﬁlkm&&&mduct

PCT EPOOLaOP il he GRURMD S Y ORD L BRI BS80S 7&@%@?%39 irml-g d” ed

over SOdI um su SRcer duc | ve
(7a, 170) lﬁbmghbrleﬁsestat-hmmGBWEM'lp&(5'(31@) 14 tetraen-17-o0l1 (4 28 g). The -

duygct d t he .f t. furt f t -
For 106 ndios: BT BRish A0S el oo el e e arbie . B St o 1.
Eg? pr1 Zflummuﬁm%ﬁ;amad step (6. b@gp«fﬁ\mﬁw&e@toe(pa,(12{415?4371m)-7m1 mﬁmﬁ-ed to
X
4 15 melhi Bt 1 A0 T e (12 8 g) ) - Fol lowi ng a

procedur gipDablRGaSa prdcddiRtandIBSE rub@dt dé@éiﬁéd bhdePfv @ﬁﬂiﬁbl@ 11thetpbc%u&r oduct
obtained in the previous. steg 14. 03 was converted (7a, 15

j 3) - 7- et pRfpnes ipdhapseyjous sigp (T ‘h@t‘?‘?fl%ﬁ‘é‘é@‘% tod7q, 148, EyPaiay)- '?ﬁhé'h3-FPﬂ'G¥Dé (7.34

9)- 140 M1§-methﬁ9:'aée9mlnﬂs(@o)Qh&FeeﬁLUaﬁ:oi‘MéhQM%sgP that. described under iii
of Exarrple 1 roduct ‘obtained in the previous step (6.80 g) was

convert e¥vk OF‘(‘IP("&ﬂglﬂPIBCCﬁST(elanN%O@} 107thet ¢ep¢ribgd peden ®sef Example 1, the product R
kol ﬁ“ﬁé“%"ﬁf&%ﬁ%ﬁ%@%ﬁ B AL E B ek R o))
the pr odLﬂctS-mtth:dﬁmve&ﬂrafl:ﬂ -“z(h@ tptrevll'fams;h@tﬂeﬂb 2§8)-24 g) was converted to
(7(x, 14[)?\') 1%ﬁ0wn71€‘ )a proce :laogous toq})@( 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-17-methanol (1.19 g).
‘xvi) - Foliiowin'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




15 14, 15-met hyl eneestra-1, 3,5(10)-tri ene-17-carboxal dehyde (8.48 g). xiv) -
Fol | om ng a procedure anal ogous to that described under v of Exanple 1, the
product obtained in the previous step (8.48 g) was conveérte%,tﬁm

(7a, 14[ 3, 15[ 3, 17a) - 7- et hyl - 3- et hoxy- 14, 15- net hyl b M ~
eneestra-1, %S%ﬁgs-tri ene- 17-met hanol (1.23 g). xv) - Follow ng.a procedure
anal ogous t &P Yescribed under vi of - Exanpl e 1, the pr@ERRSe/1200 obt ai ned
in the previous step (1.23 g) was converted to

(7a,143,15[i,17a)-7-ethyl -3-met hoxy- 14, 15-net hyl eneestra- 2;
5(10)-dierie-17-methanol (1,19 g). xvi) - Follow ng a procedure anal ogous
to that described underonvii of Exanple 1, the product obtained in the
previous step (1,49 g) was converted to (7cc.14 .15 .17x)-7-ethyl-17-

(hvdr oxym et hyH) @t’ -nmet hyl eneestr-4-en-3-one (0.40 g). '"H-NWR (CDCI 3) 8
5.82 (in, I|H ﬁ.‘] 369 (dt, part A of AB system 1H, J = 10.6 and 5.5 Hz),
3.51 (ddd, ofpart~B of AB system IH J =10.6, 7.9 and 4.7 Hz), 1.09 (s,

3H), 0.79 ;StT 3@3}& =7.5 Hz), 0.45 (dd, I H J =8.3 and 5.5 Hz), 0.27
(dd, 1H, 3= GPBBYRpUgosumpsruthenatn . e)avas added o a1satiarnef (TRAJB)A3-clyhgd - | 7- (h
drox, et yhethokyiTehdidigdnad,355pr01Rida.171di 1 190 - -ong. 2,4 NAY, 2004 WO
43/ 40255 PCT/ EPOO 1?}0%9 20 5—?1, 1) - Te{raprog‘f}lrég fbrr‘??’lnmrfg'érrg&t adhade (1.3
g) was addeiigorghalige Jfpxide EHl-5( glain acpfony (A3-whhker330 min. stirring at room
met hoxy- 7+ Rilr8 AR rebctibn D fnk@re T ds CRF oLl [ 7961 (1966): 19..5 g] and
4- met hyl rr%%hol i ne N oxi de%%)zri.‘%ds f)?ltel}%l g‘?:eétdg%@% 35’lr}ﬁ .]I%ﬁ\f R V)
stirring &PPREHRdsndes iysleped possaure. Kolumaahiomatogrpbyt afite cnats plddbitgaad7ayer
dicalite 3andisiil The i a S...concentrated under reduced pressure.
Col um chr__orrr??' .l(-)i ?’g%ﬂv 21& e{hkllg&garlfjgse ftg%.g}tﬁl'o"ﬁzbe@%)‘?a) - S

13- et hyl - # matTedxgesylionist 4vid @il az) a8 added 09 a tsolutvir df AhOPBdUA 3bi@in@) in the) -

p- Tol uenesul £ Qni id: : adde a sol ution-of the product

obt ai ned ?#L{Oﬁsreut%p(?% (I)rﬁ%m{s%%"ergz’fi%ﬁyge“ﬁ)g&"% (Lij?Wtaﬂ? &gyl etheforenis (439 col

(13. 3 1A ) mindTher reattiop| mintirhovar st 23octh tdfberitre S MeaLdditRRalTpXt Ur € was
stirred a emperature for, 3. h. Additional ' p toluenesulfonic acid
(0.41 g) %%Rﬁg?ﬁn%h%@?i VPR AR B HRTE RS Gotigredon? hyWelsr wasaidedided  and
stirring seisstioongtwasuentinked fonasduiten hl The préfe: RePSMalted BB Gl R8GHEdRd NT O

ethyl acetate. the .conbined 05’9 ni.c phases were washed with a saturated

aqueous s 'Tcgnqrg?“'csd’ o100 o) ‘%{f@n‘é’é‘? Fozteted rguepts reelution jafdsodiper  sodi um

sul f at e almdropemtanbhddber b Qkied QUCRAAD MR SSM! Gncch@aut@ Wfider reduced

(7a)- iL_,;S et hsyl - 3- net hoxy- 7- met hyl gona-1, 3, 5(10)-trien-17-one cyclrc.1,2-
pressure, to give (7a)-13-ethyl-3-me hoxy—?-methylgona-l,3,5(10)-trien-17—one cyclic 1,2-

ethanediy] acetal and starting material (10.5 g, ratio 1:1). The procedure was repeated in order
to achieve complete conversion of starting material. The prdduct {9.8 g) was used in the
- following step without further purification. | ' |
iii) - Phcny];rimcthylanunonium 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, o givé (7&,160&)-16-bromo-13-ethyi-3-methoxy—7-mcthylgona—- :
1,3,5(10)-trien-17-one cyclic 1,2—et_hanédiyl acetal (14.5 g). The‘ produét was .ﬁsed in the
following .step without further puriﬁcaltion. ‘ | o
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



et hanedi yl acetal and starting material (10.5 g, ratio 1:1). The procedure
was repeated in order to achieve conplete conversion of starting material.
The product (9.8 g) was used in the follow ng step without further
purification. iii) - Phenyltrinethylanmoni umtribrom de(s8ya% Y+ was added
to a solution of the product 20 obtained in the previous step (9.80 g) in
dry tetrahy@0u#assan (55 m ). After | h stirring additi onaVeEPoo/12009 '
phenyl trinmet hyl anmoniumtri bromde '(4.12 g) was added and stirring was
continued for an additional 1 h. The gjeaction mixture was poured into a
saturated aqueous solution of sodiumthiosulfate. The product was

extract ed; H&In& x‘ééé?:YtLre “ elgeAdd:tIonﬁ 33?5%@%?‘{%“?%&%3 d£4 gf‘@ﬁseasdd&ﬂ@ %Shed

wth water I ne over ncentr at under
r educed pmggung;um wasgstmred for another 3 h at 40 °C. The mixture was poured into a saturated

( ’a, 168‘) A8l Q 3 et lTl EEE[A egnx the p?ﬁcfut'ty %Q@:«tlcte% 1§th%£hé'pgceza{ ﬁﬁ'e 17 one

cyclic 1 aﬂueof“hane [ y ace
f ol | owi ngombiagl wightio pliasdsuwdré @mshed m:rhlwwdrlaom bnnaj)'lned éves abditrh anlfod andhe

product obtained in, the pLevi ous (14. |nd dj f oxi de
(55 ) SAReSRPd, bl bbb, Foflm iapatiae s, il flwggreactlon
m xture \tﬁﬂlo?jr-ﬁfrﬁﬁ@rlg%nﬁ-'la\ gdgmgméfrml@hhé%%m@maﬂa&%aé’dﬂ@@yﬂg) at room
tenperature for itional potassiumt oxi de

added and t fgoluiorpfthegiodyrtabtamed i "E‘ie?"P‘t‘seséePf pgéwoc{ry]gpuege &%gf"ﬂh\gzsc The -
M Xt ure. Wagsed @ith @PridifiuR AiohRhsLRIAR (420 4F AKS hedduindenreBhx #MPAI ARechl ori de
and the product was extracted into ethyl acetate. The conbi ned organic

phases wepalinga s eigachior HnixRire Wan FauEs jiRfe 2 siwagd fgusous salutien 61edPe and
concqgt r g &Q%euma& %ﬂyﬁﬁgurwueﬁéw Etraleld M[U‘ctﬁ)hra%fﬁta OBARIbir fopgatRd

(7a)-13-ethyl-3- nethoxy- ona135ézA | 5-tetraen-17-one cyclic
1, 2- et hapkasd¢sywverg ovashed ‘(161 Q@egﬁnﬂ’\ﬁ)\'ei sotfiugp i Feo?i’dd?i’“?eﬁéafﬁﬁ verse redstdai ned in

the pr evh%&%msﬁﬁf%n@gﬁ ?ona?‘ jj%ﬁéthé% #Bfr‘;@ﬁ#g&ﬁzl %(XO}W@&&&EQ%G@ ?énfch

pyri di.ni um p-1 ol vene eated under reflux

Aft er cobRietignediyi heetalef@St £)o Therpraduet evasasedy buthe dollawing gtep arithout @dhtaqueous

sol ution of Odl um 10 hydrogencarbonate and the product was extracted into
et hyl ac Bt f *“"The conbi ned organi c .phases were washed with brine,. dried
over 1sodii) m«suluflat f thadoduonsbeinier it el previderstapd .G @ th doy Bdsos @51 ) \gﬁsve

( Za)z é’? hg%%ivﬁ‘%&oé‘feaf%(ﬁg“g‘?‘é;& 5?’% Bpl‘%az‘ﬂg%%%g&used %%? e? ocioﬁn%nyﬁlgl gt ep
Wi t hout frer tré¥€fionP Uhixfure alvasOrpourkh. intd ) a - sabursred uiquecrusofsoltthl pefododiomobt ai ned
In the pa}?d\éfl)g%gcsarbsoglgtg ar(1d6th§ produ!’:tnwac.isré;{trgc?édul?lgeet y% Sa%etgpe )Tlllt\alacsombined organic
phases were washed wnth 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.- '
. 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) -trien-17-0 (1.4 g). ' : , .
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 £).



treated with p-toluenesulfonic acid (3.5 g) and heated under reflux for 45
mn. After cooling, the reaction nmixture' was poured into a saturated
aqueous sol ution of sodium hydrogencarbonate and the product was extracted
into ethyl acetate. The conbi ned organic phases were wak heWr¥ud®h wat er and
brine, dried over sodium sul fate and concentrated under 20 reduced
pressure, t¥ogI/4aess PCT/EP00/12009
(7a)- 13- et hyl - 3-t net hoxy- 7- net hyl gona- 1, 3,5(10), 14-tetraen-17-one (5.9 g).
The product was used in the followi ng step without further purification.
vii) - Followi ng a procedure anal ogous?2o that described under v of Exanple
1, the produc optained in the previous step (5.9 g) was converted to
(7a,17 3)-%¥3- ]HW“E:%’E’FE‘EGH%?W&#OB?EQ toythefoiescribed pisled 0 of |Bxatnpter Bake producd! (4. 4
g). 25 Vi idbtained @ e By ' S : escri bed under i of
Exanple 1, the pr od?ﬁmg%fgp%g%%%?ﬂgg%f%wcﬁbsﬁ?@ggb)(%f@ﬁﬁf"ﬂﬁgwé’bnverted
to (7(x, 14(BetgA4pgpethydensspirpgona-13ei Hiyjene17,2"Joxirane (1.36 g). -
7- met hyl - L4y 1Esiigetday. -1.3 5(10)-trien:17-01(1.4 g). ix) - Follow ng
a procedur e) aﬁo&{&ﬁ% uz!s&tg%qlgﬁgatrég‘%oggh rg%tcf} T %8‘1‘ ugder B’f"]flf%é'i%ﬁ'leel’ it rreuchr oduct
<(3t7>t ail' 2 85d 1i'ql?tamﬁfé infhemedoss stepi( ﬁ@s )wad cg%vez\lﬁ&o alazmwgn 58 t7d)Q 3-ethyl-3-methoxy-

a, , 346thyl.- 3- met -7- t hyl - o
14, 15- net ?&'ﬁéeﬂ%’é3322%!”??%‘(%63“%%[‘é?ﬁ%’?ﬁ‘gﬁ@?‘{“f?lﬂewé(1235$)-|\/AY 2004 WO
01/ 40255 . RéNf ESFBMVi20pdcedd auxlogouked tamdeagibad RAkE ¢ SeERaANal OB Ysdha t hat
descri bed | glg{[i'nidlei of. ExanFII eSE% the product obtained in the previous
step (1.3°G) Was "CORVANE 8P {od)(8 Jras epyeried £ Fo1fl.1 SBRUe) hidethsl- hrmethoxy -
7- et hy| - Tpelifyd-n SiytledpRAdE0h2095@ 0)ltridncdl71Rdthdnbl 8186 k). 17, 2'  oxirane. (1. 36 g) .
Xi) - .160| Igi\t‘jvi {n_g“a .gqr)ocedur e. anal ogous to that described under iv of Exanple
1, thé" prdathct B Rht BCAwYre Halpenys i B dstrsibed wnder vi of Bxayplaksthe prodentt ed t 0
(7a, 14( 3, tbrhidedlif @eprevibus By (0:68 RN R% Ver h L. 5- met-hyl enegona- 1, 3,
5(10)-tri 9ne- ﬁ?-'car boxal % ydegzzl._ 35 Sf‘.?[%‘?)wé’?ﬁégf‘f%%‘ﬁg j;%f)trg%)f edure
anal ogous 'TE"Whit I y@shyierseensch M) -diensfl 7 methapt 060 )t he product obt ai ned in
the previ enp- BiiRWidzla ; ' i the '
(7a, 14(3. 15)(5-3_, 17a)rggi > gﬁeﬁ%/rftég@%ﬂ?%%t ggSCItIQBd under vii of Example 1, the product

) B

7- et hy| - aeinadl e they previegoster 19. 18 - donvestae -1 T7ap4MER0l7af-03-8@yIg)7- - 10
Xiii)ys Fg draX¥mkith v hyI1A : :

|7cxf-

oY 2 anpal ogous, taq, th esSGr i er_yi_of
Example 1, the p ob '“-L'g"i ﬂﬁ%%ﬁé%ﬁggﬁéggfgb*@g‘gég&g‘ﬂ %‘é"gg
conveL t Fd(bﬁ,d f()=73thi?3tl(41®,1115,(33471(?r(,>d){)ﬂ(1$12d3, 134, 3 s-mn;i)patys?] (d, 3{{, {3 7-.61on),) 0.57 )
7- met ~d4, - -di epne-|.7- met hano . o XIv) -
T ot STl Pl .

Fol | ow ng @ proce nar’ogous Pbed under vii of Exanple 1,
the product obtained in the previous step (0.60 g) was converted to (7a.14

- 15 173 e h.

20 (Jo,14B.15B.168,170)-1 7-(Hydroxymethyl)-7.16-dimethyl-14, ] 5-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-
1,3T5(1(_))-tﬁch—17-one {Example 1, step ii; 5.60 g) in dry tetrahydrofuran (24 ml) was. added

25 7, dropwise and the reaction mixture was stirred for 30 min. ﬁaen, at -30 °C, iodomethane (2.4
ml) was added and stirring was éontinued_ for 45 min. The mixture was poﬁred into a saturated

' | aqueous sqlution of ammonium chloride and the product was extracted .into ethyl acetate. The
combined organic phases were washed with brine, dried over sodium sulfate énd concentrated

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



151- 4 - 1'n-4- n- - e (0.17 g). "HNW (CDC13) 5 5.79 (bs, 1 H, 3.73
(m 1-H, 3.47 (m | H, 0.92 (t, 3H J =7.5 Hz), 059(d 3H, J =7.1
Hz), 0.57 (dd, 1H J = 7.9 and. 5.1 Hz), 0.41 (dd, IH, J 51and35Hz)
Example 7 20 (7m14 D.1 5D. | 6 7 -17- r x eth 1 -7 16- di? "e'fyl?@ﬂ"l meth e
eestr-4-e - i) - Asolution of lithiumbis(trimethylsilyl)anide

(20.2 mmlyooﬂfotz%strahydrofuran (35 M) was cool ed to -FAG/BEN0/IA00890| uti on of
(7a, 143, 15(3) - 3- net hoxy- 7- met hyl - 14, 15- et hyl eneestr a-

1,3,5(10)-trien-17-one (Exanple 1, stgp ii; 5.60 g) in dry tetrahydrofuran
(24 m ) was added 25 dropw se and the fTeaction m xture was stirred for 30 -

mn. The s. added .an rin

cont i nue(rj'me lcne%gmq”(?ﬁhe m x %r(é%w% gﬂo%?ré@ ¥ o“s’ﬁdé‘ét%lf% ‘H‘nggﬁ’ﬁeous

sol uti on withoghfiysiher pmifidatior. i de and t he product was extracted into ethyl

acet ate. nbi ni c ases were wi.th brj dried over
sodi um su-Fgf Z\trg&glﬁ%og%%%@tﬁgl? g?'lga(%&fﬂ%‘@} brf"é'&*ﬁf@igqp?"&%?f?é” "{f'ﬁo’@‘?e\ﬂé (gga 14P, 15
R, 16a) - 3-and thiyaxlyent, (17 6il) wat hyated iidel DefRix FoMAY A2 DdioX\Er hd kdiBrDSbtained in

PCT/ ER00/ 12009, . 23 tra-1,3,5(10)-t 17. - (5.99 g). Th
pr oduct v{é“’sp‘ﬁg‘@lﬁs PP ¢ TEIEX SEF‘regaiiP eag &4 %\M %vmfa'@d%rw%”&gr N“F‘%%gﬁ)a&n _|e|) -

A m xtur &oﬂfnu%fdﬂﬁl 3 FAﬂfHB%BMln@hQ:S REHAIUAR RO Wall Sordrdd in®h) a. sRRaRE SHakBus
tert-butoxide ( - and dr¥ toluene (173 nm) was heated under reflux for

1 h A séP‘u?%?f "6‘1‘"“%‘1‘?@“ Ralpdice bebrrafi%afar Ftracted figo pthighacelats; the epmpiged4 g) in
dry tol ueRRnic4Badeh WweVwasho Rslh BHAQ W oI kolBAL it MRS SRRhdAeEhatOr 3 h.

After cool |2% the reaction mxture, was poured into a saturated agqueous
sol ut i on TECENRESIUEN SRR Wmﬁhﬁﬂmoéﬁ%@%@é%ﬁ k6B 3 methox e 7 A

acet aue: dianEoThiione O 090Gy BRASES 1016, HERRES Y th brine, dried over

sodi um sul fate and concentrate sure. Col um
chr omat odjpaptiyhieopesbeaeic fcid(7043 9@3@ £) Gja} aBledrtst mwoﬂomae product obtained

v ofbeTBEhe 88 U i eV hengaatagic . B Bidbhg S0t Sofnohi 1 ne
pr oduct bysiregenaebonatn (8 hg). 'ﬁheemiacjims rsixeyee (W3s @tngr)d atrrodmy:erﬂp@ith:@rfafmt fane (51
vvas sf??%‘g{f ?ﬁ%oﬁ%né ?fnsz'ge%’rg)mur e q% gr @f)ﬁfsq}é&%ﬁ) Svﬁ%‘f?‘)diﬂ&r F eacti pn m xture
m chl18r opspeotvenoiToe mttdm (wE® pdedintda FHhurgpd mécﬁxsadldﬁdh éifsbditim Jsulfﬁt@diﬁ 2 h,
the product was extracted into dichloromethane. The combmed organic phases were washed
with a aqueous soluuon of sodium hydroxide (10 %) and brine, dried over sodium sulfate and
concentrated under reduced pressure, to give (7a,14p,15p,16p,17B)-3-methoxy-7,16-dimethyl-
14,15-methylenespiroestra-1,3,5(10)-triene(17,2* ]oxrrane (2 85 g). The product was used in the
-20- - next step without further purification. _
iv) - Following a procgdure analogous to that described under iv of Example 1, the product
obtained in the previous stép (2.85 g) was converted to (7a,t-4£3,15ﬁ,'16[3,170&)-3-methoxy-
7,1 6-dirﬁethyl-l4,1 S—metﬁylenccéua—l,S,S( 1 0)-triene—'l7-carboxa1dehyd§.(i-99 £).
. vy -"Following a procedure analogous to that described under v of Example 1, the product
25 .ob.tained in the pre#ibus step (2.99 g) was converted rd f?u. 14B,158, ISB 170)-3-methoxy-
A 16 drmethy] 14 15-mcthyleneestra—l 3 5(10) tnene-l?-methanol (0.30 g).
v:) Following a procedure analogous to that described under vi of Example 1, the product
.obtamed in the prev:ous step (0.30 g) was convcrted to (7(1. 14B,150,16B, 17(1) 3-methoxy— '
7. 16-d1methyl 14 ,15-methyleneestra-2, 5(10)-diene-17-methanol (0.31 g)

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

obtained in the previous step (0.31 g) was converted to (70,148,158,16B,17a)-17-



15 respectively. The reaction was poured into a saturated aqueous sol ution
of sodiumsulfite and the product was extracted into dichl oronethane. The
conbi ned organi ¢ phases were washed w th a aqueous sol utanusf 2gedi um
hydroxi de (10 % and brine, dried over sodiumsulfate and concentrated
under reduced pressure, to give .

(7a, 14[ 3, 150‘,"1@‘!5’“@?[3) 3- et hoxy- 7, 16- di met hyl - PCT/EF00/12009

14, 15- met hyl enespi roestra- 1, 3, 5( 10) triene[17,2" ]oxirane (2.85g). The
product was used in the 20. next step‘imthout further purification. iv) -
Fol I owi ng a procedure anal ogous to th at® descri bed under iv of Exampl e 1,

t he produ ) t re IOLLS step (2.85 ?3 was converted to
(7a, 14[3, . - = (0.053 g). ‘H NMR (CDCl,) &

7 16- di rreti‘ﬁﬂ (ﬂﬂ,4HJ,5-(ma(im;zHgngEq§ 30,118 @ Q) 1 L6iems; .62 Fdaghoya,lﬂleﬁype (299
V) %igé%a%dﬂ o dur e anal ogous to that described uhder v of
c

Exarrpl el >-bEeh Phe fid LRS- bradd- DUD- step (2.99 g) was
converted to (7a, 1413, 1513, 161,.17a) - 3- et hoxy- - -

7, 16-di_nme I-14 15- met hyl eneestra-1, 3,5(10)-tri ene-|7-met hanol (0.30 g).
VI) - Fol | pr ocedure anal ogous to that described under vi of Exanple

1. the prog phyeL 17 /erted to
(7a I4p 15[ 3, 16( ,17a)-3 y
, 16- di ne®B§| - 14, 15- net hyl eneestra- 2, 5(10) - di ene- 17- net hanol (-0.31 g). 30

VI i) - Follow ng agprocedure anal ogous to that described: under vii of
Exarrpl e 1, the diet~g pbtained in the previous step (0.31 g) was
converted to_4 ’ 2 4 Al Ay 2604 WO 01/40255 PCT/ EPOQ 12009 24 h r et -7
-d' a 1-14 ph str-4-en- :(0.053 g). 'H NWVR (CDC13) 5 5.80 (m 1H),
364(m3 9(5 3H) 101(d 3HJ'67Hz)062(d 3H,-J =7.1
Sm%fgs Ed Hz) , 25 (dd, J 5.1 and 3.5
PleSsgimy, ’fm’“df (Wﬁhgb&'i’ﬁ ‘fdd"d EPra 5@!’%“’“ of tIHF-”JSml?I[B—?nEchPxWéne r-4-e
- oneo Glrethi/ 14; 15 Redt ol 951198 trfeRe 282 Q&!ﬂlﬁ t logthon of -
(7a, 14p, 15p, 170) - 3- rrlgﬁg# o F e hirdREREGAE | Qerfit?Slob )
met hyl - 14 P ‘h9f drey) %ug@g{ier g41 rd) sdrwdter: (25.8mel)- | The Zeartion minvee MExanpl e 1,
step iii;stipre@8 100 °C Hvehi I ter
(25.3 mM). The reacti onémm%d? E?‘e&&gg‘d@%wlﬁ%%%ml% g%&&%@é?%gﬂﬁggﬁé\ﬂt hen
pour ed i rRAUS! WRfFEERFIEddnse ettylonetat; thmeporbingdothtio phades. weThwashed 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]_’{_-
(hydroxymethy[)- Z~m§1h}:!-]4,l5-mg1hytcnee§1r-—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



product was extracted into ethyl acetate; the conbi ned organi c phases were
washed with brine, dried over sodiumsulfate, and concentrated under
reduced pressure. Col unm chromat ography 15 gave A

(7a, 143, 15p, 1733) - 17- (hydr oxynet hyl ) - 3- net hoxy- 7- net hyl - fﬁ f@wn%Phylenesest
ra- 1,3,5(10)-trien-17-o0l (1.02 g). ii) - Following a procedure anal ogous
to that de¥@PF#2¥ under vi of Exanpl e |, the product OZERGVEROP t he

previ ous step (1.02 g) was converted to (7a, 14p, 151 ,17(3)-17-

(hydr oxynet hyl ) - 3- net hoxy- 7- net hyl - 14, 15- nethyleneestra 2,5(10)-dien-17- oI
(1.05 9). 20 |||) - Follomnng a procetiure anal ogous to that described under

vii of din the preV|ous step (1..05 Q) vas
fluorg—~-met p-methylepcestr-d-eps3

convert ed g X -6 e r-4-e -
- e (0. 1méea)ammmmﬂma hyB.763et HefpfinhirAB System
1H, J = 10.6 and 4.7-Hz), 3.46 (dd, part B of AB system 0.6 and
5.1 Hz), SB=3PPe(®: 3H), 1.10 (dd, 1H, J ='4.7 and 3.9 Hz), 0.61 (d, 3H, J
25 = 7.1 Hz), 0.54Hdd, IIl, J =8.3 and 4.7 Hz). Exanple 9 2 4 MAY 2004 WO

2009 MC -4 =(a) and - 7-flu -1 - e

01140255 25 Q LT~k | 4 PC TLERD

h -7- et -tk ee tr - Q!Emo F5i) - Asolution of
(7a,14(3,1 ‘35 nmet hoxy- Bt TV~ 14, 15- net hyl enespiroestra-
1,3,5(10b— ? ]oxira‘ g”l, step iii; 1.75 g) in dry diethyl
et her (4 | ed Lo trea ed with boron trifluoride diethyl
et her at e mP on T?l 4&63@ %EUF'% W m%’FY' Ifdometitylepssppeftraand t hen

guenc hedl,WS(llﬂ) -trieRe[t Y2 admdnaa(nuﬁm& S@bll; 101 gPin EPEeMPM ether (43.7), codled 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,def 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)-?—methyl-14,1S—nﬁﬁhylcncestr—4—exi-3—one (0.32 g, ratio 1. :3). |
iv) - A solution of the mixture obtained in the pre\»;ious step -(0.327 g) in a mixture of dfy
_pyrdine (1.50 ml)'_ and dry tetrahydrofuran (5. ml), containing 4-(dirﬁethylamine)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 extracfed into ethyl acetate;
the combined orgamc phases were washed with water, aqueous sulfuric acid (2 M) and brine,

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



hydrogencar bonate. The product was extracted into ethyl acetate; the

conbi ned organi ¢ phases 10 were washed with a saturated aqueous sol ution of
sodi um hydr ogencarbonate and brine, dried over sodium U fyal expprnd
concentrated under reduced pressure. Colum chromat ography af f orded
(7a,14(3, 15 17-f 1 uor o- 3- met hoxy- 7- rrethyl 14, 15- met hyl eneestra-1, 3, 5(
10)- tri eneQV&&%) ﬁanol (0.36 g). ii) Following a proced’t’ﬁ’é”al’(&“??gous to

t hat described under vi of Exanple 1, the product 15 obtained in the
previous step (0.36 g) was converted tz a-m xture of '
(7a,14(i,15(3,17(3)-17-
quoro3rﬁohhdemg§Mﬁ)Mﬂa§c BAEERt ) 2.6 ;
and (7(x 1 (3 63

R 17a) - 3]7( 08 Wzﬁ%‘:hééﬂl@n%bf‘#&f@ B*'(r‘lé)Of dBeBDréef!tJU'héﬁhanol

(0. 36 g, mtslaadlzsm),mmkdd;pa?m bp@m Btefh, mwﬁua@awm%(& Qnh, et

descri bed.  under vii :\gé (?d’ the m xture of - 20. products obt ained in

t he previ 6653%%58(@%62@;51, M#@rted to (7(x, 14P 15R 1 7(3) - 17 fluoro-

| 7-(h o)1 imed u e with a
(7a( 12’? ?éfg)n?t?sgmt J m&wﬁh obthirtPudliel XD BRASH hedlardP13aPREs AAfLd with

(hydr oxym§?IF]9€rﬂ)of}!f:dﬂrtl!t1 hytirmmdp (©80%ekiny xSt metham! (0. Bmbreed (Bte8®.03, mb.at i 0 1
3 A oy .
a) m Ixt/ur e ng H‘J’Ir’@"gg?f?.& M%r‘g,ﬁrﬁ?%@gﬂﬁﬂyfo? é”%’?fg %? %F'%?d;r’f?" EQ% ot 9) In

cont ai ni nQ’hﬂP(OdﬁQﬂE@hyﬁtantpmm)qogxhxldmme the @B1b{r@d OfEBnig phasesswire waﬂtediwﬂat h
acetic an ( 0 T ture stlrred at roorrterrperaturefor
1.5 h andg%{ﬂ%n&%geg‘c% sd)m&t Hsull}gee a\)\‘/gt %or"°e¥ I? e b ad‘dlptﬂ 5'1 oth g§V€aturated
aqueou§ s@laut4 net e : axie r act ed

into eth e ' e | | ase ] wash t Jater,
aqueous gkﬂ&@r t)'c a @cﬁﬁg?ngg (g?“ hgaﬂ‘ld@&g \%‘\r"}e@g gg‘r ¥V|at 4 and
8"?282%%""5%“%"““3 ool W < Ao T?“‘ﬁ% 219 8y 2004 VO
1 a e a. L X ace to a -

o s BaB AR I SR ot a3bBbela) 5 5. 61 (hs. | 1|
4.22 (dd part A of . AB system 1H, J = 22.8 and 12.2 HZ), 4.12 (dd, part B

of AB system | H J = 22-4 and 12.2 Hz), 2.10 (s, 3H), 1.17 (d, 3H J =
2.8 HAY, @’“HQP'E&“ 3H J =7.1H). v) - Asolution of the product ‘obt ai ned
c'@ d.1Y

under iv g 2 , : . - S
sodi um herX| de (- Ina mxture of rrethanol (-0. 3 nt) and ‘wat er

(0. 03 ni) 2elhe reaction mxture was stirred at roomtenperature for 30 mn-
and poured into icegwater. The product was extracted into ethyl acet at e;

ap &-phases were washed Wi th '

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, t-atio_ I. : 3} {Example 9, .s_tep' ii)- was ‘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}rruethyl)-7-methyl-14,15-‘methyleneestr-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 mtxture of ‘
products obtained under i (0.060 g) was acetylated and sc,para_ted by column chromatography, . |
to_.'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



brine, dried over sodium. sulfate and concentrated under reduced pressure,
to give 10 4. - 17- ro- - dr 1 -7- et |- - e leneestr-4- - - e (0.030 g).
"H NMR (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, part B of AB systentleWfiME 22.8, 12.2
and 6.7 Hz 1.15 (d, 3H, J = 2.8 Hz), 0.62 (d, 3H, J = 7.1 Hz); 19F NWR
CDOl,) 8 WPH@H$E5 (). 15 Exanpl e 10 14 cetvl oxvhn PCT/EP00/12009

ethvll-17-fluoro-7-nmethyl- | 4.15-neth eneestr -en 3-one QAc i) - Foll ow ng
a procedure anal ogous to that descrlg;d under Exanple 2, the m xture of - 20
(7x,141,151,17(3)-17-f1 uoro-3- nethoxy 7 nethyl 14, 15- nethyleneestra 2, 5(10)
- di ene- I 7 nethanol and (

7X) - 3- ne’tzlf?o%) %@F ﬁ’é’f“hﬁ ne’ézs‘ltarngl%zg@ts)ng? efie) 1’99(%Fﬁanol

(0.076 o, 11§t3ppjl—23ﬁ})égg<mrmq£ﬂgﬁ)ep ii) was converted to a nixture of
(7cc, 14(3,1

17-fluoro-17- (hydroxyrret hyI) 7-met hyl - 14, 15- et hyl eneestr-5 (10) en- 3-
one and gy,
(7a, 14(3,
n- 3- dne
to that descrd
under i . 08T ylrated
to give (p¥a 1 |P I51 17(3} 17 [(ace
| oxy)met hyl | -17- f uor _o-7-mnet hyl 14J35¢ rreLhyI eneestr -e - e (0. 008 g). 'HNWR
(CDCI,) 8 4.25 (ddy~Part A of AB systeM I1H, J = 23.6 and 2 4 MAY 2004 WO

' ER(04 %.12 (dd, part B of AB system IH, J
2209 (s, 3H, 1.12 (d, 3H, J.=2.8
€yl 4 -2 - -7- e - 14 - e Abylog- -4-
, “14.15 -nrthyj ene- 1°9-r -e - - e (b)
D - " A solution of (7a,l4B,15B,17a) -3- methoxy—? -methyl-14, 15 methyleneestra—l,B,S(]O)—

’iﬁ}“' 17cc) 17- (hydr oxyret hyl ) 7- et hyl 14, 15- et hyl eneest - 5(10) - e
4.4 1 2 x 4 > EEEH

Eeur e®hnal ogous

S NEHGIFe Obt @i ned

hr onst ogr aphy,

Vi =7, 1k
15 ?DE o™
10 triene-17-carboxaldehyde (Example 1, step iv; 2.50 g) in dry tetrahydrofuran (15.4 ml), cooled

to 0 ‘;C was treated with methylmagnesium chioride (-l 5 M solution in 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 'g) 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



i) - A solution of -
(7a, 140, 15R, 17a) - 3- net hoxy- 7- net hyl - 14, 15- met hyl eneestra-1, 3, 5(10) - 10
triene-17-carboxal dehyde (Exanple 1, step iv; 2.50 g) inpqrpay 2004
tetrahydrofuran (15.4 nml), cooled to 0 C, was treated with nmethyl magnesi um
chl ori de (%gomﬂgg ution in tetrahydrofuran, 62 m). After 15 mn.
stirring, the reaction nmixture was quenched by additi on F6A/ER00S2408, at ed
aqueous solution of ammoni um chloride. The product was extracted into .ethyl
acetate; the conbined organi c phasesswere washed with brine, dried over
sodi um sul fate and concentrated 15 under reduced pressure. Colum '
Chl’OI’Tﬁt Fm@@yuﬁ Eﬂ‘fvld@éa to (3o 146,358 BloD08Y 20- By F- 1 > y q
7-met hyl - 14, 15-ret_ hyl ene- 19- nor pregna- 1 -trien-20-o0l . 84 g an
(7a, 1413 9miegn-f-rn-30ne)(0. %tfﬁMng%bM/psﬁgm Q’DrréFM‘F'eH@* Ilé brfPegna- 1, 3,
5(10) - truqamarﬁ@-@sxw @@@3H|ya)1mb loi(g 18, PL 0Sedu s g 18Na) RYRYS tO t hat
descri bed .-under vi
(7a, 141, 1@1—‘17&%35}}15)-net hoxy 7-met hyl - 14, 15- net hyl ene- 19- nor pr egna- 1, 3, 5(
10) - t 5i ey 20 Faliowifly 48 plhceiBS ah 859658 tthtthOdcscnbcd under vii of Example 1,
(7a,r14(3, 1513, 174, 205~ 3- met hoxy- 7- met hyl - 14, 1 5- met hy| ene-
19- nor pr EgnAp2 55,(1 1@¥Ufﬁr%'net2®wo'fl@@hﬂ9 4gyp- mqthYlb?)le-l 9-porpreemt-héf(16)- Cb?fb%Qadur e

4 5 3 e( it f' me ¢ |

13 175, 20R - Aot ) £10)-trien

: 9
25 20- ol 19-forpRsmit-emdsine (hesdrg) et NBIR (CDC!,) a 5.80 (m, 1H), 3.77 (m, 1H), 1.22 (d,

(7(x, 140 1 yi gne

19- nor pr a%‘rfo ézgq(zfga%éf e’*ﬁ?fgﬁgg(%{ TE W‘L’z)r ﬁfl%édwﬁli—’gl I%g\nands ! Hp)t’ggadur e
anal egougid] IH,tUeR.] dScrE)ed under vii of Exanmple 1,  (7x, 141

151, 17a, 20S) - 3- met hoxy- 7- net hyl - 14, 15- met hyl ene-

| 9- nor pregna- 2, 5(10) - di en-20-01 2 4 NMAY 2004 WO 01/ 40255 28 'PCT/ EPOQ 12009
(0.59 9g) Emﬁplgqmverted to

(7a.143, 150i I7a 209) - 20- hydro _ 9- no

- pre; gn- Wogl4B3d Sh Q-Ipro . Jidd fhrhe~1e 8061 oA 52 LR 73(m|H),
1.20 (s, 3H, " 1.42,(d, 3H J = 6.3 HZ) 0.62 (d 3H, J =7.1 Hz), 0.44 :
(dd, 1H, J-79ahé’51Hz) 026(dd I H, J—51an_d31Hz). .5 1iib)

- Fol | owi ng a’ gdtr e anal'ogous to that described under vii of Exarrpl e 1,

(7a,14j 3,1
17a, 20R) - 7 nmet hyl - 14, 15-met hyl ene- 19- norpregna 2,5(10)-di -en-20-
ol (0.1109) ‘@onverted to (7a.1°0.17a.20R)-20 hydroxy-7-nethyl-14, 15-

gt 7;??6 i) LFoﬂowUﬂE Qrpﬁ'&:@dlﬂ'e Qﬁh‘l%o@sm% théd. lﬁ&@ib@) tinéierz‘fsl Nk/gxl_a&nﬁﬂml 3 m&t&egﬂ ( Sﬂ :ll;l) )
Hz), O. 460.(1&&,}5[1[—?0(,@53_—3@@05}1& mpthyyl- ﬂ.&}g m@thzlgne-W—norpregna-l 3 5(?0) (tnen- '
20-ol and (7a,14B,158,170,20R)-3-methoxy-7-methyl-14, 15-me_thylcnc-19-norprcgna—
' 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‘procedurc 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



10 - (dd, 1 H J =5.1 and 3.5 Hz). Exanple 12.
(7a.1405j},17a)-20=Htidroxy-7 20-20-14. 15- et hyl ene-1| 9- nor pr egn- 4- en- 3- one.
HO 15 i) - Followi ng a procedure anal ogous to that described under 1i of

Exanple 1, a mixture of = (7a, 14P, 15 f 2 & MAY 2004
3, 17a, 20S) - 3- net hoxy- 7- met hyl - 14, 15- net hyl ene- 19- nor pregna-1, 3, 5(10) -tri en-
20- ol and WPA1M0255 PCT/EP00/12009

| 4f 3, 15P, 17a, 20R) - 3- net hoxy- 7- net hyl - 14, 15- net hyl ene- | 9- nor pr egna-
1,3,5(10)-trien-20-ol . (Exanple 11,29tep|; 0. 45 g, ratio 1 : 1) was
converted to (7a,14) ,15R

| 7a) - 3nethox-7-meth|-14 15- rrethlene or R ( rien 20.one
20 ('0. SHURANYISY IR RSl Rt i "~'-‘-" E)ogﬁﬁgﬂﬁo@%s Glgé%r(ﬁnbed under-
i of Exaﬁpl1es23(é,3nt) hezlqaq@ycltzo@mlm@ﬁ(d m el pEReidous, SHEP={9alb g) was
converted to a) - 3- met hoxy-7, 20-

di met hyﬁlﬂl)wr{é@ H@ﬂ-éné lfgdﬁéﬁz??egna 1,3,5(10)-tri en- 20- 01(0.26 g). |||)
- Followi ng a procedure anal ogous to that described under vi of Exanpl e 1,
the product 25 obtained in the previ ous step (0 14 g) was converted to

(7a, $4{ @xal@plﬂi?a) 3- et hoxy 7, 20-

.14 g). iv) -
of Exanmpl e 1,
qesbHi Nt he previ ous step (0.14 g) -was converted to (7a
dOXY-7.20 2-4 NMAY 2004 WO 01/ 40255 PCT/ EP00112009 29,
yl ene 19 nQ pregn-4-en-3-one (0.050 g). "HNWR (CDCl,) 3
1\ 32 &ﬁ 1.21 (s, 3H), 1.20 (s, 3H), 0.64 (d, 3H J =
7.1 Hz) A d, 2 J-79and 5.1 Hz), 0.25 (dd, 1 H -f =5.1 and 3.5
Hz) . Exarrple 13 '

. (- 7a. 17be 158 [c7mpomd) Vay- T{"FPE’HSFId rf@gydﬂﬁ,ﬂﬁ[p }53717%‘13ﬁv-|th°ﬁi Tpethyl-14,15- '

E %' iz(e&e@ﬁmgnff‘%sé O 1 7$%o%chlﬁét@d& Qmplrgi 1\@p iV ERERE rockden
met Y| edewstedan ExaBm 110JH N%/ﬂ?e&ﬁ?élqlﬂ ﬁéaﬁﬁtitstx bﬁﬂdéﬁ%@» IEBhAsSH), 0% & i v)

d b MR (CDCl,) 3 5.80 1
USI, "3 péﬁcf %ﬁ—’ﬂ %%ff@%quk ggﬁw ﬁgggp?ﬁ),a§4WHw_ 7(9 Hz§ 0. 62 (((jm 3H, J
=71Hz) 0.43 (m 1H), 024(m 1H) Exarrple14

Exampie 14

t he product obt'
14[i. 51,17a)2Q-
di met hvl - 14P£L
5.80 (m M

(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 (= -

methyl-14.15-methyleneestr-4-en-3-one (0.22 g). 'H NMR (CDCI;)BSSO (t, 1H, 1-28HZ)
4.05 (dd, part A of AB system,; 1H, J—ll 0and63Hz) 3.95 (dad, paﬂB of AB system, 1H, J

=11.0and 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, 1H, J=5.1 and 3.5 Hz).



1 -17-i zet -7- eth - 41i -net lenee r-4-e -3 n . 15 A solution of

(7a, 143, 15(i, 17a)-17- (hydroxynet hyl ) - 7- met hyl - 14, 15- met hyl eneestr - 4- en- 3-
one (Exanple -1, 0.20 g) in a mxture of dry pyridine (% 79A‘F”2h and dry
tetrahydrofuran (8.8 nl) was treated with acetic anhydrld %6 m.). The
m xture waswakil{?gsed at room tenperature overnight and then quenched W th
wat er. After Stirring the product was extracted int SCEERI2ZBDY acet at e.
The conbi ned. organi ¢ phases were washed with brine, dried over sodium
sulfate, and e o e - - concentrated ygder reduced pressure to give 14 7 - -
a 4 15-methyl t -one (0.22 g). "H NMR (CDC13) 8 5.80 (t, 1H, J = 2.8 Hz),
4.05 (ddexha Elg of AB system 1H,.1 =11.0"and 6 3 Hz), 3.95 (dd, part B of
AB system 1H, = 11.0 and 7.1 -Hz), 2.03 (s, 3H), 1.08 (s, 3H),.0.62 (d,
3H, J = ‘v"o@wmg)a poocaBirg deplogbdsd, toJthat s@ibe® ndenck 6f Exdriple lOa:ﬁ?usﬁrfédthelH J =

51 d 255 PCT/ EPOOY 30 Ex | 15
Fol | g\r/]m ng"“g""g@éc?é l’jrem %%g%lﬁs“%*’“ fvﬁlo g 'B%tﬁlﬁ!rr*éee&%{?wﬁﬁ i Fe 1, and

usi ng thwere@modmds of Exanpl e 1, 2, and 8, respectively, as starting
mat er t he OW g > : . _
-U - dr(}xy- TEThYT =18, I5=Tnet dyerree nelpdencostigseneal Zomethangly vy | "H

NVR (CDCl ;) 3533(bs, \;m) 421(m IH) 3,67 (m 1H) 3.48 (m IH), 1.05

(s, 3H), .0.58 (d J =7.1 Hz), 0.45 (dd, | H J =79 and 5.1 Hz),

0.22 (dd, I H, & and 3.1 Hz). 10 bi) - 7 40.1 7 - - x - -me h 1- -

eth lent - 0 - rreth_lO—lHO'HNNR(CDC13)8409(mIH),369

(m 1H), 3.5060 1.03 (s, 3H), 0.63 (d, 3H, = 0. 46 (dd,
(

a3 iss, 1 o mare e adte Ml i ‘?{)-r é%)l% by (2o

and 3.1 Hz).
10 bY)-
'H NMR (CDC_l,) 8 4.09 (m, 1H), 3.69 (m, 1H), 3.50 (m, 1H), 1.03 (s, 3H), 0.63 (d, 3H,
J=7.1 Hz), 0.46 (dd, 1H, ] =8.3 and 5.1 Hz), 0.24 (dd, 1H, J = 5.1 and 3.5 Hz).
15 b2)-
'H NMR (CDCl;)  3.82 (m, 1H), 3.69 (m, 1H), 3.50 (m, 1H), 1.03 (s, 3H), 0.63 (@, 38,
a 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).
20 - )




met hanol . -SOH 20 -¢c] "H NMR (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). 4 733.)-3.1 -7-2 & wayldoi t
-4-ene-17- nmethanol. . 2 4 NMAY 2004 WD 01140255 PCT/ EPGON2009 31 OH
HO~~/\~ "H NVR (CDC13) 5 5.53 (m 11-1), 4.21 (m 1H), 3.61 (dd, part A of
AB system WOBMBSS 10 6 and 4.7 Hz), 3.45 (dd, part B BET/RES043p8% em 1H, J
= 10.6 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- methanol. HOB'" '"H NMR (cDCl 3! 8 5.51 (m 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 ).fowand 5.9 Hz), 1.09 (s, 3H), 1.03 (dd, 1H, J =

3H™J = 7.1 Hz), 0.54 (dd, 1H, J = 8.6 and 4.7

Hz) . Exanple 16 ¥ - 7- eth x eth -7- thl- 45- e e -4-e = - onee

(reference co .,, OH OM Oyvv-., i) - A solution of B o

(7a,14(3,15(3, 17(3)-3-net hoxy- 7- net hyl - 14, 15- met hyl enespi roestra- 1, 3, 5(10) -
T 'HNMR (CDCL,) 5 5.53 {m, 1H), 4.21 (m, 1H), 3.61 (dd, part A of AB system, 1H, J =

10.6 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

4.7 and 3.9 Hz),

E

HO\" . ) - . .
'H NMR (CDCl,) 6 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

o . .
i) - A solution of (7, 14B,15p,17p)-3-methoxy-7-methyl-14,1 5~methylen§5piroestra_—l,3,5(10)—
triene{17,2"Joxirane (Example 1, step iii; 2.0 g) in dry methanol (106 ml) was treated with

20  sodium methoxide (6.9i 2) and refluxed overnight. The reaction mixture wﬁs poured into ice-
water and ncutrali;.éd. The produét was extracted into diethyl ether; the émﬁbincd organic
phases were washed with a saturated aqueoﬁs sotution of sodium hydrogencarbonate and brine,

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



triene(17,2'Joxirane (Example 1, step iii; 2.0 g) in dry nethanol (106 m)
was treated with 20 sodi um net hoxi de (6.91 g) and refl uxed overnight. The
reaction m xture was poured into ice- water and neutralized. The product
was extracted into diethyl ether, the conbined organic @Ha#a¥ 2@ e washed
with a satugg h gnz?squeous sol utron of sodi um hydrogencar bonate and bri ne,
dried over sodium'sul fate, and concentrated under reduce¥Ifireeepde. Col umm
chromat ography 2 4 MAY 2004 WO 01/ 40255 PCT/ EPOQO 12009 32 gave (7a,14 f ,15
6, 17(3) - 3- met hoxy- 17- ( net hoxynet hyl g27 met hyl - 14, 15- net hyl eneestr a- -
1,3,5(10)-trien-17-0l (0.50 g). ii) Foll owi ng a procedure anal ogous to

th t d bed th t th
Lhal Seshid Ded GadgsL WEEEeoﬁ?s*@gftiig%%m°xr%ﬁrﬁ?§%%‘f?%€ Byinstey- 1 7. 5
(et hoxy%ﬁ(li?)l-mew-l?fet(ﬁ)‘iogl4 | 5- et hyl eneestra-2, 5(10) -di en-17-0l (0.69 g).

- kgl d d bed d f
Ecampl e . (ohaoibed RRASE dhalo iR ek Rec el i & S ot bohegrotsy
ICon;/er t @(Btairﬁd 7n XMe previbus stex (0.501 gy F]vasl converte-{d to4(7a 140,158, 17[38 0-nj1_eghox -17- H NVR
nmet hox en [ en- 3-one o
(CDC{}B) X MB‘WY%HFT%'Y‘]‘%L? “"%?Ff‘gAaBHIA‘Bl%?ls(Péﬂﬁ) 1H J V8.3 Hz),
3.33 (s m)3-|-§011051rﬂr@ a(ﬂ'oceﬂ&‘étanﬂoglvf.ls eﬂhazche&ﬁswrﬂdeﬂ vilbf éxamp% ﬁﬂtézamduh 11 (dd,

1 H, 35 1.09 (s, 3H), O. d, 3H, .0.50 (dd,
1H, J = 08““3“3%% 3PfFr25’ %Pa(ﬁﬁs’eg)l"?asl QPH?LCFM??J ; ound 4).
H 7- lig 8R4 eh)3-one (914 anal ogous
to that descri bed under vi of Exa OneE % 151 3) ?ﬁtﬁ%%ﬁ)

net hoxy % Kbk BR (¢.pat s M?Yfé?i'eég{)ﬁa-gﬁ 525@136)(8,t3ﬁi) énl-ﬁl (. pateB CEABMI e 1,

Ste Ro! 1 4 W8S oY efdec ot ,
70c, 14?’5&"% ml?a o gHrrJgfﬁ;ra"d”l%z“ogh 1ERe28Y (% 57 1dy - di en-1 7-

or 20 (Wboé?(dd,il l $dradf Hg)- a procedure anal ogous to that described
under vii of Exanple 1, the product obtained in the previous step (8.0 Q)

was converted to (7a, 140, 15f3,17a)-17- hydroxy 7- rret hyl -
Examplel'i'

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~hydrdxy—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 m) was added to a m xture
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 roon1t§gperature, the reaction mxture 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
an? congqeates ateeﬂwwri:nd«?amiﬂ]adu&ad scﬁmleﬁ &ydﬁxid@bwmaﬂhﬁrﬁﬁgﬁﬁ&r @«th?cﬂﬁﬁ e (7a,

14[ 3, 15j3)- 7:-net - 14, 15- net eneestr-4-ene-3,17-dione cyclic :
32" 2 ohithR st GRoied GECTANF baSgs: Gflumn shymuopRIRoYe CGASHRdED- i n t 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%‘ﬁ%‘ v pspd ithgpext stepprithoubfifther priificeony 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 ipetths | Freviopsnidr (27683 8) 1®asyi cpnvered t toe T i4Bal 5BH 7BbHi@nt r at ed

hydr ochl il o8l finkDr FR el 1,1 AbbEliedesthoblilald fithePl FROE PIBEHAL UT €, € e

reaction m xture wasS -poured into a saturated aqueo of sodium
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 é@gﬂ? e.’&@?juﬂl??' (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, 3 ,O.GOEgESH,J:6.7 ,&. 4(dd, . : 2 4 MAY
2004 W\OPEFEFUDSS 3‘1"%%’@[9@)“ FERISL =
15 I- -14,15-met estr-4-en-3-one (0.035 g). '"H NMR (CDCL,) & 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).




Exanpl e 18 Biol ogLegi- 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
foll ow ng schenme: (-)no androgenic activity found;(+)anﬁﬁo@ﬁhﬂ@*activity
found; (++)high androgenic activity;excellent androgenic activity; (n.d.)no
dat a avai | afPOUHRH) prodrug 10 . 1. Conpounds of the i nvemcir@Booazem

Ex. R, RRRBRARSR6R7R8RgR, oR11Uns. Res. 1OXCOHVeHVEHHHHHA4+++

20x oHVeHVeHHHHHHg oo+  30x 0HVe HVie HHHHHE f-"++ 40x oMeMc HVe 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. _
HNbHNbHHW%O@-EHH%a'+ l4oxoHwe' . HMe. HHHHHACA. ++ 15a3 HVHVHHHHHHA' OH
P-ee++1 1 : HVEeHHHHHHAX 19npr o 15b23a- OHHVe HVE HHHHHHA" ' 01Pr o

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

3  androgenic activity (the procedures for which have been described above) and rated according

to the following scheme:

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

© (+*) highandrogenic activity; = . (+++) excellent androgenic activity;
(n.d.) no data available © L (bro) prodrug 7

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  H A 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 oxo0 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 éx0o .H Me H Me H .H H 208Et H H A 4
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+




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

| 7p) - 17- (chI or onet hyI) 17- hydr oxy- 14, 15- met hyI eneestr-4-en- 3-one
(ref er ence@8HHBInd 2, WD 99167276, J 1364) PCT/EFP00/12009

(7x, 1413, 15(3,17(3)-17- hydroxy-17- ( met hoxynnet hyl ) - 7- net hyl - 14, 15- net hyl enc
estr-4-en-3-one 10 (reference conpouynd 3, Exanple 16) (7x, 1413, 1513, 1713)-

| 7-(chloronethyl)-17--hydroxy-7-nmet hyl - 14, 15- met hyl eneestr - 4- en- 3- one
(refere onpound 4. Exanple 17) 15 20 25 30 WO 01/40255 36 Clains: 1. A
compoun ' structural formula 2 4 MAY 2004 PCT/ EPOO/ 12009 5 -
wherein R, is 0, (HH, (HOR, NOR wth-R being hydrogen, (C, .) alkyl,
(C ,) acyl; Rx is hydrogen, or (C .,) alkyl; R3S nydrogen; or R 'is

(C ,) al oundco ) al kenyl, or (C2,) al-kynyl, each optiofabulty substituted
by hal ogen; 10 R4 is hydrogen, (C,,) alkyl, or (C, .6) alkenyl; R is

(C . ) al kyT; _
(14B,158, 17B) l7—hydroxy-17-(mcdloxymeﬂ1yl) 14,15- mcthyleneestr-4-en 3-one -

" (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-om; -

(reference compound 4, Example 17)
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R, is hydrogen, halogen, or (C,.) alkyl; R is hydrogen, or (C .6) alkyl;
R$ i s hydrogen, hydroxy, (C, _6) al koxy, halogen, or (C,.6) alkyl; 15 R9 and
R,, are independently hydrogen; or RO and. Riff are independently (C, _6)

al kyl, (C2.6) alkenyl, (C,_6) cycloalkyl, (C,) cycloal kenyl, or (C, _6)

al kynyl , each OJoti onal |y substituted by (G .4) alkoxy, &r* MW o¥n: R is
hydr ogen, SW®H1/4¢285 5) acyl; and the dotted |ines indi ceteEmpidomnal bonds,
selected froma A4, A5 0 or A" double bond, or a 20 A4.9 or A4." diene
system . 2. A conpound according to §I aim1, characterized in that the .
substituent R, is O 3. A conpound ac r di ng to claiml or 2, characterized
inthat the dotted lines indicate a A4 25 double bond. 2 4 MAY 2004 WO
01/ 40255 ‘PETFEPOY 12009 37 4, A conpound according to any one of the
preceding clainms, characterized in that R4 is 7a- nethyl. 5 5. The conpound
(7a,143,15(3,17a)-17- (hydroxynet h?/l )-7-met yl-14, 15- net hyl eneestr - 4-

en- 3- one. - 6% CANRYRH SRS MEtRTUrAG! foBnWay one of the preceding claims for
use in therapy. 7. The use of a conpoun 8’00;@15(11 ng to any one of clains 1-6
for the manufacture of a nmedicine haviny ylgr;ggeni c activity. 10 8. A kit
providing for hornonal. contraception in argale, conprising a sterilitant
and an- androgen, .characterised in Bha he@ntirogen is a conpound
according to any one of. clains 1-6.H ¥¥-ran ef fective anount of a
conpound. accordi ng to any one of <! ¥{6in the manufacture- -
of i nedi caivent for the treatnent /& pgen. i nsufficiency in a human in 15
need thereof. 10. Use of clai mA, Ctreyf2ed in that the human is a

mal e, and the androgen insufficieggy is the result of the adninistration
of a sterilitant to said nmale in the course of a nethod of nale

cont r &cept ivhsrein : ' : : o

R, is O, (1, H}, (H,OR), NOR, with R being hydrogen, (C, ;) alkyl, (C,.,) acyl;
R, is hydrogen, or (C,.,) alkyl; o
R, is hydi‘ogcn; or Ry is (C,,) alkyl, (C.,) alkerq,d,'or_(C2 o) allymyl, each optionally

_ * 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,) cycloalkyl, (C;) cycloalkenyl, or _(CJ_G) alkynyl, each Opti'o'nally substituted
by (C;.) aikdxy, or halogen; ' '
Ry, is hydrogen, SO.H, (C, ) acyl; and |
. the dotted lines indicate optiéna} bonds, selected from a A*, A%, or A" double bond, or a

20 " A*or A*' diene system.
2. A conipound 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 do'ubh_: bond.
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. A compound according to any one of the preceding claims, characterized i that R, is 7o~

methyl.

. The compound (7ct,14B,153,17c))-17-(hydroxymethyl)-7-methyl-14,15-methyleneestr-4-

en-3-one.

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

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

medicine having androgenic activity.

. A kit providing for hormonal contraception in 2 male, comprising a sterilitant and an

androgen, characterised in that the androgen is a compound according to any one of claims
1-6.

. 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
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.





