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ACTIVITY gsent i nvention eroi d conpound i

addi ti onawbé’z@ror’l ng connected to ringuf+of the steroid ske?%%%&ﬁoggqsng
estrogenic activity. There is continued interest in new conpounds with
affinity for the estrogen receptor. “THi & stems fromthe di scovery of two

di stinct subtypes of receptors, denoted ERa and ER~3 (see Mossel man et al.,
FEBS Let t Br19-(38B392°1(Ck9D®END-sHERAS coabdUnas HERANG AELHO TIRB8s1K08)Nic Gonpawnds
whi ch are sel ective for such subtypes of receptors nmake it possible to
.provide a nore selective estrogen-receptor related treatnent. Advantages
can for exanple be obtained fromthe different distribution of receptor
subt ypes The pieB8nt issetetiol rektes ablsterdid eatmpatindsi witheah edelitibnatiéh of

‘ | d d ff.
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contraception, for therapy of nmenopausal conpl aints, osteoporosis, and
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contraception, for therapy of menopausal complaints, osteoporosis, and
estrogen dependent tumour control.

20 In EP O 869 132 estrogenic steroid compounds are described which have
the formula (1):

formula 1

25 wherein:
dotted bonds represent optional double bonds;
Re is H, =CHa, or —~CHgs, or -CH2-CHs;
R7 is H, Cis-alkyl, Ca.s alkenyl or Ca.s-alkynyl, wherein the alkyl, alkenyl
or alkynyl group may be substituted with 1 to 3 halogen atoms
30 independently chosen from the group of fluorine or chlorine atoms;
Ri1: is H, Ci-4-alkyl, Co-4-alkenyl, Co4-alkynyl or Ci.4-alkylidene, wherein
the alkyl, alkenyl; alkynyl or alkylidene group may be substituted with

LT
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It was further disclosed in EP 0 869 |32 that any al kyl, al kenyl, al kynyl
and al kyli dene group in the steroid conpound having the formula (1) may ~o
be branch r branched. if R6 or R11 is connected to th i

skel et on r@d’&ﬁﬂa singl e bond, the substituted carbon at o&ﬁ@&%lﬁ’ég@t eroid
skel eton either conprises a hydrogen atomor is involved in a double

car bon-carbon bond. Conpounds may contain different centres of chirality
and can exi st as enantioners and di astereoners. Hydroxyl groups may be
capped with substituents such as acyl or al kyl |eading to prodrugs of a

conpound ackcto & hglagerr storsdndependestiyaioseauliant kae gs0y ldiac@Bfpound

_having forrB{J thrithd BrSybol s and terms having the neanings as defined

above, characterised in that.z o REis,a a-hydro rQup, .or .a prodrug
t her eof , Baspresraxscerstns with-eadhan atemp ﬂ%@@éﬁ@%ﬁ %ef?/ldf or the

_estrogen regeitn a fourtionssren trierabbiah rew, sagéming poingoyn @geh a

conpound, hereafter . referred to as cQ el L,on, usually is
not onPy v&@fgﬁéﬁtf%&lméeﬁﬂeqﬁt@ @ﬁ Fg%g)ﬁ&(rgleigfe%{)%f ogﬂgg\g@l in fact is
general | y asoraprigagicie on twhereiiaystierbosds sodptwpstituighi€HhcBniri butes to
the very hi‘g?‘@? ect%\(,iag.i/e %rfr%é‘&n ogen receptor a and furthernore

&t rea nt
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b h C i-s-al = L] i i I %o RR 02/ 00682
S T SRR Rs FTAG: FogPRasisipare S BasfirtolR @@E@XV? posi tion
22 in S sgenEpsondy dercapped Wik subetiiRegty SUFBRS ACHIMHeRl #%%(ﬁrg B with
respect tﬁ%ﬂ&lt{lﬁ, 8{giébrﬁ#gghﬁa%&ﬁa%git@qoiﬁuq@q_rreani ng common in steroid

str

st ereoche notrfication. 5 Most preferred is the conpound according to
formula 2, which is (7a, 16(3, 17a,
22S) - 7- pr apgl ndw. idny eh &t 4 $tedidicoenpbahe- Aadng(fodinulai edth skmBdstri ol ,

havi ng the gode na g, 41621: .HOio .0 " - 2 41621
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receptor Scé)ﬂs%@elgflg%g@é? sélePHARY Y8r tBe ARLRG AReRRbNE coraBImQURd Ml ch
converts |1 n the body of a recipgient to a conpound cording.to fornmula 1
with RE bBigly estrageay %@Rteaf:xugﬁlcg& QBWOW%@ ﬁ%‘?@g%f r&?‘?ﬁfgg 129 8si tion 3,
%7| Enld Oncéﬂﬁacﬁlﬂcti %‘frthEQnﬁféﬂtibﬁE u@el IR B iﬁ@t 6ﬁlytveéﬁyeﬁle%1h%§0aetihie¥om the

a * 0X or esters such. as.acyl *ox ate,. su e nate or
ar omgt ic %é‘i’ﬁ&??l LECEPI O Er Qb@ “PIC%CE%Fr é%‘?lg?ﬁf}fﬂnlaéﬁagﬂnb‘% ‘%‘héﬁé FSS Oséegqenot ed
with ap as¢asptek &, *Which oontribntsstier thk verbhighaelsicyivily! forithed:strogerty |
group is derd.yed | ﬁ@ ﬁgkh@ﬁflbré’én%?é?g%ﬁé’éti% & eafRdnhaAkant | C

g y Zb W co phen

car boxyl at e genera nprise a yl, pyridinyl or rimdyl.
The | engt Rlasikadrobthg estingeacipcepteups Ths §%Fﬁi&wsd@t)£%(ﬁ Wdegiloﬁwe
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enantiomers in any proportions including racemic mixtures containing
substantially equal amounts of the two enantiomers.

35 A preferred embodiment of the invention is a steroid compound as
defined previously and further characterised in that R is H, R7 is a
branched or unbranched Ci-3-alkyl, the E-ring is a five or six-membered



WO 02/ 00682 - 4 PCT/EP01/048G8 converted in the body of the recipients.
The active conmpound to which a prodrug is converted is called the parent

conmpound. T et of action and duration of action as we t
di stri but iwo&n&l/@e@he body of a prodrug may differ from suchL T%g%‘/‘p?%ss of

t he parent conpound. 5 Both for nedical therapies as well as for
physi ol ogi cal, nedi cal and pharnacol ogi cal experinents such sel ective
conpounds as found now are desperately needed. It is an aspect of the
invention that a conpound of the invention can be used faqr, therapy by
adnmi ni st eringwithewohpobiedbends hevang echy ey, abRPHfioFuAEOP an ani mal

.pref erabl y &BRIAREurdH6n dinHieh &iin fith fratiopuir othexf wardnds preithptespecover

different tissues of an _organi smprovides targets for nore s Igﬁ)lve

i nt er f er efie shaisteraifskaleton aecorsiBe 19ieaPeaIRNg SOTETO i1 PR bwn t hat

. speci es depgR@eRbmiStl QgEficigcaptors a are expressed predonminantly in

inal t d 15° t] d
br edom a1y PirIEEEd s % ol AOEL e B DRETR O S Blch BPIEESER er
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t he basal 3f fze%_gliéightﬁg‘gﬁ rgh%xcéad@ in%)@ﬁ%rqp}@l:ﬂ ssues wherein both
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receptors™a are=f or exanple the“pituitary, hypothal anmus, thynus,
uterus, ovary and ao bone. The estrogen-receptor affinity profile of the

conpounds of the pr eserﬁéi n tion, nakes them suitable as inproved
ose
P

estrogens or anti-estgogermgunder di m ni shed estrogen-rel ated side-effects.
Thus, the inventio \scl
activity of estro
i nto contact i

a nmethod for selective nodification of the

En 3 gteptors by bringing a conpound of the invention
rogen receptors. Such a nmethod can be a treatnent of

t he human or body, but it can also be a non-nedical nethod. The

| atter netHfdd ¢an Be gn experinental nethod, such as an assay for selective
conmpounds or an in vitxo |aboratory nethod to obtain information on 3 o
estrogen receptors or conpounds interacting therewith. Preferably, these
conpounds can be used for selective estrogen--receptor a or ~i related
contraceptpygnubxpetrgept@p1 or nedical treatments, such as those for
treatment or prevention of estrogen receptor related disorders, nenopausal
conpl ai nts, osteoporosis, cardiovascul ar disorders, nodul ation of pituitary
hor none r agonglonaitls hetvrglingrioshas éntypdon reopife theteforea niepe ddesetedunour
control, I I 95 i v i gor ders.
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t hese sel eeceptonsemhadorgadismeat nents i s that these conprise the bringing
of a compound of the invention into contact with estrogen receptors 5 The
invention also relates to the use of a conpound.accordi to,.the i,nvention
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biological activity comparable to the compounds to which they are



a o conplaints relieving, in particular, an anti-osteoporose activity. The

dosage anounts of the present conpounds will be of the normal order for
est rogen- (] @lgek,conpounds, e.g. of the order of 0.01 to 19 RGkes
adm ni strati on. §5 To this end dosage units can be prepare CGhPArAT ng

anounts of a conpound of the invention in the sanme order of nmagnitude as

t he above indicated treatnent doses. Therefore, the present invention al so
relates to WO 02/ 00682 PCT/ EP01/ 04868 4« 6 a pharmaceutical comnposition
conprising a conmpound of the invention mxed with one or nore

phar maceutdroadrted an thptialpohtix kecipiats. The avnotemPwing fe WHeBR i on may
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. Chem strymaM@lieFEsoh $16h |ﬂrop\é@ﬂe§\|@$1tha@r8ﬁt gbaisbGedpany, New York,
1972, and C Dyerassi, " Steroid Reactions ", Hol den-Day, Inc., San
Franci $co, 1963. ~. o For the synthesis of a conpound accordi ng to the

i nvent i onpatigfer dscdicahticeragies tisonell %ﬁpt?wmlbgtc@dl matjcabaedt o be

h Ve h d F h
Compoundeb BT PREE G i DR G ?ﬁ%%%ggﬁg FREP IR Oy g "or (he

i nt r oducearodesperadalyl hacdel ritrig. alF@ﬁp@ﬁi of b’é@élthn thatg @rﬁ%ﬂP@HPdt 0
carry out,fhg i Etfﬂ ah B0 eRc rQhetApP %«“ym&mwgtéﬁﬁtg ﬁiél écrabyulerat ed
r

doubl e boRds resu omt e synthetic procéedure, for exa using a
wel | krrowkp al@timeﬁétb@ﬁ?@sh’slﬂbﬁ%(%cﬁﬂ ém%%‘g %We@b&ﬂﬁ BayR n%i@t QX‘ Catal ysts
alr e Usedlbéﬁffe“lr?n@[gﬁsﬂﬂmuéﬂ dfr @?jﬂn]gi f receptoeniover dnﬂélydmetnsrsmzs)of allzrlngst Sn to
cl ose a 16a, 17a- |susa rated, fragnent. into.an r e ated zo
5 *or 6 nerErem PrAGOCoHETar et IGr PoTy elrsavey AlmieReY PLEF

st er eosel ﬁ@ﬁctti@xhﬁagieabdifthmﬁd tiskhies. ¢ais krowanéhajesprcats ylapenldeag,ent s like
per aci ds é%{% gﬁ"‘}%r eg‘cd}saa %?EOXng-gswb&@aoxﬂ'in&ﬁﬂg éﬁtx}%lﬁ&%%ﬁﬁe%dlg et al

conpl exes ence I'zI ng-agent s 1ger oxr%e or

t - but yrmy&mpeusa;acd@mereaa &T@Cﬁm{@‘é\%ﬁfe ééﬁéf‘sssﬁérm@%‘iﬂl Prestare

sodi umbi calbapag Qgiqhehaggeﬁre‘k;lay O YEBIARRY, HaSHhIaT erddGtRIR istieSogan be
al nost regi 586l 6c reduct.| y opened with %drlde reagents to the
requi red bBagse QIC@HIS Cﬂi}%ﬂlﬁxvadﬂd’@&o%f%@ %%§ EPaSAITRESHIENY as wel | by
alolﬁI hcat' ﬂ@o%rt@xg&fﬂi%@ﬁ g%a u@ﬂléme@ﬁrfib{)r@ﬁﬁ@bﬂ@ reb@pmwewl senttge t
a- hydr oxy conpounds 0 nobu ~o_inversjon easi sto
t he ~3- al &6h GX%HP%%QF@?‘H’B ﬁﬁ%@%ﬂws’fﬁgnﬁﬁrrg%f%so%gﬂ%g %fgan be
convert@dbontkeo prodrugs, such as al kyl ethers, acyl esters, carbonates,

sul phonat 5%, Ol ROGIPNBLES torberfi\rﬁﬁﬁgr&ﬂevaftt@let&%nﬁpam@r&ferff*e g%é@élnthal i de or

acid chloride as desire naceut i cal osition cohprising one or
nor e commﬁl@@cmﬁmth%nt%t@h\?e%ﬁ jroRTevad pelrpRERa AR ISP LEREEHS hout

combi nati @p nRiPAsIEE %@H Yelae&E BIADEHe X MHN, i the, irfeglitioas descri bed
in the \FQO (%2/ 00682 F 1/ 048 8f standa ref rence Gﬁnnaro et al.
Renmi ngt of1SC1PHSS %@m?‘ééﬁ’r 8E1%5 Ssmog gt 19%8 ‘T\/ﬁ't? vEb?S SR8 Somany, |

| 990, seeresqsoiraldyybRaginga &iimlpmmhbf thad 1rRree11armﬁmmrsontmthhr

Manuf act ur e i e

i nventi oneﬁﬂ)éaggﬁ CSFpﬁ%I%é%J&E% i cgﬁ’rg%;@g%“@%ﬁr e 81.:5)% lfnr%élr{’\rblegr may be
conpr esseduiimed mdyl,dﬂctolzf,a@ei ahia be aslu@lh rasdisiall |r§e‘d‘roct abhedattepmejod

processed LAt Qe %pﬁ%r&&%nerntavamowsh% aPn? ffr fhaetpeeutical ly
suitable I'tquids t ounds al'so be a as an_in aetg.%l on

prepar at i @ﬁmﬁplﬂﬁéspér%ﬁ‘ &R VArE FRPrydus F%F? tai, frefog N 88 a spray,
e.g. nas ales‘e‘wo%yl re _Belﬁ_btoﬂ:. epepaupsisnad$ iheractivgrihicoawithy }‘aieﬁeratbey i fhdseded i n

an i npl ant, gHQ arl b8%sed gﬁss?é?ect?veggérrog&g_z%gégﬁ}ex{‘gorpg]?é’lﬁrt@&' on for

*sust ai ned P or maki ng age uni e use of
convent i orwhtmtchptmaeﬁxpmhnastah, or ensdival teratheards, sucbramthosepfdryneri c

bi nders a euticall

‘accept abl gg%%%ﬁ?ﬂ/élepgé‘#ﬂ%ﬁ?ﬁes n er% ﬁe te gfr gélvm%% dq%u@{#%ctl on of yt he
acti ve corpenapsusahco@niais, sgieanaresisacardioyagrularn@iseolder® conpositi ons
can be ;adhBHSIAISH df@ﬁmrﬂery ackAfche £ aﬂoncebh&g@@@ogﬁtew@éﬁer%ﬁ@d the

i ke, or mxturestherg sedrns;C ft eam)unts
estrogen dependent tumour controi, colo

central nervous system disorders. An important common characteristic of

n cancer, en80metr1081s or



The routes of synthesis used in the exanples are illustrated in the schemes
| and I'l. The nunbers used to identify the conpounds axe defined by the

structura s in these schenes. WO 02/ 00682 SCHE 186
PCT/ EPO1/ M&@%W HOH~~~HI w..:,~w,,,,~ | w H300NE}LCT/-E?012‘948Q300 -
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these selective methods and treatments is that these comprise the
bringing of a compound of the invention into contact with estrogen
receptors

s The invention also relates to the use of a compound according to the
invention for the manufacture of a medicament for selective estrogen
receptor related treatment and of a medicament for treatment of estrogen
receptor a related disorders, comprising the administration to a patient of
a compound according to the invention (in a suitable pharmaceutical

10 dosage form). In view of the antagonistic effect of a compound according
to the invention on the estrogen receptor B the invention also provides for
the manufacture of a medicament for treatment of estrogen receptor f
related disorders, comprising the administration to a patient of a
compound according to the invention (in a suitable pharmaceutical

15 dosage form).

Further, the invention relates to the use of a compound according to the
invention in the manufacture of a medicament having contraceptive
activity. Thus the invention also pertains to the medical indication of

20 contraception, i.e. a method of contraception comprising the
administration to a subject, being a woman or a female animal, of a
progestogen and an estrogen as is customary in the field, wherein the
estrogen is a compound according to this invention (in a suitable
pharmaceutical dosage form).

25
Finally the invention relates to the use of a compound according to the
invention for the manufacture of a medicament having selective
estrogenic activity, such a medicament being generally suitable in the
area of HRT (hormone replacement therapy) having a menopausal

30 complaints relieving, in particular, an anti-osteoporose activity.,

The dosage amounts of the present compounds will be of the normal
order for estrogen-related compounds, e.g. of the order of 0.01 to 100 mg
per administration.

35 To this end dosage units can be prepared containing amounts of a
compound of the invention in the same order of magnitude as the above
indicated treatment doses. Therefore, the present invention also relates to
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Concentratiopn of the ,or%ani c phase followed by silicagel zo chromatography
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g of 2in 80 m of nethyl enechloride was added 0.32 g of _
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was concethechemistryofséeraide. Pee ifor examypleoFuied, dhaadeEdyradbyJ.A.9
provi de 3-‘@@51%{0 RealfioRs 49 StbRRE %T@fs@é)” @’%}?ﬁ% le’éléd égo\?aﬁ ﬁstgaég) - NWR
(CDA s) 8%?@ g{% ) g' oc ew Ylo’rk 157'2' a(né(‘i’C’. Djerassi, " Ste(:rdid Reactions
CH3) 3. 77{ hole Samp: . , ; 3 ,
", Holden-Day, Inc., San Francisco, 1963,

10 For the synthesis of a compound according to the invention steroids with
an additional 16,17 anellated ring have to be synthesised. Methods to do
so have been described in EP 0 869 132. For the compounds of this
invention an additional hydroxy function must be introduced on the
anellated ring. For this purpose it is convenient to carry out the

15 anellation reaction in such a way that suitably located double bonds
result from the synthetic procedure, for example by using a well known
olefin metathesis procedure, whereby transition metal catalysts are used
which are derived from e.g. ruthenium, molybdenum, or tungsten, to
close a 16a,17a-bis unsaturated fragment into an unsaturated anellated

20 5- or 6 membered ring. The olefin ring thus synthesised is first
stereoselectively epoxidized. This can be done generally with agents like
peracids (preferably in a buffered medium) or catalytic systems using
metal complexes in the presence of oxidizing agents (like hydrogen
peroxide or t-butylhydroperoxide). In the present cases perbenzoic acid

25 with sodiumbicarbonate buffer generally gives good results. The epoxides
can be almost regioselectively reductively opened with hydride reagents to
the required beta-alcohols. Hydroxy groups may be casily synthesised as
well by application of a hydroboration/oxidation procedure.

In cases where the a-hydroxy compounds are obtained, a Mitsunobu

30 inversion easily leads to the B-alcohols, which are the intended ones.

The hydroxy compounds can be converted into prodrugs, such as alkyl
ethers, acyl esters, carbonates, sulphonates or phosphates, by reaction
with the appropriate alkyl halide or acid chloride as desired.

35 A pharmaceutical composition comprising one or more compounds
according to the invention can be prepared with or without combination
with pharmaceutically acceptable auxiliaries, such as described in the
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WO 02/00G82 - 10 PCT/EPO1/04868 Conpound 4 A m xture of 0.4 g of steroid 3
and 0.5 g of NaHCGs in 12 m of nethylenechloride was treated with 0.34 g
of m C - pgy, gdc acid, After stirring for several hours i

t enper ature t(1e reaction was s diluted with water, and treg{jTe@HPmﬁR&

sodi unt hi osul phate solution to destroy residual peroxide. The organic
material was extracted into ethyl acetate and finally purified by

chr omat ography, to provide 110 ng of the desired (3-epoxide 4; Rr 0.50

t ol 9/ N CDC13) 8.0.98 (t, 3, CHS 0 92 t, 3, CHs),
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startin i ear e ure was que ifion o
2001 " B AR R il A TS g P AR T Rl tlor 15

nin and f idntepemerecoDEGURE]S Eih(mn‘dmgrtatthevmem@mezmhdairﬁoﬁﬁﬁ)ﬁehe residue

Crol tene c%&ffolﬁa%@é‘?ﬁ%‘w%%ﬁ%%t%m)a%ﬂﬂ%gﬁ?\yr& breSied b sofior,)
2.85 (m Zlosegs Weitesplich. appills oRtaldeky, orzbe Bitbocapssdesioron of

di unet hangs 27 g of
28 0/:) t&aﬁ h S?gr Ss%@ﬁ& (By&‘ﬁééﬁQ of @x@rﬁliceﬁﬁtxd&élfélgﬁasié‘ifl %cﬁ%‘%.n% 2 %ho a

m xture w§ %?Hl{}aé&%ﬁ %ﬂ? dt%afle‘é’dwtéﬂn\M§Pﬁmﬁi@ﬂ inrthe faarerf and
extracted a/\sdsllmtﬂirhyé.uspmabﬁ, efils{dif, ared O ar apRy, @f g tﬁ‘&seﬁr irc’ﬂi%t erial

provid , 22 ftf 0..30 toI e acetone NVR( CDOl s)
8 4. ooq? Of &a ? mayisp e Liur‘]j@dé&l 2 Ampt @)rrpound 73
o To a soIV@gmﬁi Rifnga?P@t asgdl;amﬂ any rmtﬁér pmépafaumﬁﬁyﬂwgféih@dl de and 3
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8 (hepeaBeanehoprld! 12 ben SMRERCH b le 2481y 91
(2x 35 W%_jcﬁ c?oes Lot lnterféreg\{&fl%ll(hBezfu_ncji}on Eﬁgﬁg%%gbfi%nds caain
be used. Suitable carriers with which the compositions can be
administered include lactose, starch, cellulose derivatives and the like, or
mixtures thereof used in suitable amounts.

20 EXAMPLES

The routes of synthesis used in the examples are illustrated in the
schemes I and II. The numbers used to identify the compounds are
defined by the structural formulas in these schemes.




A solution of 3.2 gof 7in 25 mM of dry THF was tretaed at O-Cwith a
solution of 2.2 m borane-dinethylsulfide conplex in 20 M of THF. The
reaction asequently stirred for 2 hr at 45 ~C. Exces 1. was s
destroyedwgf/oz?g&gful addition of 4.5 rnl of abs.ethanol, f%ﬁ@&@gﬂg 11 m
of 2N NaOH and 7.7 ml of 30% hydrogenperoxide . The reaction was stirred
overnight, diluted with water and extracted with ethyl acetate. The crude
product thus obtained was purified by cel amn chronmat ography and yielded 1.7
g of the dexaMe=d a-al cohol 8. Rr 0.36 (heptane-acetone 10 8/2); NVR(CDC13)
8 442 (m 1, CHOH), 0.12 (s, 9, T™M5) , 0.79 {s, 3, CH3). Conpound 9 A
.solution of 1.6 g of 8 and 1.3 g of triphem@ phosphine in 60 m ofud5

Wt h Q.84 g of p-ni gizpic acid and 0.8 1
e Mt _O-C After s ¢ for 1 h the reac a

s pdur ed oRtd Ay, AAHCOs sol ut

with ethyl, K acetg hromat-egr af | c\pus cation-gave- 2.9 g 5
(3nitroben?date , Rf 0. 64 (hept'dtfe- acetoné 8 / 2); NVR{EEC ~5%484 (m 1,
zo CHOC(O) Ar), 0.91 (s, 3, CHs), 0.95 (t, 2 W/B QCH33 . Thi s
material was dissolved in a mxturge of 40 m of T t hanol/( 1S8i—1 v/v)
and treated with 4 ml of 2N &bl ution. Aft stirring for i
reaction was poured into wa '
acetate. After passing .
a5 was obtained;. Rf O, ept ane- acetone 8/2); NVR( b 4.31 (m 1,

CHOH) . Conpound 18,0%°S© on-of 4.3 g of 9 in 3@y 60 et one was
treated with 2 mM of 2N s o HCI. After 1 h the m xture vvasEneutraIized by

_compl ete. The [ racted

addi tion of saturated NaH and concentrated . The residug was ldil uted
with water and extracted d®hy?H acetate, to provide 1.0 g @‘fs’ 1.0, Rf
0. 10 (heptaneacetone 8/2); | D js) 8 0.90 (t, 3, CHs) 0.95 s*\f;‘, HCHs),
4.48 (m 2, CHOH). WO 02/ u“ 12 PCT/ EP01/ 04868 Conpf 1\\ a

sol uti on of sodiunet ha i@ﬁ@ g (prepared fromO0.7 @@ xét hi ol and
\ fa cl .

0.3 g of a 60% NaH dj spergion ) in 9 m of DVF was add ) mg of steroid
10. The mi xture Wa§'3¢céfl uxed for 3 h. Then the s He&®tiOn Was poured into
wat er and extracted with efhyl acetate. Chronatography of the organic
material provided 80 ng of| 11, M 143145 C (ethanol -water); Rf 0.41
(tol uene-acetone 7 / 3); (CDCls) 8 4.45 (m 1, CHOH), 0,93 (s, 3,
CHs)0.90 (t, 3, CHs), 6.62r+ 7.10 (AB,2, H1,2), 6.53 (d, H4) 1,10
Conmpound 13 To a sol ution of a%gggof 1 Mallyl magnesi um brom'(gﬁ"i nOHet her
A

was added 80 ml of dry THF. At was added 10 gr of
7a-propyl, 16aal | yl estrone- | ether 12 in 40 nl of TH
stirring for '/2 h 15 tts e was allowed to cone

and poured into 300 m . aq NH4ACQ . The product was ¢
ethyl acetate and pidfd fied,” by chr omat ogr aphy oveh:a8’| Ma>get~to renove
stereoi sonmers providing 7.2 g of the desired 16a, 17a-&i al lyl derivative 13.
Rr 0.26 (heptane-ethylacetate 9/ 1};17a-allyl isomer Rf 0./45. NVR(CDClIs) zo
b 0.88 (t, 3, CHs), 0.96 (s, 3, CH3), 6.08 (m I, CHallyl}), 5.80 (m 1, CH
allyl), 4.95-5.20 {m 4, 2x CHz allyl) 5.02 (CHaOBz). Congoung, 14 A portion

of 40 ng of benzylidenetriscycl ohexyl phosphi norut heni um z5 diychkepitie
(Grubbs netathesis catalyst) was added to a sol ution of 45 fll 13 in 10
m of methyl enechloride. After stirring for 1 h an additi 0 nmg of

catal yst were added. After 2 h, the solvent was renovg repl aced by 20
m of toluene and the m xture was stirred with 5 ig ' “at’'umi na at 60C
to absorb the catalyst. After filtration 30 over Celite and washing with

toluene and ethyl acetate, 400 ng of al nobst pure 14 wds oHtai ned; Rf 0.34
‘(heptane-ethyl acetate 8 / 2); Rf 13 0.45. NVR(CDCls) 8 5.Q2 (‘&
5.97 (s, 2, CH=CH), 0.97 (s, 3, CHs)

HO b



cat ambient t ' re t he—eacti on

Compound 15 35 To a solution of 340 ng of 14 in 0.5 m of nethyl enechl oride
was added 8i 1l of pyridine , 0.14 m of 30%aq HzOz, followed by 2 ng of

met hyl tri um After stirring for 1 h the epOX|dat| | et e,
WO 02/ 00(§)2€p(52m{1£§2 PCT/ EPO1/ 04868 | eadi ng predom nently tooﬁ%@egﬂ%@d
a-epoxide as well as sone a-isonmer. The m xture was poured onto water and
sat. Na2S20s and extracted with ethyl acetate. Chromatography provided 230
ng of 15 and 80 ng of the undesired a-epeoexide. Rf 0.36

(tol uene-et h¥§g§’5’%ﬁte 95/5; for reference: Rf s conpound 14: 0.39).
NVR(CDCls) S 3.3 {m 2, CHOCH). (Bﬂrpo d 16 A m xture ofH® 2 g of

15 and 350 ng of LiAl Pin 20 ml of dry THR \$Tds refluxed for 2 h.

and subsequent |y

Na2S04 |, ace¥ate and 8

Itered over—eel i t

filtrate g : sphe 0 provide B0 64/4@

147- 148G, Rf 0. 20 (to ne- et hyl acet ate 8/2 23 0.55). NWKR( CDCI1 } 8 4.25

( broad s, |, CHOH), 0.90 (s, 3, CHs}, 88615(t 3, CHs), 5.p2 (s, 2,

OCH2Ar). Conpound 1?; (=7a, 16(3, 17a,

22S) - ?-propyl - 16, 24-cycl 0-19, 21di norchol a-1, 3,5( 10)-triene-3,4?,22-triol A

solution of 3.3 g of 16 in,200 nm of ethanol wasgfjydrogenated in the ao o

presence of 300 ng ofi%% C. After conpl ef®o f the reaction th

dver\ Celite, and the vfeﬁt concent r at ed.

Mi.i/h et her, and t h/water, to provi b of
3(to|uene- €3 cetate 1/ Z, Rf y

catal yst was filtereo 305
resi due was tritur

1?; Mo 146-14

z5
HA) . Test HGOM%stf ogeni ¢ act|V|EtZ9 i or their
estrogen receptor activity in a binding assay and in a transactivation
assay using thethuman estrogen receptorqg30 aor[3. Conpetitive binging to
cytoplasm ¢ hunman estrogen receptor a or (3 fromreconbi nant Chi nese
hanster ovary (CHO cells is used to estimate the rel ative binding affinity
( RBA)(pot;@iﬁ owid @ of a test conpound as conpared with 17(3}-estradi ol

{ cobnbi na p%%%?“@ﬁc T B5umd of irhlpBbAERYy 1hsP; ﬁﬁﬁéﬁ’?@‘r“@ 2948 ot or

a (hERay at —(SOOCJe@mpwrse(IﬂEE(ch)i 1.6M\VBaRI ﬁOhSXanel AftePGfJ!rEmgLfQM@% The
estrogeni g4and.AR] ¢ %‘H’roaeéalﬁtlaﬁtdf\/es tzygpt)f 48RP leSh I%ts@fdﬂél@do-n an in

vitro bioassay wt PI reconbi nant Chi nese hanst er ovaré g cells ska

co-transf mt@dﬂ@ﬁhﬁﬁ (dheén e ddwobEl vesasidnd at ¢h }JRS)[II PEITRE
the rat ohutAEaRiFHAMLEIhERDxtand v pbuekd 8hes 8at. apR/CIein@eReracted

with ethylacetate. Concentration of the organic phase followed by silicagel
10 chromatography gave4.2 g of 2 as an oil,

Rs 0.47 (toluene/ethyl acetate 95/5), for 1 Rt 0.65. NMR (CDCl3 ) 6 5.80

(m, 1, CH allyl), 6.07(m, 1, CH vinyl)0.98( s, CHs), 0.93(t,3, ethyl), 3.78 (s,

3, CHa).

15 Compound 3
To a solution of 4.2 g of 2 in 80 ml of methylenechloride was added 0.32
g of benzylidenetriscyclohexylphosphinoruthenium dichloride (Grubbs
metathesis catalyst). After stirring for 1 hr an additional portion of 0.3 g
of catalyst was added. After completion of the reaction (2 h) the mixture

20 was concentrated and the residue purified by column chromatography, to
provide 3.5 g of 3, Rf0.29 (heptane/ethyl acetate 8/2, for 2 Rr 0.55).
NMR (CDCls) 85.72 (m, CH=)6.02 (m, 1, C=)0.99(s,3, CHs), 0.89(t, 3,
CH3)3.77(0CH3)0.92(m,3, CHa).



s (LUC) . The estrogenic agonistic transactivation (potency ratio) of a
test conmpound to stinulate the transactivation of the enzyne |uciferase

medi at ed yi estrogen receptors hERa or hER~ is conpar ' e
standard g\%s ?%Jé’g%z estradiol. The antiestrogenic activity ( ‘gT/gh%)mHéht i 0) of

a test compound to inhibit the transactivation of the enzyne |uciferase
nedi ated via the estrogen receptors hERa or hER(i by the ( 17(i)-estradioi
is conpared with the standard 1Cl |64.384%(- (7a,17]3)-Nbutyl-3,17

di hydroxy-N-nethylestra-1,3, 5( I 0)-triene-7-undecanam de). Results: 15 R~
OH “2-1\" Rompoundidin ——~in .,,, HO Fornula 3 Com pound as Form

. 3R-R116-r inghiktade ofr 0% kidTkterdidl BhnAd- 025 $8of REHJOHM 3T2anbof acti vati on
Era / Er(i Ag ni ste u:—:llﬂec-e t iaVittr¥ %réaw/'t Er ~i AHH6-fri Qél_& g'e35c')5 acid.
0. 227B0Hs FBSTIISoeoTleyar TRt iAo & oSl Prrbeidoits
. 120DC2Hs HAftamdtiring Tot  severdl houtd SE e BikhEstdntiferatud? the réaétion W%S e
DLV S0l e, 900 080 Lylis S, Bt lAghAD SopRe, 12 nes 1
destroy residual peroxide. The organic material was extracted into ethyl
acetate and finally purified by chromatography, to provide 110 mg of the
desired B-epoxide 4; Rr 0.50 (toluene-acetone 9/1); NMR(CDCl;) § 0.98
(t, 3, CHs), 0.92 (t, 3, CHs), 3.65 + 3.70 {2xm, epoxide CH's}.
10
Compound 5
A solution of 80 mg of steroid 4 in 3 m! of THF was refluxed with 10 mg
of LiAlH4 . After 2 h starting material had disappeared. The mixture was
quenched by addition of 30 ul of sat. NazSO4 solution and 0.20 g of
15 NapSO4 , stirred for 15 min and filtered over Celite. The filtrate was
concentrated and the residue passed over a short silica column, to give
55 mg of 5; Rr 0.24 (toluene-acetone 9/1); NMR(CDCl3) & 4.04 (m, 1,

CHOH]}, 3.78 (s,3,0CHs) 2.85 (m, 2, CHz at C6), 0.92 (s, 3, CHa).

20 Compound 6
To a solution of sodiumethanethiolate (prepared from 0.7 ml of
ethanethiol and 0.27 g of a 60% NaH dispersion ) in 9 ml of DMF was
added 120 mg of steroid 5. The mixture was refluxed for 3 h. Then the
reaction was poured into water and extracted with ethyl acetate.

25 Chromatography of the organic material provided 80 mg of 6, Mp 224-
226; Rr 0.30 (toluene-acetone 8/2); NMR(CDCly) 8 4.00 (m, 1, CHOH),
7.12(ar H1), 6.20 (ar H2), 6.54 (ar H4).

Compound 7

30 To a solution of 2.7 g of steroid 3 in 20 ml of methylenechloride and 3 ml
of pyridine, was added at 0°C 1.9 ml of trimethylsilylchloride. After
stirring for 1/2 h the reaction was poured into water and extracted with

ethyl acetate, to provide 3.3 g of essentially pure silyloxy derivative 7, Ry
0.8 (heptane-acetone 8/2); NMR(CDClgs) § 0.03 (s, 9, TMS), 5.68, 5.91 (2x

35 s, CH olefin).



WO 02/ 00682 PCT/ EP01/ 04868 - 15 A conpound of the prior art according to
formula 3, but w thout 22hydroxy and having R~ a-propyl, R i hydrogen and
6- menber eg, which is naned (7a, 163, ,

17a)-'7- prégyihﬁ% 24-cycl 0- 19, 21-di norcholal, 3, 5 ( 10)- t??gﬁpwguyf7-diol
has a ERa / ER(i ratio in the binding as say of s 15/7 and in the agoni st
transactivation assay 0.3/<0.1. Test for prevention of ovariectony~i nduced
bone loss in rats (antiosteoporosis test)® tntroduction zo Ovariectony of
rats |ndu3ﬁ§ bone Igi which is due to estrogen deficiency. Adm nistration
of estrog ds prevents this effect. The test is used to evaluate
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Compound 10

A solution of 1.3 g of 9 in 30 ml of acetone was treated with 2 ml of 2N

30 HCIL After 1 h the mixture was neutralized by addition of saturated
NaHCOs and concentrated . The residue was diluted with water and
extracted with ethyl acetate, to provide 1.0 g of 10, Ry 0.10 (heptane-
acetone 8/2); NMR(CDCls) 6 0.90 (t, 3, CHa) 0.95 (s, 3, CHs), 4.48 (m, 1,
CHOH).
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Compound 13

To a solution of 29 ml of 1M allylmagnesium bromide in ether was added
80 ml of dry THF. At -50°C was added 10 gr of 7a-propyl,16a-
allylestrone-3-O-benzylether 12 in 40 ml of THF. After stirring for %2 h
the mixture was allowed to come to room temperature and poured into
300 ml of sat aq NH4Cl. The product was extracted with ethyl acetate and
purified, by chromatography over silica gel to remove stereoisomers
providing 7.2 g of the desired 164,174-diallyl derivative 13.

R; 0.26 (heptane-ethylacetate 9/1);174a-allyl isomer Ry 0.45. NMR(CDCls)
5 0.88 (t, 3, CHs), 0.96 (s, 3, CHs), 6.08 (m, 1, CH allyl), 5.80 (m, 1, CH
allyl), 4.95-5.20 (m, 4, 2x CHz allyl) 5.02 (CH20Bz).

Compound 14

A portion of 40 mg of benzylidenetriscyclohexylphosphinoruthenium
dichloride (Grubbs metathesis catalyst) was added to a solution of 450
mg of 13 in 10 m! of methylenechloride. After stirring for 1 h an
additional 400 mg of catalyst were added. After 2 h, the solvent was
removed and replaced by 20 ml of toluene and the mixture was stirred
with 5 g of basic alumina at 60°C to absorb the catalyst. After filtration
over Celite and washing with toluene and ethyl acetate, 400 mg of almost
pure 14 was obtained; Ry 0.34 (heptane-ethylacetate 8/2); Ry 13 0.45.
NMR(CDCIl3) 8 5.02 (s, 2, CH20) , 5.97 (s, 2, CH=CH), 0.97 (s, 3, CHz)

Compound 15

To a solution of 340 mg of 14 in 0.5 ml of methylenechloride was added
8il of pyridine , 0.14 ml of 30% aq H202, followed by 2 mg of
methyltrioxorhenium. After stirring for 1 h the epoxidation was complete,
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After stirring for % h at ambient temperature the reaction was filtered

over Celite and the filtrate concentrated and chromatographed , to

provide 3,4 g of 16, Mp 147-148°C, Ry 0.20 (toluene-ethylacetate 8/2;Ry

23 0.55). NMR(CDClg) § 4.25 ( broad s, 1, CHOH), 0.90 (s, 3, CHzs), 0.86

15 (t, 3, CHa), 5.02 (s, 2, OCHoAT).

Compound 17; (=7c, 168, 17x, 228)-7-propyl-16,24-cyclo-19,21-
dinorchola-1,3,5(10)-triene-3,17,22-triol
A solution of 3.3 g of 16 in 200 ml of ethanol was hydrogenated in the
20 presence of 300 mg of 5% Pd/C. After completion of the reaction the
catalyst was filtered over Celite, and the solvent concentrated. The
residue was triturated with ether, and then with water, to provide 1.7 g of
17; Mp 146-147°C , Ry 0.53 (toluene-ethylacetate 1/1; Rr 16 0.60).
NMR(CDCls) & 4.26 (broad s, 1, CHOH)7.14, 6.62 AB, 2, H1,H2), 6.54 (d,
25  H4).

Tests for estrogenic activity in vitro

Compounds are tested for their estrogen receptor activity in a binding

assay and in a transactivation assay using the human estrogen receptor
30 o orp.

Competitive binding to cytoplasmic human estrogen receptor a or §§ from
recombinant Chinese hamster ovary (CHO) cells is used to estimate the
relative binding affinity (=RBA)(potency ratio) of a test compound as
compared with (17B)-estradiol (E2) for estrogen receptors a or  present in

35 the cytosol of recombinant CHO cells, stably transfected with the human
estrogen receptor o (hERa) or B receptor (hERB).
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Experiment

25 On day 1 of the experiment the rats are weighed and distributed over the
cages in order of bodyweight, whereby the rat with the smallest
bodyweight is placed in the first cage and the heaviest rat in the final
cage. Treatments are randomised over the rats.
Sham-operation and ovariectomy are performed under ether anaesthesia.

30 After recovery from the anaesthesia, within 24 h, vehicle, reference
compound or test compound is administered once or twice daily for 4
weeks. During this period the rats are weighed weekly. After 4 weeks
autopsy was performed. At autopsy the rats are anaesthetised with ether
and blood is collected from the abdominal aorta. Both femora, the

35 vertebrae L1L2L3L4 (optionally), uterus, thymus, liver, kidneys, adrenals,
thyroid, and pituitary gland are dissected out. Measurement of bone
mineral density and geometry of the right femur is performed by pQCT on
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Interpretation of results
Ovariectomy causes a statistically significant decrease in distal bone

density and trabecular bone volume of the femur and a statistically
significant increase in plasma osteocalcin and urinary deoxypyridinoline
10 levels (P <0.05, 2 way ANOVA).
Test compounds are considered to be active when mean bone density
values of the distal femur are significantly increased as compared to the
ovariectomised control group. Effects of compounds on urinary
deoxypyridinoline levels reflects an effect on bone resorption, effects on
15 plasma osteocalcin levels reflects an effect on bone turnover and may
help to understand the mechanism of action.
The minimal active dose (MAD) is the dose where a mean proportional
difference in trabecular bone mineral density between 40 and 60% is
reached.
20
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Result:

Compound 17 (Org 41621) : Osteoporosis test oral 30 ig/kg.

Prior art compound (7a, 16, 17a)-7-propyl-16,24-cyclo-19,21-
35 dinorchola-1,3,5(10)-triene-3,17-diol: 190 ig/kg per oral.
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formula 1

wherein:
dotted bonds represent optional double bonds;
Re is H, =CHa, or ~CHs, or -CH2-CH3;

10 Ry is H, C14-alkyl, Co.s alkenyl or Ca-s-alkynyl, wherein the alkyl,
alkenyl or alkynyl group may be substituted with 1 to 3 halogen
atoms independently chosen from the group of fluorine or chlorine
atoms;

Ri: is H, Ci.a-alkyl, Co.4-alkenyl, C2-4-alkynyl or Ci4-alkylidene,

15 wherein the alkyl, alkenyl; alkynyl or alkylidene group may be
substituted with 1 to 3 halogen atoms independently chosen from
the group of fluorine or chlorine atoms;

E represents together with carbon atoms 16 and 17 of the steroid
skeleton a four to seven-membered ring, said ring being o in cis-

20 configuration with respect to the steroid skeleton, optionally
comprising one or two endocyclic bonds;

or a prodrug thereof.

2. Steroid compound according to claim 1, characterised in that Re is H,
25 Ry is Ci.3-alkyl, the E-ring is a five or six-membered ring without
double bonds having a hydroxy at position 22 in S stereoconfiguration.
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4. A steroid compound according to any one of claims 1-3 for use in
therapy.
10
S. A method for selective modification of the activity of estrogen receptors
by bringing a compound according to any one of claim 1-3 into contact
with estrogen receptors.

15 6. The method according to claim 5, characterised in that the method is a
non-medical method

7. The method according to claim 5 or 6, characterised in that the
method is a selective modification of the activity of estrogen receptors o

20 by bringing a compound according to any one of claims 1-3 into
contact with estrogen receptors a.

8. The method according to claim 5 or 6, characterised in that the
method is a selective modification of the activity of estrogen receptors B

25 by bringing a compound according to any one of claims 1-3 into
contact with estrogen receptors f.

9. Use of the steroid compound according to any one of claim 1-3 for the

manufacture of a medicament for a selective estrogen receptor related
30 treatment
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