6- ALKOXYALKYL ESTRADI OL DERI VATI VES AND METHODS OF USE CROSS REFERENCE TO
RELATED APPLI CATI ONS This application clains the benefi} of é%%

Provi si onal"3Y Rl ati on No. 60/867,980 filed NovenB&H 3875608, This
application is also a continuation-in-part of U S. Application No.
11/541,987 filed on Cctober 02, 2006, currently pending, which clains the
priority benefit fromU.S. Provisional Application No. 60/722,204 filed
Sept enber 10 30, 2005. The teachings of all such applications are

i ncorporated herein by their entirety. FIELD OF THE | NVENTI ON The
present invention, relates, t:Q:£0mpeshideasand methads of-mki ng _

6- al koxyal kyl Estradiol conpounds wth 15 the general formula (1) and in
particul ar of conpounds (R or S) 6 hydroxynethyl- or (12 or S)

6- met hyl oxynet hyl - _R.or 145, 17 Ror S) -13-nethyl -
RN i S v e i

phenant her ene- 3, 1-sdizpb bindthed rgharmaceutreal Ity 020U docépralliensal ts, or
prodrugs 4 hereef..the Riesentstinvwent ian.al sevpestaing tocpharpaceuti cal
conposi tions conprising such conpounds, both in vitro and_in vivo, for both
di agnosti c &Pl cEti®dns &nd APeat FentOf *Praotcrera®ive cBhdi tidns, such as
cancer. 25 apboreadian(|)o. BACKGROEUMD CGHIEHE 4NVEMNTdHAN 02, PRoobiferative

cel | disorders such as tumprs and pripRry.naljignant, tummrs.{herein,
C

Noibabn nel , #rgzg
cancer (s)} i particHar at’e probl ématic given theit tendency to invade

surroundi ng B5ti ssuesiand MerastasiczeVro of st7antCbrigand PePuHE=body. To
date, the nogt fresenthy usegdnimihods fan treati pgomneaplasi aarespecially
solid tunor forms of neopl asia, include, surgical procedures, radiation
therapy, dr UgPRYESTEs 48 TonbBF hati"6nsof the foregoing. 10Wth over
mllion cases of cancer being di agnosed annual ly, and cancer claimng nore
t han hal f a FTRELPi @h TREVESENAL$The United States each year, there is

i ncreased lneed iﬂa@e\filrEElﬁ{tapl@H*@é&iﬁﬁdaﬂéﬁtait@§ agai pstpsuehogondhdi on.
Prostate, lung _and col orectal renmins t nost_common cancer appng 15 nen;
whi | e breasf¥g889%r8§t5TK%ﬁH I%ﬁgEB§W%€W§ gFgr$ﬁ€inﬁ§?p%%ﬁ%Dﬁ*ggncers among
wonen. 13 i pegentl yearnsgz thersedhavedyeénusigni f¢o@atndgrai(®sorn t he
management of, t6h%§§r8>&;'n®tmfpwn%r Ak b@é@f} one.0f. Lhe.success gtories in the
clinical managenent of a cancer is 20 the early difagnosis and treat nent
opti ons now ‘@vai9Sabl é3f of pfinety briéast *éanter® The i ntrodiic¥ion of

ef fective and gnentoxiz¢c1ants, < estragemageny sodehat bl ock the actikons of
estrogen has_been_shown effectiye.. Tanoxifen i.s primarily one.of the first
sel ective 2§”§§FP8§%‘n?@%eptgbwéﬁﬂulafgés t%g?&havgnjgggé%'gggfgline

t herapy Ror Horposale treatment pofdiyweastercafcefhe botterfrob nadjtdvant
treatment ang fot.therapy, ?ha@ﬁgﬁéitéaa§ dizsease.oniammxifend suanconpetitive
i nhi bitor of estrodiol binding to the estrogen receptor inhibiting its
estrogen bi NSt HEE80 1 8st+oger? Bi ndi Mg 8l effEnt®Gh BNAT“ 957 8ddi ti on,

t here has begnpiabatinckeased rieatefrestfi prdlnesuse vef cardmatase sunhi bitors to
bl ock specif&g%gk%a;he | ocal production of estrogens that nay contri bute
substantial |y t'0 hornone responsive di sease such as breast cancer.
Aromat ase( CYP19) is described as the princi pdieenzyne that converts
androgens to estrogens both in pre- and F o t menopausal wonen. Estrogen

ri bed as an effective and
atients wi th hornone-dependent
Aromasin, is chemcally

mne- 3, 17-di one) and acts as an

selective treatnment for sone post
breast cancer. Exenestane (which
descri bed as 6-net hyl enandr ost a-
irreversible, steroidal aronatase or. It is believed to act as a
fal se sug§trate for the aromatase eﬁ?ymsﬁ and processed to an internedi ate
that binds irreversibly to the active site of the enzyne causing its
inactivation. U S. Patent Nos. 154°8618:%16/ and 4, 904, 650, t he t eachi ngs of
whi ch are incorporated herein in their entirety, disclose 6-

al kyl i denandr ost a- 1, 4-di ene- 3, 17-di one derivatives, such as exenestane, and
met hods of nmaking them U.S. Patent No. 4,876,045 di scl oses a nethod of
preparing 6-nethyl ene 20 derivatives of androsta-1, 4-di ene-3, 17-di ones.

U. S. Patent No. 4,990, 635 discloses a process for making 6-nethyl ene
derivatives of androsta-1, 4-di ene-3, 17-di ones.



The preparation of internediates that may be useful in preparing exenestane
is disclosed.in . Patent No. 25 3,274,176. In Ger 258820,
6-hydroxyﬁggﬁgﬁgh% osta-1, 4-diene-3,17-dione is prepg?2%£$$@%%ggﬁiosta-1,4-
di ene- 3, 17-dione via 1, 3-di pyrrol i di noandrost a- 3, 5-di en-17- one.

Co- pendi ngi nt ernati onal appl i cati onno. 30 PCT/US2005/001248 fil ed January
14, 2005 (PCT Publication Nunmber WO 2005/ 070951) al so describes the
preparation of internediates that are useful in preparing exenmestane, such
application is incorporated herein by reference, inits entirety. The
structure ofAEXE@MBYPare 76 shoWAI®el ow. H3C CH CH2 Schnei der et.
al, in "Course of-dihe-fLacki 0m10hi5: sl 0idal 23, Sadirenan eSuMt¢ h

f ormal dehyde”, Hel vetica Chimca Acta(1973 56(7% 2396-24Q§,disc|osesthe

fol | owi ng cOlipotiids: e thef & FCHE - 5278y gl FRpriddEnt's'™™ ddubl e bond, it
means a 10 ketolgraaup amndeno RGirs present; @ndiwheice biveroundimynbol
represents a:.i%h@e% e.Rond RS 1.5 bydrogen (L. €.,an alcahal ,group), Unlike the
conpounds of the present 1nvention, Schneider”s conpounds do not enbrace
estrodial, t%§fast¥ine "6Ftdi AAIERESE astPPBne™Vdriat | ofs. “ISAtRY - hydr oxyl
substitut ed depiyati, veeofcestranesiis diwekoseskisn U:S. nRatiesta No.
3,377,363 taq Tganier et.. ﬂl, and the 3 hny%x¥osub§§i%uent ﬁgﬂthe aromatic
ring of the Ppfesent CoMIGtnds T €Ot Ui sclTeed™™U. s, "Parént No'® 5, 914, 324
to De Funarithetzmies,drst|osesn8006s Edroxycandeioxy andr ostane derivati ves
for hypef ension,and heart . faidyre.. S . Patent..6, 384,250 10, Gobbi ni, et
al ., discloses the hydroxyl and ketone substituents at _the 6 position in

t he prepar ati"8Haofy ( BNZ)CBCED- HrfiAced ABXYi Mo e arfdrdst Hie6747- di one.
These conpoundsrweve: s ectesk tcavwar gdeart, hentreatarentrofsdieactafai l ure. The

gfrects of alkyl.Ivdraxyl Substitution at Lhe, &opesithon.ia ol disclosed.
5 Tanenbaum et. "al,” "Crys al bgrapﬁ?c conpari1son of the estrogen and
progest one rlgceptof' solpgand! birathing domaimes®, cPRaeT NAkr Aga® Sci. USA,

Bi ochem $§ I Ve, VOLn1 1235 PR 9998716003 41 discli0s8scihe rreghanixsmef: ER
receptors and notes that estradiol containing an aromatic ring with a

3- hydroxy 10°gtipsti'aent Brads’™Wel't with the ER ligand binding region. It
i s disclosed thatr arddecat aeormt iccegr oupewbbhoutidgriéidntnmethyé substit uent

is favored. t%e\/%fng g..ahove, %e@geQOﬁéidilog%ﬁV%ERi 18954 dsalfgi@ pgw and

effective agents for treating cancer. 15 n ['ight of the
foregoi ng, thecpresemrippvént Fiom $.5ndr¢ectadIiesidr & chelfother Apeuti c
conpounds; CcoBpaskiy} ans.qand Sekhods:feent hgitiolsenandvpr epaeatod on, thereby
overconing various deficiencies agg shon;%p niqgs of Ipetgggprg r art,

i ncl udi ng t HG$&%0t PTHET abover: ™ *"1I7°0fe  €xanpl & désert béd herein, a
conpound of Formwia knahd@skregess descrebedatf OREOR6 the PBotmeda( Py For nul a

(Il) estrogen has been shown effective.

Tamoxifen 1s primarily one of the first selective

25  estrogen receptor modulators that have Dbecome first-line

therapy for hormonal treatment of breast cancer, both for

adjuvant treatment and for therapy of metastatic disease.

Tamoxifen is a competitive inhibitor of estredicl binding to

the estrogen receptor inhiblting its estrogen binding to the

30 estrogen binding element on DNA. In addition, there has

been an increased interest in  the use of aromatase

inhibitors to block specifically the local production of

=



wherein A, Rz, 13.2, 134, R5, 136, 722, R8 and R9 are independently
hydr ogen, 250%/9%) aI kyl or substituted al kyl, hal Og%Tmﬁﬂ)le%&Eﬁs or

gl ucur oni de “nol'e |es and the ---- synbol represents €ither a single or a
doubl e bond and when the --- 5 synbol is a double bond and forns a keto

group at position 3 or 17, then no R7 or R6 is present, respectively; the
synbol --- represent the presence or absence of a bond at position 10; and

t hesynbol represents any type of bond regardl ess of the stereochom stry.
The conpounds al so 10 enbrace the enantioners, other stereochem cal

i somers, hydsatesEnssol vt e§ayt atfn6AENS cangphiafrdeeut i €al I3praeeept abl e

sal ts thereaqgfyq onsive addr-@efifst zaspeety d=he=present invention is directed
to a conmpound hayvi ngbt he structure

112r Rs, R4 are TTidepeidéntty s& edcetsgall?erdorﬁstm@ grp(fdﬁctp@&sﬁélﬁ”ﬁg of H,
Cl-C6 aI kyl ,thsubstcintrated @ddOGeak kyle, asmdtcohaheogen:zh30nRsprdRs, aRY are

| ndependent 'pé aﬁé gg@' fru%ah%sqeeg% Q@emgel@g giradgh%o% alkyl,
substituted ‘Ci-0 I y? sul fate, and gl ucuroni de. anot her
aspect, the lﬁﬁé@@ﬁ@“l nventdeshr iksSdi Pectad ot tpHar r?@éeu%?lt?éltl%%rrpo& tion
conprising ttﬁ@a@rwmom Oiorztﬂhepdﬁteée&ﬁaulsQVEI@bt@éht&ndwﬁh hormone-

phar maceut i CC% % acceptable carrier, Vézhggeaqn S 1cqilﬁcnorrpound l(éon}l)l’l ses at

| east one S 15 0nmer” SR "enantiomer " dr 45t er 6het” of *R dIast &f oner .

In still anct-hersaspeéet charheaphesentriarienti wetmméﬁhaﬂéww—w‘la nmet hod of

inhibiting anowth: of,_cancsr geld$si nyvi bho conpeising, praviding a growh
of cancer cells; and contacting sal d cancer cells with a conpound of the

present i NV T B Sai ‘PoCoNPoIRd iTh an atrouRteht ©¢ edSt par fi aPFSE suffi ci ent
to inhibit sabdegrewifor the aro@daS@sedE@ﬁ:zmmbed Zher edirdcesssal net had of
therapeutical ly treatl ”Qﬁ&a’}g%gs' Dr?evgg Ja% subj ect: e 9., & human
patient). Met hods are descri for t' ng tunor or cancerous cell
growt h wi t higiet herayammatd i ngubjtect indqys §ﬂ’é1ff>fa neéthod Fat e c&bfs are
exposed {9 af, se9N:act edniM t4) 04 compoundt ofcEormya k) ikl | )-or

phar maceut i cal |y acceptabl e enantiomers, other stereo hem cal |soners,

hydr at es, 501”\?8%/%%“1:? ut DS, OF sHEIFE t RRTESTY  as shownRgrefn. In a
speci fic, nonklyilmdnangrerrhed) 4rentnofz thediveehods idesiorsbedutterei n, a
compound of LRLIWAcl )l LLhlad SolisROcLD thehapelld cally,{rgal an
identified cancer state as described herei’n. In another specific
non-1imting énbddinedt sofosthe fretHodsddesicr iF&é82HERei 1, ™l "&oRAPOSI ti on
conpri si pg acompourd of: Ema@ué@ﬁl - @Lreﬂél-.t)l"j—alm to o herapeut i cal | y
treat an |dent| fj ﬁ? c%nsce% ate as descri be o maﬁm _methyl LR, anot her
aspect, the Pres® ventionfs’ diréctedt o Uise”of’ "a conpound havi ng
the forml a seleetied:f rdOmtihesgroup-censt St fﬁgl@fes HO NDC- 1022

CMENDC- 1033, - andrkiD, NDCAASH of Ny dendmnutact ure 0f 8 Megliscanent for the
treatment of cancer. Thus, the conpounds of the present jnvention may

be used to tFERETHNY EHfBFSWAE chtSraybel Eether " difect | Y2 0r5 ndPrect Iy
ef f ect ed2by harspnal. and/ @érm{rp@mr ebmt edsaot,i Vi tyydronglatdiyng but not in
any vey |imfed Lo soligd tumrs jassociated withebreast, pancreatic, |ung,
col on, prosta , ovaflan cancers raln, I|ver spl een, ki dney,

| ynph node, &makt3ilit-eéstinevidl Both el sl IBbneEnds pohaeh S -_iFdoREt ri um
testicular, gwary, central nervous system skin, head and neck, esophagus,
or bone marrow cancer; as well as henatol ogi cal cancer.s, such as | eukem a,
acute pronyel ocyt7 @I ebKen a, FYTPAONE 2l ti plPE @G, nyelddyspl asi a,
nyel opr oBi f evcat/vvecadi/senss, Orefeflractor yianeioa . (PCT Publication

Number WO 2005/070%51) also describes the preparation of

intermediates that are useful in preparing exemestane, such



The conpounds descri bed herein may al so be used in conbi nati on-based
t herapeutic cancer treatnents in a nmammali an subj ect. hods may
conpri se ad Pt ? 8t i on of a conmpound of Formul a (I)nggﬁgygﬁ%ﬁgconbination
wi th ot her adjunct cancer therapies, such as chenot herapy, radiotherapy,
gene therapy, hornone therapy and other cancer therapies known in the art.
Any of the conpounds descri bed herei nmay be contenplated for adm nistration
to the mammual i an subject in the formof a drug, prodrug or even active
metabolite. In the nethods of treatnent, the term "adm ni stering” shal
enconpass t kert reatipenti sof indvervaatiedusieconei b onsfdestis-bed with t he
compound spegifigal | yrdi selosed 05 Withe & canpound.,which,,my not be
specifically disclosed, but which converts to the specified conmpound in
vivo after adm nistration to the patgent and exhibits therapeutic activity.

Anot her exanpl e pertains to a nefkod/ of inhibiting growh of cancer cells
conprising providing to a pa&i- jrodrug of Formula (111) wherein RE is
a nmet hyl or hydrogen; ORSY Parimi-a( TI1) and form ng netabolites of

)i lang(VI11) wherein any of F.3, H4, Rs, 127,

& , or'parts may be nethyl or hydrogen. Such

net abolites could include for |gexanple the structures shown below. (1V) A -
NDC- 1088(1V) B - NDC- 1099 10€8) A - NDC-1033(V) B - NDC-1022 WO

2008/ 067450PCT/ Us20@74885213 21(VI }n A “CNDE€l 1D6( Vie BreadNDCa1044 (M1) A
- NDC 10656( Vltle)' 1Bda_l N?,%-%Qé%ami es wit Q Q%m‘:’macl@eggée " fealllé{rv%%icé)enefl ts and
advant ages o the present invention wll be appa}ent fromthis summary and
the fol | ow rgidéserifptronsidizicer tall W rentFodf neditis, GABCWISEF bEMAO readily
apparent to 4hese skibhednkp: the art having know edge of various
chenot her apeuti ¢ conpounds, nethods and/ or nodes of operation. BRIEF
DESCRI PTI ON OF THE DRAW NGS Fi gusg 1- shows the Estradiol biosynthetic
pat hway. Figure 2- shows a pre gd met abolic pathway for the present
conpounds. 5Figure 3- shows thé~efhect of NDC-1011, NDC- 1022, NDC- 1033,
NDC- 1044, NDC- 1055 and | NDC- J0§6 | estrogen receptor beta (ER-P) activity
as neasured by luciferasg Xpression (RID =relative light units). Cv-1
cells were transfected 6ﬁasnid constructs, the reporter construct
ERE-t k- 10 | uciferas&® LOW-ER-P contruct. Transfected control (Crl)
CV-1 cells received no treabngnt whil e estradiol treated cells (E2)

recei ved estradiol added al offé at 1029 M (1 nM. In the case of NDC
conpounds, ed¢hecopound:r 8§peet F yRlsyeas eidthere added i divé"at® 1028 M (10

n“@ (aS 10 keto group and no Rs is present; and where the ----symbol

formula (lv), (V), (M),
H8 of their Fornmula Il 5~

represents a single bond Rs 1s hydrogen (i.e. an alcohol
group). Unlike the compounds of the present Invention,
Schneider’s compounds do not embrace estrodial, testastrone
or dihydrotestastrone variations.

13 A tri-hydroxyl substituted derivative of estranes is
disclosed in U.S. Patent No. 3,377,363 to Tadanier et. al,
and the 3 hydroxy substituent con the aromatic ring of the
present compounds is not disclosed,

.3, Patent No. 5,%14,324 to De Funari et.al, discloses

20 & nydroxy and oxy androstane derivatives for hypertension
and heart failure. U.S. Patent 6,384,250 to Gobkini, et al.,

discleses the hydroxyl and ketone substituents at the 6

4



15 evident in the left colum for each test conpound) or at 1029 N plus
1029 M estradiol (E2) (as evident in the right colum for each test
conpound) . ‘Figure 4 shows the effect of NDC- 1011, NDC- 1033, NDC1055
and NDC- 1066 on estrogen receptor alpha (ER-a) activity 20 as neasured by
| uci ferase expression (RID =relative light units). CVv-1 cells were
transfected with two plasmd constructs, the reporter construct
ERE-t k-l uciferase and a cmv-ER-a contruct. Transfected control (Ctrl) Cv-1
cells received no treatnent while estradicl (E2) was added al one 25 at 1029
M (1 nM. |mrecsheigase ofe NDEreGipounds, (Eedth’ conpoumtteespectrvel y was

ei ther added, alone ate 1028: M{101,0M JBs-.evdeatsid: Lheak efdiae@t um for
each test conpound) or at 1029 M plus 1029 M estr adi ol (EZ)agaswevident in
the right colmt¥Grmesch festeEonmpotndy®  30FSgufe" % *Shows 1F058" gr owt h

i nhi bi ti on datiactiin saby«if-ar iNDE: 1022 6( befiticol tms), dNRC<3833 (m ddl e

colums) and NDGC:. 1044 (right _col ) rmoned.| a t he cel
'ines 111 29, S -“6{}?%?4%&%-' Hig’, @%?%&-ﬁ%}%—éﬂs&%ﬁg%‘?}- %Q i';ePANl,

CAPAN- 2, SH-<8Y5Y¥yerA=B49rapiksPorgd, receptoFisgurigasd shows " aufeiiieal- | C50 growt h
i nhibition data (ikmiRNhEQr ADG 1022, s ARG-4033-andoADCs 1044 sasedet er m ned
in 5 each of the cell lines HI-29, SK-Qv-3, AOI-1123, MCE-7, MA- MB-231
OVCAR- 3, CAPRRE 1, TCAPARED FPEEISYEY- S B4 8" anitf B0°3° TETAYLED "DESCRI PTI ON OF
THE | NVENTI QNtradiolUntessidefd ned otrherwicseriad | wtechrd cathyamdxscientific
terns used herein e 1h i S, 1 0 I ynderst ood by one
of skill?gn ?ﬁ%ké?%ggobﬁﬂgcﬁggﬁﬁgﬁggegﬁggoﬁ éﬁogggggﬁd}%ﬁE%F be under st ood
to have the Heaniatgssddestritbed BefFbwsrAMAtiSuBIHCEEL "GR8 ENdtHat éhts referred
to herein arrﬁet&zggogmem@qmbys reference b thel nend,i retyea Uakess ot herw se
specified, a reference tojg 15 pagticuI?r conmpound infludgsa%LL such

i soneric forWestF nEP udfHY Facéfm’c *4Ad SOt Hér " XFares ther eof. Ul ess

ot herwi se specickred, a reference to a particular conmpound al so i ncl udes
ionic, S%&t,$§&%¥@te (e.g., hydrate), protected fornms, prodrugs, and other
stereoi soners thereof, 20 for exanple, as discussed herein. . It may be
conveni ent or desirabie t& préparEe9pthd - f ymeafdF8F™ handi % 4°¢or ¥ espondi ng
salt of the active: cespounrd, cf@r-rxampleic acpharaeeutdoaabd y-iaeeept abl e
salt. Exanpl es, of Eﬂa naggutigglly accepta |l e sglt%tage dif%g%ged in Berge
et 25 al., 1977, "phdtacéuti cafty AcCeptabl e8a7t$ ™ T. Pharm- Sci., Vol .
66, pp. 1-19%veandudicscussedsherdiiniencies Amd - profticpeiat vel cohpounds of
the presept jnvention;have application ikbsthetreatment of cancer, and so
the present 1nvention further provides anti-cancer agents. The 30 term
"anti-cancer agentn' cas ds@fbherRisiripestadns i 0aaceeppaundweibch i eats a
cancer (i.e., a conpound which_ is useful in the treatnent of a cancer). The
anti - cancer effect HaySEF$B*Ehr ough one or more nechani sms, including but
not limted to, the regulation of cell proliferation, thgginhibition of

angi ogenesi s (the formatyjop of new bl ood vessels), the jnﬁibition of
nmetastasis (the spread-e a 5 tunor fromits otigi Mg tihe inhibition of
pr—C¢el |'s into nei ghbdei n ﬂ:}"’ Rstructures), or

i nvasi on (the sprgad o

’ : The invention
dHof treat ment of the

ySES™ (progranmed cel |
@ conpounds for use in
f by A:0 t herapy. Such a e
administering to gyéh a subject a therapéﬁ?ic y
active conpound, pref&eably in the formof a Hﬁarﬁﬂgeutical conposition as
di scussed further herein. The term"treatnent,"” or "therapy" as used herein
in 15 the context of treating a condition, pertains generally to treatnent
and t herapy of aFpmmimlikan subject, whether of Farfumanlor a non- hunan
animal (e.g., in veterinary applications), in which sone desired
therapeutic effect is achieved, for exanple, the inhibition of the progress
of the 20 condition, and includes a reduction in the rate of progress, a
halt in the rate of progress, anel ioration of the condition, and/or cure of
the condition. Treatnent as a prophylactic neasure is also included.
Treatment includes conbination treatnments and therapies, in which two or
nore 25 treatnents or therapies are conbined, for exanple, sequentially or
si mul t aneously. Exanpl es of treatnments and therapies include, but are not
limted to, chenotherapy (the adm nistration of active agents, including,
e.g., drugs, antibodies (e.g., as in inmunotherapy), prodrugs (e.g., 30
enpl oyi ng protecting groups including phosphoric acid derivatives and
phosphi nates at suitable positions such as position 3 or 17, other
conpounds used for photodynam c therapy, GDEPT, ADEPT, etc.); surgery;

radi ati on therapy; and gene therapy. The term "stereochem cal isoner”



10 conpounds that isolated, resolved and are "substantially free of other

i sonmers. " The term "t herapeutically-effective anount,” as used herein,
pertains to that anount of an active conmpound, or a material, conposition
or dosage form conprising an active 15 conpound, which is effective for
produci ng sone desired therapeutic effect, comensurate with a reasonabl e
benefit/risk ratio. The term "patient” refers to animals, including
manmal s, preferably humans. 20The term "region of a patient” refers to a
particular area or portion of the patient afflicted with a proliferative
di sorder, caneseioriit ufmr Rand«i As-sdme TnsRarfd€sRt -¢ egi‘eRs - étighout t he
entire patienls-oExgmptarys of, suohir egh onsparevkhe pukpbnaryidLegi on, the 25
gastrointestinal region, the breast region, the repal region as well as

ot her bodiIy“Péér%hsFrti%%ﬁ%@?nVVthBﬁgfé?f ré€eptor s,~6rgand~4hd the |ike,
i ncl udi ng t heeprasewdsatiurierands cigleubat ordgougystieme andl Wwancerous-ti ssue.
‘region of a %ghb@f‘tfs Lnel Hdes, . fOor.gxamnle, £89) gns.fa.be trqated with 30
t he di scl osed conpounds and conpositions. The "region of a patient” is
preferably ihternal, &PEhotRghRi tohelr bé EXAcEPPal . FeSPECtivERE t éPfn "ti ssue”
refers gener@klyito _spegiaddzedneeblss whiicchmaysperd armm:a wpaat iscul ar
function. The term "tissue" may refer to_ an individual cell %{ a plurality
or aggregat 67 e®t 1S FOF &Xanpl €7 TANESS" B 0d o organs” The term 5
"tissue" al soganglardes ofef erenceetoca@rerabnar maltheel fompruadpl wiabi ty of
abnormal ;gells, Exenplary,.tissyes.include breast, tissue, ingldding breast
cell's, nmenbranous tissues, Including endotheliumand epithelium Iam nae,
connective ti¥¥aessi ncl VAT nt erSEFEIAIS ti ¥Fe, ARATHAMBFSS2148 Conpounds
Thepr esent i nyenpbi onisdirect-edioax .chenot her apeuti ¢ conpound of a Formul as
(ry-¢rry: Formula (I) Formula (I1) 15 wherein R, R2r R3r R4r R5/ Ror
R7r R6 and R9 ar eInndepénsgenténediydridgerprGento i@8eat kg ¥ Simrsttietut ed

al kyl, hal ogen, _sul fate qQl opi ieties; and the ---- synbo
represenys e??ﬁ%fxﬁmgFﬁgl%£§%@g%§%ug$ggﬁgﬁﬁhand when the --- synbol is a
doubl e bond and forns a keto group at position 20 3 or 17, then no RO or R6
is present, respectively; the synbol --- represent the presence or absence

of a bond at position 10; and thesxﬁgol represents any type of bond
regardl ess of the stereochenits&ry. /The conpounds al so enbrace the
enanti onmers, other stereoc efrthelp
hydr at es, sol vat es, t aut’oner s
In an enbgdi ment of Ernula
or 01; RI, RRis h

soners, 25

gcewti cal ly acceptable salts thereof.
R4, 127, RO are hydrogen atons, nethyl
ethyl; R3, R4 is Cl to about 06 al kyl or

substituted al kyl, 7--- is a single bond corresponding to the
al cohol group.RI ' ' er~enbodi ment the stereochem stry at the 0-6
carbon conpri ses enantionmer or di astereoners. Enbodi ment

conpounds of the present iwmvention can be used in a pharnmaceuti cal
conposition. Such a conpositifa can conprise one or nore conmpounds sel ected
fromthose discussed 10 above, illustrated bel ow or otherw se inferred
herein, and ehebtnati ons thereof. In certain enbodi nents, such a
conposition can conprise a pharmaceutically-acceptable carrier conponent.
Wthout |linmtatiorg., such &R;coMositd ohnéarercmpilyseedecaec@nteon xigre of
conpounds. In_certain .15 .enbodi pents,- s C n~he. p nt as the
S and R enan@FSH%r?O%%%ééggb?g ?ﬁe%%cﬁsgﬁg¥gd an gggFgﬁe%l?%rﬁgaﬁTch is
subst anti al | ynfir elaferot her i somers, and 125, or R7 can be selected fromH,
C to 06sal kyl or substituted al kyl, and a hal ogen. 20The conpounds of the
present invemki orRdarayRhavecasyniereidertdin esslandetmyt ‘o¥cufFhas FEe&mt e,
racem c m xtuyr i ndi vi;dua}_ _di as oner, i|nantieness s as

(S) 6- net hyl o%ﬁﬁé?%@ﬁ%&%f'lg&é @Ms%%%) sl OIRES UEN

- 13- net hyl 7, &9 fate 1224 glscusotisle.decehydr ocyl openta [a] 25

phenant herene-3, 17-diol; (R)6-nethyl oxynet hyl (8S, 95, 133,

| 4S, 17R) - 13- net hyl -7, 8, 9, 11, 12, 14, 15, 16, 17

decehydr ocyl opent a[ a] phenant her ene- 3, 17-di ol ; (R) 6-

met hyl oxynet hyl (8R, 98, 13R, 148, 17R) - 13- net hyl -



7,8,9,11, 12, 14, 15, 16, 17- decehydr ocyl openta[a] 30

phenant her ene- 3, 17-di ol (NRC-1022) ; O ( 3) 6-

met hyl oxynet hyl (8R, 93, 13R, 145, 17R) - 13- et hyl -

7,8,9,11, 12, 14, 15, 16, 17- decehydr ocyl opent a phenant herene-3, 17-di ol

(NDC- 1033) . An enbodi ment of the present invention pertains to the
preparation of the Ror S enantioners, R or S diastereoners 5 of 6

substituted estradiaghsndbet hassf orcHeheypisepar abhiventid®e. Os , dasyupeet ri c

synt hesi s) and separation ée.%., fractional crystalljzation and

chr omat ogr 5phfc PREERRIS W slic OWE%%%H%??fQﬂWRElﬁﬁﬁge??%e?@E%%EEEF#§ known in
the art orcace geadinky obiaivied bynadapt ighgriheen®idr0ds -Lavghiatherein. 10
One such net hodol ogies are described in the co-pending. U S. agglication SN
11/ 541, 987 S At T ealBiTigs of*ithi CAPRTE heTr €T 55 EorPor ated i A7t € entirety.
Anot her enbadhtentergf RpeLsSeliloreny et 404k Rebhalk NSr tr0 dd agethedef.0r preparing

a 6- hydroxynet hyl or 6-nethyl oxynethyl 15 derivative of estradiol. A
reacti on schenezhorstpneparricigeesta=adicol dew vatdasces |sngineepnbeliegw, Schene

1. Such a nethod n conprise reactian.of t-butyldinmethylsilyl .derivative
of estradi BLEGH ¥ L m%%%e?%%%@&%%gr Brhi Tt ae eyrolrco“jxllelsat ed
conmpound f akl cvedobycspehs Siepspas:id2g(ia) duyohtdl ysi scdrreobt @@ ils;

6- hydr oxynet hyl dgrigative Q} estr%giglll$£§}%g66;ngp/géd(gi)gﬂ%gtnent
with di net RYFsGPPare o | 5wt by T¥/dr oTYsT s 5 obt din-6- " frethyl GXymet hyl
derivati vepotseast r ddiveht idNDCs2033. cdNpCub088icamnbeaabirai ned byeaf=yrt her

oxi dati on ogrg%§%§0%%f?tc£gsqulz 29 q¥d%8éylrgg ition. In an
alternative appro&éh, € comnpounds of - the present’ i nvention can al so be
prepar ed by a gt hod .coNPriS NG 2Yeh 18t ePS, A% e REQLEELLDg AR estr odi al
conmpound, (ii) acylating the protected estradiol conmpound at 3

t hebenzyl i cBeposid i oancehLIDAKOR/Bymgllian subject (e.g., a human

Li t hiuni D | | agl t i - €, (s | UGl t position
6 al dehyde iy RT L ¢ bty Ao CPadry o, TOFv) et ot cot 1 hepr of ect ed
regi ons of ceheeesty odildl svowpournid-hin taacnion: sichesebf oet prBpagiaig

estradi ol deriMalisves .S gimen bel owbiuSChede 2. conracteq TREcFORPOUNdS Of
the present invention can be 5 synthesized by the follow ng nmethods as
depi ct ed i Fomheustherfes Tsaowe  Sthenerl {Iprepdlt | PeEOAPOURHS O t he

i nstant i nyent),on, . WL20418,Q67450RCHLUS2007,08593; Sahemesse Al t er nati ve
nmet hods for preparing the conpounds of the invention. Vari ous

met hyl oxyabkgraeesi vagikpess. i feaeedriance” wPEhte hi3e19ffentdonstdfe linited
only by cheigeiof alkykating.agent, nsychfdenhvatinmesiiasnwoubd heeunderstood
by those skilled in art nmade aware of this_invention, as avail able through
synt heti c PEoBedRIr€as GF el B dés CPMBRMhet i Fr oMt (Al gbif - fidrwar d

nodi ficati %SuEQ@r@@fuhesz%guap@é_:ﬁ‘lhﬁ%tﬂe%saasm@zwicti@hseaﬁ@eﬂngﬂt%t ood by
those skilled in the art. 5 Accordingly, without |limtation, various 01 to
06 al kyl af§ sHBSETIRAded RGFRYE- (ei7y. 2TORES 08PFF s, PSubstTIUEd | i near,

branched apgnhsabaddd udedehy apshedal dadorisdghneubsi ) t venbapasi v d be
understood in the art) reagents can_be used as described herein to prepare

the corresPERET it et hy FEXEAFY I CA0F deriiat  Ves®r (I1) THE (1588ert® i nventi on
rel ates totacpebhod QfiitreatkRg cancerdeftas MIMBtdansubjiect (&., a
human patient). In_this aspect of the invention, nethods are provided for

i nhi bi ti ng EaRbI T XE4REBrous cell growth. In such a 15 method, the cells
are exposed to or contgcted wi th a conpound of, Fornul a gl) or

phar maceut i cal | y*a&lept'abl 8B%it's Gt° A0&s TREPEDT? TRoFMFE ) 20
wherein Rl £0l32e 133, cRaa RompBEnd R3sviand R afenubdepebderdd yedurdr ogen, C
to 06 al kyl _or substituted. al kyl, hal ogen, sulfate, or glucuronide

moi eties; amgd Phe"E -S°RS4nbsf Tépresents either a single or a double bond
and when the --- L synbol is a double bond and forns a keto group at
position

6a



25 3 or 17, then no R7 or R6 is present, respectively; the synbol represent
t he presence or absence of a bond at position 10; and theJduiritsynbol
represents any type of bond regardl ess of the stereochem stry. The
conpounds al so enbrace the enantioners, other stereochem cal isoners,
hydrates, sol vates, tautoners and pharmaceutically 5 acceptable salts

t her eof . These net hods nay be used to treat any tunor which may be
either directly or indirectly effected by hornonal and/or estrogen-rel ated
activity, including but not in any way limted to solid tunors associ ated
wi th breast, 10 pancreatic, |umg, colon, prostate, ovarian cancers, as well
as brain,liver, spl een, ki dfg nph node, smal | intestine, blood cells, bone,
stomach, endonetrium r, ovary, central nervous system skin, head
and neck, esophagus, row cancer; as well as 15 hematol ogi ca
cancers, such a b, acyle pronyel ocytic | eukem a, |ynphoma, nultiple
nmyel oma, nyelof g nﬁ?loproliferative di sease, or refractory anem a.

: j on’ of the conpounds of the present invention for

conpound of Forrmula (I in conmbination with other adjunct cancer therapies,
such as chenot her apy, *adi ot herapy, gene therapy, hornone therapy and ot her
cancer therapies known i AMEhe art. ®WoEbIGHR i ons of the presently discl osed
conpounds with other anti-cancer 95 or chenot herapeutic agents are within
the scope of the inventign. Ex@rpl es of such agents can be found in Cancer
Principles and Practice a?3CnooIogy by V. T. Devita and S. Hel | man
(editors), 6th editio , 2001), Lippincott WIllians & WIkins
Publ i shers. A physician, arian or 30 clinician of ordinary skill in
the art woul d he~af| e-TafdiScef n which conbi nati ons of agents would be
useful based o pgrticy ar characteristics of the drugs and the WO
2008/ 067450PCE. [/ 085913 cancer invol ved. Such anti-cancer agents include
the fol |l owHay: estrogen receptor nodul ators, androgen receptor nodul ators,
retinoid receptor nod@# ators, cytotoxic agents, anti-proliferative agents,
prenyl -protein transfé%a6ﬁ85 i nhi bitors, HMG CoA reductase inhibitors, EHV

protease inhibitors, revérse transcPPSfﬁgg'i bitors, aronatase
i nhi bitors, and angi ogenesis inhibitors. In at | east one aspect of
the invention, inventors illustrate the conpounds of the present invention

in table | 10 below Table H3C ,OR6 , 96 R4 R70 4R3 R2

OH

NDC-1055

in the manufacture of a medicament for the treatment of

cancer.

6b



OR5 R2, R3, RI: independently H, Cl-be alkyl, substituted al kyl, or hal ogen
15P55, Rb: H, CI-05 al kyl, substituted al kyl, sulfate, or glucuronide Rl:

H C-05 alkyl, or substituted al kyl, sulfate, or glucuronide, when = is a
singl e bond; not present, when=le- is a double bond Substituents Spati al
Configuration Entry RS R R G6 CG8 C9 G13 CG14 G117 HHHSSSSSS
2HHHSRRR

Thus, the compounds of the present invention may be
used to treat any tumer which may be either directly or
indirectly effected by hormonal and/or estrogen-related
activity, including but not in any way limited to sclid

tumors

6¢
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associated with breast, pancreatic, lung, colon, prestate,
ovarian cancers, as well as brain, liver, spleen, kidney,
lymph node, s@mall intestine, blocd cells, bone, stomach,
endometrium, testicular, ovary, central nervous system,
gkin, head and neck, escphagus, ©r bone marrow cancer; as
well as hematological cancers, such as leukemia, acute
promyelocytic leukemia, Lymphoma, muliiple myeloma,
myslodysplasia, mwmyelopreoliferative disease, or refractory

anemia

The compounds described herein. may also be used in
combination-based thervapeutic cancer treatments in a
mammalian subject. Such methods may comprise administration
of a compound of Formula (I} or (II) in combination with
other adjunct cancer therapies, such as chemotherapy,
radictherapy, gene therapy, hormone therapy and other

cancer therapies known in the art.

Any of the compounds described  Therein may be
contemplated for administration to the mammalian subject in
the form of a drug, prodrug or even active metabolite. In
the methods of treatment, the term "administering® shall
encompass the treatment of the various conditions described
with the compound specifically disclosed or with a compound
which may not be specifically disclosed, but which converts
£o the gpecified compound in vivo after administration to

the patient and exhibits therapeutic activity.

Ancther example pertains to a method of inhibiting
growth of cancer cells comprising providing to a patient a
prodrug of Formula (ITI} wherein R53 is & methyl or

hydrogen;



SRRRRO0O=O7HHHR1IBRRR 8HHHRSSSSS9HHHRSSS

WO 2008/067456 PCT/US2007/085913

Formula{(III)
and forming metabolites of formula (IV), (V}, (VI), (VII},
and (VIIIT) wherein any of Rs, Rs, Rs, Ry, Rs 0f their Formula II
3  counterparts may be methyl or hydrogen. Such metabolites

could include for example the structures shown below:

O &

HaC

H
\OCH:-;

(IV) A — NDC-1088 {(IV) B - NDC-1099

CMe

i0 {(V} A - NDC-1033 (Vy B - HNDC-1022



SRIOHHHHRHRIRS 11 H

WO 2008/067450

(VI} A -NDC-1110

OH

HaC

:I:IIHI

HO e
- H
\DH
(VII) B -~ NDC-1066

O

Formula (VIII)-A

Other obijects, features,

SSIS0=012 H

Ry

PCT/USI007/085913

{(VI} B - NDC-1044

OH

H,C

:t“”'

HO 7
H
\OH

(VII) B — NDC-1085%

CH

ORs

Formula (VIII)-B

benefits and advantages of the

RRRO0=0 13 ¢ H

10

present invention will be apparent from this summary and the
following descriptions of certain embodiments, and will be
readily apparent to those skilled 1in the art having
knowledge of wvarious chemotherapsutic compounds, methods

and/or medes of operation.
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1- shows the Estradiol bicsynthetic pathway.
Figure 2- shows a predicted metabolic pathway for the
present compounds.

5 Figure 3- shows the effect of NDC-1011, NDC-1022, NDC-
1033, NDC-1044, WDHC-1055 and NDC-1066 on estrogsn receptor
beta (ER-P) activity as measured by luciferase expression
(RLU = relative light units)y. CV-1 cells were Transfected
with two plasmid constructs, the repeorter construct ERE-tk-

10 luciferase and a CMV-ER-B contruct. Transfected control
{(Crtrl) Cv-1 cells receilved no treatment while estradiol
treated cells (E2) received estradicl added alone at 1077 M
{3 nM). In the case of NDC compounds, each compound
respectively was either added alone at 107° M (10 nM) (as

15 evident in the left column for each test compound) or at 107°
M plus 1077 M estradicl (EZ) (as evident in the right column
for each test compound).

Figure 4 shows the effect of NDC~1011, NDC~1033, WNDC-

1055 and NDC-1066 on estrogen receptor alpha (ER-0) activity

20 as measured by luciferase expression (RLU = relative light

unitsy. Cv-1 cells were transfected with two plasmid

constructs, the reporter construct BRE-tk-luciferase and &

CMV-ER-0. contruct. Transfected control {Ctrl) CV-1 cells

recelved no treatment while estradiol (E2} was added alone

25 at 107 M {1 nM). In the case of NDC compounds, each

compound respectively was either added alone at 107° M (10

nM) (as evident in the left column for each test compound)

or at 10" M plus 10° M estradiol (E2) (as evident in the
right column for each test compound).

30 Figure 5 shows ICsy growth inhibition data (in uM) for

NDC-1022 (left columns), HNDC-1033 (middle columns) and NDC-

1044 {right columns) as determined in each of the cell lines

10



IR S 17 Me SSSSS0=0 W 2008/ 047450PCT/ US2007/085913 18 M S R R R

R0=019 v H 13 R 13 R R Tabl econti nued H3C OR6
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HT-29, SK-0OV-3, NCI-HZ3, MCF-~7, MDA-ME-231, OVCAR-3, CAPAN-
1, CAPAN-Z, SH-8YB®Y, R-549 and PC-3.
Figure & shows numerical ICsp growth inhibition data (in
uM)  for NDC-1022Z, NDC-1033 and NDC-1044 as determined in
5 each of the cell lines BT-29, SK-OV-3, NCI-HZ3, MCF-T7, MDA~
MB-231, OVCAR-3, CAPAN-1, CAPAN-2, SH-SYS5Y, A~549 and PC-3.

DETAILED DESCRIPTION OF THE INVENTION
Uniess defined otherwise, &ll technical and scientific
terms used herein have the same meaning as is  commonly
10 understood by one of skill in the art to which this
inventicn belongs and shall be understood te have the
meanings described Dbelow. 211 publicaticns and patents
referred to¢ herein are incorporated by reference in their
entirety. Unless otherwise specified, a reference to a
15 particular compound includes all such isomeric forms,
including racemic and other mixtures thereof. Unless
otherwise specified, a reference %o a particular compound
also includes ionic, salt, solvate (e.qg.., hydrate),
protected forms, prodrugs, and other sterecisomers thereof,
20 for example, as discussed herein.

It may be convenient or desirable to prepare, purify,
and/or handle a corresponding salt of the active compound,
for example, a pharmaceutically-acceptable salt. Examples of
pharmaceutically acceptable salts are discussed in Berge et

25  al., 1977, M"Pharmaceutically Acceptable Salts," J. Pharm.
Sci., vol. 66, pp. 1-19, and discussed herein.

Anti-proliferative compounds of the present invantion
have applicaticn in the treatment of cancer, and s0 the
present invention further provides anti-cancer agents. The

30 term Tanti-cancer agent™ as used herein, pertains to a
compound which treats a cancer (i.e., a compound which 1is

unseful in the treatment of a cancer). The anti-cancer effect

11



7 96 R4 3HH M-)6 7R3R2L.,nn|R], C2, R3, C4: independently la Cl-C6
al kyl, substituted al kyl, or halogen R6, C7: H, Ch- stituted
or STt

al kyl , Suwv&zgesmgus | uour oni de C5: H, Ca-Cs al kyl,
sul fate, or glucurcnlde, when =i s a single bond; not present, when
doubl e bond 10 Substit en s Spati al

CG9 G183 CG14 G17 200* M HHRRSHe 21 M HH

10

15

20

30

may arise through one or more mechanisms, including but not
limited to, the regulation of «¢ell preliferation, the
inhibition of angiogenesis (the formation of new bloocd
vessels), the inhibition of metastasis (the spread of a
tumor from its originy, the dinhibition o©f invasion (the
spread of tumor c¢ells into neighboring normal structures),
or the promotion of apoptosis (programmed cell death).

The invention further provides active compounds for use
in a method of treatment of the human or animal body by
tharapy. Such a method may comprise administering to such a
subiect a therapeutically—-effective amount of an active
compound, preferably in the form of a pharmaceutical
composition as discussed further herein.

The term "treatment," or “therapy” as used herein in
the context of treating a condition, pertains generally to
treatment and therapy of a mammalian subiject, whether of a
human or a non-human animal (e.g., in vererinary
applicaticns), in which scme desired therapeutic effect is
achieved, for example, the inhibition of the progress of the
condition, and includes a reduction in the rate of progress,
a halt in the rate of progress, amelioration of the
condition, and/or cure of the condition. Treatment as a
prophylactic measure is alsc included. Treatment includes
combination treatments and therapies, in which two or more
treatments or therapies are combined, for example,
seguentially or simultaneously. Examples of treatments and
therapies include, but are not limited to, chemotherapy {(the
administration of actlve agents, including, <.¢., drugs,
antibodies {e.g., as in immunotherapy), prodrugs {(e.9.,
employing protecting groups including phosphoric acid
derivatives and phosphinates at suitable positions such as

position 3 or 17, other compounds used fcr photodynamic

12

ited al kyl,

is a

Configuration Entry RS R R, C6 C8
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therapy, GDEPT, ADEPT, etc.); surgery; radiation therapy:
and gene therapy.

The term *“stereochemical isomer” as used herein, refers

to isomers that differ from each other only in the way the

) atoms are oriented in space. The twWo stereolsomers

particularly of importance in the instant invention are

enantiomers and diastereomers depending on whether or not

the two isomers are mirror images o©of each other. In the

preferred embodiment, the clalmed formulations comprise such

10  compounds that dsolated, resolved and are “substantially
free cof other isomers.”

The term “therapeutically-effective amount," as used
herein, pertains to that amount of an active compound, ©r a
materlal, composition or dosage form comprising an active

15 compound, which is effective for producing some desired
therapeutic effect, commensurate with a reasgnable
benefit/risk ratio.

The term Mpatient" refers to animals, including
mammals, preferably humans.

20 The term “"region of a patient" refers to a particular
area or  portion of the patient afflicted with a
proliferative disorder, cancer or tumor and in some
instances to  regions throughout the entire patient.
Exemplary of such reglons are the pulmonary region, the

25 gastrointestinal region, the breast region, the renal region
as well as other Dbodily regions, tissues, lymphocytes,
recentors, organs and the like, including the vasculature
and circulatory system, and cancerous tissue. "region of a
patient" includes, for example, regions to be treated with

30 the disclosed compounds and compositions. The "regicn of a
patient™ is preferably internal, although it may Dbe

external.

13
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The term "tissue" refers generally to speclialized cells
which may perform a particular function. The term "tissue”
may refer to an individual cell or a plurality or aggregate
of cells, for example, membranes, blood or corgans. The term

5 Ptissue™ alsce includes reference to an abnormal cell or a
plurality o¢f abnormal cells, Exemplary tissues i1nclude
reast tlssue, including bkreast cells, membranous tissues,
including endothelium and gpithelium, laminae, connective
tissue, including interstitial tissue, and tumors.
10 Compounds
The present invention is directed e a

chemotherapeutic compound of a Formulas (I)}-(II}:

R0

ORg

Formula (1) Formula (IT1)

15  wherein Ri, Rs, Ra, Ry, Rs, Rg, Rq, Ry and Ry are independently
hydrogen, C: fto Cg alkyl or substituted alkyl, halcogen,
sulfate, or glucuronide moieties; and the =--- symbol
represents either a single or a double bond and when the —--
- symbol i3 a double bond and forms a keto group at position

20 3 or 17, then no Ry or Rg is present, respectively; the
symbol --- represent the presence or absence of a bond at
position 10; and the™ symbol represents any type of bond
regardless o©f the stereochemistry. The compounds also
embrace tLhe enantiomers, other stereochemical isomers,

25 hydrates, solvates, tautomers and pharmaceutically

acceptahle salts therecf.

14
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In an embodiment ¢f Formula I, Rs, Rs, Rj, Re are hydrogen
atoms, methyl or Cl; Ry, Ry 1s hydrogen or methyl; Rz, Ry is
C: to about Cg alkyl or substituted alkyl, halogen and —----
is a single bond corresponding to the alcohol group. In an

5 another embodiment the sterecchemistry at the C-6 carbon
comprises a S cor R enantiomer or diastereomers.

Embodiment compounds of the present invention can Dbe
used 1in & pharmaceutical compositicon. Such a composition can
comprise one or more compounds selected from those discussed

10  above, illustrated Dbelow or otherwise inferred herein, and
combinations thereof. In certain embodiments, such &
composition can comprise & pharmaceutically-acceptable
carrier component. Without limitation, such a composition
can comprise a racemic mixture of compounds. In certain

15  embodiments, such a compound can be present as the 5 and R
enantiomer, preferably theilr i1soclated and purified form
which 1s substantially free of other isomers, and Rs, or Ry
can ke selected from H, Ci te Cp alkyl or substituted alkyl,
and & halogen.

20 The compounds of the present invention may have
asymmetric centers and may occur as racemate, racemic
mixture or as individual diastereomers or enantilomers such
as {(8)6-methyloxymathyl (88, 95, 138, 145, 178) =~13-methyl-

]

25  phenantherene~3, 17-diol; (Rye—-methyloxymethyl (85, 95, 133,

7,8,9,11,12,14,15,16,17 -decehydrocylopenta {

48]

148, 1TR) -13-methyl- 7,8,9,11,12,14,15,1¢6,17 -
decehydrocylopenta [atl phenantherene-3, 17-diol; (R} &
methyloxymethyl (S8R, 9g, 13R, 148, 17R) -13-methyl-
F,8,8,11,12,14,15,16, 17-decehydrocylopenta lajl
30 phenantherens-3, 17-diol (NDC-1022); or (5)16-
methyloxymethyl (B8R, 93, 13R, 148, 17R) ~13-methyl-
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7,8,9,11,12,14,15,1¢, 1 7-decehydrocylopenta fal
phenantherene-3, 17-dicol {NDC-1033).

An embodiment of the present invention pertains te the
preparation of the R or § enantiomers, R or 5 diastereomers

5 of & substituted estradiols. Mathods for the preparation
le.g., asymmetric synthesis) and separation (e.g.,
fractional crystallization and chromatographic means) of
such isomeric forms are either generaily known in the art or
are readily obtained by adapting the methods taught herein.

10 ©ne such methodologles are described in the co-pending U.3.
application SN 11/541,987, the teachings of which are

- herein incorporated in its entirety.

Another embodiment of present invention pertains to a
methoed for preparing a 6é-hydroxymethyl or 6-methyloxymethyl

15 derivative of estradicl. A reaction scheme for preparing
estradicl derivatives 1s given below, Scheme 1. 3uch a
method can comprise reaction of t-butyldimethylsilyl
derivative of estradiol with LIDAKOR/THF/formaldehyde to
obtain a 6-hydroxyiated compound followed by such steps as:

20 (1)  hydrolysis to obtain 6é-hydroxymethyl derivative of
estradiol, NDC-1066; and/oxr {ii)treatment with
dimethylsulfate followed Dby hydrolysis to  obtain 6-
methyloxymethyl derivative of estradicl, NDC-1033. HNDC-1088
can be obtained by further oxidation of NDC-L1033 at the C-17
25  hydroxyl position.

In an alternative approach, the compounds of the
present invention «¢an also Dbe prepared by a method
comprising such steps as: (1) protecting an estrodial
compound, (ii) acylating the protected estradicl compound at

30 the benzylic 6-position with LIDAKOR/Butyl-
Lithium/Diisopropylamine/petassium cert-amylate, (113}

reducing the position & aldehyde with 1lithium aluminum

i6
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hydride, {iv) deprotecting the protected regions of the
estreodlial  compound. A reaction scheme for preparing
estradiol derivatives is given below in Scheme 2.
The compounds of the present invention can be
"

3 synthesized by the f£follcwing methods as deplicted in the

schemes below:

17
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Scheme 1 - preparing compounds of the instant invention,.
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Separate desired ~ 3 Hydrolysls i [
22700 7 THPO™ ™ PN O :
\OME M\OMe \OMe
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" — O
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O OH
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THPO HOY HO
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SBHRFt R19 RR44 MMH503HRSSSSS45 MMHSBHHSSSSR R, R
R3, R4: independently H Cl-C6 al kyl, substituted al kyl, or hal ogen 5R5,
Re: H Ol - 80P ybstituted al kyl, sulfate, or gIJ%HW@HWH@&R3: H, Ce-C6
al kyl, or substituted al kyl, sulfate, or glucuronide, when === 1is a single
bond; not present, when re= is a double bond Substituents Spati al
Configuration Entry R5

Scheme 2- Alternative methods for preparing the compounds of

the invention.
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THPO ¥4 OMe OH
NDC-1055
OMe o
OH
chirg prep HPLC
<4
ob
HO S
OH “OMe
NDC-1033
PO
OMe
NDC-1022

Various methyloxnyvalkyl derivatives, in accordance with
this invention, are limited only by choice of alkylating

agent, such derivatives as would be understood by those

19
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skilled in art made aware of this invention, as availabie
through synthetic procedures of the sort described herein or
straight-forward modifications therecf, such meodifications
as would also be understood by these skilled in the art.
5 Accordingly, without limitation, wvarious Cy to Cs alkyl and
substituted alkyl {e.g., C; to C¢ linear, substituted linear,
branched and substituted branched alkyl, such substituents
as would be understocd in the art) reagents can be used as
described herein to prepare the corresponding methyloxyvalkyl
16 derivatives.

The pregent invention relates tc a method of treating
cancer in a mammalian subject (e.g., & human patient}. In
this aspect of the inventicon, methods are provided Ifor
inhibiting tumor or cancerous c¢ell growth. In such a

13 method, the cells are exposed to or contacted with a
compound of Formula (I) or pharmaceuticalliy acceptable salts

or hydrates thereof:

R0

Rz OR
Formula (I}

20 wherein R:, Rz, Rs, Re Rs, Re, Ry, and Re are independently
nydrogen, C: to Cs altkyl or substituted alkyl, halogen,
sulfate, or glucuronide moieties; and the -—---- symbol
represents elther a single or a double bond and when the ~——
- symbol is a double bond and forms a keto group at position

25 3 or 17, then no Ry or R 1s present, respectively; the

symbhel --- represent the presence or absence of a bond at

20
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position 10; and the v symbol represents any tType of bond
regardiess o©f the stereochemistry. The compounds alsc
ambraces the enantiomers, other sterecchemical isomers,
hydrates, solvates, tautcomers and pharmaceutically
acceptable salts thereof.

These methods may be used to treat any tumor which
may be either directly or indirectly effected by hormonal
and/or estrogen-related activity, including but not in any
way Jlimited to  sclid  tumors  assoclated  with  breast,
pancreatic, lung, colon, prostate, ovarian cancers, as well
as brain, liver, spleen, kidney, lymph  node, small
intestine, blood celilis, bone, stomach, endometyrium,
testicular, ovary, c¢entral nervous system, skin, head and
neck, escphagus, or hone marrow cancer; as well as
hematologlcal cancers, such as leukemla, acute promyelocytic
leukemia, lymphoma, mualtiple myeloma, myelodysplasiza,
myaloproliferative disease, or refractory anemia.

In addition, administration of the compounds of the
present invention for treatment of wvarious cancer states may
comprise administration of a compound of Formula (I) iIn
combinaction with other ad-junct cancer therapiles, such &as
chemotherapy, rvadiotherapy, gene therapy, hormone therapy
and cother cancer therapies known in the art. Combinations
of the presently disclosed compounds with other anti-cancer
or chemotherapeutic agents are within the scope o©f the
invention. Examples of such agents can be found in Cancer
Principles and Practice of Oncology by V. T. Devita and §.
Hellman (editors), & edition (Feb. 15, 2001, Lippincott
Williams & Wilkins Publishers. A physician, veterinarian or
clinician of ordinary skill in the art would bz able to
discern which combinations of agents would ke useful based
on the particular characteristics o¢f the drugs and the

21
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cancer involved. Such anti-cancer agents inciude the
following: estrogen receptor modulators, androgen receptor

modulators, retinoid receptor modulaters, cytotoxic agents,

anti-proliferative agents, prenyl-protein cransferase
5 inhibitors, HMG-CohA  reductase inhibitors, EHY protease
inhibitors, reverse Lranscriptase inhibitors, aromatase

inhibitors, and anglogenesis inhibitors.
In at least one aspect of the invention, inventors
illustrate the compounds of the present invention in table I

10 below:

By, Ry, Rz, Ry: independently H, C;~C; alkyl, substituted alkyl, or halocgen
15 Ry, Ryt H, ©.-C alkyi, substituted alkyl, sulfate, or glucuronide
Rg: H, C1~C¢ alkyl, or subkstituted alkyl, sulfate, or glucuronlde, when =—
is a single bond; not present, when —F is a double bond
Substituents Spatial Configuration

Entry | Rs R Ry C-6 C-8 -9 C-13 | C-14 | C-17
1 H " K S 5 5 S S S
2 H H H 5 R R R R R
3 H H H 5 3 5 3 5 R
4 H H H 3 R R R R 3
3 H - H S 3 S S 3 C=0
& H - H 3 R R R R C=0
7 H H H R R R R R R
8 H H H R S 5 3 S 3
9 H i H R S S 3 ) R
10 H ! H R R R R R 3
i1 H - H R 3 3 3 3 C=0
1z H - H R R R R R C=0
13 Me H H S S 5 3 3 3
14 Me H H ) R R R R R
15* Me H H 3 R 3 R ] R
15 Me H | H 5 R R R R ]
17 Me - | H 8 8 5 8 8 C=0

2
b=



H H glucuronede HS SSSS HHGglucuronide HS S S SR HHglucuronide R
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18 | Me - H S E R R R C=0
19 Me H H R R R R ad R

Table I-continued

3

Ry, By, Riy Ry independently H, C1-Cy alkyl, substituted alkyl, or halogen

Re, Ry: H, 0)-0 alkyl, substituted alkyl, sulifate, or glucuronide

Res H, -y alkyl, or substituted alkyl, sulfate, or glucurcnide, when —F is

a single bond; not present, when =25 is a double bond

10
Substituents Spatial Configuration

Entry | Rs Rs Ry C-6 c-8 Cc-9 c-13 | C-14 c-17

20* % Me H H R R ) R S R
21 Me H H R S 3 3 5 R
22 Me H H R R R R R 5
23 Me - H R S 3 S 3 C=0
24 Me - H R R R R R Ce=0
25 H ¥ SO:H S S S S 5 S
26 H H SOsH 3 R R R R R
27 H H S04H S S 3 3 5 R
28 H H SOsH 3 R R R R 3
29 H - SOsH S 3 ) 3 3 C=0
30 H - SO:@H S R R R R CEO
31 H H S05H R R R R R R
32 H H 30:H R 3 3 5 5 35
33 H H S0zH =3 3 S 5 3 R
34 H H 3031 R R R R R S
35 H - S03H R 3 3 3 ] Ce=0
36 H - S05H R 33 R R R C=0
37 Me B SCsH S S S S 3 5
38 Me H S0zH 3 R R R R R
39 Me H 80xH ] 3 S S 3 R
40 Me H S03H 5 R R R 58 3
41 Me - 503H S 3 3 3 S Ce=0
42 Me - SOsH 3 R R R R C=0
43 Me H S502H R R R R R R
44 Me H SO=H R ) 5 3 S 5
45 Me H 5034 R S 3 3 S R
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Table I-continued

Ry, Ry, Rs, Rsi independently H, C;-Cg alkyl, substituted alkyvi, or halogen
5 Re, Ryt H, C;-C¢ alkyl, substituted alkyl, sulifate, or glucuronide
Rgt H, C,~Cy; mlkyl, or substitutsd zlkyl, sulfate, or glusuronlde, when
=EE iy & single pondp not present, when 25 iz & doukle bond
Substituents Spatial Configuration
Entry Rg Rg Ry c~6 | C-8 : C~% | C~13 | C-14 | C-17
46 Me H 5034 R R R R R 3
47 Me - S0 R 3 3 3 S C=0
48 Me - S0sH R B R R R C=0
49 H H glucuronide S 3 3 3 3 S
50 H H glucuronide 3 R R R R R
51 H ¥ | glucuronide 5 S 8 S S R
52 H H glucuronide S R R R R 3
53 H = giucuronide 3 3 3 S ) C=0
54 H o glucuronide 3 R R R R =0
55 H E | glucuronide R R R R R R
56 H H glucuronide R S 5 3 S 5
57 H H glucuronide R S S 3 S R
58 H H Jglucuronide R R R R R S
59 H - glucuronide R 3 S S 3 C=0
60 H - glucuronide R R E | R R C=0
61 Me H glucurconide 3 3 5 ] 3 3
£2 Me i | glucuronide S R R R R R
63 Me " | glucuronide 5 5 S ) S R
64 Me H | glucuronide 3 R R R R 5
65 Me - glucuronide 3 3 5 S s C=0
6o Me - glucuronide 3 R R R R C=0
67 Me H | glucuronide R R R R R R
68 Me H | glucuronide R S 5 5 g S
K Me E | glucuronide R 5 S S 5 R
70 Me H glucuronide R R R R R S
71 Me - glucuronide R 3 IS 3 3 C=0
72 Me | - jglucurconide| R R R | R | R C=0
HY * MDC-3033; % NDC-1022
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The preferred compounds in Table I include compounds 15 and

20. At least one asgpect of the instant invention is directed

t0o these preferred compound, their method of use and making.
In at least ancther aspect of the invention, inventors

5 illustrate the compounds of the present invention in table

IT below:
10 R, R;y Ry, Ryt independently H, ¢y-C5; alkyl, substituted alkyl, or halogen
Rgr H, €1=Cs alkyl, subkstituted alkyi, sulfate, or glucurcnide

Ryt H, Ci~Cy alkyl, or substituted alkvl, sulfate, or glucuronide,
Ryt H, Cy-Cy alkyl, or substituted alkyi,

whan - is a single bond; not present, when =55 iz a double bond
15
Substituent Spatial Configuration

Entry Rs Re -6 | c-8 | ¢-9 | Cc-10 | c-13 Cc-14 c-17
73 H H 3 5 S R 3 S 5
74 H H 5 R R R R R R
75 H H 3 3 3 R S 3 R
76 H ! 3 R R R R R S
77 H - S g 3 R S S C=0
78 H - S R R R R R C=0
79 H H R R R R R R R
80 H H R 5 S R 3 S S
81 H H R 3 ) R S S R
8z H H R R R R R R )
83 H - R S S R S S Cm=(0
&4 H - R R R R R 3 C=0
853 Me H S 3 3 R 3 S S
86 Me H S R R R R R R
87 Me H ) S 3 R 3 5 R
g8 Me H 3 R R R R R S
89~ Me - S R 3 R R 3 Ce()
9= = Me - R R S R R S C=0
91 Me H R R R R R 34 R
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Ry, Ry, Ry, Ryt independently H, €;-Cp alkvl, substituted alilkyl, or halogen
5 Fo: H, C-C¢ alkyl, substituted alkyl, sulfate, cr glucuronide

Rer H, C1~Cs alkyl, or substituited alkyl, sulfate, cor glucurcnide,

Rgt H, C~Cg alkyl, or substituted alkyi,

when =% is a single bond; not present, when - is a double bond
Substituent Spatial Configuration

Entry Rg Rg C~6 C-8 C—-8 C~-10 | C~13 | C-14 c-17
g2 Me H S 3 3 R S S 3
93 Me H 3 R R R R R R
94 Me H 3 S S R S 3 R
95 Me H S R R R R R 3
95 Me - R R 5 - R 3 C=0
7 Me - 3 R R R R R C=0

Qg Me H S R 3 R R 3 R
29 Me H R S S R ) 3 S
100 Me H R S S 5 3 3 R
1061 Me H R R R 3 R R 3
102 Ma - R ] S R S 3 C==0)
103 Me - R R R R R R C=0
104 H H S 3 3 R S 3 S
103 H H 3 R R R R R R
106 H H 3 3 S R 5 s R
107 H H 5 R R R R R S
108 H - S 3 S R 3 S C=0
109 H - 3 R R R R R C=0
110 H H R R R R R R R
1i1 H H R S 3 R 3 3 S
112 H H R 3 3 R 3 ) R
113 H H R R R R R R S
114 H - R S S R 3 3 C=0
115 H - R R R R R R C=0Q

10
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glucuronide HR P.IR 12 S glucuronide 12 S SIS 5 0=0 72 Me - gl ucuronide
RRRRRO=0 10* NDC-1033; ** NDC-1022 The preferred conpounds in Table
| include ¥&HPBEAUYE® 15 and 20. At |east one aspect ofPTHEXCHEFHAt i nvention
is directed to these preferred conpound, their nethod of use and making. In
at | east another aspect of the invention, inventors 5 illustrate the
conpounds of the present invention in table Il below Table Il ORS Pa, Rz,
C3, RI: independently H C-C, alkyl, substituted al kyl, or halogen R5: H,
Cl-C al kyl, substituted al kyl, sulfate, or glucuronide Rgu H, ca-C6 al kyl,
or substituted al kyl, sulfate, toreghucuwnonige; Rz: H Cl-C 6 al kyl, or
substituted al kyl, whenis a single bond; not present, whenis a double bond

R;, Rz, R;, R,: independently H, ¢;-Cs; alkyl, substituted alkyl, cr halogen

5 Re: H, Cy-Cs 2ikyl, substituted alkyl, sulfate, or glucuronide
Rgt H, C1~Ce alkyl, or substitutsd alkyl, sulfate, or glucurcnide,
Ret B, ¢;~Cy alkyl, or substituted alkyi,
when ~= is a single bond; not present, when =5 is a double bond
Substituent Spatial Configuration
Entry | Rs Re c-6 | c-8 [ C-% | c-10 | C-13 | c-14 | C-17
116 Me H S S S R i 8 ) ]
117 Me H 3 R R R R R 28
118 Me H S 3 3 R ] 5 R
1159 Me H S R R R R R s
120 Me - S5 . 5 S S S ] C=0
121 Me - 5 R R R R R C=0
122 Me H R R R R R I3 R
123 Me H R 3 S R ) 3 5]
124 Me H R S 5 S 3 3 R
125 Me H R R R S R R S
126 Me - R S 3 R S S C=0
127 Me -~ R R R R R 23 C=0
128xswn Me H R R S R R S R

0 * WOHC-1077, when Ks is & methyl; ** NDC-1011, when Ry is a methyl; *¥% NDCT-1110,
when Ry iz & méthyl; **** NDC-1044, when R; is a methyl.

The preferred compounds in Table IT include compounds

15 892, 90, 98, and 128. At least one aspect of the instant

invention is directed to these preferred compound, their
methoed of use and making.

One specific non-limiting example for treatment of an

identified cancer state as described herein includes use a

20 compound of Formula (I}, which has the Formula (IX) below:



Substituent Spatial Configuration Entry Ra R6 CG6 CG8 CG9 C10 G 13 C 14
R

y
G177 73HHSSSRSS 74HHSRRRRRRY5
WO 2008/067450 PCT/US2007/085913

OH
H
\OCH3
{(IX) A~ WNDC -1033 (I¢) B-~ NDC - 1022

inother specific non-limiting example for treatment of
an identified cancer state as described herein includes use
5 a compound of Formula (I}, which has the Formula (X), below:

ne o

(Xy A- NDC ~1066 (¥) B- WDC -1053

The above active compounds mav also be used as part of
an in vitro assay, for example, in order to determine

10  whether a candidate host is likely to benefit from treatment
with the compound in dguestion. Any active compound of the
present invention may also bes used as a standard, for
example, in an assay, in order to identify other active
compounds, other anti-preoliferative agents, other anti-

15 inflammatory agents, etc.

At least 4in one agpect of the instant invention, the
candidate compounds were evaluated for their estrogen
receptor antagonistic activity. The evaluation as to whether
a compound is an estrogen receptor antagonist may be carried

20  out by wvarlous methodologies known in the art. In the

instant application, such capacity was determined Dby

28
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conducting the Luciferase binding assay according to the
screening methods described hersin.

In a more preferred embodiment of this aspect of the
invention, the estrogen receptor binding capacity were

53 assessed by transiently transfecting CV-1 c¢ells with
expression constructs for either ER{a) or ER (B) plus an
ERE-tk-luciferase reporter construct. The cells were tLhen
divided into controls and candidate groups whereln the
controls received no treatment, or were treated with

10 estradiol alone (1 nM) and the candidate groups received
estradiol plus an Endece compound at varying concentrations.
After 16-24 hours the cells were harvested and assayed for
luciferase activity using a commercially availlable assay
kit.

13 In yvet another aspect of the instant invention, the ICy
or the half maximal inhibitory concentration of the
candidate compounds were determined to assess drug potency
and potential dosing regimens for 1in wvive use. One of
ordinary skill in the art is readily able to ascertain such

20 information using commonly known methodelogies. As 1t has
peen well described in the art, ICs, represents and measures
how much of a particular substance/meolecule is needed to
inhibit some biological process by 50%., In the instant case,
the ICs; of the candidate compounds were determined as the

25 concentration that led to a response of 50% compared to the
vehicle control cells.

As noted herein, the salts of the compounds of this
invention refer to non-toxic "pharmaceutically acceptable
salts."” Other salts may, however, be useful din the

30 preparation cof the compounds according to the invention or
of their pharmaceutically acceptable salts. When the

compounds o©f the present invention c¢ontain a basic group,

29
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salts gncompassed within the term Yrharmaceutically
acceptable salts” refer to non-toxic salts which are

generally prepared by reacting the free base with a sultable

crganic or inorganic acid. Representative salts include any
5 such salt known in the art., Where compounds ¢f the present

invention carry an acldic moiety, suitable pharmaceutically

acceptable salts thereof may 1include alkall metal salts,

e.g., sodium or potassium salts; alkaline earth metal salts,

e.g., calcium or magnesium salts; and salts formed with
10 suitable organic ligands, e.g., guaternary ammonium salts.

Te treat a mammalian subject, such as a human patient,
an effective amcount of one or more compounds of the present
inventicn, or a pharmaceutically-acceptable salt thereof, 1is
administered to the mammalian subject so as to promote

15  exposure to or contact of cancer cells or the targeted tumor
growth. Effective dosage forms, modes of adminlstration and
dosage amounts may be determined empirically, and making
such determinations is within the skill of the art. It is
understood by the physician, wveterinarian or c¢liliniclan of

20 ordinary skill in the art that the dosage amount will wvary
with the activity of the particular compound employved,
course and/or progression of the disease state, the route of
administration, the rate of excretion of the compound, renal
and hepatic function of the patient, the duration of the

25 treatment, the identity of any  other  drugs being
administered to the subject, age, size and like factors well
known 1in the medical arts. As discussed Thnerein, the
compounds of the present inventicon can be administered 1in
such oral dosage forms as tablets, capsules (each of which

20  includes sustained release or timed release formulations),
pills, powders, micronized compositions, granules, elixirs,

tinctures, suspensions, syrups and emulsions. Likewise, they
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may also be administered in intravenous (bolus or infusion),
intraperitoneal, topical {e.g., ocular eyedrop},
subcutaneous, intramuscular o©or transdermal (e.g., patch)
form, all using forms well known to those of ordinary skill
5 in the pharmaceutical arts. Again, the ordinarily skilled
physician, veterinarian or c¢linician can readily determine
and prescribe the effective amount of the drug required to
prevent, counter or arrest the progress of the condition,
Oral dosages of the present invention, when used for
10 the indicated effects, will range between abcut 0.01 mg per
kg of body weight per day (mg/kg/day) to about 100
mg/kg/day, preferably 0.01 to 10 mg/kg/day, and most
preferably 0.1 tc 5.0 mg/kg/day. For oral administration,
the compositions are preferably provided in the Lform of
15 tablets containing 0.01, 0.05%, 0.1, 0.5, 1.0, 2.3, 2.0,
10.0, 15.0, 25.0, 50.0, 100 and 500 milligrams of the active
ingredient for the symptomatic adjustment of the dosage to
rhe patient to be treated. A medicament typically contains
from about 0.01 mg to about 500 mg of the active ingredient,
20 preferably, from about 1 mg to about 100 mg of active
ingredient. Intravenously, the most preferred doses will
range from about 0.1 to about 10 mg/kg/minute during a
constant rate infusion. Compounds of the present invention
may be administersd in a single daily dose, or thes total
25 daily dosage may be administered in divided doses of two,
three or four times daily.

As noted  herein, the compounds o©of the present
invention c¢an be used in combination with other anti-cancer
agents or other agents which will enphance the treatment

30 regime for the mammalian subiject. The individual components
of such combinations can be administered separately at

different times during the course of therapy or concurrently
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9

in divided or single combination forms t©o patients oz
regions of such patients in need of such therapy. The
instant invention is therefore to be understood as embracing
all such regimes of simultaneous or alternating treatmant

5> and the term "administering” is te be interpreted
accordingly. It will be understood that the scope of
combinations of the compounds of this invention with other
agents useful t¢ treat the targeted cancer condition
includes in principle any combination with any

10 pharmaceutical composition useful for treating disorders
related to estrogen functioning.

As used herein, the term "composition" i1s intended to
encompass a product comprising the specified ingredients in
the specified amounts, as well as any product which results,

15 directly or indirectly, from combination of the specified
ingredients in the specified amounts,

It may be convenient or desirable tTo prepare, purify,
and/cr handle the active compound in the ferm of a prodrug.
The term "prodrug" as used herein, pertains tc a compound

20  which, when metabolized, vields the desired active compound
or in itself 1s the active compound. This includes for

example adding a phosphoric acid ester molety in suitable

positions such as positions 3, 6, 10 or 17. Typically, the
prodrug  is  inactive, or less active than the active
25  compound, but may provide advantageous handling,

administration, or metabolic properties. For example, some
prodrugs are ethers of the active compound; during
metabolism the ether group is cleaved to yield the active
drug. Also, some prodrugs are activated enzymatlically tTo
30 vyield the active compound, or & compound which, upon further
chemical reaction, vields the active compound. Thus, in the

methods of treatment of the present invention disclosed
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herein, the term "administering” shall SrICOmMpPASS The

treatment of the various conditions described with the

compound specifically disclosed or with a compound which may

not be specifically disclosed, but which converts to the

5 specified compound in vwvive after administration to the

patient. Metabolites of these compounds include active

species produced wupon introduction of compounds of this
invention into the mammalian subject.

Compounds of the present invention may be prodrugs for

10 potent anti-proliferative agents. Compounds which exhibit

iow or moderate intrinsic activity may act as prodrugs, and

be metabolically activated (e.g., 1in vivo) Co generate more

potent compounds. This 1is especially useful in cancer

therapy where metabolic activation can be achieved by an

15 enzyme that is expressed 1n tumors. Prodrugs, acting as a

substrate, may Dbe metabolized by CYP1l9, 17B-HSD, HS-

demethylase or anocother steroidal linked enzyme to generate a

potent anti-cancer agent. The (R) or (8)-6-methyloxoalkyl

derivatives of exemestanse suggest that it may be active

20  against umarous forms of cancer beyond breast

cancer. Activity in inhibiting tumor cell growth in cells

lines derived from hreast, Lung, colon, prostate,

endeometrial and ovarian cancers was cobserved for the NDC-

1011 enantiomer. For example, in vitro studies of tumor cell

[ev]
LA

growth is the highest in cell lines that are CYFP19 positive
(MDA-MB-213 and SK-0V-3) and is reduced in those cell lines
that are CYP1lY9 nregative (MCF-7 and NIH:OVCAR-3) indicates
that NDC-1011 may act as a pro-druyg. Sea Formula {{I) and

(XTI) below for the structure of NDC-1077 and NDC-1011.
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(XI) NDC-1077 (XIT)NDC-1011

While not bound by any theory, for example, if NDC-1011
is a preoe-drug, then any number of the body's normal
5 stercidogenic enzymes should be active towards the NDC-1011
compound thereby converting NOC-1011 inte the active
metabolite(s). This aspect of the invention can apply in the
same manner to both the S and the R diasterecmers.
The prodrug compounds of the instant invention act in a
10 manner analogous to that observed for endogenous
androstonedione, NDC-1011 is converted to an aromatic ring
by hydroxylation at the C-3 carbon of NDC-1011 wvia CYPLY to
give rise to the metabolite NDC-1099. ses Figure 1 in the
Estradicl Dbiesynthetic pathway wherein Androstendicone is
15 converted to the Estrone via CYP19. NDC-1092 could undergo
further hydroxylation at the C-17 carbon via the reversible
action of 11p-hydroxysteroid dehydrogenase (17B~-ns8D)
resulting in the dicl compound NDC-1022.
As with Estradiol, the dicl compound NDC-102Z2Z has an
20 aromatic ring, but differs from estradiol with respect o
the methyloxyalkyl substituent at the C-~6 carbon. The
metabolism of NDC-L1011 into the diol compound NDC-1022 could
occur in any order as shown in Figure 2. For example, NDC-
1044 formed by 17P-HSD is converted to the NDC-1022 diol by
25  CYPL9 aromatization activity.
Witheout being bound to any theories, 1t has been

reported that Estradiol binds to the receptor ligand pocket
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of estrogen receptors (both ERa and ERP), via

the C17-CH

{via His 524); and the C3-0B {via Arg 394 and Glu 353). As

with Estradiol, binding of HNDC-1022 diol in the same ligand

pocket of ERG and ERB via similar amino acid bindings may

5 occecur. Additionally, the presence of the methyloxyalikyl

substituent at the C-6 carbon of compound NDC-10Z2 may aliter

the conformation of the normal ligand-bound receptor

resuiting in modified activity accounting for the observed

anti-tumor activity.

10 In addition, demethylase enzyme activity directed at

the C-6 methyl group of NDC-1011 {or one of the metabolites

of NDC-1011), may indicate the formation of tricl metabolite

NDC-1055. With alcchol groups at the €-3, C-6 and C-17

carbons, such an NDC-1055 f£riol metabolite may bind to a

15  bproad speczrum of steroid recepteors in a range of tissues

involving wvarious combinations of the ¢-3, (-6 and C-17

alcohols. One example of such metabolites includes The

compound of Formula (VII)B as shown below:

(VIT)B -NDC~1055

Pharmaceutical formulations of the present Invention

include those suitable for oral, nasal, topilcal

{including

puccal and sublingual), rectal, vaglnal and/or parenteral

25 administration. Regardless of the route of administration

selected, the active ingredient{s) are formulated into
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pharmaceutically-acceptable dosage forms by conventional
methods known to those of skill in the art.

The amount of the active ingredient(s) which will be
combined with a carrier material to preoduce a single dosage

5 form will wvary depending upon the host being treated, the
particular mode of administration and all of the other
factors described above. The amount of the active
ingredient (s} which will be combined with a carrier material
to produce a gsingle dosage form will generally Dbe that

10 amount of the active ingredienti{s) which is the lowest dose
effective to produce a therapeutic efiect.

Methods of preparing pharmaceutical formulations or
compositions include the step of Dbringing the active
ingredient (s) into association with the carrier and,

15  optionally, one or more accesscry ingredients. In general,
the formulations are prepared by uniformly and intimately
bringing the active ingredient(s) into association with
liquid carriers, or finely divided solid carriers, or both,
and then, if necessary, shaping the product.

20 Formulations of the invention suitable for oral
administration may be in the form of capsules, cachetls,
pills, tablets, lozenges {using a flavored basis, usually
sucrose and acacia or tragacanth), powders, dJgranules, or as
a solution or a suspension in an aqueous or nonaguesus

25  liguid, or as an oil-in-water or  water-in-oill liguid
emulsion, or as an elixir or syrup, or as pastilles {using
an inert base, such as gelatin and glycerin, or sucrose and
acacla) and/or as mouth washes and the like, each containing
a predetermined amount of the active Ingredient{s). Ths

30 active ingredient(s) may also be administered as a bolus,

electuary or paste.
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In solid dosage forms of the dinvention for oral
administration {capsules, tablets, pills, dragses, powders,
granuliles and the like), the prodrug(s), active ingredient(s)
{in their micronized form) is/are mixed with one or more

5 pharmaceutically-acceptable carriers, such as sodium citrate
or dicalcium phosphate, and/or any of the following: (1)
fillers or extenders, such as starches, lactose, sucrose,
glucose, mannitel, and/or silicic acid; (2) binders, such
as, for example, carboxymethyli-cellulose, alginates,

10 gelatin, polyvinyl pyrrolideone, sucrose and/or acacila; (3)
humectants, such as glvcerol; (4} disintegrating agents,
such as agar-agar, ¢calcium carbonate, potato or tapicca
starch, alginic acid, certain silicates, and sodium
carbonate; {5) solution retarding agents, such as paraffin;

i5 () absorption accelerators, sugh as guaternary ammonium
compounds; (7)) wetting agents, such as, for example, cetyl
alcohol and glycercl monostearate; (8) absorbents, such as
kaolin and bentonite clay; (9} lubricants, such as talc,
calcium  stearate, magnesium stearate, solid polyvethylene

20 glycols, sodium lauryl sulfate, and mixtures thereof; and
(10) coloring agents. In the case of capsules, tablets and
pills, the pharmaceutical compositions may also comprise
buffering agents. Solid compositions cof & similar type may
also be employed as fillers in soft and hard-filled gelatin

25  capsules using such excipients as lactose or milk sugars, as
well as high molecular weilght polyethylene glycols and the
like.

A  tablet may be made Dby compression or moliding,
opticonally with ona or more ACCE850ry ingredients.

30 Compressed tablets may be prepared using binder (for
example, gelatin or hydrozypropylmethyl celliulose),

lubricant, inert diluent, preservative, disintegrant (for
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example, sodium starch glycclate or cress-linked sodium

carboxymethyl cellulose), surface-active or dispersing

agent. Molded tablets may be made by molding in a suitable

machine a mixture of the powdered active ingredient(s)
53 meistened with an inert liguid diluent.

The tablets, and other solid dosage forms of the
pharmaceutical compositions of the present Iinvention, such
as dragees, capsules, pills and granules, may optionally be
scored or prepared with coatings and shells, such as enteric

10 coatings and other coatings wall known in the

pharmaceutical-formulating art. They may also be formulated

50 as to provide slow or controlled release of the active

ingredient (s) therein using, for axample,

hydrozypropylmethyl cellulose in varying proportions to

15 provide the desired release profile, other polymer matrices,

iiposomes and/or mnmicrospheres. They may be sterilized by,

for example, filtration through a bacteria-retaining filter.

These compositions may also opticnally contain opacifying

agents and may be of a composition that they release the

20 active ingredient(s) only, or preferentially, in a certailn

portion of the gastrcintestinal tract, optlonalily, 1in a

delaved manner. Examples of embedding compositlions which can

be used include polvmeric substances and waxes. The active
ingredient (s) can also be in microencapsulated form.

25 Ligquid dosage forms for cral administration of the

active  ingredient(s) include pharmaceutically-acceptablie

"emulsions, micreoemulsions, solutions, suspensions, Syrups

and elixirs. In addition to the active ingredient(s), the

licuid dosage forms may contain inert diluents commonly used

30 in the art, such as, for example, water or other solvents,

solubilizing agents and emulsifiers, such as ethyl alcohol,

isopropyl alcohol, ethylacetate, butyl alcochol, benzyl
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benzoate, propylene glycol, glyceel, oils (in particular,

cottonseed, groundnut, corn, germ, olive, castor and sesame

oiis), glvcerol, amyl alcohol, tetrahydrofuryl polyethylene

glycelis and fatty acid esters of sorbitan, and mixtures
5 thereof.

Besides inert diluents the oral compositions can also
include adijuvants such as wetting agents, enulsifiving and
suspending agents, sweetening, flavoring, coloring,
perfuming and preservative agents. Suspensions, in additicn

10 to the active ingredient(s),may contain suspending agents
a5, for example, ethoxylated alcochols, polyoxyethylene
sorbitol and sorbitan esters, microcrystalline c¢ellulose,
aluminum metahydroxide, bentcnite, agar-agar and tragacanth,
and mixtures thereof.

15 Formulationg of the pharmaceutical compositions of the
invention for rectal or vaginal administration may be

prasented as a suppoesitory, which may be prepared by mixing

the active ingredient{s) with one Qr  more sultable
nonirritating excipilents or carriers comprising, for
20 example, cocoa butter, polyethylene glycol, wax or

salicylate and which is solid at room temperature, Dbut
liquid at body temperature and, therefore, will melt in the
rectum ar vaginal cavity and release the active
ingredient{s). Formulations o¢f the present invention which
25 ares suitable for wvaginal administraticon alsoe include
pessaries, tampons, creams, gels, pastes, foams or spray
formulations containing such carriers as are known in the

art to be appropriate.
Dosage forms for the topical or transdermal
30 administration of the active ingredient(s) include powders
sprave, ointments, pastes, creams, loticns, gels, solutilons,

patches and inhalants. The active ingredient (s) may be mixed
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under sterile conditions with pharmaceutically-acceptable
carrier, and with any buffers, or propellants which may be
regquired.
The ointments, pastes, creams and gels may contain, in
5 addition to the active iIngredient(s), excipients, such as
animal and wvegetable fats, oils, waxes, paraffins, starch,
tragacanth, c¢ellulose derivatives, polyethylene glycols,
silicones, bentonites, silicic acid, talc and zinc oxide, or
mizxtures thereof. Powders and sprays can contain, in
i addition te the active ingredient{s}), excipients such as
lactose, talc, silicic acid, aluminum hydroxide, calcium
silicates and polyamide powder, or mixtures of these
substances. Sprays can  additienally contain customary
propellants such as chlorofluorchydrocarbons and volatile
15  unsubstituted hydrocarbons, such as butane and propane,
Compounds o©of the present inventicon may be administered
in intranasal form wvia topical use o0f suitable intranasal
vehicles, or wvia transdermal routes, using those forms of
transdermal skin patches well known to those of ordinary
20 skiil in the art. A transdermal delivery system provides for
continuous administraticn throughout the dosage regimen.
Transdermal patches have the added advantage cf providing
controlled delivery of the active ingredienti(s) to the body.
Such desage forms can be made by dissolving, dispersing or
25 otherwlise incorporating the active ingredient(s) in a proper
medium, such as an elastomeric matrix material. Abscrption
enhancers can alsgo be used toe increase the flux of the
active ingredient{s) across the skin. The rate of such flux
can be controlled by either providing a rate-controlling
30 membrane or dispersing the active ingredient{s} in a polymer

matrix or gel.
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Spati al

10

15

30

The compounds of the present invention can also be
administered in the form of liposome delivery systems, such
as small unilamellar vesicles, large unilamellar wvesicies
and multilamellar wvesgicles. Liposomes can be formed from a
variety of phospholipids, such as cholestercl, stearylamine
or phosphatidylicholines.

Another mode of delivery for the compounds of the
present invention may be delivery via the use of monoclonal
antibodies as individual carriers to which the compound
molecules are coupled. The compounds of the present

invention may also be ccupled with soluble polymers as

targetable drug carriers. Such polymers can include
pelyvinylpyrrolidone, pyran copolymern,
polyhydroxypropylmethacrylamide-phencl, polyhydroxy-
ethylaspartamide-phenocl, or polyethyleneoxide~polylysine
substituted with paimitovl residues. Furthermore, the

compounds of the present invention may bhe coupled to a class
of Dbiecdegradable polymers useful in achieving controlled
release of a drug, for example, polylactic acid,
polygiveolic acid, copolymers of polyvactic and polyglycolic
acid, polyepsilon caprolactone, polyhydroxy butyric acid,
pvolyortheesters, polyacetals, polydihydropyrans,
polyoyanoacrylates and crosslinked or amphipathic Dblock
copolymers of hydrogels.

Pharmaceutical compositions of this invention suiltable
for parenteral administration comprise the active
ingredient (s} in combination with one or more
pharmaceutically-acceptakle sterile isotonic agueous or
nonaguecus solutions, suspensions or emulsions, or sterile
powders which may be reconstituted into sterile injectable
soluticns or dispersions just prior to use, which may

contain antioxidants, buffers, scolutes which render the
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formulation isctonic with the »lood of the intended
recipilent or suspending or thickening agents.

Examples of suitable agueous and nonagueous carriers
which may be emploved in the pharmaceutical compositions of

5 the invention include water, ethanol, polycls (such as
glycerol, propylene glycol, polyethylene glycel, and the
1ike), and suitable mixtures therecof, wvegetable oils, such
as olive o0il, and injectable crganic esters, such as ethyl
pleate., Proper fluidity can be maintained, for example, by

10 the use of coating materials, such as lecithin, by ths
maintenance ¢f the required particle size, and by the use of
surfactants.

These compositions may alse contain adjuvants such as
wetting agents, emulsifying agents and dispersing agents. It

15 may also be desirable to include isotonic agents, such as
sugars, sodium chloride, and the like in the compositions.
Iin addition, prolonged absorption of the injectable
pharmaceutical form may ke brougnht about by the inclusion of
agents which delay absorption such as aluminum monostearate

20 and gelatin.

In some cases, in order to prolong the effect of the
active ingredient{s), it is desirable to slow the absorption
of the drug from subcutaneous or intramuscular injection.
This may be accomplished by the use of a liguid suspension

25  of crystalline or amorphous material having poor water
solubility. The rate of absorption of the active
ingredient{s) then depends upon its/their rate of
dissolution which, in turn, may depend upon crystal size and
crystalline form. Alternatively, delayed absocrption of

30 parenterally-administeread active ingredient (s) is
accomplished by disscolving or suspending the active

ingredient {(s)in an oil wvehicle.
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Injectable depot forms areg made by forming
microencapsule matrices of the active ingredienti{s) in

biodegradable polymers such as poelylactide-polyglycolide.
Depending on the ratic of the active ingredient(s) to
polymer, and the nature of the particular polymer employed,
the rate of release of the active ingredient(s) can bhe
controlled. Examples of other Dbiodegradable polymers
include polvi{orthoesters) and poly {anhydrides) . Depot
injectable formulations are also prepared by entrapping the
active ingredient(s) in liposomes or microemulsions which
are compatible with body tissue. The injectable materials
can be sterilized for example, by filtration through a
bacterial-retaining filter.

The formulations may be presgented in unit-dose or
multi-dose sealed containers, for example, ampoules and
vials, and may be stored in a lyophilized condition
requiring only the addition of the sterile liguid carrier,
for example water for infjection, immediately priocr to use.
Extemporaneous injecticon solutions and suspensions maybe
prepared from sterile powders, granules and tablets of the
type described above.

The pharmaceutical compositions of the present
invention may also Dbe used in the form of wveterinary
formulations, including those adapted for the following: (1)
coral administration, for example, drenches {aguecus or
nonagueous solutions or suspensions), tablets, boluses,
powders, granules or pellets for admixture with feed stuffs,
pastes for application to the tongue; (2} parenteral
administration, for "ampule, by subcutaneous, intramuscular
or intravencus injection as, for example, a sterile solution
or suspension  or, when appropriate, by  intramammary

injection where a suspension cr solution is introduced into
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10 * 100-1077, mhen R6 is a nethyl;

* *

NDC- 1011, when Re is a nethyl; *** MDC when RE is a F%%ﬁg**** 500- 1044,

when RO i sW2 ABORWO The preferred conpounds in TabI@CF
15 89, 90, 98, and 128. At |east one aspect of the instant invention
directed to these preferred conpound, their nmethod of use and meki ng.

¥%5té conpounds

S

One specific non-limting exanple for treatnent of an identified cancer

state as described herein includes use a 20 conpound of Forrmula (1),

has the Formula (1X) bel ow

10

15

the udder of the animal wvia its teat ; (3) topical
application, for example, &as a <cream, ointment or spray
applied to the skin; or (4) intravaginally, for example, as
a pessary, cream or foam or any other methods £it to by
thase of orvdinary skill in the art for administration to a
region of interest.

Although the present inventicn has been described with
reference to certain embodiments, one skilled in the art
will appreciate that the present invention can be practiced
by other than the described embodiments, which have been
presented for purposes of illustration and not of
limitation. Therefore, the scope of the appended claims
should not be limited to the description of the embodiments
contained herein.

The general methoeds given in Schemes 1 and 2 for the
preparation of compounds exemplified in Tables I and TI
above of the present invention are further illustrated by
the following examples. Specifically, the methods given in
Schemes 1 and 2 for the preparation of 6-alkoxyalkyl
Estradiol compounds are illustrated by Examples L1-5 shown
below. An example of assessing the estrogen receptor binding
capacity is articulated in example 4, and finally assessing
the ICs;c of the preferred compounds of the instant inventlon
and thelr comparative efficacy is given in example 5. Unless
otherwise specified all starting materials and reagents are
of standard commercial grade, and are used without further
purification, or are readily prepared from such materials by
routine methods. Those skilled in the art of organic
synthesis will recognlze that starting materials and
reaction conditicons may be varied to achleve the desired end
product.

Example 1
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(TX) A- NEC -1033(IX) B- NEC - 1022 Another specific non-limting exanple
for treatnment of an identified cancer state as described herein includes
use 5 a coMAHASTEF Formul a (1), which has the For nul®&T(O%3074%81dw. OH H3C H
OH (X) A- NDC -1066(X) B- NEC -1055 The above active conpounds may

al so be used as part of an An vitro assay, for exanple, in order to

determ ne 10 whether a candidate host is likely to benefit fromtreatnent
wi th the conpound in question. Any active conpound of the present invention
may al so be used as a standard, for exanple, in an assay, in order to
identify other aeiinvescorpoundspaoirher antydrproldcheratriivesagents, ot her
anti- 15 inf anme }r7ydaggents, etc. At |least in one aspect of the instant

i nvention, tfe candi'date conpounds were evaluated for their estrogen
receptor antagonisti @ actéadtiygn Thesesal uafironicasnt o wHetHer a®tEonpound is
an estrogen [.8ceptQk antagonists Mayshe-cankbed, 201.0ut hyuvari-aus

met hodol ogi es known in the art. In the instant aBpI i cation, §g?g capacity
was det erti i8d By CoRidutt iy theLatiT éFale BTRIFNY &8558y ac ing to the
screeni ng nettheds: deseridied shereim. cetrahyvinoumor eripnefrers ectaeadodi nent  of
this aspect of {he dnyentd on, the.esfrogen receptaor binding, capacity were 5
assessed by transi entéiy transfecting -1 cells with expression constructs
for either EREaAy:ori‘ERCANEEUS SAf-ERECCkIPfe f €Pa3 e Fepoft € €bhst ruct. The
cells were thenndivided:isd eneondy ol spmandeandicdat € @oups wherein the
controls (ﬁlecej ved no treat nent rrwere treated with 10 estradiol alone (1
nM and the Tandf dat @ grdtips oy ecdi Vet BEEradior pl U 4R Endéde  compound at
varyi ng concentiiat i ahs. rAktEonl G- 24udtrourss adeedekds>wer @°harvésted and
assayed for Juciferase activily using.a;comerchally,available.assay kit.
151 n yet another aspect of the instant invention, the 1CSD or the half

maxi mal i nhi HFiE6FLCoRTERCr at iToR-Of Tie THIGRAS! e 'Cotfoutids® weF & det er ni ned
t 0o assess draigipotencyuandeepotentikaly dosi g wyegenensef grericAnvi vo use. One
of ordinary skill. _in the art is readily. abl 0 ascertai.n_such_ 20

i nf or mat ?%n usi nléh%o%dnfﬁynq(nid\%ﬁdﬁ%ytz% o) l&ﬁ%@ér.osé ?‘tg %ﬁgn%eigﬁnéel I

descri bed i nig hehart , m1:G80 fepresents ahd heasuies dow ngeh of-& particul ar
subst ance/ mol gguk e-4:$ needed,.b 0, i nhi Bitrs0m8 8Ll ogisgal prpcesgiby 50% In
the instant case, the ICso of the candi date conpounds were determ ned as
the 25 concemTatT AR I &d £6°0 TEBHonSHE “of 809 TEmpar et t'6“Ehe vehicl e
control cells: sAsrnnetsdrhed eid,a toie osabibgitofz twheh conmponndsicofact fii s

| nventi on,r el .49, NAN-Lex].Ca PhAT MBGEULL cal )y acceptall & sakls, QLher

salts may, however, be useful "in the 30 preparation of the conpounds

accordi ng t ovasiedi nyeht fonsorf et t AEiT PRarmac @at pPedEyc act@prabl e salts.

Wien the conpoundse ofnrbhesprasentsdrByvemdeon cant/ahnia 4asi cagrieup,

sal t senconpassed withintheterm "Cphar maceyitj cal Iay acciegt able salts" refer to
roduct i s tolu=ne exchange

. 1 fal=T11 T
non-toxi ¢ safis WHi"€hA"aré® P crystasiizes
traspires. Sald product is collected washed and dried to

25 provide é&-hydroxymethyl-androsta-1l,4-diene~3,17 dione. One
of ordinary skill in the art can further modify the
stereochemistry at position 6, 1if so0 desired by employing
known technigues in the art,

Example 2
30 Methods of preparing compound NDC-1022 and NDC-1033
As outlined in Scheme 2, estradiol derivatives NDC-

1022, NDC-1033 were synthesized in the following manner.
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generally prepared by reacting the free base with a suitable organic or
inorgani c acid. Representative salts include any 5 such salt known in the
art. \Wer eWOoHPEGHES of the present invention carry F&TASHETEHDiety,

sui tabl e pharmaceutically acceptable salts thereof may include al kali netal
salts, e.g., sodiumor potassiumsalts; alkaline earth netal salts, e.g.
cal cium or magnesiumsalts; and salts forned with 10 suitable organic

| i gands, e.g., quaternary ammoni um salts. To treat a mammal i an

subj ect, such as a hunan patient, an effective anmount of one or nore
conpounds ofricherptesent ebtwventl onsmp@ina phas neceutkcabt yraesactept abl esal t
thereof, is mnistered to the i,an _subj ect. so to pronpte 15
exposure toc%? CS%FEF?SOf EanE%FHEeI %yéfg?ﬁgbtarﬁbteg§¥hnngséggwth

Ef fecti ve ddsagerdoiasrihodes! ofr atifiPhPstrarieh awmd dosagesaidunt s may be
determ ned eqpidd.cald YOrd@HQJaWa&iirlg suchndetgrm-aat ix@psed:Sicwi £hiH the skill
of the ary. It is understood by the physician, veteriparian or clinician of
90 ordi naty $RFFICT n*t hd"” aft &t * Pher F5Sage AROult™ W 1 1°valy With the
activity of ddweipardn cutdr ceonpounchderpboy.edincour se-randhior mprogr essi on of
the disease FoflEed ne -Lg&@o%s%agdm nisthathopy, the rate pf..gxcretion of

t he conpound, renal ana epatic function of the patient, the duration of

t he 95 treatJveht $2idfe Fpeeritrt J-ofranye deherdehcigs beithg2adid Afst ered to the
subj ect, ages:tsi zec@fidckike fa6hko4stmeldeskpoanpiNnrthecgdiceal asts. As

di scussed herein, the conpounds of the present invention can be

adnmi ni st of ed VA -SUCK ot AI"Pd0SAGE “Fof S as’ tablets, capsules (each of which
30 includes sustai nedvreliea§ercor i nedk rielvedsecfrordiatat tomwsyndpil | s,
powders, mi Cﬂsomb%ggn&pmpi%s'atéyggtsiongra%n%lh_@sbeﬁ&%l)ﬁm'cr S-pbiNGLUr €8s
suspensi ons, syrups and enul sions. Likew se, they may al so_be adm ni stered
in intravenoi§ (BHolIFt8 di2Fenf USiGRY, GentTeper Ft orfdal M1 ¥6pTcalP e g., ocul ar
eyedrop), subcutaneous,isioptsamasctd,ar o1 t ransdernmal Hsec-ganyipatch) form
all using.f wel |. known to those.of ,ordinary. skil] in.the.
pharnaceg%ig%ﬁgﬁrfgqﬂﬁﬁgFﬁFlI‘%Egr&ﬁﬁar?1y0%?f¥1éjdﬁﬁ?%?éﬁéﬁf Vet erinari an
or cliniciarnhearsrteadin| yraetermyenshandlpreseitbect he efPectiate anount of
the drug requirhed: £ 0,p:8MERAL, COMNtBI cOhedl:EeStokhE RN 0Yr €8S cQfn t he
condition. Oal dosa%es of the present invention, when used for 10 the

i ndi cat ed eff8¢f5°S Wil TUNGE bet BB EBBUY G-°019n pér K Bf bddy wei ght
per day (ng/&gkdayateoyabout 1G0dngékghdayytgmneferabloy Ouddrito=d0

mo/ kg/ day, and most.preferably 0.L.4.0. 5,0 mof kol day,..bor gral .,

adni ni stration, the conpositions are preferably provided in the formof 15
t abl et s cont@iCREAQPD. 1A sungiuy hpdmderepulpssin guigh qeplgs 45, 0, 25.0,
50.0, 100 ang:s50Qcahdd igansyehnthesactuve inghedient for: thessynptonmatic
adj ustment of the dosage to the patient to be treated. A nedi canent
typically corit8i ns from about 0.01 ng to about 500 ng of the active

i ngredi ent, 20 preferaplopesfronmpeentnd MWE-t16zabewt NBO Ifglof taetive

I ngredi ep{ . Jntrayenously;,dhe.mmst preienned dosgs woll rangeg from about
0.1 to about 10 ng/ kg/ m nute durlng a constant rate infusion. C%npounds of
the present THVERTTOR mEy BEPAHH nt stEred®ITT @ SYAGHE dEid yed6%e, or the
total 25 daiion:desagepmay: be sadnbni stienedy i 4vidindi detrdoses:paf, tsnwo, three or
four times daily, noted herejn, the compounds.of the present.invention
can be used %ﬁ@c%nggﬁﬁgig%mﬁﬁtﬁe%ﬁ%gthﬁ?EB% ﬁ%@?chg €§u%?hgﬁﬁgr agents
which will erhvanceradvaitr edt-mento:30etiegi meeforadihe newvaliteh sbbj ect. The

i ndi vi duad compopets of such.corbinatd ons cansbenadnnirst engd.separatel y
at different tinmes during the course of therapy or concurrent] in divided
or single coiriation ﬁ%&ﬁstFogﬁﬁfiEH?sC@WxW§@¥oHgoﬁpdguéﬁdpﬁpgénts in need
of such therapmg. Theri astantdi nvwention 4 shtiher eforieyt of betsunder st ood as
enbracing all such regi nes of sinultaneous or alternating treatnent 5 and
the term"admnistering” is to be intz%preted accordingly. It wll be
understood that the scope of conbi nations of the conpounds of this
invention with other agents useful to treat the targeted cancer condition
includes in principle any conbination with any 10 pharnmaceuti cal
conposition useful for treating disorders related to estrogen functi oning.
As used herein, the term"conposition” is intended to enconpass a product
conprising the specified ingredients in the specified anounts, as well as
any product which results, 15 directly or indirectly, from conbination of
the specified ingredients in the specified anounts. It may be

conveni ent or desirable to prepare, purify, and/or handle the active
conmpound in the formof a prodrug. The term "prodrug” as used herein,
pertains to a conpound. 20 which, when netabolized, yields the desired



treatnment of the various conditions described with the conpound

speci fi calw/ di scl osed or with a conpound which may not be s(peci fically

di scl osed, MRS RAEh converts to the 5 specified confdGdfid*®H* Ao after
adm nistration to the patient. Metabolites of these conpounds include
active species produced upon introduction of conpounds of this invention
into the mammal i an subj ect. Conpounds of the present invention may be
prodrugs for 10 potent anti-proliferative agents. Conpounds which exhibit

| ow or noderate intrinsic activity nmay act as prodrugs, and be

met abol i cal Iwssackevadsed (€. ,campowidyd)P-00 genesr atel mBr eupdtentt conpounds.
This is espe%t%'y.-mgfs%eglng@nceﬁ therapy ,ubere MRt aboli ¢-actd vation can
be achi eved by an 15 enzynme that is expressed in tunors. Prodrugs, acting
as a subst r atfe *HeprBes Metlabbl FFed  by- CYPRYY 17P- HED “HSHETEthYt ase or

anot her sterqi dat 4dsnkeek enzyom-rion:igenerat ena pobenticant imeanees agent. The
(R) or (SQ- i_rre&hé/_ﬁl oxi(“_)arll k%Ledderi\Agggi\ées of exenestane suggest that it may
be active 20 Agai nst “hlferots forms of cancer beyond breast cancer.
Activity in inhibiting tunmor cell growmh in cells lines derived from
breast, |ung,.colon, prostate, endonetrial and ovarian cancers was observed
for the NDC1011 enantioner. For exanple, in vitro studies of tunor cell 15
growth is the higHeSEsiH C&FP1irAe T HALS &6 t¥PLd positive (NMDA-MB-213 and
SK-OV-3) and is veducedei nahbose-geblodicnesictshatrar elrlCYREOpnegat i ve (MCF-7

and NI H QVCAR-3). i1 ndjcates, t ] - 1. .act _as -dru See Fornul a
(X1) and (X115% SDw f of ?yﬁ]eﬁg%*r%?tgugggb‘%"%t%oﬁ SHRRES 10127 WO

2008/ 067450PCFAUSZOGTLO8BDAE cataixiiy RDE-CKET7 X $)NBC-20Tq-hanci, Wai | e not
bound by any;{sheqr¥sid HomeX@Pl=L wasf sNRG:-103 10k Sc@ RnopdEpati hen any
nunber of the body's nornmal 5 steroidogenic enz n%s sho€11%5ge active

t owar ds t he RBE- 1013+ ConpGund *Cher sy 8n%ﬂcihﬁé‘ BC- 1011 "Rt 6"t he active
nmet abol i t e( syhe Thhsr aspectedf fdrheDiCAVETTt.i 6nr cancapplyoindt hdisalre nanner to
both the;$ and;the R diastergamers, Jhe prodrug campounds.of..the instant
invention act in a 10 manner anal ogous to that observed for endogenous
andr ost onedi 176} VNDG EG £ 2 CH BT eF T €t @ EAS AT SFatidE EthgP By Ay dr oxyl ati on
at the 0-3 carhen, 0heNDGrE011and 8- £YRL9st 0 ghvegtdssect o the metabolite

NDO- 1099. see Figure 1 in the Estradiol biosynthetic pathway wherein

Andr ost endi ohg"Fs° 15 converted to the Estrone via CYP19. NDC- 1099 coul d
undergo further hydroxyl afi ofietarrthend- Ertcardbon ndearthe rigverséble action
of 170- hygr oxysterpid;dehydregenase.{:1¢P;HSD) resulting in the did |
conmpound NDC-1022." As with Estradiol, the diol conpound NDC-1022 has an 20
aromatic ring, bBt-WOEFer sSFPORT €¥EFati%l With FEESEct “fott he= e

met hyl oxyal kyd:insubsdd tiventuiatcddre Owcb:icarcboruglthe metabolydism ef S NDC- 1011
into the diol, conpound_ NDC-1022 cou GC i.n y._or h in Figure
2" Bor examnl . REC ToAN TS be by 1Pyt & S e T o e Roc. 1022
dial by 25 CYRI9 arshwdrzatiom-aefdnferycin at 37W§ higutr BerryBetind to any
theoriespsitshas, heenspepaerted that Estradiol binds to the receptor |igand
pocket of estrogen receptors (both ERa and, ER)6, vi.a %h 017-OH (via His
524); and the 0370H (& AFGF 394 °%hd & F353) . “AL Wi t " BSEr athi of, bi ndi ng
of NDC- 1022 dirdityi ntt he same’| igand pecketeldf ER ahamd -ERIP fvea siml ar

amino aci d bi,ndings M2 gL, AddiLhonal Lo L e priesence ot he

met hyl oxyal kyl" substituent at the 0-6 carbon of compound NDC-1022 may al ter
t he conf or mats:6aaofsHABPSbr rEFat | FaRE DodRAYFeceptdr! r é§UIt i MG FNn nodi fi ed
activityzaccountskpgdoorudihe aohserveadmant i ~tugmit agddovityy 181 rnhaddi tion,
denet hyl ase enzyne acti, vi Ly di rect %d at. tc@‘for?s'Gc met hyl, gc_o#meog NOC- 1011
(or one of tH&WBtabGFit e °5F RoC- 1011)°°“haf i ndi'cat’s 'Fhe 1 ormati on of
trial netabotinoetdNDGERE5d WdarraahoohdlREgrlotipsiatrdste cOnBair@n8 and 0- 17
carbons, such an NDC- 1055 triol netabolite may bind to a 15 broad spectrum
of steroid receptors in a range of ti Sues i nvol vi ng vari ous conbi nati ons
of the 0-3, 0-6 and 0-17 al cohols. One exanpl e of such netabolites includes
t he conpound of Fornula (VM5 as shown below. 20 (VICE - NDC- 1055

phar maceuti cal fornulations of the present invention



i nclude those suitable for oral, nasal, topical (including buccal and
sublingual ), rectal, vaginal and/or parenteral 25 adm nistration.

Regar dl essWéF248€74fbut e of admini stration sel ected, tHd/BETAAE13
ingredient(s) are fornmulated into pharnaceutically-acceptabl e dosage forns

by conventional nethods known to those of skill in the art. The anmount
of the active ingredient(s) which will be conbined wwth a carrier materi al
to produce a single dosage 5 formw || vary dependi ng upon the host being

treated, the particular node of adm nistration and all of the other factors
described aboweie Tiwe atoued @fstbhen act icve ingriedhenticsyewhichrat || be
conbined with a carrier material Lo roduce_a SI | e sage, f w | |
general ly be*that 10" amsunt- of the é£t|v§ ing r edi Q%ntggg mh?%hg5§1the | owest
dose effectisertesiprodacerra Fhe#aﬁeagl@%@ﬁﬁecqr CMV-ERMNEEhbd$rgER pr epari ng
phar maceut i calsiforynsationss9L-«conppsi tions include the step of bringing
the active ingredient(s) into association with the carrier and

15
optional Iy, one OF° Fbfe HceSEory FAgHED 8Rt ST A A YenSFAF - tHe®f or mul at i ons
are prepar ededag ume$ﬁﬁnMy*mnaﬂumhuaatehmebrﬁngmngxiheuaeenuepﬂmgredlent(s)
into associ a t rriers, Q. . vid l.i-d-garriers, or
bot h, and tH%n ¥%n2€% sar (ggﬁggﬁnﬁ fﬁmcgbggic?géEOFggH%?éflo%s of the
i nvention sdﬁﬁaﬁleCﬁéiSoW@F@adﬁ¥ﬁP§¥¥htﬁ@% RA§EAFE | APt he ForfPe® capsul es,
cachet s, pll&ﬁﬂvgaplets | ozenges (using a flavored basis, usually sucrose
and acacia or tra nth& EJoovvders (%]anules or askadsglutlon or a
suspensi Oh in an 8u§ 0t MonaquEBTS 35715 ¢ d, " oF °8s "&n oI T n- wat er or
wat er -i n-oi | ida-quid emdsizon;bwiieasd apaglixi pndr igyrogredorfas pastilles

(using an inef, e Qasl% zayqﬁ as gelﬁllimammgl Y{t;sa“ @ea@erntswgfan%eaand acaci a)
and/ or as nouth washes and the |ike, each containing redeternlned amount

of the actlV%KFﬁ@?edW@nt(SSEHTﬁehgéca%tYwei’ﬁ&?éﬁ?@ﬁ?(§? ey “4F%0 be

admi ni stereduas azhel UsssBlact uaiyy orcipastieicirerase  kRssol i dsdosage forns
of the | e on, f r or I ad nlstratl apsul t abl et Lhls,

dr agees, ¥ mﬁ% granu es and the YIKB? & H§§pro ?ﬁ%(sﬁs élLLigve

i ngr edi ent ( s‘ylt(m 90t hei ot L &r odl z et fcore) lYBsJSarreaﬁﬂ(ted Wit he piseécedr nore 5

pharnaceutlqakl¥QQ§Q§@g$Q£eAga£ﬁh§Esmﬂggchuagoﬁgghun1C|trate or dical cium
phosphat e, and/or an | owi ng %1) fillers or extenders, such as

starches, |actosg, c@ﬁEWBQeO”gFuéﬁe% CIHERRT t of " BndPor SETHILCFE Béid: (2)

bi nders, suctheaspifangexasple,dcarboscy methyi- cet | ul osepoahgi nates, 10
gelatin, 9@0'%{1 ;Bxé RYL! 8l i dane,  seLose. and of, aqggm pibdloJupetants, such
as gl ycerol 4 d35|ntegrat|ng agent s such as agar-agar, cal cium
carbonate, pofate eﬁ?Pa9¢oéae§taﬁ%h5P9Wﬁ?ﬁﬁébacP@ l%e?ﬁaﬁﬁoe“ﬂpeates, and
sodi um car bogat ;1 5)rrsekyt i onnget ardi ngagepts& such as:searakfiin;, 15 (6)
absor ption accelerators such as quater nar um conpounds; (7) wet ting
agents, suchPdstt @6F18§amﬂ%§“%e?yléﬁﬁcoh%%“ﬁﬁdﬁghyceféf HonostBarate: (8)
absorbents, suchaasldkaoki na@ndibent oni telickayd {9)Fiadsei antd, isuch as
talc, cabgium.stearalea, MANes: UM sleasal &S aa @tpal@/%twée 18,20 gl ycols,

sodlun1lauryl sul fate, and m xtures thereof; d (10) coloring agents. In
the case of pHp¥iiPes2stdbitet SEREIDI | 18, k%'élﬁ%aFﬁaééuF?%an fposi ti ons
may al so conpydrseebuf tetdngragent:s-«150l i dagomposiddaens obfa siemil ar type

may al so be eqﬂlggr ;as a|IIe£s in soft and hard-filled gelatin 25 capsul es
usi ng such e§0|p|en s as e or mlk sugars, as well as high nol ecul ar
wei ght polye@mwmeﬁeiglycols and the Iike. A tabl et may be nmade by

conpressk@n or ol ding, (opidRRALLMMHD one O .aBr 8ACCRS$QRY: d-RQr edi ent s.
30 Conpressed tablets nmay be repared using binder (for exanple, gelatin or

hydroxypropyF%%PH?@SceFWuIo§% | UBEP cant s “SineFE- i 1efit > Cesérvat i ve,

di si nt egr ant aff-okinexanplse, csed|BM?sta$$m glipecorat pugirdiey 0ss- ltkaked sodi um
car boxymet hyl cellul ose), surface-active or dispersing agent. Ml ded

tabl ets nmay be made by nolding in a suitable machine a m xture of the
powdered active ingredient(s) 5 noi st @hed with an inert liquid diluent.

The tablets, and other solid dosage forns of the pharnmaceuti cal
conpositions of the present invention, such as dragees, capsules, pills and
granul es, nmay optionally be scored or prepared with coatings and shells,
such as enteric . 10 coatings and other coatings well known in the
pharmaceutical -fornulating art. They may al so be fornulated so as to
provide slow or controlled release of the active ingredient(s) therein

usi ng, for exanple, hydroxypropyl nethyl cellulose in varying proportions to
15 provide the desired release profile, other polyner matrices, |iposones
and/ or mcrospheres. They may be sterilized by, for exanple, filtration

t hrough a bacteria-retaining filter. These conpositions may al so optionally



30 in the art, such as, for exanple, water or other solvents, solubilizing
agents and enul sifiers, such as ethyl alcohol, isopr%p | al cohol,

et hyl acet at"® 2'6(6#° al cohol , benzyl benzoate, propyléﬁ@mapy@gp? gl ycol
oils (in particular, cottonseed, groundnut, corn, germ olive, castor and
sesane oils), glycerol, anyl alcohol, tetrahydrofuryl polyethylene glycols
and fatty acid esters of sorbitan, and m xtures 5t hereof. Besi des
inert diluents the oral conpositions can al so include adjuvants such as
wetting agents, enulsifying and suspendi ng agents, sweetening, flavoring,
col oring, petiuni agandipregervativecagentss. Suspensi.bnsyeriensaddi tion 10 to
the active Ingtedlentis) aBy -contalh SUSPENAIAG. 20Nl 9,89, Jotogxanple,

et noxyl at ed al'cohol s, p Iyoxyetﬁyﬁene Sorbit6l and sorbitan esters,

m crocryst ald6-Helceblatassest akuricaanihetanydrioxitie, Chert 8htt e2n@gar - agar
and tragacantupand mxtures; ther eofoc 1oEarinut abions -of ithe ;phat maceuti cal
conposi tions of the lnventign for r§ctahyqr vagi nal aggini%pratéon may be
present ed as™fa “Slippdsitory, “Whi'cH hay b8 pr&pared by mMxiM§ the active

i ngredi ent ( s)hewickhl opierter (hdF erlsuimtablkepironir vitratiragh exelipi éhf® or
carriers compni st hy {E(ﬁsrt Q0. exanpl.e, . cocqa, byt ar,.pol yethyleng, gl ycol , wax
or salicylate and‘mﬁlc 1s solid at roomtenperature, but |iquid at body

t enper at ur e Eide thettofeEe WEPI 2HEI% TP ntthé et et UiPortVatfi naf®cavity and
rel ease the agbive cbngredient(sS)eot Forawyl at.zons 40fz t hez prsesent. ok pvent i on
which 25 are suitable for vaginal admnistration also include ggssaries,

t anpons, '&redmsl gets? fast el #oans of Lpity FofmiPhtt ofid “Edntai ni ng such
carriers as ame knownwénst heonakint@ be apgreprdanat eellis containing

Dosagef or ef on het.opigal ALhr ansder fpl. 30, adLbi 9fegt 1,00 of.dhe,acti ve
ingredient(§5 ificl udé powder s 'Sprays, oi ntnments, pastes, creams, |otions,
gel s, sol utiomsropat chémroahter nival aned. aThe AetditvErngredifent S5 my be

m xed under;steri:he gendidgns:iW the phar naceutk ead | yo-aceept abhe carrier,
and with any buffers, or propellants which may be required. The oi ntnents,
pastes, ¢&f eatisPantl §ers nayrresntarh, Fn 5 addirti A0 THe aétiVe

I ngr edi ent (S)umo8¥6d-Ri @Bt S12 SHGH: as rani fk-cangs vegetablecfal s, i ls, waxes,
paraffins, starch, tragacanth, cel l.ul.ose derivatives, PokxethyLene gl ycol s,
silicones, BeHtORi £BS, T_THFETY akTd, % aPEYHd Fific oxPde, 67" mi kt ur es

t her eof . Powder seand sprayglearreconttdi nhe i well@ adeldsacon cbof fusecacti ve

i ngredi ent (s).; exGlpi Nt S qUch: aspl a6L0SLyrt 8lnCynsiibhCigeragh d.nal um num
hydroxi de, calciumsilicates and pol yani de powder, or mxtures of these
subst ancé$. %ﬁﬁé?%mBaﬁméd&ﬁFW6ﬁ§ﬁpya%oﬁ?%?ntﬁﬁéﬁﬁﬁaFﬁlbrﬁb@FPéﬁ¥s such as
chl or of | uor ohydr.esarhonssandey aaabisl € 15 unsubstituted hydrocarbons, such
as butane and propane.,...,, otpounds of the present iyenilon,pay be
adni ni stered in FAtranasal” férmvia toﬁlééT‘use Suitabl e inttanasa
vehi cl es, orawiiasbkansder ml ¢outesne using ehiose Por nsmeneteansder mal skin

pat ches wel | g.knewp, to,d hQse of.Qr dizparye 28K khndnat Reaards:Ackir ansder mal
delivery_system provides for continuous admnistration throughout the
dosage reéyi nert? FPAnEWe? el" epat BHes have te "dded HdvawtBye6F provi di ng
control | ed deldsvesye ofrthenactbyvecdngs edicent ¢sjertoutche bodyhutSach dosage
forms can be, /mde by g'OSSPAC%'nggmq'@sp%é! 00,0125 OLNGr whse, ] negrporating
the active |ngre5|ent S) 1h a proper nedium such as an elastoneric matrix
mat eri al . Abs®riptponteriigntet’ss ¢an t4PseePe rdsed t'00 mersase’the-flux of the
acti Vel : ngr gﬂi@erglﬁa)e ass ngf%c,tehe 18Kb ntheThﬁlfﬁa%il,eef, qizogg@hlaﬁ% UXe GRA , bg_ _
contro _either providing rate-contro n _ rane o i spersing
t he actisg i g dar et CSY T i A ﬁ@ﬂ?ﬁﬁ?e%ﬁgﬁﬁ§w%%k%e?.l mlnute'i”ﬁ'égcorrpounds
of the presemrionyeritd gnacanzal seaberddn an streredatiipnt hénd orimtef | i posone
del ivery systens,.such_ as.small. unilamellar vesicles, |large unilanellar
vesicles and multilanellar vesicles. Liposones can be forned froma 5

vari ety of phospholipids, such as chol esterol, stearylam ne or

phosphat i dyl chol i nes. Anot her nodé of delivery for the conpounds of
the present invention may be delivery via the use of nonocl onal antibodies
as individual carriers to which the conpound 10 nol ecul es are coupl ed. The
conpounds of the present invention may al so be coupled with sol uble

pol ymers as targetable drug carriers. Such polyners can include

pol yvi nyl pyrrol i done, pyrancopol yner,

pol yhydr oxypr opyl nmet hacryl am de- phenol , pol yhydr oxy- 15

et hyl aspart am de- phenol , or pol yet hyl eneoxi de- pol yl ysi ne substituted with
pal m toyl residues. Furthernore, the conpounds of the present invention may
be coupled to a class of biodegradabl e polynmers useful in achieving
controll ed rel ease of a drug, for exanple, polylactic acid, 90 polyglycolic



pharmaceutical | y-acceptabl e sterile isotonic agueous or nonaqueous

sol utions, suspensions or enulsions, or sterile 30 powders which may be
reconstit ulb&PNET St eril e injectabl e solutions or di¥Férsitas*Pust prior
to use, which may contain antioxidants, buffers, solutes which render the
formul ation isotonic wth the blood of the intended recipient or suspending
or thickening agents. Exanpl es of suitabl e aqueous and nonaqueous
carriers which may be enployed in the pharmaceutical compositions of 5 the
i nvention include water, ethanol, polyols (such as glycerol, propyl ene

gl ycol , pol yet hytene:sghyeodeiiandcdhechs ke)gilandisuitabbe wxbures t hereof,
veget abl e oils, ch as_oliv i a i nj.ectahl.e a i ers, such as
et hyl oleatéx)ﬁ%%ggp Pfﬁ?dfnggggm%epﬁgéﬂ#%iH§§f§f6ﬁg%%%%€ﬁg% E§ 10 the use
of coating ntver itaks pesuehniassheria Hiog, BByttt Welbmi ntlefancéd 26f “fhe required
particle sizemn,and; by the use-of supfactants. an 1c., JNEsL1LAIPOSI tions may
al so contain adjuvants such as wetting agent mul sji f s and

, )t t s, enul si yLng ag&na
di spersi ng agedt’§. STt°°I5" Hey al 88 bE deRi ¥ abi*E°td" i HelPUde“T46t 8hi ¢ agent s,
such as sugares, cisodicum:ohl aritde]l aad s.heibibkes i h e €omposit itbas. In
addi tion, pralgnged, absorption %;mgt}siagmy?%ﬁéee qharmaceutical, formmay be
brought about by the inclusion of agent’s which del ay absorption such as
al um num nonbstiégr catecPd #HTd=gettda i7hat the R| porigrereeses °f rtdrder to
prol ong the gffectiof dihenactivedoagrodi ends) subbri desi rahhe-to slow the
absorptigg of the drug from subcutaneous or intranuscular injection. This
may be a oHﬁf??ﬁEﬁmﬁgsthe use of a |iquid suspension 25 of crystalline or
anor phous material havi ng poor water
sol ubi l'i ty. Ther at eof absor pti onoft heacti ve
I nj ect abl edepot f or rsar emadebyf orm ng m croencapsul e matrices of the active
i ngredient(s) in biodegradabl e polynmers such as polyl acti de-pol ygl ycoli de.
Depending on the ratio of the active ingredient(s) to 5 polyner, and the
nature of the particular polyner enployed, the rate of rel ease of the
active ingredient(s) can be controlled. Exanples of other biodegradable
pol ynmers i ncl udepcl y(orthoesters)andpol y(anhydri des). Depot injectable
formul ations are al so prepared by entrapping the 10 active ingredient(s) in
| i posonmes or microemul sions which are conpatible with body tissue. The
injectable materials can be sterilized for exanple, by filtration through a
bacterial-retaining filter. The formul ati ons may be presented in unit-dose
or 15 multi-dose seal ed containers, for exanple, anpoules and vials, and
may be stored in a |lyophilized condition requiring only the addition of the
sterile liquid carrier, for exanple water for injection, inmediately prior
to use. Extenporaneous injection solutions and suspensi ons naybe 20
prepared fromsterile powders, granules and tablets of the type described
above. The pharmaceuti cal conpositi onsofthe present invention may al so be
used in the formof veterinary fornulations, including those adapted for
the following: (1) 25 oral admnistration, for exanple, drenches (agqueous
or nonaqueous sol utions or suspensions), tablets, boluses, powders,
granules or pellets for adm xture with feed stuffs, pastes for application
to the tongue; (2) parenteral adm nistration, for "anpule, by subcutaneous,
i ntramuscul ar 30 or intravenous injection as, for exanple, a sterile
sol ution or suspension or, when appropriate, by intramamary injection
where a suspension or solution is introduced into WO
2008/ 067450PCT1US20071085913 t he udder of the animal via its teat; (3)
topical application, for exanple, as a cream ointnent or spray applied to
the skin; or (4) intravaginally, for exanple, as a pessary, cream or foam
or any other nethods fit to by
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5 those of ordinary skill in the art for admnistration to a region of

i nterest. Al t hough the present invention has been described with
reference to certain enbodinents, one skilled in the art will appreciate
that the present invention can be practiced 10 by other than the descri bed
enbodi nents, which have been presented for purposes of illustration and not
of limtation. Therefore, the scope of the appended clains should not be
limted to the description of the enbodi nents contained herein. 15The
gener al Wiethods gi ven in Schenmes 1 and 2 for the preparation of conpounds
exenplified in Tables | and Il above of the present invention are further
illustrated by the foll owi ng exanples. Specifically, the nmethods given in
Schemes ;1 an rabii .of 6-al koxyal kyl 20 Estradi ol conpounds
are i||JStrag@%“@%“E@Q%B@%§ﬁ%F§5§ﬁ%%n bel ow. An exanpl e of assessing the
estrogen receptor binding capacity is articulated in exanple 4, and finally
assessing the I C 50 of the pr%ferred conpounds of the instant invention and
their conparative effigacy i § gi ven in exanple 5. Unless 25 ot herw se
specified all starting-a{erials and reagents are of standard commerci al
grade, and are rthr purification, or are readily prepared
fromsuch materiial s | : 6 net hods. Those skilled in the art of Organic
synt hesis w | S starting materials and 30 reaction conditions
may be varied the desired end product. Exanple 1

Met hodsof Pr epa ' ynet hyl - androst a- 1, 4- di ene-3, 17 di one.

| nar eact i Rsyst ém subfi ci &ht anmount sof

i -3,17-di one(ADD), 12. 2equi val ents 5 pyrrolidine,

catal ytic acietic aci d,ORlenatured ethanol (95/5 ethanol/nethanol) and 6-7%
tetrahydrofuran (THF) were heated to 30 to 40 C for a mininmumof 16 hours

to fornTW?@eﬁEdggyrrolidinoandrostg;3,5-d' ne- 17one. Cncetthe cont ent
reaches to a Redw. Rhaks 3% Bgerepdentty gdecipt oM RecgRER Ceisiing %dhor t he

resultin i pyrrolidin rost adi e |.hs to revert to ADD, the reaction
mxture ¥§ éB%Wgﬁubgﬂg%%ﬁgrgga$%%Eﬂggﬁﬁﬁ#ﬁg conpound is then col |l ected and
washed Y\ft{t %CR' %~&%Hé;§/éﬂd%ﬁtlf%él@&@di frofh eedsroap eohyipigabl N, CO(Ba%kydn a dry
basis with purities t pically 90-95% by | C area percent. 15 The

resul ti ngibitiRtadi @y allnd] sufend rod ghicBr®ridéene- 17one is then nmixed in anount
of 1 equivalent, wth 2.6 equivalents formalin (formal dehyde) in 10 m

di chl oronet hane/ g at room tenperature. The reaction mxture is then
acidified to H of W 9 l;f LI [ i C.-

Accor di ngl Y, §ﬁ§%%%%‘%g£&a(§}ém éyh}(%er{?rlre?RJ ,1£ \E/‘!\k?il g%@%%gﬁig&%h;ﬁ%g%%zsul furic
acid andclzkywater/brine. Solvent exchange into toluene (approxi mtely
10mLl/g) is then carried out wherein the product crystallizes as tol uene
exchange traspires. Said product is collected washed and dried to 25

provi de 6-hydroxymet hyl - apndrosta-,1, 4-di ene-.3, 17. di_one rdi nary
skill in3the Bt C@&HO?%?fﬂgﬁﬂﬁ%d’i’WeWﬂ% aé’feié%&é%ﬁ’e‘fﬁﬁ%‘%dre?@?e%%?ﬁti on 6, if

o epar | nl Ok BETRG RO 16D M T RU SR o IO Boln, S0t i n scheme 2,

estradi ol derivatives EDOL022, NDO-1033 were synthesized in the foll ow ng
manner. The protected estradiol conpound 2 is prepared by reactjon of
conpound4l wi The dospdwapof elaim A WidEeingd; is gnethy eiednessmnd léle %@Lﬂ@r
canphorsul fonic acid as catalyst. As one of ordinary skill in the art can
appreciaﬁeﬂﬁﬁﬁgo%ﬁ¥eaction is an equilibriumreaction and would not go to
conpl eti on under such conditions. Thus, both the nono-protected estradiols
can be found in the reaction m xture. Such crude reaction m xture would
undergo & tripl inateicapcminpbsidoetanptisingehe aumpognd plcldios il ragd abi s- THP
estradiol to 10 crystallize in approximately 70 % vyield.. Aﬁ shown in
Schene 2 phamenckaicallytegasnibl QaragnpRiHAN SAIdCHRAILIMAE S A FATi on at t he
benzylic 6-positj.on wigh the str ] : red to as Li DAKOR
but yi IiPﬂF@ﬁ?wﬂb?gﬁ H%SQ@QHFW%Z§§%§R%§§§g§?§#¥ %§$%§%YIate. 15 Under such
conditions at -70 C, one of ordinary skill in the art can appreciate the
abstraction of a proton at a benzylic position. The internediate conpound 3
is then purified by colum chronmatography to give a syrup in approxi mately
50 % yield, still containing mnor inpurities 20 and col um sol vents.
Reduction of the al dehyde with an ex s of lithium alum num hydride
results in high yields of the racem c hydroxynethyl estradiol conpound 4 as
a glassy foam For purposes of preparing NDO-1022 and NDC 1033, the 25

met hoxynet hyl intermedi ate conpound 7 was prepared by methyl ation of
conpound 4 with sodi um hydride and nethyl iodide. Conpound 7 was purified
by col um chromat ography to give a glassy foam Deprotecting the protected
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86:14 SR was realized. It is well wthin the |Ievel of one of ordinary
skill in the art to enploy NVR for determ nation of the absol ute
stereochem stry of the 6-position, where the 5 4-and 6-protons are

di agnostic. Exanple 3 Methods of preparing NDC- 1055 and NDC- 1066 Using the
same net hodol ogi es described in Exanple 2, 10 conpound 4 is synthesi zed.
Deprotection of conpound 4 was then achieved with catal ytic hydrogen
chloride in methanol, and racem c conpound 5 was_ separated on chiral

pr epar athi ve WPpl@rmacgitical cowppsition pesnsdingrie cdaim ThdgrainpsaiiDC- 1055 and t he
ot her enriched, for NDC-1066.  Far each coppound hiral 15 purity.of >95:5
R S and CamROfES I AnPH 66 BeSrreBryer AbBattioe 14 oal R smbiiugr e« ne

6- posi ti j : 3 6- protons are
diagnosfﬁ%#&%§%§§$§p§£éﬁ%ﬂhﬁxn&%%%? odgﬁgéﬂﬁg#g?gghing estrogen receptor
bi ndi ng 20 capacity using Luciferase activity. Estrogen

receptor-negative 0OV-1 kidney cells were majntained in Dul becco's nodified
Eagl e' s Tnedi émnathad of ighipitingeieedh of sesr eebntedr@iCORPIORE et al  bovi ne

o6 Ocp A¥sipapwer gowth of caed cBly ool GRS RHG Gell Ffis SR T i shes at o
densi ty Qf2ufd L2156 | $1PEEmPBhAG I arPREBGke i 8hst pardaIPUbRESR S nodi fied

Eagl e' s medi um cont al ni ng 10% char coal dextran-stripped fetal bovine serum
OV- 1 celihsibwenil @0wtthansf ect ed usi ng Li pof ect AM NE reagent according to the
manuf acturer's protocol. Transfections containing 1.5 ug of reporter

pl asm d (containing ERE-tk-luciferase containing a single ERE cl oned

upst r earp of e thym.di.ne.ki-nase onpt i f . ge .and 0.5 ug
of el t nar Erd AR G LT SRS BL BT L aRRY WL AR B e e ul

| engt h codi ng sequence respectively). 5The next day, cells received no
treatnment (controls) or were treated with estradiol alone (1 nM or
estradi ol plus an Endegg:coﬂ%%und (at varying concentrations). After 16-24
hours, cells were haryeS§ed/and assayed for |uciferase activity. 10At the
out set, cell ndhol ay ' washed twice with ice-cold phosphate-buffered
dnuties in 250 ul of 1X cell culture |l ysi s

Lo, "W). Cell extracts were transferred to a fresh
the luciferaee assay system 15 (Pronega). For each
assay, 10 ul ~was diluted with 90 ul of 1X cell culture lysis
reagent. M@ néScencfp wadisread using an AutoLumat LB953 | uni noneter. A
conpound or a salt tgereof, which is identified by the binding assay
described hereirf is a~pagpound that 20 inhibits the binding of estrodial at
the ligand binding site of the estrogen receptors. Specifically, it is a
conpoundwberem:salt thereof that is envisioned to cause cell proliferation
statasis and accordingly exerts its pharmacol ogi cal activity. As indicated
in Figure 3 Jﬁdﬁaz @ng%awdaﬁ Hﬁ&?g '5Tb%§?%N®E9¥ﬁ§§¥%%ﬁ¥bit strong
conpetity . i i ; r.agdiol.. i LBding to either of the estrogen
r ecept orgsu\égﬁtglfgﬁi ?él?’g\l%ﬁggﬁg%%@?ég% I(’:é clIlﬂ%ir gﬁg’f eration activity. Exanple 5
30Met hod of det Ry Bieindgpdndent! Codlestad Gesn tife drbep camditiat«f €,0fpaynds. The
cell lines listed were maintained at approximately 5% CO2, 37C, 95%

rel ati veslhphiahstiyuted GiHes allkeldbalfaipprappeaensideor that cell line. The cells
were subcultured every two to three days and plated in clear bottom 96-wel |
plates at a density of 1 x 104 cells/well and incubated at ca. 5% 002, 37C
overnight prior to initiation 5 of the assay. To begin cell viability
assays, the nedia in the cell plate (100 ph) was replaced with fresh nedi a
(100 ph). The test articles were serially diluted 1:2 in fresh nedia in
duplicate and added to the cells (100 -ph) at final sanple concentrations
of 0.46, 1.37, 4.12, 12.35, 37.04, tO111.1, 333.3 and 1000 rI ML% DVMSO) in a
total volune of 200 pi.Wells containing no cells and wells containing cells
|l ysed with 0.1% Triton-X were used for baseline
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control s. Tanoxi fen was used as a known control for each assay and DVSO only
W ll be run as vehicle control.The 15 sanples were incubated at ca. 37 Cin
hum di fied 5% CO2 at nosphere for 72 hours. The plate was nonitored once a
day during the incubation period, paying special attention to the |evel of
confluence. If the cells approach confluence prior to the end of the 72
hour i ncubation period the 20 experinent was termnated at that tine and
cell viability nmeasured as descri bed bel ow. Cell Viability was
determ ned using a comercially available kit to determ ne ATP | evel s by

| um nescence, Briefly, the cell plate had.the.nedia r epl aced 25
with 108 ph &sefasr HP§P3§W§t$%§” ?3#eqﬁg¥ﬁ§%§ﬁ%ﬁ%@égggﬁggg%ate wer e
equilibQ)ted to roomtenperature. The buffer was used to reconstitute the
substrate just prior to addition to the wells of the cell plate (100 ph per
well). The plate was placed into the Infinite M00 plate reader, 30 all owed
to shake for 10 mnutes followed by a 10 mnute wait period, the plate was
read using an integration tinme of 0.5 sec with no attenuation. The
mean baseline controls (wells with Tritog,X-100 or no cells) were
subtracted fromthe total |um nescésfige tjo give the net |um nescence for
that well. This total was conpar ed |_tHe control of DMBO only. An | C50 was
calculated 5 as the concentratio wo to a response of 50% conpared to
' and/6 depict the results of the tests.

the vehicle control cells. & gure 13

Accordi ngly, those of ord AT in the art can appreciate that the R
configuration of the instjg p) med conposition are superior to other 10
stereoi sonmers. W clgg' LA Ceppound having the structure: wherein: R
R2, R3, R4 are independently selgcted fromthe group consisting of H Cl-C6
al kyl, substituted Cl-C6 al kyl, ‘&ad hal ogen; R5, R6, R7 are independently
selected fromthe group consistingOWE H C1- ODNRERYR2 substituted Cl-Cs

al kyl, sulfate, and glucuronide. 2. Thg conpound of claim1l wherein R, is
a G to G alkyl or a substitutediLl - al kyl . 3. The conpound of claim 2

wherein R6 and R are independepttyy selected froma group consisting of
met hyl , hydrogen, or HS03- gro ye conpound of claim2 wherein R, is

nmet hyl or hydrogen and RI R2,_ig ! s hydrogen. 5. A pharnmaceuti cal
conposition conprising ghpotyid=of claim 1 and a

phar maceutical | y-accept @- wherei n said conpound conprises at

| east one S enantio T Regffantioner, S diasteroner or R diasteromner. 6.
A phai ui aceutical conposition gccording to claim5 wherein said conpound is
an isolated S or R diastereoner~at position 17 and the conposition is
substantially free of the other dP¥stereonerNDér18%8.dngositions. 7. A

nmet hod of inhibiting growh of cancer cells in vitro conprising: providing
a grow h of cancer cells; and contacting said cancer cells with a conmpound
of claim1l said conmpound in an anount at |east partially sufficient to
inhibit said growth. 8. The nethod of claim7 wherein said conpound has
the follow ng structure: mhereiQ% OH R, R2, R3, R4 are independently
sel ected fromthe group consisting Qfy substituted Cl1-C6 al kyl,
substituted al kyl, and hal ogen, R6 are independently sel ected
fromthe group consisting of H, /I, substituted Cl1-C6 allcyl,

sul fate, or gl ucuronide. 3

OH NDC-1055

in the manufacture of a medicament for the freatment of cancer.
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HO NDC- 1055 in the manufacture of a nedicanent for the treatnent of
cancer. 10. The conmpound of claiml wherein R is nethyl or hydrogen and
R R2, R3, and R, are hydrogen. 11. The conpound of claim 10, wherein R,
is methyl. 12. The conpound of claim 10 or 11, wherein said conpound is
the R or S stereoisoner. 13. The conmpound of claim2, wherein R, R2, Rs.,
k R6, and R7 are independently hydrogen, nethyl, or ethyl. 14. The
conmpound of claim1 having the structure: HO NDC- 1055.

10.  The compound of claim 1 wherein R is methyl or hydrogen and Ry, Ro, Rs,

and R, are hydrogen.
11.  The compound of claim 10, wherein R; is methyl.

12.  The compound of claim 10 or 11, wherein said compound is the R or 5

stereoisomer.

13.  The compound of claim 2, wherein Ry, Ry, R3, Ry Re and Ry are
independently hydrogen, methyl, or ethyl.

14.  The compound of claim 1 having the structure:
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15.  The compound of claim ! selected from the group consisting of:

NDC-1022

OMe NDC-1033, and

NDC-1055.
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