Al STERO D COVPOUNDS HAVI NG CONTRACEPTI VE AND ANTI -

OSTEOPOROSI S ACTIVITY  The present invention rel Q 0,a ass of
steroid conpounds, and in particular to a steroid %Q?ﬁ% _

formula (1) R17 [err] wher IS
=0 -OH, =NOR, -OR or -OOCR, in which Ris an al ky] Rféup rgw %1%
carbon atons; Rerr] is H =CHerr] or -(CHerr])[err]Hwith mi r
wherein the steroid conpound optionally may have one or nore double bonds
chosen fromthe group of [err]9(10); [err]5(10); [err]4(5); [err]11(12)
[err] 14(15); or any of the rings A or B may be aromatic; The presence or
absence of hydrogen atons that have not been depicted, depends on mhether a

t di at e
Qi dont o SEERGHRLCOMAGENBS HAVING CONTRACEFTEANTANTI o o 1)
al kenyl or Clerr]-alkynyl . @STEOPOROSISKACTIMITYNY! \of al kynyl group

The present invention relates to a new class of steroid compounds, and in particular to a
steroid compound having the formula ()

Formula (T)
wherein:

=R, is =0, -OH;, =NOR; -OR or ~OOCR, in which R is an alkyl group having 1 to 6 cacbon
atoms; )

Re is H: =CH; or -(CH,)-H with m s 1 or 2 Wherein the steroid compound optionally may
have one or more double bonds chosen from the group of A9(10); AS(10); A4(5); A11(12):
A14(15); or any of the rings A or B may be aromatic; The presence or absence of hydrogen
atoms that have not been depicted, depends on whether a given ring is saturated,
unsaturated, or aromatic, and is immediately evident to the normally skilled person.

Ry is H; Cyy-alkyl; Cy.s alkeny! or Cys-alkynyl, wherein the alkyl, alkenyl or alkynyl group
may be substituted with 1 to 3 halogen atoms independently selected from the group of
fluorine and chiorine atoms;

Ry is H; Cy.e-alkyl; Cy4-alkenyl; Ca-alkynyl or Ci4-alkylidene, wherein the alkyi, alkenyl;
alkynyl or alkylidene group may be substituted with 1 to 3 halogen atoms indepéndently

selected from the group of fluorine and chlorine atoms;
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«. my be substituted with 1 to 3 hal ogen atons i ndependently selected from
the group of fluorine and chlorine atoms; Rlerr] is H (err]-alkyl;
Cerr]-alkenyl; Cerr]-alkynyl or Cferr]-al kylidene, wherein the al kyl,
al kenyl ; al kynyl or al kylidene group may be substituted with 1 to 3 hal ogen
atons independently selected fromthe group of fluorine and chlorine atons;
2 E represents, including carbon atons 16 and 17 of ring D, a four to
seven-nmenbered ring said ring being [efr] with respect to the D-ring,
substituted with Rlerr] and optionally conprising one or two endocyclic
doubl e bopds; The a-position of ring E vis-a-vis ring Dis essential. as
the corr eEFeRBIA, w@dwg@rbnamw 1% %ﬂﬂﬁZJOEﬂﬂg}Dt néourco sqvewmhemdrdxg not

Foasons, ofthAEREAER UCHeGRLE nF lrinks bl 1 e a0 SRBSHAY ehPPBmave o

name whi céad diatwadaidoeyclic d GUbRIsehd; OThe @f-fdsltion R A E visld-0% ring P RSsédnbignt S
However, irrespective thereof, in all conpounds of the invention, t he

E-ring a2 the gpmesponding steqojds hrying p ying & lll-ithe(ﬁ-msn]maiom posgkssith¢ rqhire:hyl

4 | | k d t ed | oal k -OR;
T " OBl seFirl Sol s ot ot s rhasol i B el ecsomie forgaut ' bei ng
- NRR h t
atons. - A RE RO ectioR byte f sl Wbl il Kokl o 10 S PTPT ) 1o
5, wher ei substituends. Edwevat, lixrespectiva theyeof) in aﬁlchgnpoxmdm of the inventiom| the E-gugoup nay

be substituted with 1 to 3 substituents independently selected fromthe .
group corfSiasvholeisst CR -SR -OOCR, -NHR. -NRR. and -NHCOR, with R being

et ned A%y AOLE: CLuRYL e, PR 20l ARG e AT Reobiicd e

Any aI kquyclahlcplnyOR, ﬁ&yemmw cwlmemR usthel:anecbfdtﬁ’r‘pound

Ror ] 1 Soingrolth Bt  sipenteat Bl r””%ﬂwﬁra fogtonmims he
substi t UtREOE CHN-R] m@jﬂzjargqsw(ygos&ei n %ylrcm lsgﬁi@éhydrogen

atomor is involved 1n a double carbon-car nn to the

E-ring t Hallkylidenecorsiyalphlicylbgnoup may dessubstititeduwithl lqaeralbstaumm inflependerflyr i ng
St or of d CEIRER e e RGP SPUBEHE of HBh R ORTe MBI, “NREY tha Mo ®
with R being defined as above, fluorine atoms and chlorine atoms;
Rz is -OH; -OCH,0R; -OR or -QOCR wherein R is an alkyl with 1 to 6 carbon atoms;
Any alkyl, alkenyl, allcynyl and alkylidene groups in the steroid compound having the
formula (I) may be branched or unbranched. If Rs, Rg or Ry is connected to the steroid
skeleton through a single bond, the substituted carbon atom of the steroid skeleton either

comprises a hydrogen atom or is involved in a double carbon-carbon bond. Rg is connected
to the E-ring through a single bond, the substituted carbon atom of the E-ring also

comprises a hydrogen atom.

It was surprisingly found that the steroid compounds of the present invention have
excellent and interesting estrogenic and/or progestagenic properties. Due to these specific
characteristics, the steroid compounds of the present invention are very suitable for use in
the prevention or treatment of peri-menopausal or post-menopausal complaints, including
climacteric symptoms such as hot flushes and.mood disturbances, urogenital complaints
such as incontinence, skin (and vagina epithelivm) atrophy, and other symptoms associated

with estrogen-deficiency or estrogen withdrawal, such as osteoporosis, atherosclerosis, and

THIS SHEET HAS BEEN

This Sheet Has Been Replaced
r BEPL'ACED _




excellent and interesting estrogenic and/or progestagenic properties. Due
to these specific characteristics, the steroid conpounds of the present

i nvention are very suitable for use in the prevention or treatnent of

peri - menopausal or post-nmenopausal conplaints, including clinmacteric
synptons such as hot flushes and. nood di sturbances, urogenital conplaints
such as incontinence, skin (and vagi na epithelium atrophy, and ot her
synptons associ ated with estrogen-deficigency or estrogen withdrawal, such
as osteopor03|s at heroscl erosi s, and

3 Al zhei ey, esease. The ster0|d cogPound accordlng to the invention

are very s g% Fseqshie The HeroMt sampoyRdsiaceniding fa thsrinyeation A say suitableul t i ng
f rom St I 0@e e BFevehtRH Ok reatoipf bikTRbDsis hdish £or eltrduRfRORAGRY T L he

present invention can be used tor tracep purpo Toid
conpounds having a 16, 17-ring substltutlon have been descrl bed. Chem cal

Abstracts 3_9 215660@ %Kaﬁé ni t ski |(g§hv et .al describes_a steroid
conmpound ¢ r%q‘ groidzcampounds of the present igvegtion can bg used for goptrageptivect y |
group at p@aigdsey) 17 The conpounds-di sclosed in this publication:-however

differ fromthe steroid conpounds according to the present invention in
that the car bon atom at position 11 carries a hydrogen atom Chem cal

2030, monbe St Fomgpuntt s 4 16017 Bs mE5of Mibe BpRt 3%%&59@08&%5 fon
17, and a RKEAESS9: azxgmpta@ﬁmﬁtbﬂmmem )E&cﬁﬂé a7s§'§oxﬁ§8 g;g@@)xﬁmgtom "

di scl oses a steroid conpound having a 6-nenbered E-ring,
position 1% b@lﬁgmleﬂmd veri frmemberedoring anth an casetyb grop ati pmmnedw TheP

411733 ho m t conpou CCO d| 10 the present

i nvention i n %clé,sﬁ‘?%nrﬂgt%#\ﬁﬁ%loﬂo@“ﬁ% gﬁ' gﬁ't“r ¥ °{dsﬁ?f§P‘? ed)

aryl gr Oupwéﬂﬂﬁﬁgtd?&%m&ﬁ%vennon in that the carbon atom at position 11 carries a hydrogen
atom. '

Chemical Abstracts 123: 285604t (Wang, J. et al.) discloses steroid compounds having a
10-membered E-ring with two triple bonds, a hydroxyl group at position 17, and a
hydrogen atom at position 11.

EP 411.733 (Schering AG) discloses a steroid compound having a 6-membered E-ring, the
carbon atom at position 17 being involved in a CO-bond, The compounds disclosed in EP
411733 however differ from the steroid compounds according to the present invention in
that the carbon atom at position 11 carries a (substituted) aryl group. These compounds

are disclosed to be competitive antagonists for progesterone.

Thus, none of this prior art references disclose the steroid compounds according to the
present invention. The steroid compounds according to the present invention differ from
those disclosed in the state of the art by the substitution at position 11, 16, and 17. More in
particular, the steroid compounds according to the invention comprise a ring E, sharing
carbon atoms at position 16 and 17 with the five-membered ring D and being o with
respect to said D-ring. In addition, the carbon atom at position 17 is substituted with an
oxygen atom-comprising group through a CO bond. The carbon atom at position 11 does

not carry an aryl group.
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are disclosed to be conpetitive antagoni sts for progesterone. Thus, none
of this prior art references disclose the steroid conpounds according to
the present invention. The steroid conpounds according to the present
invention differ fromthose disclosed in the state of the art by the
substitution at position 11, 16, and 17. More in particular, the steroid
conmpounds according to the invention conprise a ring E, sharing carbon
atons at position 16 and 17 with the fi ve-nenbered ring D and being [err]
with respect to said Dring. In addition, the carbon atomat position 17 is
substituted with an oxygen atom conprising group through a CO bond. The
carbon atom at position 11 does not carry an aryl group.

Fur t her nor, none of the oV ubl.i€ations suggests the interesting
phar rraceutfﬁgg?r“ﬁ)fﬁpgﬁ’qei Bgat& a&‘?\‘g Ryhlicasiops é@ﬁﬁﬁ%&h‘ dptewsstingn gharmacgwticglr esent

| nvent i on.prifiGe ofthe steofd ﬁ"g’&ﬁmﬁﬂ‘} t@ggé)@g%;?gm;,&%i&gﬁ%a{cas&E tsﬁir & ention

forma novel class of steroid conpou ned b err o and
in vivo acemppends accoidiog itd thegpkdsgntfimenidatfaimna noveb dhaof sierid 6o HPENEs, a5

activitie i n.the .steroid conpounds according to the invention, the E-ring
sui tably i%lsﬁ%?r&fqyi}&‘ﬁ’é’ﬂﬁ’g‘? 'f’%.acﬁ“f‘tyis preferred that the E-ring is a

si x-nmenbered ring, in view of the conpounds' favourable

estrogen/ progest ogen profiles, which include both potent, selective

est;ogenz,spmlﬂcdinfmbmnmg"' celentive estagémaatigitied agfhg smmh eompounddaceyrdingg to a
preferred, eghadi nent ., the. A-rj js aromatic.and the remajning rings are
sat ur at ed™® %@ﬁ%nﬁq’tﬁ‘? qngrspﬁﬂgy ﬁﬁlaégé'ﬂ‘@ge%éﬁ‘gﬁf @rﬂ’fqui‘l that the E-Bpg hy | .
The nost fy &f Sx-hRfbeRINMA dn WaH UF > Eg&&ﬁ,@% bzed in
that Rerr] and err] are nO—I and -tg[xg;?r , R[efar Jﬁ‘gﬁﬁ are .ggbéhe
present | Rdies; ofvhighs dineludest batht (potenhh iveutdsogens,orgndsi patent amixpd i si ng
t he steroj cordi t . inventign m xed W t L.
phar mceu%%ﬁﬁggﬁ%a%%ﬁg% ﬁc&&@mgr}o 4 preferred enﬁ;odmmnE the A-ring is
aromatic and the remaining rings are saturated, wherein it is further preferred that R, is o~
propyl. The most preferred compound, coded Org 38515, is further characterized in that
R; and Ry7 are OH, and R, Ryy, and Rg are H. ;

The present invention also relates to a pharmaceutical composition comprising the steroid
compound according to the invention mixed with a pharmaceutically acceptable auxiliary,
such as described in the standard reference , Gennaro et al., Remmington’s Phurméceutical
Seiences, (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 the phannaceutiéally acceptable auxiliary may be compressed into solid
dosage units, such as pills, tablets, or be processed into capsules or suppositories. By
means of pharmaceutically suitable liquids the compounds can also be applied as an
injection preparation in the form of a solution, suspension, emulsion, or as a spray, e.g.
nasal spray. For making dosagc units, e.g. tablets, the use of conventional additives such as
fillers, colorants. polymeric binders and the like is contemplated. In general any
pharmaceutically acceptable additive which does not interfere with the function of the
active compounds can be used. The steroid compounds of the invention may also be
included in an implant, a vaginal ring, a patch, a gel, and any other preparation for

sustained rejease.

This Sheet Has Been Replaced TS SHEET HAS = .

MNHWRI | reruoe




such as described in the standard reference, CGennaro et al., Remm ngton's
Phar maceutical Sciences, (18th ed., Mack publishing Conpany, 1990, see
especially Part 8: Pharnaceutical Preparations and Their Mnufacture.). The
m xture of the steroid conpounds according to tthe invention and the
pharmaceutically acceptable auxiliary may be conpressed into solid dosage
units, such as pills, tablets, or be processed into capsules or
suppositories. By neans of pharnaceutiqglly suitable Iiquids the conpounds
can al so be applied as an injection preparation in the formof a solution,

suspensi on, | sjan, ar, as. spray, .e.g. nasal spray.. Fo ki ng dosage
anits. e g Suiialy Serlers ifh Rich g comlrosTion sad be AdmSterdLindiide, 360, Mrardh o
col orants. cpilioseRietiCativbd\Charthe Riellof MRtdréstBerbst us@h QRbRABUndN general any
pharmaceutically acceptabl e additive which does not interfere with the

function of the active conpounds can be used. The steroid conmpounds of the

I nvention Welo ed.| | il vagi ing. .a patch, a
e, i BRIl 8T B e o Qo g L
5 Suitabl ¢nvetidd SirStheinidaufabiued)of BemditEiReR| HaviRE A paid dnd/op Hosinhdatehl
i nclude | actose, starch, cellulose derivatives and the |ike, or mxtures

t her eof us&amplang seliemingcackivil ia particular aniani-opteeporosisastivity, dhus the inventiors t o

t he use of e i.d dj o, 1 ' | i EEPE .

manuf act ur &gf-péﬁ%%ctggnemn%E%g\%%ﬁgﬂspéfﬁ- Pt p’grﬂ o%%dﬁgﬁﬁiogésa <)

conpl ai nt s complaity @@l aftédpordsis, i.ena ptettiod cofl teeatofent inthe-fietd oD PIRTOGictmoand i vity.
Thus the invention al so pertains to the nedical indications of peri- and/or

post - nenop&erkement| thasapy)e Comprising, e Administeation &0 p RIPeAobEiRE aj weman, 9fcd hod of
t t t o fi - . | e . I Si th
i i ot r acTppoYd d Bestrified énerD6 R 5B o B B8RO, CO TR BT O

herei nbefore (in a suitable pharmaceutical dosage form. Further, the
invention relates to the use of the steroid conpound acgording . to the

| nvent i on Furthec emm%mt%weamm@ﬁmmnag%&m &b@gtwemn
activity. Fhdti R Y gg,d& ol ive WetiRA ThAY thi Rileftidd 5 Of
contracept ?ngr*,ﬁel .e. a ‘Er}e%t&‘ho 0 g‘gﬁﬁla ept&I 0 ucorrpﬁﬁfsji ntgJ the adm ni stration
to a subj epertaife itmghe melah indication cofatantracepticn, | i.cofa methodp ofiredntaaceporcr i bed

et o1 b O, g bt L VR S B335 & D fmate il of

compound as described hereinbefore (in a suitable pharmaceutical dosage form).

Finally the invention relates to the use of the steroid compound for the manufacture of a
medicament having selective estrogenic activity, such a medicament being generally

suitable in the area of HRT (hormoune replacement therapy). .

The synthesis of the 16a,, 1 7c-anellated steroids is accomplished generally by first attaching
a suitably functionalized C3 or C4 fragment to the Cis a-position of the steroid (for
formation of 5-membered or 6-membered rings respectively). To facilitate this process the
17—ke-to function is generally converted first into a dimethylhydrazone, which is cleaved off
again after assembly of the required side chain functionality's. Ring closure can be brought
about by organometallic techniques, such as the treatment of w-iodoalky! derivatives with
transition metals like samarium (in the case of 5-membered rings, excmplified in exaraple |
I), or by the formation of organolithium derivaﬁves by use of reagents like f~butyllithinm
(exemplified for the formation of 6-mewmbered rings in example II). Alternatively the

Il
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Finally the invention relates to the use of the steroid conpound for the
manuf acture of a nedi canent having sel ective estrogenic activity, such a
medi cament being generally suitable in the area of HRT (hornone repl acenent
t herapy). . The synthesis of the 16[err], 17[err]-anellated steroids is
acconplished generally by first attaching a suitably functionalized C3 or
C4 fragnent to the CJerr] [err]-position of the steroid (for fornmation of
5-nmenbered or 6-nenbered rings respectively).To facilitate this process the
17-keto function is generally convertel first into a di met hyl hydr azone,
which is cleaved off again after assenbly of the required side chain

f unct i onalfbtmdtion 68 niyechanbsred ciags ban baf bmg*gﬁt ablooi viabyeneratom @ff einitnk i 1y

techni ques, such as the treatment of [err -|odoalkyl derivatives with
transiti orf luggide pssistedicleavageaf FIHE FAN SrAURsiR Oy side thains s fownddin exampjs [
exenplified in exanple 1), or by the formation of organolithiumderivatives
by use of reagents like [err]-butyllithium (exenplified for the formation

of 6- nenbes-Adetylengss dan servariniRrly Well 24l slstrat iforcling ElBSire reactions in radical
REPLACEMENT. SHEET

| F2JU 199315310:1 mediated reactions, using elements like sodium or lithium as exgmplifiedegxampleof five
menber ed ryNgs can be brought about via generation of anions by fluoride
assi sted cl eavage of silicon groups in [err]-silyl side chains, as found in
exanmple I11. [err]-Acetyl enes can serve simlarly well as substr’ates for

ring closure re ns in radical, aniqQn nediated. r ctlons I ng. el enents
li ke sodi 59'-"& [“‘f?‘?ﬁ?ﬁtégp@k nsists @tt w‘fl R'iX'QEd‘i ler ent
approach GQish,

nmet at hesi s tecﬁﬁsaéﬁieiga%g?%ggcat yst sbgferl veg %rans?%aon met (ﬁ}s i ke

r ut heni ummolybdgingie or congsted. Tgthiscend 166, 17 dial&mjlalﬁ[moihs sekvé 8y substrates,

di al kenyl ated sterojds serve, as bstrat es. They are easily avail abl e by
al kyl at i o%bSY %’Fe?’éillﬁé"%ko s"‘"&#‘m@nl@' steroidab, ketongs, at né'r édlf@lyqvfﬁ! & an

o oxapl SHREtc Gl ARE Bk U PR NC Bty bled oD, 2C )

ri ngs has ahesamgle vfaach freadtiomthe formakion of both 5- and 6- membered rings has been

demonstrated in example V. '
Thus, in addition to the above compounds of the invention and the various uses of these
compounds, the invention also provides the above methods of making 16,17 anellated
steroids by generating a ring added to a steroid skeleton, which ring includes carbon atoms
16 and 17 of said skeleton. These methods, which have not been applied in the art of
steroid chemistry, allow making a broad range of 16,17 anellated steroids. E.g. in DE
19709870 (ot pre-published) a method is described which has serious restrictions in
respect of the specific compounds that can be synthesized, The method involves a {4+2)
cycloaddition reaction of butadiene or dimethylbutadiene with a strongly aqtivated double
bond at Cig.19, This means that at Cy» always a strong electron-withdrawing substituent,
such as -CN or -acyl, must be present, which seriously limits the number of optious.
Further, the method allows only 6-rings to be made, allows a limited number and variety of
compounds, and requires a symmetric butadiene structure, as the methods lacks
regioselectivity. The methods of the invention do not have these restrictions, and allow for
the stereoselective and regioselective synthesis of a wide variety of 5- and 6-ring 16,17
anellated steroids as described hereinbefore. These methods thus make for an inventive

cbntributiou to the field of stecoid chemistry.
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Thus, in addition to the above conpounds of the invention and the various
uses of these conpounds, the invention al so provides the above nethods of
maki ng 16,17 anell ated steroids by generating a ring added to a steroid

skel eton, which ring includes carbon atons 16 andThiyShest tn Bepdicet on.
These net hods, which have not been applied in the iiMl chem stry,
al l ow making a broad range of 16,17 anell ated ster . E 19709870

(not “pre-published) a nmethod is described which has serious restrictions in
respect of the specific conmpounds that can, be synt hesi zed. The net hod

I nvol ves a [4+2] cycl oaddition reaction of butadi ene or dinethyl butadi ene
wth a strongly activated double bond at CJerr]. This neans that at Cl7

al ways a strong el ectron-w thdrawi ng substituent, such as -CN or -acyl,

must be present, which serio L imts the nunber..of options. Further, the
et hodal | owa B RSP pyeigen e bethseRiec by s foLorng FiePrestSehea o it o y
of conpounds wikhBek ﬂeﬁé&diﬁlﬁ_ﬁeiﬁg FUTERMtb Ehetéﬁécﬁﬂ' eRibBdifefity Alsloged thdreihhe net hods

| acks regioselectivity. The nmethods of the invention do not have these
restrictions, and allow for the stereosel ective and regi osel ective

synt hesi s of ] | f 5- and 6-ring 16,17 anell ated steroids as
descri bed he@?%%@ﬁ met hods thus nmake for an inventive
contribution to the field of steroid chem stry.

7 The present invention will be illustrated by the followdg? Fi gures
(schenes) an§ckemearh sshematicrrepresentation 2113) 9f o progess forstheisyntbepis of tweesternidi fi ¢

enbodi nents (] ose rei - Fl S CHENES ; mati c
opresontat SOpRRE2 R 15} fecontis XM preno 1 deRF BRI Fmbf
cormpounds ( 18cientk Z: Irhedatio répre@niation (1&-21) 0F & Piocksd e the eyntiesis dF taee hefbid n
Exanple |. Schene 2: schematic representation (14-21) of a process for the

synt hesi s of C?WS(@S gpsﬁné@ﬁbm&@‘ PMW‘M”&E&BP@Q g

et csent at | S § iRt et BER vtk TPk wEBOETH b e
compounds (30 and 33) according to the present invention as described in Example II1.
Scheme 4: schematic representation of a process (34-39) for the synthesis of a steroid
compound (39) according to the present invention as described in Example IV,
Scheme 5. schematic rep'resentation of a process (40-44) for the synthesis of a steroid
compouad (44) according to the present invention as described in Example V. |
Scheme 6: schematic representation of a process (40-47) for the synthesis of a steroid

compound (47) according to the present invention as described in Example V1.

The numbers between parentheses refer to the corresponding structural formula of

compounds represented in the scheme.

EXAMPLE

Although the required substrate 1 may be easily synthesized by dehydrogenation of steroids
at C6C7 according to literature methods (¢.g. by use of chloranil or DDQ) a new method
was developed which allows a variety of 17-a-ethinyl, 17-f-hydroxy steroids to be used as
well as substrates for gaining access to appropriate 17-keto steroids. They can be de-
ethinylated by treatment with copper carbonate precipitated on Celite. Though a similar
conversion has been described in literature using silver carbonate, the presently described
method has the advantage of using a far more cheaper reagent. A batch of CuCOs on Calite
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conpounds (30 and 33) accordlng to the present i nvention as described in
Exanple 111. Schene 4: schenmmtic representat Wmnsmtfasgveosme( 34-39) for

the synthesis of a steroid conmpound- (39) accor esent invention
as described in Exanple IV. Schene 5: schemati on of a process
(40-44) for the synthesis of a steroid conpoun according to the
present invention as described in Exanple V. Schene 6: schematic
representation of a process (40-47) for the synthesis of a steroid conpound

(47) according to the present invention as described in Exanple VI. The
nunbers between parent heses refer to the %orrespondl ng structural formula
of conpounds represented_ in the s MPLE | Al t hough the required

substrate 1 nHgS PEPAEE §°“§y’ﬁtfhég? S"eﬁf W’%WF‘@%‘H&%“F ¢ infa mixare pHS0Gm!
C6C7 di
accor d! e fuhddiCing" HitmlTek BROBCH Surhs Bl 45E A L8E Al Urg SRhe

new nmet hod was devel ope a variety o
17-[err] - hydrsexgral timesiwith watebantib ad:tad; Tiel matesal Shins bbtained Wasrshgred iifte a

access to appropriate 17- They can he de- ethinylated by
treat nent wit¥ rigﬁoo%lf’ggﬂ&@sﬁ{ ‘B 408l of watersdio this wasi{Bem #ddgd dropvise

conver sion haﬁtf?gﬁgleﬂg?ﬁ%gé’ﬁgolhﬁ% %ng\ghﬁgfgé *—l‘Ua 1§'2b5%ﬂ ?Wa&?nﬁft&s wi@r

presently descri as t nore che
reagent. A bafoelan afidiofdl] &5 mjin, onhe(?mhﬁenai was ﬁltered and washed w:th water( In order to

8 was prepared as foll Al0.0 lite sprLfledb i r
a nixture of WHEVEMosso %BH‘QFRSIP“% ﬁ M a“ﬁh‘é

m Xt ure was f ﬁibﬁéﬁ‘ Wﬁﬁi@ g&| va&y 0° The
mat eri al thus obt alngﬂ%a urrie |ntoaslut|ono 6“ ’}‘ B@h
QJ(qurr])[emve}'mM[,myibbhﬁﬂmmbf wat er. To this was then added

Naf or f?;q:]“;; 't G ok 7%&%&4%3@#% m%fm%"@ﬂ z%ﬁ%gfmoa@%mnal
15 ”ﬁ&é&h f‘ﬁﬁmﬂﬁﬁmﬂ I ta &0
rms{n gf Ehg gdrllnor to (gryl{l e mat erl was S urréllgaa&ln a%‘{éltone a\rllg

filtered and mmmmm&mﬂmﬁkma@mwwﬂmmmmmwpbrfor med
N vacuo at 8Pa e completion of the reaction the reaction mixtuce was filtered over Celite. The filtrate

was concentrated and the residue treated with isopropylether-hexane to provide 2.4 g of
pregna-4,6-dien-20-yn-3,17-dione, mp. 182-184. Reduction of this with
sodiumborohydride provided the required 17 alcohol, which upon acetylation with acetic
anhydride provided the required substrate 1.

17 beta)-17-(acet -7- lestr-4-¢n-3

A solution of propyl lithium ( prepared from 1.4 g of Li and 9 ml of propyl bromide in 60
ml of ether at -20 C) was added at -40 C to 7.6 g of Cul in 60 ml of dry THF.

After stirring for an additional 0.5 hr , a solution of 5.2 g of (17 beta)-17-(acetyloxy)estra-
4,6-dien-3-one (1) in 20 ml of THF was added dropwise at -40 C. Upon stirring for an
additional 15 minutes the reaction was complete , and the mixture was poured onto 300
ml of saturated NH,C! solution, followed by extraction with ethyl acetate . The organic
matenial, isolated after washing, drying and evaporation of the solvent, was taken up in 30
ml of THF and stirred in the presence of 3 ml of 6N H,SO, to isomerize some A 5,6
isomer to A4,5 isomer. After 1 hr the mixture was neutralized with saturated NaHCO;
solution and extracted with ethyl acetate. Chromatography of the crude product over silica
gel (heptane /ethyt acetate 8/2) provided 2.1 gof 2, m.p. 97-100°C.
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overnight, to yield 160 g of reagent. 4 G of
(17[err])-17-hydroxypregna-4, 6-di en-20-yn-3-one and 20 gr. of
CuCderr]-Celite were suspended in 100 m of toluene. The m xture was
refluxed for about 6 hr with a Dean-Stark trap to renove sone residual

wat er. The progress of the reaction was nonitored by tlc. After conpletion
of the reaction the reaction mxture was filtered over Celite. The filtrate
was concentrated and the residue treated with isopropyl et her-hexane to
provide 2.4 g of pregna-4,6-dien-20-yn§3,17-dione, mp. 182-184.

Reduct i on of this wi t h sodi unbor ohydri-de provided the required 17[err]
al cohol , which upon acetylation with acetic anhydride provided the required
substrate 1. (7-al pha. 17 beta)-17-(acetyl oxy)-7- propylestr4 en-3 -one
(2) A solut'fN] f L _ A i and 9 m of
propyl  br ondE RGOSR SOIIEHE 3, SO0 4B e Bh cto 7.6 g of
Cul in 60 mrocafsoﬂmnl;rlﬁ L 36@hﬂbfﬂﬂtoixlﬁ'ile%s a&uwtla}mﬂc&r? ’gh’e mixfl
solution of 5.2 g of (17 bet B (acetyl oxy)estra- 6- di en- 3-one (T) in
20 m of Tmawm@méoduomhnsenqantonmthe:reamwnbssner (thoplites were putdhdsednal

i of sat ur Ep8y MEFk (A0 AR T FacstR Suss des pobked, G ipeBtpd e
acetate . Th&h@tml%étatm&rohﬁtogrdphg'oﬂﬂjcrﬁdé .gbdmwﬂ shoit xmwg%m

evaporation of the solvent, was taken up in m of THF and stirred I n the

presence of (hgpigpe/ aﬁ!yl@qem[ee#/} }ww}qm'ﬂdﬂduléérwﬁ 3 os whiteamorgh@simaserial. Ro A4, 5

i somer. Aftgek 7% et{hglgc ture was neutralized with saturated NaHCJ err]
solution and e h et hyl acetate. Chromatography of the crude

product over silica gel (heptane /ethyl acetate 8/2) provided 2.1 g of 2,
mp. 97-100_C. 9
(7-al pha, 1{4-alghag | o % bR CORACCAE I 0l 17-acetate

(3) To a s [ r g of
GuBr 2. The°?n%t=§'$*g&&géﬁs %?ét#@?%‘ﬁ*ﬁ%%é’%%%m%. bn by
TLC (tic plmmwymmmammmmfwmm&o evolition hyd subsided. 'Khef Bin Was
t hen poured wat.er and extracted with ethyl acetate, Chromat ogr?h%hy of

the crude p? was added dropwise; Aflge pnechony stisring at ambient temperature
reaction mixture was poured into 300 ml of water, and the product was extracted with

ethyl acetate. The residue which remained after evaporation of the volatiles was taken up in
20 mt of THF and a solution of 4 g of NaOH in 80 ml of CH;OH was introduced. After
stirring for 1 hr the saponification was complete. The reaction mixture was neutralized by
addition of IN H,SO,, and the product was extracted into eth&l acetate, to provide 11.5 g
of 4, Re 0.34 (hept Jethylac. 7/3). '

7-al _methoxy-7-propylestra-1.3,5(10)-trien-17-one (5 _
To a solution of 10.4 g of 3-O-methyl, 7a-propylestradiol 4 in 50 mi of methylene
chloride were subsequently added 15 g. of powdered sodium acetate, 30 g of silicagel and
32 g of pyridinium chlorochromate . After stirring for 1 hr the oxidatio'n was complete.
Excess reagent was destroyed by addition of 1 mi of isopropanol, followed by 150 m! of
hexane lb min. later. All the precipitates were filtcred over Celite, and the filtrate was
concentrated to dryness . This provided 9.6 g of essentially pure ketone 5; Ry 0.54
(hept./ethyl acetate 7/3).
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(heptane/ ethyl acetate 4/1 as eluent) provided 13.5 g of 3 as white

anor phous material. R err] 0.57 (hept/ethylac. 7/3). (7-al pha, 17

bet a) - 3- met hoxy- 7- propyl estra-1, 3,5(10)-trien-17-0l acetate (4) To a
solution of 13.5 g of 3 in 60 mM of DV was added 2.4 g of NaH (60%

di sperion in mneral oil )in portions. After stirring for 1 hr hydrogen
evol uti on had subsided. Then 3 m of nethyl iodide was added dropw se.
After one hour stirring at anbient tenperature, the reaction mxture was
poured into 300 nl of water, and the product was extracted with ethyl
acetate. THerlesihdle : , EYRWolg e | atil es was
t aken up i o : ' {=OE iR ‘4&%@5—@ of

CH err] OH T'as soluﬁdsmcﬁmeﬂg oﬁﬁh@tomﬂ-mmmemyrémon& S"Ii‘n Gohat cfaploedd werelad@dg Was
conpl ete. The r‘gactl n mxture évgi utrallzed by addition of IN
H[err]Sqe‘? Pgthy drazige)and 0. fugroaggticiafido et hyl acetate, to provide

11.5 g of t byl 7 'rﬂl&ﬂﬂc'?’ .

- met hoxy- 714%“?{[‘)’;&/ estsrzsa?&?&g&g& )ﬂ:[yrflﬁgeﬁ_c%@gotnoer.fss}lg 0 a xslorlmd‘{'frgnw%sf 10. 4
g of 3-0- remirtrylized Bith 3% NAHOH eﬁdttﬁdxrgakuc%yieﬂwflﬂwnéhed)ﬁew hyieemhobdtari de
wer e subsequent!|y added 156\? owder ed sodi um acet at e, % of _silicagel
and 32 g cndpdredaever sadivm silfaten M@apencentm’eranémwilw hLhe phthe

oxi dati on royed by addltlon of I m of
i sopr opanol}%ﬁfsﬁﬁr&éﬁgﬁégﬁ R@?ﬁéﬁ SCARe qugmt) | ater. Al the
precipitates were filtered over Celite, and the f||trate was concentrated
to drynes
(hept. /et
10 (7_a| HHéth =7 ¢ ghvaraz
di met hyl hyra%n'le |

7a- pr opy| -Tb £xotutidndfess goﬁ61630mlﬁﬂdryﬂ‘lmfwasaddnﬂm-4m°&-5 éuhloﬂBﬁLrﬂl 5N
di met hyl hyd a.zl pe, and 0.5 m.,

e uxea FOMten B e, ABed Wi g 01, el w21 g ot BT el
neutral'zqﬂ@gﬁggpngﬂdh@ﬁ@&%ﬁm&duqmmglnnﬁnns EHlib:Cin! SR of HIF Y3 o diRYE 2!

times with over® sodrunrsul fate. After concentration and
chr omat ogrAfdrtifringfonaroddditioaalihy dt 2040 ehetreaction mixtureaveas poured linto Ryaten gnd030
(hept/et hyelx?rg.éteg / g&ﬁsequent chromatography provided 4.6 g of 7 ; Rr 0.50 ( hept./ethylac. 7/3

0.50).

trien-17-one dimethylhydrazoge (8)

A solution of 4.6 g of 7 in 5 ml of THF was treated with 15 ml of 1M TBAF in THF for |
hr at 50°C. The mixture was diluted with 100 ml of water and extracted with ethyl
acetate. After passing the product through a short silicagel column 3.1 g of 8 was obtained
as an oil ; R¢ 0.18 (hept./ethylac. 7/3).

7-al. ha, 16-alpha(8)]-16-[2-methy!-3-[[(4-methyiphenyl)sulfor 1]-7-
propylestra-1.3 5(10)-trien-17-one (10)

A solution of 2.8 g of 9 in 7 ml of pyridine was teeated at 0°C with 2.6 g of tosyl chloride .
After stirring for 2 hr. excess reagent was decomposed by stirring with ice for 0.5 hr. The
product was extracted by ethylacetate and purified by chromatography, to provide 3.2 g of
10 as a colorless oil; R;0.35 (hept./ethylac. 7/3).
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[ 7-al pha, 16-alpha (S)]-16

[[dinmethyl (1, 1-di net hyl et hyI )SI | yl ] oxy] - 2- et hyl propyl ] - 3-

nmet hoxy- 7- propyl estr-1, 3,5(10)-trien-1 7-one di net hyl hydrazone (7) To a
solution of 2.6 g of 6 in 30 mM of dry THF was added at -40 [err]C 5.6 m
of BuLi (1.5 N solution in hexane). After stirring for 0.5 hr at this
tenperature 2.7 g of (2R)-2-nethyl -

i odopr opanol -O-tert. butyl dimethylsilyky(TBDMS) ether in 5 ml. of THF was
introduced. After stirring for an addltlonal hr at -20[err]C the reaction
m xture wg ,‘ ., ) b 0 26X AhS.es , Bl ogr aphy
provi ded 4. 0. 5 aca ¥ R ¥-al pha,
16al pha (M@hydroxy 2- rret hyI propyl) 3- met hoxy 7- propyl estra=
1,3,5(10); trien- é? one_ di pet hy drazone 8) A solution of 4.6 g of 7in5
M of THEAVRXNES 853 48 of 8nim3p ﬁcemem il jof ‘wafer pw3s toeated with Q@ efi r] C.
The m xt _ t a efoifid et hyl

acet at e. u%ﬂ% %iéﬁ%q‘?g’% #5‘?% uct t alﬁ%gc:%rt sfﬁ'lﬁéggec%%g]”ﬁ'%? 3.19g
of 8 was win filterediarakcompentiated;, t&] provijle mag&f(gwadmt;wbad (béptape/acet¢né- al pha,
16- al pha(ﬁﬁ 16-[ 2- et hyl - 3-[ [ (4- et hyl phenyl ysul f onyl ] oxy] propyl ] -7-

pr opyl est 1,3,5(1 0)-trien-17-one (10) A solution of 2.8 g of 9 in 7 nl
of pyridine was treated at O[err]Cwith 2.6 g of tosyl chloride . After
stirring forl 2 hr. excess reagent was decorrposed by stirri ng W|th ice for
0.5 hr. aiphanitaiphagag |- Hoc(3-10 ¢ i

chromat o hy to provi de 3.2 g of 10 as a coI orless 0|I R[err] 0. 35

(hept. /et ac. 7/3). [ 7- al pha,
16- al pha(S)disth t Q! EatdPatl: 3, 5(10
)- tri en? 7- oﬁbe“%?%%f?ny’t%?ggo 35’6&%{%@%@6% acetone atnd 3 m

of water 6%3€ for é&retﬁwmmm'gemmmmwamsmubmmshy{(mwg G) for

2 hr at Thereafter t reac ure was filtered and
concentra@%‘{'&%& wé{‘gﬁlgq Mg Rlerr] 0.75 (heptane/acetone

ental16.17)estra-1.3.5(10)-trien-17-ol (12

A solution of Smi; was prepared from 3 g of samarium metal and 4.7 g of 1,2-
diiodoethane in 70 wl of dry THF. To this solution was added at 0° C 20 mg of
tris(dibenzoylmethanato)iron, followed by a solution of 2.8 g of 11 in 10 ml of THF.
After stirring for an additional hr the mixture was poured onto water, acidified with 2N
H,80; and extracted with ether.

The erude product thus obtained was chromatographed to remove some 16,17-beta
isomer, and provided 1.6 g of 12; Re0.32 (hept/ethylac, 7/3).

The related beta isomer has a R; value of 0.37.

cyclopenta[16,171estra-1,3.5(10)-trien-3,17-diol (13)

To a solution of 700 mg of 12 in 5 ml of toluene was added 15 ml of DIBAL (1M in
toluene). The mixture was réﬂuxed for 3 hr to effect ether cleavage. Excess reagent was
destroyed by the addition of water, followed by. ferther dilution with 40 ml of 2N HCl. The
product was extracted with ethylacetate . After drying and concentration,. the residue was
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1/1). [ 7- al pha- 16- al pha

(S)]-16-(3-io0do-2-nethyl propyl)-7-propylestra-1,3,5(10)-trien- 17-one A
m xture of 3.2 g of 10 and 10 g of sodiumiodide in 30 nl of acetone was
heated at 65[err]C for 1 hr. After pouring the reaction into water and
extraction wth ethyl acetate 2.9 g of iodide 11 were obtained ; Rerr]
0.55 (hept./ethylac. 7/3). (4'S. 7-al pha, 16bet a,
17-beta)-3,4',5",16-tetrahydro- 3- netho;y 4' - et hyl - 7- propyl - 17H
cyclopenta[16 17]estra 1, 3, 5(10) trlen 17-0l (12) A solution of SM[err]

was prepared fr I um e and 4,7 di | odoet hane I n
70 m of dPiprE wu%dﬁ'mrepﬁa b itg i 4&8@&!00%&7 l@eziéﬁvnafw 6-1
dris(dibe ign, followed by a solution of 28gof 11|n 10
m of THF%%%EQU r%llgangv%‘aor an additional hr the m xture was poured onto
water, acidified with 2N Herr]SOerr] and extracted with ether. The crude
product thus obtained was chromat ographed to renove sone 16, 17-beta i soner,
and provided 1.6 g of 12; Rlerr] 0.32 (hept/ethylac. 7/3). The rel ated beta
| somer ha%¥&ﬁ%y§g val ue of 0. 37. (4'S, 7-al pha.16-beta, 17-beta)-3
.4' .5 . 16- 0-4' -met hyl - 7-propyl - 17H

cycl opent a[16.17]estra-1.3.5(10)-trien-3,17-diol (13) To a solution of 700
ng of 12 i m t O .1 . L +1ene) The

: Amiog g Feagent was
destroyed gp gfurther d|Iut|on with 40 m

of 2N HCI . product Wasextract ed W acetate . After drying and
concentrat'ﬂmsohmqfézﬁﬂeémﬁmdmme 6m45 nﬂOf THF was added at -60°C 8.5 ml

REPLACENE .
0 2 JUN 13%&%% solution in hexane. After stirring for 0.5 br a solution of 4. t5 IOFL?F at ed
with diisGedobiitaholsTBOMS ethePiP\S it FOPHRUwAS added Sdrapwibd) €THeS mitthufe wh66- 168
[err]C Rf 0.36 (hept./ethylac. 7/3).

subsequently stirced at -20 for 1 hr and then poured into 200 mi of water and extracted

with ethyl acetate.

Chromatographic purification over silica gel provided 6.2 g of 14 as an oil; Ry 0.52

(hept /ethylac, 7/3).

m xture

-al, -alpha)- | 6-(4-hydroxybutyl}-3-methoxy-7- estra-1.3,5(10)-trien-17
dimethylhydrazane (15) ' '
A solution of 6 g of 14 in 5 ml of THF was treated with 20 ml of 1M tetrabutylammonium
fluoride in THF for 2 hr. The reaction was poured into water and extracted with ethyl

acetate. After chromatography 4.1 g of 15 remained as an oil; Ry 0.17 (hept./ethylace.
7/3).

A mixture consisting of 4 g of 15, 40 ml of acetone, 4 ml of water and 4 g of Amberlyst-
15 acid resin was stirred for 2 hr at 50°C . The mixture was filtered, conceutrated, talken
up in 40 ml of toluene, dried and concentrated, to provide 3.7 g of essentially pure 165 R:
0.61 (hept/acetone 1/1) ; starting material R¢ 0. 65.
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—EXAVPLE ||  (7-al pha, 16-al pha)-
16-[4-[[di nmethyl (1, 1-di et hyl et hyl ) silyl]oxy] butyl]-3-nethoxy-7-
propylestra- 1,3,5(1 0)-trien--17-one di net hyl hydrazone (14) To a solution
of 3.9 g of the hydrazone 6 in 45 m of dry THF was added at -60[err]C 8.5
m of 1.5N B[err]Li solution in hexane. After stirring for 0.5 hr a
solution of 4.2 g of 4- iodobutanot-TBDMS ether in 5 mM of THF was added
dropwi se. The mi xture was subsequently stirred at -20 for 1 hr and then
poured into 200 mMl of water and extracfzd with ethyl acetate.
Chr omat ographic purification over silica gel provided 6.2 g of 14 as an

oi I; Rierr]e7Qmg 1606dHa)-16 L thpﬁ_%} .7 ]
16- al pha) - MMM% : '*«5&&@%@&5%@»—%4_" AR PBAI-T-propuiestra:1.3,5(10).

O)-trien- 1m§mﬂitmﬂ7ﬂnyl hydrazone (15) A solution of 6 g of 14 in 5 m of

THF was tre ted w tetrabutyl ammoni um fluoride in THF for 2
hr. The re m"ﬁwe\/ﬁs E&Rrpeéé) P’Hﬂg&\ﬁa& f¢osylghlpride.in 1 0mt efdrypyridiag wos stiveadtatt e.

/(N;]tGS{ /02[ ﬁyliace o?ghgs ‘sler 91%9&71@511&%&8@ pRuA WA dxtraltid Bithethyl acetate.

16- al pha) - Thrgrdatogrphis lpuhﬁda)xeﬂpmﬁdcdn}sg oftosyiate CEL Ra 04SIhértYethylad. i @3

17-one (16) m xture consisting of 4 g of 15, 40 m of acetone 4 of

wat er and #%- of Anberlyst- 15 acid resin was stirred for 2 hr at 50[err]C
The m xture was filtered, concentrated, taken up in 40 m of toluene,

dried and concentrat ed, to prow de 3 7 g of essentlally pure 16; R err]

0. 61 (hept (Zealphai@-alphd)-16 by Aatechionp7-prfpyfes 3(] :

13

A mixture of 4.6 g of 17 and 20 g of sodium iodide in 50 ml of acetone was heated at 6§0°
for 1.5 hr. The reaction mixture was conceatrated, diluted with water and extracted with
toluene. After drying and concentration 4.4 g of iodide 18 remained as essentially pure
matezial; R, 0.50 (hept./ethylac. 7/3).

7 6-alpha. 1 7-alpha)-3-methoxy-7-propyl-16.24- -19.21-di h 5(10
taen-17-ol (19) '

A solution of 3.8 g of the iodide 18 in 20ml of dry THF was treated at

-60°C with 9 ml of a 1.7M solution of rert.butyllithium in heptane. After stirring for an
additional 15 min, at -60°C, the mixture was poured into water and extracted with ethyl
acetate. The crude product obtained after removal of the volatiles was triturated with

heptane , to provide 1.9 g of
essentially pure 19; M.p. 161-162°C ; R; 0.40 (hept./ethylac. 7/3).

To a solution of 1 g of lithium in 90 ml of liquid ammonia was added at -33°C a solution of
1.3 g of 19 in 30 m] of dry THF. After stirring in refluxing ammonia for an additional 4 hr,
the reaction was treated with 20 ml of ethano! followed by evaporation of the ammonia
under a steady stream of nitrogen. The residue was diluted with 50 m! of water and
extracted with ethylacetate, Concentration of the orgamc phase followed by trituration of
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(7-al pha,
16- al pha) - 16-[4-[[ 4- et hyl phenyl ) sul f onyl ] oxy] butyl ]-7-propyl estra-
1,3,5(10)- trien-17-one(17) A mxture of 3.7 g of 16 and 3.2 g of
tosylchloride in 10m of -dry pyridine was stirred at O-5[err]C for 3 hr.
After dilution with water the product was extracted with ethyl acetate.

Chr omat ogr aphi c purification provided 4.6 g of tosylate 17; R err] 0.45
(hept./ethylac.. 7/3 ) 0.45. (7-al pha,
17-a|pha)-16-(4-iodobutyl)-3-nethoxy-79propylestra-1,3,5(10)-trien-l?-one(l
. 8) A mxture of 4.6 g of 17 and 20 g of sodiumiodide in 50 nml of acetone
was heat eticafiesidee math lieponhr,. pravided: g pH punei didnolethendmeraadian M pt adg- di | ut ed
W th wat egg Ed extracted with toluene. After drying and concentration 4.4 g
of iodide 18 termained as essentially pure material; Rerr] 0.50

(hept ./ et Whis 3katerfal Mas disséivedini3eml T -

17-al pha) - 3- net hoxh/r- 7-propyl - 16, 24-cycl gﬁkﬁ‘tgrcaztid ‘gfﬂr]]grnglh%ﬁ %I?E“'g?&')‘(%'fr-

trien- 17- $iripg for bssibe meixisre was sugalized with Na.COgandethé fradnctdadacted withy THF

was treat - 60 ] of . 7TM,sol ut.i,on of terf.butyllithium
in hept an%.ﬂylA £ 2 sk‘?'ﬁ'*’&ﬂ%laékg? &éfifﬂcﬁtéf’&i ‘?i%%ﬁ?’dﬁ?aﬁf‘?f.t °htﬁ‘BT‘L8?“]e(§lmt he

m xt ure wag of QUaes whité o R0.26 (kpethyiaCH/@Y Wi th ethyl acetate. The crude
product obtained after renoval of the volatiles was triturated with

heptane, to provide 1.9 g of essentially pure 19; Mp. 161-162C ;
Rl err] 0. 4.4k { - g ha h

) 1 ' O 2= efr-S2=one To a
solution di6l @08y of lithiumin 90 m of |iquid ammoni a- was added at -33C a
solution Qf 1.3 g of 19 in 30 mM of dry THF. After stirring in refluxing
ammoni a f 69 adalgienof 60hme of 13 in Siml of dnctoluone vieas addesbi2eon! of 1M DIBAH of

1 tr ogen, QBB ARBAED if Rolne, BT STpHGR] 8 dehiERn wBR"
et hyl acetcompleté;arces reagént ovas dbstioyed by garefaladditivh of wattk bad\ibsétiedtly ghgr at i on
of mixture was poured onto S0ml of 4N hydrochloric acid, and the product extracted into

ethyl acetate. The organic layer was dried, concentrated and the residue treated with
diisopropylether , to provide 310 mg of 20; M.p. 240°C, Re0.20 (hept fethylac, 7/3)

dione 3-cvelic(1,2-ethanediyl Jaceral (23)

To a solution of 12.7 ml of hexamethyldisilazane in 50 ml of THF was added at -50°C 40
ml of 1.5M BuLi in heptane solution. After stirring for 20 min. a solution of 16.5 g of 22
in 100 mi of THF was run in slowly at -50°C, After stirring for an additional 0.5 hr 2
solution of 25 g of 3-iodo-2-trimethylsilylmethylpropenc in 25 m! of THF was introduced.
The reaction mixture was stirred at -20°C for an additional 3 hr, and then poured onto

400 ml of water. The product was extracted with ethyl acetate and chromatographed over
silicagel . After trituration with heptane 12.5 g of product 23 was obtained;, M.p. 184-
185°C; R¢ 0.55 (hept./ethylac. 7/3),
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14 the residue with heptane, provided 1.1 g of pure dienolether

I nternmedi ate; Mp. 190- 192[err]C This material was dissolved in 25 nm of
. THF and treated with 5 mM of 6N Herr]SOerr]. After stirring for 6 hr the
m xture was neutralized with Na2CO3 and the product extracted with ethyl
acetate. Chromatographic purification of the crude material thus obtained
gave 610 ng of 21 as-a white foam R err] 0.25 (hept/ethylac. 7/3).

(7-al pha. 1 6-al pha, 17-al pha)-7-prop I-16 24-cycl 0- 19, 21

-dinorchol a-1, 3,5(10)-trien-3,17- di of® (20) To a solution of 600 nmg of 19
in 5 m of dry toluene vas added 12 m of 1M DI BAH (drrsobutylaluntnum
hydrr de) | p-t et g, i a,14p 2 a)-425°l6, [Trtes AL L.‘rn by 1 4l coatlay ficLayreneaa s

conpl et e; [, addi fion
subsequent ' c a.

the producA mhitfoacéﬁd sr Qtof e zao:atradfar m Wagétﬂla&d'ﬂitﬂm \ﬁﬁso:d {
concentrated a ﬂ t he resjdue treated mnth di i sopropyl ether, to provrde 310

ng of 20 gpaepipe Sugride I(TBAF)zm THIG ke roixiige was reflugad for 15XGMOE | | |
él[lzb[et ?r i rre"@rlt Pmel r]‘r?g) rre%uEg pr opAél agd'w']%gxfl?“’% of 12 ml of JM IBAL, solution

3-cycli ¢ 1wmaemma iad )aloﬁhg.lpnﬂ&@adm 13 f0drtérit6 Blee TRO%ilPH ettt fo nneg
hexamnet hchg{‘sr Iéﬁ\zane in 50 nj of THF was added at -50[err]C 40 m 1.5M
BuLi in h & geagtion nlh eAﬂﬂt’@%‘eﬂﬂFrﬁlﬁhsﬁgﬂﬂWWﬂdfaxmﬂ volumefandc. 5 g

cof 22 in ferato‘,@jlhy-ﬁrwa dired! ?ﬁ%@%ﬂ)‘natmw[eﬁ{yf | ﬁ“ Afébr_am t| rrinng for

an additi ona ra so utron

3-i odo- 2- tpmﬁeaﬁuplpsoﬁéddrmogpfy_pbémemmﬂﬁ: ke 08 sthylad. 73)0duced. The

reaction mxture was stirred at -20{err]C for an additional hr, and then
poured onto 400 m of water. The product was extracted with et hyI acetate
and chr ongh 2 L0216 17480 IE AL | Qe W\ g, 12.5 ¢
of product P. 1 0. 55 (Nept. yt ac.

71 3). -3"H-cyclopen 161 e t.ra-S 16-dxen~ -one3-c lic (1 iyl acetal) (2

REPLACENE% “SHEET analog (26). | -

A solution of borabicyclononane (9-BBN) was prepared from 3 ml of 10M borane-
dimethylsulfide complex and 4 ml of 1,5-cyclooctadiene in 30 ml of dry THF. To this was
added a solution of 3.8 g of 24 in 10 ml of THF ,

The mixture was stirred for 2 hr and then excess reagent was destroyed by careful addition
of 1 mi of ethanol, followed by 20 ml of 2N NaOH sofution and 10 m! of 30%-H,Q, . This
mixture was stirred for another 3 hr and then further diluted with water and extracted
with ethylacetate.

'l_‘he crude product was chromatographed over silicagel (toluene/acetone as eluent) to
provide 2.1 g of 2§ (M.p. 178 °C, R¢ 0,47 (tol./acet. 1/1) ) and 1.2 g of 26 (R, 0.55
(tol./acet. 1/1)).

enylsulphonyilo thyt]-3’H-¢ entaf16 a-5,16-dien-3-one-3-cycli
1,2~ethandi al) (3 _ |
A solution of 1.2 g of 26 and 0.8 g of tosyl chloride in 5 ml of pyridine was stirred at 0-5
°C for 2 hr, Then the mixture was diluted with tce-water , stirred for 15 min, and extracted
with ethyl acetate. Drying and concentration of the organic phase provided 1.6 g of
essentially pure 31; Ry 0.52 (tol./ethylac. 7/3), — ——

is Sheet Has Been Reﬂlaced

||II|I MM [ s e

REPLAGED




0 2 JUN 1998 15 (11- bet a,
16-beta, 17-beta)-4',5",16,17-tetrahydro-

17- hydr oxy- 11- et hyl - 4' - net hyl ene-

3' H-cycl opent a[ 16, 17] estra-5, 16-di en-3-one 3-cyclic (1.2-ethanediyl
acetal)(24) A solution of 8.8 g of 23 in 200 m of dry THF was treated
wth 4 mM of 1M tetrabutylamoniumfluoride (TBAF) in THE. The m xture was
refluxed for 15 mn. to conplete the ring closure reaction. An additional
anount of 15 m of 1M TBAF solution s then added and refl uxi ng prol onged
for 1 hr in order to cleave 17-0-silyl ether forned during the reaction.
The m xture was subsequently concentrated to a small volunme and dil uted

extrag t| n w th eth Iacetate Chrorratographlc
gtagl Iobeta)d”-butyl-415' 16, 17tatrs , , '3

17- bet a) - (hydroxyrret hyl )-11-
met hyl - 3' Aicnmteapagmampmﬁare«tby adcﬁngl&nu mm prepyimastesiiefrbmidepéthanedi vl

(5 pany alitign 08.3.815% Culin 20 ol i eiow sgpaﬁﬁer“iutm?&f%h?fééﬁ?é AR o and
leolmut ?I)njé(?]? @/gpgqt“?dj %Pﬁ?%%%s%qﬁﬁ_ﬁh& J'#_{coni;&’%duriz ﬁghor?gt??go@f or 2 hr

and then 'Ehecrmw vas workedarp bd«addmuyaﬁéa)ml ofsaNHIClandilo mbof of 1 m of

et hanol , | owed, by, 20 of 2N NaO—l ion and_10 m  of 30% H202 . This
i xt ur e s) gy . we? by pfragtt efFetats « Rbe cgde, perdugh Waswat er
and extr ahbdhshto ew oviae t420Gng of g9.9@fcoduct was chromat ogr aphed
over sili cagel uene acet one as e ent‘ﬁJ f)r ovide 2.1 g of 25 (Mp.

178[err](8~f04§[(he!cljeﬂly!anﬁt.'(l3bl /acet. 1/1) and 1.2 g of 26 (Rlerr] 0.55
(tol./acet. 1/1)). (4
R, 11- bet a, 16- beta, 17-beta)-4',5",16. 17-tetrahydro-17- hydroxy 11- et hyI 4-1 [

p
Asolutlon of 1.2 g of 26 and

hrmm@w%w%ﬂﬁmﬂwm%%f?ﬁﬁ@%ﬁwﬁﬁz

extract eduvmt Re.ethy minesd ava. i W%&om‘dewwmf Re@f)i c phase
provi ded 6 g of essentiall %ﬂgure 31l; Rerr] 52 (tol. ylac. 7/3).
Chromatographlc purification afforded 360 mg of usennally pure 33 as an amorphous

material; Ry 0.27 (hept./ethylac. 7/3).

4’S.11-beta, 16-beta 17-beta)-4’ 5’.16.17- dro-4'-(hydr -11- _17-

acetal) (27)

The protection of the 17-OH function was performed in a multistep procedure. First the
primary alcohol was acetylated. Thus, to a solution of 750 mg of 25 in 2 ml of pyridine
was added 5 mg of 4-dimethylaminopyridine (DMAP) , followed by 0.5 m!l of acetic
anhydride. ARer stirring for 1 hr, 10 g of ice-water was added , followed by extraction of
the product with ethyl acetate. Concentration of the organic material , and treatment of the
residue with heptane-diisopropylether provided 730 mg of monoacetate; M.p. 112°C .

This material was dissolved in 3 m! of DMF containing 200 mg of imidazole. Then 240 pl
of TMS-chloride was added , and the mixture was stirred for 0.5 hr at room temperature.

After addition of 15 ml of water, the product was extracted with ether. Upon drying and
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16 (4' R 11-beta, 16-beta,

17-beta)-4'-butyl-4",5 16, 17-tetrahydro-17- hydroxy-11-nethyl -3 ' H

cycl openta[ 16, 17] estra-5, 16-dien-3 -one (32) A cuprate reagent was
prepared by adding 12 m of a 2M propyl magnesi unbrom de/ et her solution to
2.3 gof Cul in 20 M of THF at -20[err]C. After stirring for 15 mn. a
solution of 600 ng of 31 in 3 mM of THF was added .Stirring was conti nued
for 2 hr nore at -20[err]C. The reaction - was worked up by addition of 60 m
of sat.NH err]Cl and 10 ml of 10% ammwhia, foll owed by extraction with
ethyl acetate. The crude product was chromat ographed to provi de 420 ng of

ié bg/'lt 2 1%8%‘%?{5m(ﬁ)] 6?)0 Iﬁi‘ﬂ Qf%&&ﬂﬁz}lﬁ%&’k@?@ﬁeﬁygﬁ@nﬁ vFlydr oxyédlbqﬁfg‘?ﬁ

cycl opent ﬁiepﬁleIWissWrB)x 4,16-dien-3 -one (33) A solution of 4D0 rrg of 32 |n
5m of t t t ed AN H h t
\.t. the w?&ﬁ@%?ﬁﬁ%%mmwmahe%?% bis addegh At at e.
Chr omat ogaﬁtﬁhg@orpmﬁé% Cahk nfiktuif rsﬂﬁ's‘éq @hﬁ?‘ wa%swumafg%@ xgiiu as an

anor phous nmat eri al err] 0.27 (hept.

16-beta, ©72Nd¥aQHand3'g asot énhcxahyas ﬁlta‘ed (mwyhcﬁe)meetahqlcyacmrated byl -17-

g(zz;lclnﬂz? l SLMHQH@%’&?—- Cl O J‘#ﬂé‘ﬁgf@é&%{% -i?f)rcll?l function

was perforrred ina multistep procedure First the prlrrary al cohol was
acetylated. Thus, to a solution of 750 ng of 25 in 2 m of pyridine was
added 5 ng of 4-di nethyl am nopyridine (DMAP) , followed by 0.5 m of acetic

4’S, _1l-beta, 16-beta 17-beta)-3,3-[1 2- ivibis(oxy)]-4’.5° 16,1 7-t dro-11-
_17-[(tri ilvDoxy]-3'H. 16.17}estra~5 16-dien-4’-carbo; de
(28)

To a solution of 600 mg of 27 in 15 ml of methylene chloride was added 1.5 g of
anhydrous sodium acetate, 2.5 g of silica ge! followed by 2 g of pyridiniumchlorochromate.
The mixture was stirred for 1 br at room temperature. Then 50 ml of ether was added and
after additional stirring for 15 min. the reaction was fltered through Celite, followed by
evaporation of the volatiles , to provide 420 mg of essentially pure carboxaldehyde 28 ; 2 .
compound slowly solidifying on standing; R¢ 0.48 (hept./ethylac. 7/3).

4’S.11 6-beta, 1 7-beta)-4’-ethenyl-4’,5".16.17-tetrahydro- 1 1 -methyl-17-
[(iramethylsilyl)oxy]3’H-cyclopenta[ 16,1 7]estra-S . 16-dien-3-one _3-cyclic (1.2-ethanediyl
acetal) (29) |
To 1.3 g of methyltriphenylphosphonium chloride in 25 ml of THF was added 1.7 mli of
1.5M BuLi in hexane solution at -40°C. After stirring for 30 min. 400 mg of 28 in 2 m!
of THF was added. The mixture was allowed to warm to room temperature in about 0.5 hr
and then quenched by pouring into 100 ml of water. The product was extracted with

* diethyl ether, and subsequently chromatographed to provide 280 mg of 29 as an oil; Ry

0.53 (hept./ethylac. 7/3 ); starting material R;0.23.
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e
anhydride. After stirring for 1 hr. 10 g of ice-water was added, followed
by extraction of the product with ethyl acetate. Concentration of the
organic material, and treatnent of the residue with
hept ane- di i sopropyl et her provided 730 ng of nobnoacetate; Mp. 112C . This
material was dissolved in 3 ml of DWVF containing 200 ng of im dazole. Then
240 [err]l of TMs-chloride was added , and the m xture was stirred for 0.5
hr at roomtenperature. After addition of 15 m of water, the product was
extracted with ether. Upon drying and18
17 concentration 900 ng of essentially pure silylether-derivative was

obt ai ned; ssolved in 3
m of dry e PYAOXE 10 min,
t he m xt uriBHyew ‘ et -4 u;.m Bo) 07 3 rri of water and 0.1 nml of 2N

NaO-landl of. Na Then it was filtered through lite and

concent r at®® ]PH"?)PE%@emL(Yé Eg"b? mpeiucs Of 3 mloFHh A 3?1’3{ g?ﬂﬁl H:5Quewas) 0. 29
(hept. /et . o %

16- bet a, 1%@?5? %ﬁéﬁt[‘m% ﬁ*@ﬁ?ﬁgdﬁﬁﬁﬁ% deunalized with 5% NgHCO, sotutiongad )

met hyl - 17-the produettextraeted intd ethyljacgate cycl opent a[ 16 17] estra 5, 16- d| en-4' -car
boxal dehy T sol ytion of 6 nmet hyl ene chl ori de
was addedd@."gt Bb’?'h%ﬂ?ymws ghPFP%@t é@%‘“g Qf@ &9#5@% &X)@M 783 | owed
by 2 g of pyridiniunchlorochromate. The mi xture was stirred for 1 hr at

roomtenperature. Then 50 ml of ether was added and after additional
stirring for 15 mn. the reaction was filtered through Celite, followed by

evapor at i mol atiles , to provide 420 ng of essentially pure
car boxal d ; conmpound slowy solidifying on standing; Rf 0.48
(hept./ethylac. 7/3). (4'S. 11-beta, 16-beta,

17-beta)-4-etheny| 4 5’ 16 17tetrah dro 11- rrethyl
[ (trinmethydk othwlethyldi vRoxsestrs {1

(1, 2-et hartgﬁl yl 7
To a solution of 15.5 gr. of 3-hydroxyestra-1,3,5(10)-trien-17-one dimethylhydrazone (
34) in 200 mi of DMF was added 13 gr. of imidazole , followed by dropwise addition of 15
gr. of TBDMSCI in 20 ml of ether. After stirring for an additional 16 hr , the reaction
mixture was poured onto 2 liters of water and the resulting mixture was stirred for an

17-

additional 10 minutes. The precipitate was filtered and dried in vacuo, to provide 20 g of
35, M.p. 100-103°C.

one dimethylhydrazone (36) _

The alkylation of the steroid was performed with the anion generated first of 4-bromo-1-
butyne. The procedure was as follows, A solution of 11.9 gr. of 35 in 100 ml of THF
was treated at -20°C with 20 mi of a solution of 1.5M BuLi in hexane. After stirring for 1

hr at -20°C the reaction mixture was cooled to -70°C . A cold solution of the anion of 4-
bromo-1-butyne (prepared by addition of 36 m! of BuLi to 7.7 g of 4-bromo-1-butyne in
50 ml of THF at-78°C ) was added dropwise and the reaction mixture was allowed to
warm up to room temperature. The mixture was then stirred for an additional ! hr and then
poured into 300 ml of 10% aq. NHsCl . The product was extracted with ethyl acetate .
After chromatography 9.5 g of 36 was obtained as an oil. Ry 0.85 (loluene/ethylacetate
6. ————— -
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acetal) (29) To 1.3 g of nethyltriphenyl phosphoniumchloride in 25 m of
THF was added 1.7 m of 1.5M BuLi in hexane-sol ut"'r“OTT—t'"ZFG['ErT]C After
stirring for 30 min. 400 ng of 28 in 2 nl of WRasastelERbpladdd€ i Xt ure was
allowed to warmto roomtenperature in about guenched by
pouring into 100 m of water. The product was mm MB‘Ldiet hyl et her,
-and subsequently chromat ographed to provide 28 noil; Rerr]
0.53 (hept./ethylac. 7/3 ); starting material R err] 0.23.

18 (4'S, 11 -beta. 1 6-beta, 17-betap-4'-ethenyl-4",5",

16, 17-tetrahydro-11-met hyl - 17- hydr oxy- 3

"Hcvcl openta] 16, 17] estra-4, 16-di en-3 -one (30) A solution of 260 ng of 29
in a mxture of 3 m of THF and 3 n of 4N H[err]Sqerr] was stlrred for 2
hr at 45[ diédlgha)-BHE fig ; etirylsilydlony]r b6 (4 bmtimy H93. 861D spEp-ut i on
and the produ extracted |nto et hyl acet ate. Short path silica ge

chr omat ogr%ﬁ-hé I’OVI ded 150 ng of 30; Rerr] 0.25 (hept./ethylac. 7/3).
EXAMPLE |

3-1[(1, 1- \(;ti‘orraéﬁmmnow%gﬁrseltnhlgog Of.Tﬁgxy g%‘t"%%“lewst?ti 31&'?1} Iéln-4 Si_yv Oone

di met hyl hyeddedz ddeg ¢f3pertodic asidso 40 tnal e ethﬁnolSI‘Hi mjxtureoWas stirred for 24 br. Then

3- hyd 1, 10) -t -17- hIhd 200 m of
OVE was. 5B 306 WAty it | 25 (G | RO YAt e Wi sthipreRte. 15 or
of TBDVECCHrém#tBasibhybf tBE Bighe mﬁteharmfstobfame@ Red A2 gﬁﬁ' Ona' 16 hr the

reaction m xture was poured onto 2 liters o water t he resultlng
m xture was stirred for an additional 10 m nutes. The preci pitate was
" ' .

filtered LG _
( 16al pha) W ]
1.3.5(10) -113,5@0).20-fetraen-17-ol (38)

A solution of lithium naphtalenide was prepared from 3.4 g of naphtalene and 150 mg of
fithium chips in 30 m! of dry THF. This solution was added dropwise to a solution of 560
mg of 37 in 5 ml of THF until a dark green color of the reaction mixture persisted. After
stirring for an additional 10 minutes the reaction mixture was poured into 30 ml of NH4Cl
and the product was extracted with ethyl acetate.

Chromatographic purification provided 150 mg of crystalline 38,

6 17alpha)-~16.23-cyclo-19,24-dinorchola-1,3.5(10),20-tetraene-3,17-diol (39)
A solution of 130 mg of 35 in 5 ml of 5% HC! in methanol was stirred for 2 hr at room
temperature. The reaction mixture was then treated with |
3 ml of pyridine and concentrated and diluted with 10 ml of water, The product was

extracted in ethylacetate and finally purified by chromatography, to provide 65 mg of 39,
M.p. 203-205°C.

A solution of lithium diisopropylamide was prepared from 16.6 ml of 1.5M of butyllithium
in hexane and 3.85 m! of diisopropylamine in 35 ml of THF at -20° C . After stirring for 20
min, a solution of 8.3 g of steroid 40 in 30 ml of THF was added and the mixture was
stirred for 20 minutes at -20°. Then after cooling to -40°, 2.2 m! of allylbromide was added
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one di met hyl hydrazone (36) The al kyl ati on of {HiesShedt&l ‘acegerforrred W th

the anion generated first of 4-brono-1- butyne. was as
follows. A solution of 11.9 gr. of 35 in 100 ni eated at -20C
with 20 m of a solution of 1.5M BuLi in hexane. ter stirring for I hr at
-20C the reaction m xture was cooled to -70C A cold solution of the anion
of 4- Dbrono-1-butyne (prepared by addition of 36 nml of BuLi to 7.7 g of
4-brono- 1-butyne in 50 m of THF at -78C ) was added dropw se and the
reaction mxture was allowed to warm @B to room tenperature. The nixture
was then stirred for an additional 1 hr and then poured into 300 m of 10%
aq. NH[ er rgnd) then pigring, wan continkies £t anaardditivnali 4 fhr @t K30°, aftert which Afetiod tic

chr orat Ogrrﬁﬁmﬁgﬂs g@g&%yo}?pl&% oWl'ea&mna'fhea:gm?ure waBL]ucncilxethy addition of'

(toluenel/e

19 (1 200 ml of 5% NaHCO; solution , followed by extraction with  ethylacetate.

6al pha) - 3-[[ (1, 1-di net hyl et hyl ) di net hyIsHyI oxy] - 16- ( 4- butynyY)estra 1,3,5
(10)-trie lwmamséap(lznverrah@gdc(hmeﬂﬁmhybc@,areﬁs geenthprovidedi¥.2@f of &dFasand 70
m of I M er. H 4,5 was added 15 g of periodic acid in 40 m
of et hano?‘c‘%ﬁéseor(hgk §5;,§§§ stirred for 24 hr. Then 500 ml of water was
added and the product was extracted with ethyl acetate. Chromatography of
the crude nmaterial thus obtained provided 4.2 g of 37. (16al pha,

17al pha)-3-[[ (1, 1- dlnethylethyl)dlnethyIS|IyI]oxy] 16, 23-cycl 0- 19, 24-di norc

hol a- 1, 3, faf ht al eni de was
prepared fyomnr 3. T ' 50 rorretmps +tn 30 M of
dry THF. MM)V\&S added dropW| se to a solution of 560 ng of 37 in

5 mM of THF until a dark green color of the reaction m xture persi sted.

After sti rTthmﬂ@dsﬁQthrﬂywmdﬁwormmWﬂ atwd® pour ed
into 30 n1 &Lt@h‘é e product was extracted with ethyl acetate.
Chr omat ogr ap on provi ded 150 ng of crystalline 38.

in 30 mlofTHF AﬁersnningforBO min. at this temperature, the mixture was poured
onto 250 mi of 10% NH(Cl solution and extracted with ethylacetate. The product thus
obtained was chromatographed, to provide 3.2 g of the 16c,!7c diallyl derivative 42 as
white amorphous material. |

160, 17¢r)-7-methyl-17-hydroxy-16,24-cyclo-~19,21 -dinorchoia-5(10),22-dien-3-one
3.3-d lacetal (43
To a solution of 1.3 g of 42 in 30 m! of methylenedichloride was added 200 mg of
bis(tricyclohexylp'hos;:hine)benzylideneruthenium dichloride. The reaction was stirred until
completion. The solvent was removed partially by concentration and the residual material

chromatographed on a silicagel column to provide 1.1 g of 43 as an amorphous white
material. Ry = 0.38 (heptane/ethyl acetate 7/3 v/v).

A solution of 1 g of 43 in 30 ml of acetone was treated with 5 ml of 2N HC1. ARer stirring
for 2 hr at room temperature the reaction was complete. After neutralization with 5%
NaHCO; solution the mixture was extracted with ethyl acetate and fhe product passed
through a short silicagel column. The product thus obtained was treated with
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(16al pha, 17al pha)-16, 23-cycl 0- 19, 24-di nor chol a- 1,3, 5(10) 20- tetraene 3 1
7-diol (39) A solution of 130 ng of 35 in 5 m of Iﬁ6$ﬁm

stirred for 2 hr at roomtenperature. The reaction n treated
with 3 mM of pyridine and concentrated and diIuted ter The
product was extracted in ethylacetate and finally pun

chromat ography, to provide 65 ng of 39; Mp. 203- 205[err]C EXAMPLE V
(7[err],16[err])-7-methyl - 16-(prop-2-enyl)-estr-5(10)-ene-3, 17-di one

3. 3- dlnethylacetal(41) A sol ution of I%{hluntdiisopropylantde was prepared

from 16. 6¢i11 J“g of butyll th|u I n_hexane _and 3

di i soprop 'éﬂ‘?rﬁBYF °"36t°rﬂ”°8‘Fl"" F‘ &tof HpMep. 13%‘19ertsQ‘FH‘F'Perfﬁthb’bFetQQ Hin. a
sodution qj 1.3 g of steroid 40 in 30 nl of THF was added and the m xture
was stirred for 20 mnutes at -20. Then after cooling to -40, 2.2 m of

al Iyl brom de was added

REPLACEMENT SHEET

0 2 JUN 1998 _ 20 and then
stirring mmﬂged for an additional 4 hr at -20, after which period
tlc nonitortng showed conpl etion of the reaction. The m xture was quenched
by addition of 200 m of 5% NaHCO3 solution , followed by extraction wth
et hyl acet gt,e. th)él acet at € as

el uent) proviaee ]

16[err], 1u,ﬁgthhég§¥ﬂ$1§_gehyl i oo 7

16, 17- b| s(prop-2Z-en -17- hydr oxy-estr-5(10) ene- 3-one 3, 3- dinethyl acet al
(42) To alscsbhmomrofoﬁnyllﬂhmmm ﬂ\teMdeb | addigioe f W8 hﬂmﬁdem.ﬁmﬂﬂi off THF
was added,at 403. ol utio 1|n 30 er stlrrlng
for 30 m Mutyllithinm ﬁtsgr“él ft"ﬁglw g'ﬁ:ftééfs $UREEof 10%

NH err] C mmd)gsaggo@&jo@qﬁ%a&w,ﬁh et hyl acet ate. The product thus
obt ai ned was chr omat ogr aphed rovide 3.2 g of the 16[err], 17[err]

dial lyl démlefi TR was added drOlese pon stirring for an additional 15 min. the mixture was
quenched by addition of 20 ml of 10% NH(CI solution , followed by extraction of the
product into ethylacetate. Subsequent chromatographic purificationr provided 120 mg of
45 as an amorphous material; Re 0.56 (heptane/ethylacetate 7/3 v/v),

168,178)-16,17-dihydro-1 7-hydroxy-5’H-cvclopenta[ 16, 1 7]estra-5(10), 1 6-dien-3-one
3,3-dimethylacetal (46 '
To a solution of 120 mg of 45 in 4 ml of methylene dichloride was added 30 mg of
bis(tricyclohexylphosphine)benzylideneruthenium dichloride . After stirring for 2 hr the
mixture was concentrated and filtered through a silica gel column, to provide 80 mg of 46,
Rr0.40 (heptane/ethyl acetate 7/3 v/v).

7e.168.176)-7-methyl-16.17-dibydro-] 7-hydroxy-5’H-cyclopenta{16,1T]estra-4, 16 dien-
3-onc_(47) .

A solution of 80 mg of 46 in 2 m! of acetonc was treated with 0.2 ml of 2N HCIL. After
sticring for 2 hr at room temperature the reaction mixture was neutralized by addition of
NalCO,, and diluted with water. The product was cxtracted with ethylacetate and passed
through a short silica column, to provide 45 mg of 47; Mp 175-176°C , R¢ 0.49
(heptane/ethylacctate 1/1 v/v)
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whi t e anor phous materi al . (7[err], 1l6[err],
17[err])-7-methyl - 17- hydr oxy- 16, 24-cycl 0- 19, 21- di nor chol a-5(10), 22-di en- 3-0
ne 3.3-di met hyl acetal (43) To a solution of 1.3 g of 42 in 30 m of

met hyl enedi chl ori de was added 200 ng of

bi s(tricycl ohexyl phosphi ne) benzyl i dener ut heni um di chl ori de. The reaction
was stirred until conpletion. The sol vent was renoved partially by
concentration and the residual materiaj, chromatographed on a silicage
colum to provide 1.1 g of 43 as an anorphous white material. R err] = 0.38
(heptane/ ethyl acetate 7/3 v/v).
(7[err],16[err],17[err])-7-methyl-17-hydroxv- 16, 24-cycl o- 19, 21

-di norchol a- 4, 22-dien-3 -one (44) A solution of 1 g of 43 in 30 m of
acetone was tregtmgagyi th 5 ml of 2N HCl. After stirring for 2 hr at room
tenperature the reaction was conplete. After neutralization with 5% NaHCO3
solution the m xture was extracted with ethyl acetate and the product
passed t hrough a shor PAd cagel columm, ®me product thus obpai ned was

17[err])-7- m& 6-(brop-2-e' g ,
3, 3- dlnethylacetal (45) A solutlog of V|nyII|th|un1ma prepared by
addition of 0.8 m of a 1.6M soluti®On f
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butyllithiumin hexane to 0.32 ml of vinyltributyltinin 3 m of THF at
-50[err]C. After stirring for 20 mn. a solution of 300 ng of 41 in 2 m of
THF was added dropw se. Upon stirring for an additional 15 min. the m xture
was quenched by addition of 20 mM of 10% NH err]Cl solution, followed by
extraction of the product into ethylacetate. Subsequent chromatographic.
purification provided 120 ng of 45 as an anorphous material; Rf 0.56

(hept ane/ et hyl acetate 7/3 v/v). (7[err], 16[err],17[err])-16, 17-di hydro-
1 7-hydroxy-5'F#cyclopenta[16,17]estra-5(%b),16-dien-3-one

3. 3-dinethyl acetal (46) To a solution of 120 ng of 45 in 4 m of nethylene
di chl ori de was added 30 ng of

bi s(tricycl ohexyl B&8&M&Ine) benzyl i dener ut heni um dichloride . After stirring
for 2 hr the m xture was concentrated and filtered through a silica gel
colum, to provide 80 ng of 46, R err] 0.40 (heptane/ethyl acetate 7/3
v/iv). (7[err], / :
16[err],17[err])-7-meth
ra-4, 16-di en- 3-one (4%

. /
I?f%?l?-dihydro-l?-hw@N&xy-S'H— ycl opent a[ 16, 17] est
A sol ution of 80~Jpfof 46 in 2§ﬂ1 of acetone was
treated with 0. 2zl el -2 HC . After "bﬂ@i 2 A 8" roomtenperature

the reaction«gi @@ neu‘t‘h‘ﬂ"‘l‘ze ion of NACY8, and dil ut ed
with water. THE Pfottict~Mas extr atge M .2 hyl acetate and passed through
a short silica colunp, to provide 45 ng of 47; Mo, 175-176[err]C, R err]
0.49 (heptane/ethylacetate 1/1 v/v) 14 \\ 22

{
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47 EXAMPLE VI | Test for prevention of

ovari ectony-induced bone loss in rats (anti-osteoporosis test).

I ntroduction Ovariectony induces in rats bone |oss, which is due to
oestrogen deficiency. Adm nistration of oestrogenic conpounds prevents this
effect. The test is used to evaluate a conpound for anti-osteoporotic
activity in ovariectom sed rats. The effect on bone nmass can be eval uated
by peripheral Quantitave Conputed Tonobggaphy (pQCT) neasurenent of
trabecul ar bone mneral density. Test aninmal Mature virgin female Wstar
rats preferentially, 225-250 g. Strain: Hsd/ Cpd: Wi, SPF-bred by Harl an,

CPB, Zeist, The Netherl ands. Experinment On day 1 of the experinment the rats
are wei ghed and distributed over the cages im order of body weight. The rat
with the | owestghpgyyei ght in the first cage and the heaviest rat in the

| ast cage. Treatnents are random zed over the rats per block. A block
(group of 3 + n treatnents) consists of 1 Intact placebo rat, 10VX pl acebo
rat, 1OvVX reference rat and 1 rat of each n treatnents.

47
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o |
Sham operation and ovariectony are perfornmed under ether anaesthesia. After
recovery fromthe anaesthesia, within 24 h, vehicle, reference conpound or
test conmpound is adm nistered once or twice daily for 4 weeks. Bone m neral
density neasurenent by pOCT Trabecul ar bone m neral density (ng/cnB) of

t he met aphyseal part of the femur was neasured with a pQCT (peripheral
Quantitative Conputed Tonography machi ne; XCT 960A, Stratec, Birkenfeld,
Germany) directly after autopsy on frﬁ h tissue. Two 360[err] scans, which
have, due to the X-ray beam a standafd thickness of 1 nmwere taken. The
REPLACEMENT SHEET 29 scans
have a resolution of 0.148 x 0.148 nm One scan was taken at 5.5 mmfrom
the distal end of the fenmur, where trabecul ar bone mneral density of the
met aphyseal part was neasured. The other scan was taken in the diaphysis at
13.5 nmfromthe distal end, which contains no trabecular bone. In the

| atter scan cortical bone mineral density and the geonetrical paraneters,
such as cortical thickness, total bone area, outer and inner dianeter, were
deter”ined'%gﬁ%hﬁLEéﬂg i nter-assay variation for the nmeasurenent of

trabecul ar | density in the distal femur were about 2-3% The
XCT-960A was calibrated with a standard of hydroxyapatite enbedded in
acrylic plastic. Interoretatlon of results CNarlectony causes a,
statistical+% 0 g Lol : ‘ a5 fanti-esteoporesis test (P <
0.05, 2 way AAKNUQ 'Test conpounds are con5|dered to be actlve when nean
‘bone m neral density values of the distal femur are significantly increased
as conpar edintrodudtienovari ect om sed control group. The active dose (EDerr])

is the dose,where a r.oportional difference in trabecul ar bope m neral
density betQEAAsCREY ar‘l‘HF“Sbé) if srats, hope jloss E’g‘ﬁk)a'ﬁeﬂ“’c ot 19astERRE, ency.

ovar | eot om AgaicRtith of ocslfo SARTLARDams preitP itk The GRS S b aluak 7 |
and Materi i enmgups fcr]an(:mpomﬁgmﬁuty in ovatieckomisedxittis. The affedt dtnbonpumiss H. :
Charact eri sl cvamiid By pelifiieral Buaitave Coois fomdhraphy (pQCT) measurement
' of trabecular bone mineral density.

Test animal |

Mature virgin female Wistar rats preferentially, 225-250 g. Strain: Hsd/Cpd:Wu, SPF-bred

by Harlan, CPB, Zeist, The Netherlands.

eriment

On day 1 of the experiment the rats are weighed and distributed over the cages in order of
body weight. The rat with the lowest body weight in the first cage and the heaviest rat in
‘the last cage. Treatments are randomized over the rats per block, A block (group of 3 +n
treatmeﬁts) consists of 1 Intact placebo rat, 1 OVX placebo rat, 1 OVX reference rat and 1
rat of each n treatments. | |

Sham-operation and ovariectomy are performed under ether anaesthesid. After recovery
from the anaesthesia, within 24 h, vehicle, reference compound or test compound is
administered once or twice daily for 4 wecks,

ne mineral densi easurement T

Trabecular bone mineral density (mg/cm3) of.the metaphyseal part of the fernur was
measured with a pQCT (peripheral Quantitative Computed Tomography machine; XCT
960A,  Stratec, Birkenfeld, Germany) dircctly after autopsy on fresh tissue. Two 360°
scans, which have, due to the X-ray beam, a standard thickness of 1| mm were taken, The
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nodel . J. Bone Mn. Res. 4 (1989): 12-22. - Ederveen A. G H., Spanjers

- CP.M; Qaijtaal J.H M and Kl oosterboer H J.: Effect of treatnent with

ti bolone (Og OD 14) or 17[err]-ethinyl estradiol on bone nmass, bone
turnover and bi omechanical quality of cortical and trabecul ar bone in
mature ovariectom sed rats. Osteoporosis Int. in press, 1998.

30 EXAMPLE VI I Test for receptor-binding in vitro The rel ative

progest erone receptor binding affini tyzé)f t he conpounds of the invention
was neasured for cytoplasm c progesterone receptors present in human breast

tumor cells fc(ﬁ%\%aﬁ??«%shﬁigri: AFYRaE1C0 144 TR U0 sear’ AP EKE B €5 ddn e

conpared w

(16[err]) - 1diseal bt ofdhe Fonfbir Ofberd BralR@ilRy Bhe nfine?s) Yerditg OF ﬁii?e%&a,{h? %&i hgs to
the procedure described by EW Bergink et al., J.” Steroid Bf ochem Vol .

19, 1563- 15mg2aguralThe othenican wagtakomindhe dizphyss atrld Sapmdronbthedkista) ead,fwhitl y was
measured in i ove,. sin 7L err]estradiol
as a refer cgél'{(?%lé %@é@mg b%@t ?ggfeiél F‘Jg‘%gé‘?‘ﬁv%/“t’g'zar# 7\'}5"%’%@@?}&/%‘& ‘f‘i‘

estrogeni c gednetiiday §,© §uth n&d cnicAlBRbknesd, tbiAP boRd larda Qtkr Aldde thnkol SY
test, described in F.Allen, L.A Doisy, J.Amer. Med. Assoc., 81,819-821
(1923)  Tediametsr, wersydeteamjsed. clotrat jand rigter-assayi vasiation fon the wasamremenst afjeni c

o WP | EpfeRbial G sially SRARSI Sho AR MR R A RO KET o004 R ' 55
145-156.  &dibakd with a btidaéd oGk §apafieLmbediad inkctylie playwpl es |- VI, as wel |

as ot her conpounds
: Imo tation of resul

Ovariectomy causes a statistically significant decrease in trabecular bone mineral deasity (P
< 0.05, 2 way ANOVA). Test compounds are considered to be active w!xen mean bone
mineral density values of the distal femur are significantly increased as compared to the
ovatiectomised control group. :

The active dose (EDsq) is the dose where a mean proportional difference i trabecular bone
mineral density between 40 and 60% is reached as compared to 'the sham and
ovatiectomised group. '

References .
- Wronski T.J. and Yen CF.. The ovariectomised rat as an animal model for

postmenopausal bone loss. Cells and Materials, Supp. 1 (1991): 69-76.

- Yamazaki I. and Yamaguchi H.: Characteristics of an ovariectomised osteopenic rat
model. J. Bone Min. Res. 4 (1989): 12-22,

- Ederveen A.G.H., Spanjers C.P.M., Quaijtaal J.H.M. and Kloosterboer H.J.: Effect
of treatment with tibolone (Org OD 14) or 17a-ethiny! estradiol on bone mass, bone
turnover and biomechanical quality of cortical and trabecular bonme in mature

ovariectomised rats. Osteoporosis Int, in press, 1998.
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according to the invention synthesized in anal ogous manner, were subjected
to the tests described in the Exanples VIl and VIII. The results are
described in the Table, in which the type of A-ring and the substitution at
carbon atonms nos. 7, 11, and 17 is indicated. In the colums captioned E
and P, the relative binding affinities for the estrogen and progesterone
receptors are given; the ED50 results of the Al enDoi sy and the MPhai
tests have been indicated in [err]g/kg._ln the colum captioned

" Ost eoporosis”, the ED50 results of the™anti-osteoporosis test are given

(dose in [errdgAmL%\hnas descri bed above). 31 [err]

CLAIMS 1. A steroid conpound having
the fermul a

Test for receptor-binding in vitro

The relative progesterone receptor binding affinity of the compounds of the invention was

measured for cytoplasmic progesterone receptors present in human breast tumor cells

(MCF-7 cells, incubation time 16h., temperature 4°C) and compared with the affinity of
~ (16a)-16-ethyl-21-hydroxy-19-norpregn-4-enc-3,20-dione (according to the procedure

described by E.W. Bergink et al,, J. Steroid Biochem., Vol. 19, 1563-1570 (1983)).

The relative estradiol receptor binding affinity was measnred in the same manpner as

described above but using 17festradiol as a refercence.

Test for estrogenic activity in vive
The in vivo estrogenic activity was determined by means of the well known Allen Doisy

test, described in F.Allen, L.A Doisy, J.Amer. Med.Assoc., 81,819-821 (1923)

Test for progestagenic activity in vive
The in vivo progestagenic activity was determined by means of the well known McPhail

test, described in McPhail, MK.: The assay of progestin, Journal of Physiology, 1934,
83:145-156.

Several of the compounds accarding to the Examples I-V1, as well as other compounds
according to the invention synthesized in analogous manner, were subjected to the tests
described in the Examples VII and VIII. The results are described in the Table, in which
the type of A-ring and the substitution at carbon atoms nos. 7, 11, and 17 is indicated. In
the columns captioned I and P, the relative binding affinities for the estrogen and
progesterone receplors are given; the EDsq results of the AllenDoisy and the McPhail tests
have been indicated in pg/kg. In the column captioned “Osteoporosis”, the EDgg results of

the anti-osteoporosis test are given (dose in pg/kg,day, as described above).
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[err] wherein Rlerr] is =G -OH =NOR -OR or -OOCR, in which Ris
an al kyl group having 1 to 6 car bon at ons; Rlerr] is H =CHerr] or
-(CHerr])[err]Hwith mis 1 or 2 Rlerr] is H (derr]-alkyl;
Clerr]-alkenyl or (Jerr]-al kynyl, wherein the al kyl, al kenyl or al kynyl
group may - -be substituted with 1 to 3 hal ogen atons independently sel ected
fromthe geeup consi sting of fluorige and chlorine atons; Rerr] is
H Cerr]-alkyf; Cerr]-alkenyl; (err]-alkynyl or Clerr]-alkylidene,

| dereT oot

wherein the alkyl, pESalkedyT: [ ar gy fretet t be
substituted wih 1§ _ghlgﬁg af dependertiy] $el qcied fromthe
group consi stiig offE §§ 8 el 5(8(8 By S)alg QRdspat s, toget her
with carbon athns 1B RTAOE] ST b S T i N S R B A B ered ring,
said ring beiﬁ[e W th{r bspéc e ilng,| Jubdt i tjutlefl Mi th RE and
optionally cogpri si O et Ttk Geh-g Hgull e S err] is H,
C[err]-alkyl;%er | kgnyl erri] 1af ky qr | i} dene;
C[err]-spiro-§1e|| tycljogql k - OR |- BR | -{O H*?; -INRR; - NHCOR,
wherein R (ang in LRde ofn &l =NER { ndépendent | y of
the other) is@ap alBsiae B ﬁﬁ@ §§8§ 8lg|3
-(CH err])[erpg§ £\ N  err ) | gr AT H X AL wherein the
al kyl, al kenyg, 8l 1, kyIji dehd or| ¢yfcliopljky!l p y be
substituted W tB 1 3 gupgtilt ugn i p¢ndenf | ectlegd fromthe
group consi st®n| |- - FEL ’ 1 R, wWith R
bei ng defi negga 1 1l ne {a 2\ horin% b ; Rerr] is
-OH, - OCH[ er X éfaé R wWHefei n R ap lak k | {tp 6 carbon
at ons; Whe exn g lod g18(8) gp or nore
doubl e bonds @hls "K% e gT peip z%xft'@ d); D11(12); -
Al4(15); or a&\ of efjrjna$ A (ol B e|] 4r pria ;
REPLACEVENT SHE@T _ B3 2. A steroid
conmpound acc@ ghn ¢Heit e haf-do vi o thel B-tilng is a six-
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menbered ring. 3. A steroid conpound accordi ng tﬁml mu U!I‘
characterized in that the A-ring is aromatic, ah@ ! rings

are saturated. 4. A steroid conpound according to claim3, characterized
in that Rerr] is [err]-propyl, the E- ring is a six-nenbered ring,
Rlerr] and Rlerr] are OH, and R err], Rerr], and Rerr] are H. 5. A
phar maceuti cal conposition conpri.si ng the steroid conmpound according to any
one of the preceding clains, and 2phar maceuti cal |y acceptabl e
auxiliary. 6. The use of a steroictamsnpound according to any one of

cl ai s 1-51f oA stemid nempdundthavieg the fafmula nedi canment for the prevention or
treat nent of peri-menopaus&l or post- menopausal conpl ai nts. 7. A use
according to claim?7, char Wterized in that the conplaint is osteoporosis.

8. The use of a stgLig It %ﬁﬂiccordi'ng to any one of clainms 1-5 for the
manuf act ure of a Nn¥ eI/ havi ng contraceptive activity. 9. A
process for the prepakaiidoyy of a 16,17 anellated steroid according to any
one of cl ai msorrpri sing taking a 1 7-keto steroid having the
formula: [ergl> R, Wherein the substituent groups have the neani ng
as described ih the Feceding clains, and attaching, on carbon atom 16,

I .e. adjacent to the I7-keto noiety, an al kyl chain, substituted or not.,

suitaply functionalized so as to obtain an [err]-iodoal kyl noiety, and

wherein

=R, is =0; -OH; =NOR; -OR or -OOCR, in which R is an alkyl group having 1 to 6
carbon atotns;

R¢ is H; =CH, or -(CHa)H with m is 1 or 2

Ry is H, Ci4-alkyl; Cs-alkenyl or Cas-alkynyl, wherein the alkyl, alkenyl or alkynyl
group may be substituted with 1 to 3 halogea ato'ms independently. selected from the
groué consisting of fluorine and chlorine atoms;

Ry i8 H; Cre-alkyl; Cocetlkenyl, Cpealkynyl or Cy-alkylideue, wherein the aliyl,
alkenyl; alkynyl or alkylidene group may be substituted with 1 to 3 halogen atoms
independently selected from the group consisting of fluorine and chlorie atoms;

E represents, together with carbon atoms 16 and 17 of ring D, a four to seven-
membered ring, said ring being o with respect to the D-ring, substituted with Rg and
optionally comprising one or two endocyclic double bonds;

Re is H; Cug-alkyl; Cog-alkenyl; Cre-alkynyl; Cig-alkylidene; Cz¢-spiro-anellated
cycloalky!; -OR; -SR; -OOCR; -NHR; -NRR; -NHCOR, wherein R (and in the case of
Rg being -NRR each R independently of the other) is an alkyl with 1 to 6 carbon atoms;
“NCO; (CHz)a-Na or (CHz),-CN, with n is 0 to 5, wherein the alkyl, alkenyl, alkynyl,
alkylidene or cycloalkyl group may be substituted with 1 to 3 substituents
independently selected from the group cbnsisting of -OR; -SR; -O0CR; -NHR; -NRR;
and -NHCOR, with R being defined as above, fluorine atoms and chlorine atoms;

Ry7 is -OH; -OCH;OR; -OR or -OOCR wherein R is an alkyl with 1 to 6 carbon atoms;
wherein the steroid compound optionally may have one or more double bonds chosen
from the group of D9(10); D5(10); D4(5); D11{12); A14(15); or any of the rings A or

B may be aromatic;
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winan’ o organometal i reagent. 0. A Bfiﬂlllll'lltllmlmlﬁl PlEr s Ton

of a 16,17 anell ated steroid according to any one*f¢ * R®ldang 1-5,
conmprising taking a 17-keto steroid having the formla: [err]
wherein the substituent groups have the neaning as described in the
precedi ng cl ai s, and attachi ng, ggn each of the carbon atonms 16 and 17,
an al kenyl chain substituted or not, and bringing about the
ring-closue,vi,a olefin tath at al yst derlv . froma
transiti 0:15 by Sifrord gqmpoyn taﬁ?‘?f éeﬁg‘%ﬁdc@&? ‘% B8 BR -ai ns 1
to 4, substaﬂkm@h@anﬂ herei n descri bed and mnth reference to any
exanpl e t hereof. . A steroid conmpound according to any one of clains 1
to 4, substantlally as herein described and with reference to conpounds

12, 183, 1%. ﬂosten%xld cgnolpound acégrding%b A{malngr f’,7¢haracterized in that the A-ring is
aromatic, and the remaining rings are saturated.

4. A steroid compound according to claim 3, characterized in that Ry is a-propyl, the E-
ring is a six-membered ring, R; and R,; are OH, and R¢, Ryy, and Rg are H.

5. A pharmaceutical composition comprising the steroid compound according to any one
of the preceding claims, and a pharmaceutically acceptable auxiliary, |

6. The use of a steroid compound according to any one of ciaims 1-5 for the manufacture
of a medicament for the prevention or tredtment of pen-mempauml or post-
menopausal complaints.

7. A use according to claim 7, characterized in that the complaint is osteoporosis.

8. The use of a steroid compound according to any one of claims 1-5 for the manufacture

of a medicament having contraceptive activity.

9. A process for the preparation of a 16,17 anellated steroid according to any one of
claims 1-5, comprising taking a 17-keto steroid having the formula:
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wherein the substituent groups have the meaning as described in the preceding claims,
and attaching, on carbon atom 16, i.e. adjacent to the 17-keto moiety, an alkyl chain,
substituted or not, suitably functionalized so as to obtain an ®-iodoalkyl moicty, and
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13. A pharnmaceutical conposition, according to Hmlmummg“ﬁmml ally as
herein descri bed. 14. - A process accordi hg ai m 10,
substantially as herein described and with refertnce to any one of
exanpl es 1-Vi.

4

bringing about the ring-closure of the @-iodoalkyl moiety by treatment with an

organometallic reagent.  _ -

10. A process for the preparation of a 16,17 anellated steroid according to any one of
claims 1-5, comprising taking a 1[7-keto steroid having the formuia:

wherein the substitnent groups have the meaning as described in the preceding claims,
and attaching, on each of the carbon atoms 16 and 17, an alkenyl chain substituted or
not, and bringing about the ring-closure via olefin metathesis, using a catalyst derived
from a transition metal. | |
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