6-Substituted ESTRADIOL DERIVATIVES AND METHODS OF USE CROSS REFERENCE TO
RELATED APPLICATIONS This application claims the benefit of U.S. Patent Application No. .
12/132,857 filed June 4, 2008. Application No. 12/132,857 is a continuation-in-part of U.S. Application
11/947.645 MESH A Eber 29, 2007, currently pending, which claimed tHé'5&pEM610 s.
Provisional Application No. 60/867,980 filed November 30, 2006. U.S. application 11/947,645 was also
a continuation-in-part of U.S. Application No. 11/541,987 filed on. October 02, 2006, currently pending,
which claims the priority benefit from U.S. Provisional Application No. 60/722,204 filed September 30,
2005. The teachings of all such applications are incorporated herein by their entirety. FIELD OF THE
INVENTION  Théypréséntinvention rélaiés tdEGhPasitivhs adbmetnotssf makihgEand using
6-substituted estradiol compounds including but not limited to 6-alkoxyalkyl estradiol compounds. In
particular, the present invention relates to compounds (R or S) 6 hydroxymethyl-, (R or S) 6
methyloxymetiayk s (R or S)strorethyloxyaming, or-Gcaminealkyiderivatives of (8 Ror S, 9S, 13 R or S,
143, 17 Ror S) - 13:methyl- 7,8,9,11,12,14,15,16,17-decehydrocylopenta [a] phenantherene-3, 17-diol
and their pharmaceutically Acceptanie Galts” of prodruysthersdfas articitated &nd dedtfiBéd herein.
The presentimentiontalso pertaing tol pAafmaceuticaticompesitions cotnprising-such: sempounds,
present either.jn vjt N yive, for hoth di sti lications and also treatment.of proliferative
conditions, s%li%ﬁ aisﬁg/a?qéc%;rg%é&C%Gﬁggﬁ%r}gf%ﬁ%ﬁé\%%%gmP %r%ﬁfe% ve call disorders such
as tumors and pffmary fralighasttumiorsiperaiesanédr(s)f i particuar are: problesnaticgiven their
tendency to invage serraynding tissues-and metastasizedo distant:organs in the.body. Todate the
most frequently used methods for treating neoplasia, especially solid tumor forms of neoplasia, include
surgical procsdures ratiation thefapy” druy CHaMistherabies, AtfcombiriatioAS Bt iHeforégoing.

With over millioncciasesiaf caneer beingsdiagnesed anmuadyand cangeelaiming.moreithan half a
million lives in the United States each.y t is increased need in new therapeutic maodalities
against such@g n%%ﬁ()ar%llgﬁostﬁg,' Iungla{:t%?r %:b oér:gctalgrie{rﬁ%sns tHe r%&gtoc%%mo%a%ancgp a ong men;
while breastcealofactalvangddufdcancers &re thelmossconimorpcancersanongawomerizon In recent
vears, there iaye beep significant gains n-the management afihese copditiogs. ALlegstape of the
success stories in the clinical management of a cancer is the early diagnosis and treatment options
now availabléYor pAmaty brédst carieaf EHE Bthet fs efployrfigRtof effsckivesdriePAsntoxic
anti.-estrogen-agenis thatblogkthe actions of estragen either at its receptor sites or at a point of its
synthesis. Obviously research on the function and activity of estrogen receptors, the structure and
their functio has been theFsUBFENGf INANy recent investigations. Estrogen receptors belong to a large
family of structurally related ligand-inducible transcription factors, including steroid receptors,
thyroid/retinoid recéptdrs, MAtFRIATD rédspbstkowrt as#ieteartreceptors dwhilé the truerliand for

nuclear receptors hiawve ngtbeepsglescribed, there gre rdistingt small.molecules that.are able to bind to
such receptors and trigger a cellular response. Estrogens and estrogen receptor modulators bind
I

to estrogen rECERIHHE “Glassificd Htd o typEs; a AR p, to-fothtiscrefe méleetisrctmpbiékes that
exert pleiotrepie tissue-specifip effects. by modulatingtheaxpression of target genes« Thedigand-bound
estrogen receptor.acts as a key transcription factqr,in yvarious molecular pathways, and modulation of
ER expressigfgi) Teav%ss isﬁ?np%?%pn%llr? %gte%inﬁﬁg %re}llu%;r ‘SR Poten %IE.)W’ Whifsboth these types
of, receptorsTsind e @stimgeny as-welkasrother agaristsvandiantagonists rthé tamireceptors have
distinctly diffgrgntlogalization copgentrafiongvithia the hody. Aside from.some siyugtural differences
between the a and p types, when complexes with estrogen, the two were shown to signal in opposite
way, with esﬂr%@@ﬁ%i‘%ﬁsating?ré%ns%rib%ioﬁ%m e presehce o ESTEFER Receptsie EERa) ahd inhibiting
transcriptiongn dhe presence-ok Estrogen-Regeptor Gi(ERS) < Tamoxifenprimatilyone ofthe,first
selective estgo en Leci()aptor mq%ulators that have become fi[st-gne therapyr for hormonal treatment of
breast cancél: both for adjuvant treatent And ol terapy GfiretaditicCdisease. Fafoxdteh is a
competitive imhibitor ot @stradiolibinding ¢o the estrogenireceptdrdnhikitisg itsesteegers binding to the
estrogen bingdj I t, NA (] ggested that Tamoxifen's binding to the estrogen
receptors sig%%a%%@%%é%ﬁe st?t%é%%%ﬁ%:gﬁ iglératic?nogi? %%Ségt?ogeﬁ%ggeptocrg, Peonud‘iegr?n’g the
binding sitesTdyEtGRctiofal-tewardsiany ertidgerousiastrogen. St stiuetural defarmatiorrof the
receptor coulgexplain the, profaund side effect profile assogiated i the use of. Tamaxifen, At
leapt another shortcoming of Tamoxifen is its ineffectiveness against non-estrogen-dependent tumors
and lower effit&dy Mpredffeiopausal women. Additionally, Tamoxifen undergoes an isomerization
under physiological conditions from a therapeutically useful antiestrogenic compound to an estrogenic
isomer which can stimulate the growth of estrogen-dependent tumor cells, providing an undesired
clinical outcome, particularly among patients suffering from estrogen dependent tumors. U.S. Patent
No. 4,732,904discloses other type of estrogen receptor antagonists conventionally known as
hydrazone compounds. It is thought that these antiestrogenic hydrazone compounds do not undergo

;isomerization to estrogenic compounds under physiological conditions and the estrogenic side effects
nobhearnviad for Tamovifen are tharefore aheant Thece hvAdrazone comnoiinde have heen nronnced ac



H3C CH H2 Schneider et. al, in "Course of the reaction of steroidal 3,5-dienamines with
formaldehyde”,Helvetica Chimica Acta(1973),56(7),2396-2404,disclosesthe following compounds:
,OR6 HO \OH where the ---- symbol represents a double bond, it means a keto group and no R6 is
present; and¥fhéPeHE1é-symbol represents a single bond R6 is hydrogett-ii/ESWasa@Rb| group).
Unlike the compounds of the present invention, Schneider's compounds do not embrace estradiol,
testostrone or dihydrotestostrone variations. 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 on the
aromatic ring of the present compounds is not disclosed. ~ U.S. Patent No. 5,914,324 to De Funari
et.al, disclosggé%‘ BQ}? affd 0%y anbroStane Yerivatives for hypertension and heart failure. U.S.
Patent 6,384,250 teGobbirir et al:zdiselbses! ihe hydroxykaind ketonesuhstituenis ai the:é position in
the preparation of é_lE Z).3-(2aminoethoxyimino)- androstane-6,17-dione. These compounds were
directed towiaﬂradls"" %afggatrﬁé‘ﬁnto of heir%aﬁl%%e.’Thecgﬁggfs of )a’lkyl ﬁrfldré)x%ﬁgﬁb%%on at the 6
position is natwisclesed.ic  Fanembaukisatr al, tEnydtaltographic compakisonsefrtherestrogen and
progesterone receplarsdigand-hinding.domaing, Brac. Natl. Arady,Sci; YSA,, Bioghgmistry, Vol. 95,pp
5998-6003, discloses the mechanism of ER receptors and notes that estradiol containing an aromatic

ring with a 35Ryrdroxy-Sifbstiftieiit binds S/EIPR{H the ERIGand'BinthAg regict It is dRelosed that a flat
aromatic group yyithost he 194pethyh substityentiis favored.r  443Ratent5,892,069 16 DiAmato

describes esgradkol derivatives that inhibit tubulin polymerization during cell mitosis. Given the above, a
need still exisfs101dEntify e &id effelfive agentsor tréating cander. “"Andther point bfconcern in
the field is theleventirad comversionrof some estrogensdegendenticaneess, rice. breast cancer, to
estrogen- indepen p is ccounted for by a natural loss .of differentiation by the
tumor cells. Estrogiﬁlg£(%p§§f§g\t ci‘%?%:%?%ﬁls %%%/% %fte%qj!:l):)egrfi1 %Bgérvg%et%n&/erﬁﬁgﬁﬁ fose their ability
to produce estidgén-hindiitfprotéitrecepivisand degeneraterintoemch roreldggressives
estrogen-indegendent life-threatening. cancers. Indeed, the yse of antiestrogenso treat ;
estrogen-dependent tumors may lead to the clonal selection of estrogen-independent tumor cells and
therefore mayPromote THE CohverSioh of an 25trdgén-dpeRdent E8ACEr O A noRestFogedependent
cancer.  Ganegrs:ofdtherierganszsuchasdung and eolen.smay-pekesncerrestrogendigding
protein rece%gg\s.aqg?tmg %rgecaosn_sidecrggCi)r_}%ecpteryrden%%f estrogens for cell replicgtion. Such
estrogen-independen 1Umors aré not &s susceptﬁa efo e*é}rlﬁ?esfr%%%%fﬁspr%ﬁ%rti“e%eofrﬁ?ﬁﬁs such as
Tamoxifen, WOn2009/149¢76P CGMUB2009/646120 aromatase inhibitors. Thus other chemotherapeutic
agents must be usedfo,tteat, suchymors. Many cqmpounds have.heen-dacumented fg be effective to
varying degrees against estrogen- independent tumors. These compounds aré reviewed in many
references ahd¥ypitally Ziififistetéd in tORTiratioA Yegimen. chémdthefapy ¢asising substantial side

effect to the patients.sThe:underying pringiple of using generalpytatoxic agents chemotherapy is

based upon the observation, that malignant tumor cells replicate at a higher rate than normal body cells
and are theréfdre g&‘ﬁé%o%ﬁﬁl%%ﬁ%e@&céﬁﬁﬁEI?SI?hesOeDE(%ﬁfb%uﬁg%’. Siffitany P nérmidtissues that
proliferate rapidiynffor exarmple, bonecraarrolrandointestinabepithelionn)-are subject te:substantial
damage once expased I9, thesg-patent eyioloxic duige. and pueh fadelly ofign imits Wiy, - _ On the
other hand, slow growing tumors with a small’ growth fraction, for example carcinomas of {fie colon or
lung, are oftefsiiAregponsivelterCytstoxXiE erugstAsiderfromthe treatrhentiof esirogen-tdependent and
estrogen-indgperdenttumors, many of the cytotoxic drugs are currently being used for other
proliferative diseases with rapidly growing cells involved non-cancerous or non-malignant
hyperproliferative cOnditiongrY AT iehcréasing MportdiicelsFeffédive Berapédtic nisnagement
of viral diseases suele as AHRS, herpes, atioustypesof-hepatitis and-acterahinfections, especially
among imm%lgegyp%rﬁgsesdugggggts, c lls Hfig% altegﬂrgagié/rgtqureg oftthergpy with fayorable side effect
profile.  AGEOrdingly; there i$ 1ot only a'fiéed for hew and improved cancer Che%’?o‘tﬁ%?f&uty that
can be used te treat both esttogen-depeadentrartd gstrogen-independent wurmbdiy witk Lrmirital _risk of
systemic toxicity, challenging.the.quality, ot life,for such fragile papulatjon. of patients, tut 3ls for
therapeutic remedies that target non-cancerous hyperproliferative conditions which can benefit from
effective dos&8§ eFesftadiol deivativest Thevperprsiferitiveseells taaTbe nokmaleeEpidiy=growing
cells or abnormal.eellssand cam inglidetissuechaving rapidiv-grawing endogenous.cells ortheir
abnormal subpopulation, or other tissues generally exogenous to the patient.. None of the

teachings of PHoF &t provideTar Atherapeutic eSfradiol G&fivatiVeaith 15 orabie i effécEprofile that
can be used for these types of conditions. SUMMARY
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In light of the foregoing, the present disclosure is directed towards chemotherapeutic compounds,
compositions and methods for their use and preparation, thereby overcoming various deficiencies and
shortcomings of the prior art, including those outlined above. Accordingly, it is one object of the
present disg}ggtﬁ%}%/ 45}8‘3/ide compounds useful in the treatment of estroé’&?ﬂéﬂ@?@ Londitions
and tumors which provide a better patient tolerance, prognosis and compliance. Another object of the
present disclosure is to provide compounds and .methods for the treatment of estrogenindePendent
tumors with compounds having substantially less side effects than those currently available to the

patients. Yegﬁr%%tﬁjg&fobj%%gvlelof I%el EE%E& di%%lgﬁureairs eto %%ol-sfidg gor com ouCnOdS and alternative
It [

modes of treatment of tissues afflicted with hyperproliferative con&itio‘hs, including virafsélr?g bacterial
infections. TeCPRE PFEsEMiSEIDURY irtldes sy oneofiie fsllowing sets of compounds

represented in Formuas; X Ongexample of the presentdisclogiyre pertajns to.a compoynd of
Formula (1) and (II). Formula (I)Formula (Il) wherein RD:r R2, R3r R46 RE,, R6r .R7, RB and R9 are

independenfi? SEIRERY frGMEREGroup TOREREAGTF hydloger "€, toVE6 ikyPorsbstitutédalkyl,
halogen, sulfaiemor glustirenide moieties; and therprsymbokiepresents-eithera single pr a double
bond and when tShge:é- Sym gl IS %gggQLegbo%d anglﬂ f%rms aketo roup atgpo;sitioq 3 or 17, then no R7
or RS is present. respectively: the Symbor - répresent the' presence 6r abaiced i af position 10;
and thesymbheirepreseatsany tiipe of bondregandiesseofithestereoehemisiry. Fhescorypounds also
embrace tha enaniipmers: offialcslerpochemica| ISomars, bydipies, splvatss, daglamers ag

.pharmaceutically acceptable salts thereof. Thus, in a first aspect, there is provided a compound
having the stttigtité: \whereftf a. REFR2 &t 7odre iftlepehtienlly selésted #en He-gkoupconsisting of:
H, CI-C2 alkyk a:-halegenyahalogenated-alkyl, asyifate; a.glucoronide, -S02=2,-ON, -CH2CN,
-NEON, -CEO, -000salt, -0502alkyl, -NH2, -SE, -SCH3, -NHOO(CH2)"CH3, -NO2, -SON, -S02alkyl,
_B(OH)2, -NHO ( =8)"CR3°8hd -NFRED, hR S sefectéd fioht the grotipcohsisfing bR GiEe, alkyl, a
halogen, a hatogemated alkyl, a gltoetonideyehER; sSO2NH2, 200CH »xCME sCH2EN; -NE@N, -CEO,

=CHOOHS, -CQOsalt, -0502alkyl, -SH, -SCH3, ~CH(OH2)2 0000H3, -(CH2),-0-NH2, (CH2)nS-NH2,
-NH(CH2)" 5%5, ﬁ%‘iéﬁz)" o%&%&, ‘NH{OH )“'%H%H-oooﬁ, gg?éﬁ%yz, -(cﬁﬁf(inq)%ﬁ&ééﬁ,
_NHCOOH, {CHR-NHCODH, “NOZ,» SON: -802alkyl, B(0H)2 £ OH2JR NOHR)-S02:N212, -(CH2)E

NH-S02-NH2 ;- NHCES)CHaand NHNHZ: o, ., £. R34 selected fram the graup consisting of: H, a
C2-C6 alkyl, a halogen, and a halogenated alkyl;

estrogen, the two were shown to signal in opposite way, with
estrogen activating transcription in the presence of
Estrogen Receptor o (ERo) and inhibiting transcription in
the presence of Estrogen Receptor B (ERBY.

Tamoxifen is primarily cne of the Ffirst selective
estrogen receptor modulators that have become first-line
therapy for hormonal treatment of breast cancer, both for
adjuvant treatment and for therapy of metastatic diseasze,
Tamoxifen is a competitive inhibitor of estradicl binding to
the estrogen receptor inhibiting its estrogen binding to the
estrogen binding element on DNA. It has been suggested that
Tamoxifen’s binding to the estrogen receptors significantly
alters the structural configuration of the estrogen
receptors, rendering the binding sites dysfunctional towards
any endogenous estrogen.'Such structural deformation of the
receptor could explain the profcund side effect profile

associated to the use of Tamoxifen.



d. R4 and Y are independently selected from a group consisting of: 0, -OH, -H, a -02-02 alkyl, a
halogen, a halogenated alkyl, a sulfate, a glucoronide, a bulky group, phenyl, piperidine, piperazine,
morpholine,kea\t/?:imigine, -N(CH2)2 CH2; a phosphate group, a phosphinate %foug, wherein n is an
integer and %gg)gﬁ?/l%mber between 0-7, the :=1: symbol represents Bith&r Og?ﬁ’dfé%‘r a double
bond capable of foLming a keto group; and the "' symbol represents any type of bond regardless of
the stereochemistry; and the respective enantiomers, other stereochemical isomers, hydrates,
solvates, tautomers and pharmaceutically acceptable salts of said compounds. growth within the
mammalian subjeck,n syieh 3 mefhod. e cglls are.expgsed to.or confacted.uith g compaund of
Formula (1) or (Il) or pharmaceutlc:ﬁ y acceptable. enantlor%ers, other stéreochemical isomers,
hydrates, solvaés stauicraess dr salisitheteof) a8 showrclusreirierradpetific; wonr imititg example of
the methods; of.fbe presentdisclosure; a compopad of Eormula (73,0 (1) is;used to.therapeutically

treat an identified cancer state as described herein. In another specific non-limiting example of the
methods of the'preseft'diseio&tire °& Coniplositiéh eempriinga compdind BREBHMUREGT6F (11) is used
to therapeutically i teatan identified canepe state as described herginy  adn avetherexample of this

disclosure, ccoy%%%rhd havi F%rmuléat IIé%gg?iVll.l) are g:es%ribe%. In this example of thetdisclosure,
inventor describes methods off‘lnh%itlng growth of ancer cé slgomﬁr?ﬁngsﬁr]or\nn iﬁﬁ?o a Bgtient a

prodrug of Formmatay (1 PWwherein RS tsradnethytier hydrogenr\ORS Formula(tdand. farming
metabolites baying faimulas (V). (). (Y1, (¥, and (U wharein any of B3, R4, 18 R.RB of their
c

Formula Il counterparts may be a methyl or a hydrogén. Such metabolites could incltide for example

£

the structures"SHowW BEIoW:O™ (186 A CNDCIETSBIRAE - NDCZE099 (V) A - NDC-1033(V) B -
NDC-1022 (VI) A INBC-1:10@4} B xNDC47-1044004  discloses other type of

estrogen receptor antagonists conventionally  known as
hydrazone compounds. IT is thought that these antiestrogenic
hydrazone compcunds do  not undergo isomerization to
estrogenic compounds under physiological conditions and the

estrogenic side effects chserved for Tamoxifen are therefore

abszent. These hydrazone compounds have been proposed as
alternative treatments for estrogenmdependent breast
CANCErs. Among these, the substituted benzophenone

nitrophenyl hyvdrazones, such as 4,4'-dihvdroxvbenzophenone-
2,4~ dinitrephenylhydrazonse are describad to be superior.

The complex of the receptor and the antiestrogen such
as hydrazene based compounds or Tamoxifen may then bind to
nuclear chromatin. in an atypicel manner for a longer time
than the normal hormone receptor complex. Antiestrogens may
also be abkle to deplete the cytoplasm of free receptor.
Either or both of these effects could severely impair the
continued growth of an estrogen—-dependent ftumor.

There has also besen an increassad interest in the use of
aromatase inhibitors to Iblock specifically the lecal
production of estrogens that may contribute substantially to
hormene responsive disease such as breast cancer,

Aromatase {(CYFP19} is described as the principal enzyme that



(VII) A - NDC-1066(VIl) B - NDC-1055 OH OH Formula (VIII)-E In a second aspect, there is
provided a compound having the structure: wherein: Ru R2, 123, 124 are independently
selected from the group consising of Y., '17-05 alkyl, and halogen; P.5 is selected from the group
consisting oP*REPEYHE[OH2)5-000salt, -NH(OH2)50H, -(NH)CH20HCHBE 5088 iedry :
-CH2NHCOOH; 125 is selected from a group consisting of H, a Ci-CE alkyl, a sulfate a
glucoronide, a bulky group, phenyl, and 12, is selected from the group consisting of H, a CI-C6
alkyl, a halogen, a halogenated alkyl, a sulfate, a glucoronide, -so2NE2, -000H, -CN, -CH2CN-,
-NEON--, -CHOQ, -COO salt, -NH2, and -N%HCO(CHCZ%O; and E\é\éhtergein the ---- symbol rer%[esents

. . 3 3 i i . ; L e I3
either a smg?é:%r grdboﬁubleab%%%o\%/ﬁﬁ%he pr%wsoet%a when the == symbcl)“ﬁs a double b6hd and forms

a keto_ groum@ﬁgwam%@fespem&wely@@smqe rAnitheriexdample ctﬁthegwlesamtodisclasare pertains
to amine derjyafives.qfthe compopnds of Earmulas (1) (VD In.at least this example. of the

disclosure, anime moieties are placed in suitable positions on the molecular core to improve physical
and clinical propeHiEs: t Forfitla $R0)refreSéRt e §ererat coré sirtifute for the préséntiavention.
Formula (IX):depists=cempounds hayingthe structure: Formula (IX) Wherein RI, Fg, R3 and R4 are
the same as described above; R7a is selected from the group consisting of H, a 01-06 alkyl,
substituted alkyl, a HAIGGEn "4 Ralagerated kyl Suffaté T GRGETONE, -SG2HZTGT0H N,
-CH2CE-, . «{CEOy zE+0CB3s-0005alt; :0502alkylkl =N 92 -and -NECQ(CE .;))ri-R12is: setected from a

group consisting,ofH, 301:06 alkyl. 4 sybstituted ally, p sulfate 2 glucaronide g, bulky gioup,
Phenyl or a substituted phenyl group, a cy¢lo- or ne”terocycl% roup, and X'is selécted from the group

consisting of: ©105LakyE@ substitbtedadikyg, aflialogers Bolialogenatédmalkyiica glocoronide, -NH2, -SO

MN'Z“Zr{%%QkﬁéQN’énd processed to an intermediate that binds
irreversibly to the active site of the enzyme causing its
inactivation. U.S5. Patent Nos. 4,808,616, and 4,904,650, the
teachings o©of which are incorporated herein 1n  their
entirety, disclose t-alkyvlidenandrosta-1,4-diene-3,17-dions
derivatives, such as exemestane, and methods of making them.
U.5. Patent No. 4,876,045 discloses a method of preparing 6-
methylene derivatives of androsta-1,4-diene-3,17-diones.
U.S. Patent No. 4,990,635 discloses a process for making 6-
methylens derivatives of androsta-1, 4-diene-3,17-diones.

The preparaticon cof intermediates that may be useful in
preparing exemestans 1s disclesed 1in U.3. Patent No.
3,274,176.. In German patent DD 258820, 6-hydroxymethyl-
androsta-1,4-diene-3,17-dicne is prepared from androsta-1,4-
diene-3,17-dione wvia 1,3-dipyrrolidincandrosta-3,S5-dien-17-
one.

Co-pending international application no.
PCT/USZG05/001248 filed January 14, 2005 (PCT Publication
Number WO 2005/070951) also describes the preparation of
intermediates that are useful in preparing exsmestane, such
application 1s incorporated herein by reference, 1in its

entirety. The structure of Exemestane 1s shown below.



CH2CN,-CRC, -COOsalt, -0S02alkyl,-SCH3 - CH(OH2)n0000H3, -(CH2),-0-CH3,(CH2)n-S-CH3,
-OH20H, -(CH2)n-0- NH2, -(CH2)n-,5-NH2, -NH(OH2)nCH3,N9(CH2),0CH3, -NH(CH2)nCHOH-
DOOR, -N(OH3 2,-$CH2%n(NH)CH20H, -NHCOOH, -(CH2)nNHOO00H, -NO2, -SON, -S02alkyl,
-B(OH)2, -(d’ﬁé‘)}ﬁ"?u](‘lfﬁ )-S02-NH3: -(OH2)n NHS02-NH2, -NHC(=S)CHFIARFRINGER: wherein n is
an integer and can be any number between 0-7, the ---- symbol represents either a single or a double
bond capable of forming a keto group at position 3 or 17; and thea'symbol represents any type of bond
regardless of the stereochemistry; and the respective enantiomers, other stereochemical isomers,
hydrates,solvates. tautomersandpharmaceuticallyyacceptable salts of said compounds. In a third
aspect, there is provided a compound havingsthe/structure: wherein: R, is selected from the group
consisting of: H, Ca-C6 alkyl, substitg ‘ alogen, a halogenated alkyl; and Z is .selected
from the group consisting of: =0, -QH¥ St.§HLNHASON, =CN, =NC(0-12)n- R2 is selected from
the group consisting of: CI-C6 a 5H; -NO2, -ON, -SON, -so2alkyl, -B(OH)2, -NHC(=S)CHa, and
-NH1THZ2; X is selected B group consisting of: C2-C6 alkyl, a halogen, a halogenated alkyl,
a glucoronide, -NH2, =CHOCH3, -:COOgalt, -SCH3, -CH(CH2)," 0000H3, -NH(CH2)CHS3,
1'E(CH2)nOCH3; and R3 is selectédfrom the group consisting of:. H, a 01706 alkyl, a
substituted alkyl, adialogen<and a-halogenated alkyk- ., Ris'sglected, from-a greup consisting of:
-OH, -H, a -C1-C6 alkyl, a halogen, a halogenated alkyl, a sulfate, a glucoronide, phenyl, -NH2,
-N(CH2)n; aHigspHite group, 6ta pRBLphifate’grotp; AAd™2 *YEis%Eiected froffi tHE §iéiip consisting
of: =0, -OH, cH; aiCkC6 alkyk a halogen, ,a halegenated atkyt -a: solfate, aighicosenide, phenyl,
piperidine, pjjipoelr%ivpe mor Qggn% PYrimidine, -NH2, -N(CH2)n CH3; a phosphate group, a
phosphinate group, }IQEK%% , and’= 02; the ---- symbol represents either a single or a double
bond capable of forming a keto group at positior&rg]%or 17, with the proviso that when the ---- symbol i8
a double bond and forms a keto group a@g@siti or 17, then no Y or Z is respectively present,
thesymbol represents any typ= of bond drdiess of the stereochemistry, and n is a number between
0-7. Another example of this disclosute,i.co @. s the making and using of the following corpounds
represented by Formula (X)-(X¥HDsQH~1~

H A
Y
H
AN
CH
where the -~--- symbol represents a double bond, 1t means a
keto group and no Re 1s present; and where the ----gymbol

represents a single bond Rs ls hydrogen (i.&. an alcohol
group). Uniike the compounds cof +the present invention,
Schneider’s compounds do not embrace estradiol, testostrone
or dihvdrotestostrone varistions.

A tri-hydroxyl substitutsd derivative of estranes is
discliosed in U.S. Patent WNo. 3,377,3¢3 to Tadanler et. al,
and the 3 hydroxy substituent on the aromatic ring of the
present compounds is not disclosed.

U.S. Patent No. 5,914,324 to De Funarl et.al, discloses
6 hydroxy and oxy andreostane derivatives for hypertension
and heart failure. U.8. Patent 6,384,250 to Gobbini, et al.,
discloses the hydroxyl and ketone substituents at the .6
position in the preparation of (E,Z) 3-(Z-~aminocethoxvimino)-

androstane~6,17~dione. These compounds were directed towards



Formula (X)-A, NDC 1187Formula (X)-E, ND:: 1209 WO 2009/149176PCT/US2009/046120 OH
Formula (XI)-A, NDC 1220 Formula (XI)-B, NDC 1231 Formula (XII)-A, NDC 1242Formula (XII)-B,
NDC 1253 Formula (XIII)-A, NDC 1264Formula (XI1)-B, NDC 1275 a fourth aspect, there is
provided a c8MF8IHdH&ing the structure: OH wherein: RI, 122, R3, RAPAFEFHASHEAEENtlY selected
from the group consisting of H, 01-C6 alkyl, and halogen, R5 is selected from the group consisting of:
TNH2, -NH(CH2)n-COOsalt, -NHCHOH, -NHCOOH, CH2NHO00H, and -0S02alkyl, R7 is selected
from the group consisting of H, CI-C6 alkyl, sulfate, amine or glucuronide, and "= is a single or a
double bond. . _ In a fifth aspect, there is provided a pharmaceutical composition comprising the
compound a%hfefinéﬁegﬁzén\?eggnd %}}phaﬂ?n%(?eutigﬁﬁ;ﬁ%]é%e‘ptaﬁtﬁjeecar?i%ef,e E Jgaioac‘:%ﬁﬂﬂ)ound
comprises atleastoné SehantiomerpR erfantiomér, Sdiasteromer orcR digstetamer..  In a sixth

aspect, there is provided g-pharmaceutical copnposition comprising tg%rgggnﬁosuonﬁ as-defined above

and a phaimaceutically acceptable carrier, wheréin said compound comprises at least one S
enantiomer, FEeRaAfOMer28iastefoe? ot Rotfasteronier P a 'seventh aspéct, thefedistprovided a

phauaceuticabe@mpesitiontrcc. Watl. Acad. Sci. USA, Biochemistry, Vol.
95,pp 5998-6003, discloses the mechanism of ¥R receptors and
notes that estradiol containing an aromatic ring with a 3-
hydroxy substituent binds well with the ER ligand binding
regiocn. It is discleosed that a flat aromatic group without
the 19 methyl substituent i1s favored.

US Patent 5,8%2,06% to D'Amatc describes estradiol
derivatives that inhikbit tubulin polymerization during cell
mitoslis. Given the above, a need still exists to identify
new and effective agents for treating cancer.

Another point of concern in the field 1is the eventusl
conversion of some estrogen- dependent cancers, i.e. breast
cancer, to estrogen- indespendent types. This may be
accounted for by a natural loss of differentiatioen by the
tumor cells. Estrogen- dependent cancer cells have often
been observed to eventually lose thelr ability to produce
estrogen~ binding protein receptors and degenerate into much
more aggressive estregen-independent life-threatening
cancers. Indeed, the use of antiestrogens to treat estrogen-
dependent tumcrs may lead o the clonal selection of
estrogen-independent tumcer cells and therefore may promote
the conversicn of an estrogen-dependent cancer to a non-
estrogen-dependent cancer.

Cancers of other organs, such as lung and coclon, may
not concern estrogen-binding protein receptors and thus are
considered independent of estrogens for cell replication.
Such estrogen-independent tumors are not as susceptible to

the antiestrogenic properties of drugs such as Tamoxifen,



comprising the compound as defined above and a pharmaceutically acceptable carrier, wherein said
compound comprises at least one S enantiomer, enantiomer, S diastereomer or R diastereomer. In
an eighth aspect, there is provided a pharmaceutical composition comprising the compound as defined -
above and a'pRaPATE¢&Hically acceptable carrier, wherein said compoundcHipASELe;bast one S
enantiomer, R enantiomer, S diastereomer or R diastereomer. In a ninth aspect, there is provided
a pharmaceutical composition as defined above wherein said compound is an isolated S or R
diastereomer at positions 3 and 17 and the composition is substantially free of the other diastereomer
for said pos.itig):g%a Jﬁ% géis %x%rEBLetoE tspe disqg%lére, gblgecompﬁundg as described herein may be
contemplate% for administration to the rhammalian subfe& int g?gr‘m%]f%pgr‘ﬂ‘g?%roa(r?uegnorseven active
metabolite. Howevérd]' itds@nvisicned:that such tomposndsiang mostieffective vdren iheerporated into
nanoparticies. ipgsames or polymeric maitx systems athey delivery Syslemsuhich age gapable of
being directlydelivered to a solid mass or be targeted to tissues$ of interest via suitable targeting
agents. At |ast BRsfHET exudrfiprrrcithe diséiBstre concerns delivery systems that allows conversion of
suitable analogueswhigh canheconverted 10 a-spacified active gampoundsinive after itig
administered to the patient for .exerting its therapeutic activity. The compounds of the present
disclosure mayF e Bised tofrBafany Tamor Wﬁﬁchcﬁ?ﬁglﬁggﬁr%& dre@t or inGirety BfEERY by
hormonal andforseéstrogen:related-dctivity sinctudingthutnot inany way limited taselid tumars
associated vyiiglrgj]gg:eia_sihpan%%qgc,;Iugg, C%I%n, rostate, O\é%reia}n cancers, as }\{/\:/L%I as, bgarig liver,
spleen, kidney, lym ngde,‘smaﬁﬁg)testine, Ioogé"eﬁ’vs, b%ne, stomac , ené]ometriur’r?, tesﬁcular,
ovary, centralltfst060S system: Sskive: $read ahdnetkiesopliagus: orhoné marrowe cameemas well as
hematological gancers. sugh asjeukemia, agute promyelocytio leukemia, Jymphoma, multiple
myeloma, myelodySplasia, myeloproliferative disease, or refractory anemia. In a tenth aspect, there

is provided Use ofa E8Mp6afid B Uetihetrabovefor e matiitdctiier 6f & Higtiedmentfo thhibiting
growth of cabreseelisomheretsthe siseicemprisesto-provide iasgravth of cangercells: anddo contact
said cancer cells, \a%'ith a g:ompoundbags def]ioned above, vy_hergjg said comgomind is‘,ln}\an amount at least
partially sufficient 1o Inhibit safd-growth. ~Cth an aleventh Sspedt, Ghera s provided the lige of a
compound having theoformiulatselestégsfrontthelgraipreansisting of: e:WDE=1187 pandhforethe
manufacture,af.apicament foy; iphibiting growtfyof cancer calls, The compaynds of e present

r

disclosure may also be Used in combination-based therapeutic cancer treatments in a mammalian
subject. Suchmefhiods may comprise administration of a compound of Formula (1), (II), (X), or (XI) in

combination with other adineigancemnthesapies, siichyas chematherapy, radigtherapyy, gene therapy,
hormone therapy and other cancer therapies known in the art. Any of the compounds of the present

disclosure m&yBe ontéfpiat8d for AdinfstratonTo e hahtiiziart Subfett in The t8rm Bt a drug,
prodrug or even active metdhaelite i thesmethods ot treatiment of the present disclosure rthe term
'administeringﬁ';shiarll %r%%ﬂomga%sfthgstcrg:atmem ﬁOf the vari u%n%onditti:ons des_qrri%ed \éVJ}Q the compound

. = Tl ) J by Tl=-1
specifically disclosed or with a compoungl%vhlc emgf/1 ot be speuﬁgaﬂf 8%%Iosed?%ut which converts

to the specifieéddMpoliad in Vivotaftercatministiationriocthe arient and exhibitstherapait activity.

Other objects featurgs -benefits and.advantages.ofthe 1 tn rapidly growing cells
invelved non-cancerous or non-malignant hyperprcliferative
conditions.

Alsc the increasing importance of effective therapeutic
management of viral diseases such as AIDS, herpes, various
types of  hepatitis and bacterial infections, especially
among immune suppressed paﬁients, calls for alternative
modes of therapy with favorable side effect profile,

Accordingly, there 1s not only & need for new and
improved cancer chemotherapeuty that can be used o tTreaat

both estrogen~dependent and estrogen-independent tumors with



present disclosure will be gpparent from this summery and the following descriptions of certain
embodiments, andh be readily apparent to those skilled in the art haying knowledge of various
chemotherapeutic compounds, methods and/or modes of operation. BRIEF DESCRIPTION OF THE
DRAWINGS Figure I- shows the Estradiol biosynthetic pathway. Figure 2- shows a predicted
metabolic pathway for the present compounds.  Figure 3- shows the effect of NDC-1011,
NDC-1022, NDC1033, NDC-1044, NDC-1055 and NDC-106.6 on estrogen receptor beta (ER-p)
activity as measured by luciferase expression (RLE = relative light units). CV-I cells were transfected
- with two plasmid gehstrists, tife separtericonstruct ERE -tkiaciferase and M VGERLPtcontduct.
Transfected control g(;trlg 1%:\%1 Ti;ellg.rfgeiggggga;{%%&glegkwgget estradiol treated cells (£2) received

estradiol add&d alone at 1 ﬁﬁ/ﬁ- n the‘case o C compounds each compound respectively was

either added alorepat: 108 M (1031 {assevident irethe left Goldm@icfor eachtlestedRpotiag) or at 10-8
M plus 10 9,M estradial (E2) (as.gvidentindhe sight colymn far each fest epmpeund). Eigyre 4- shows
the effect of f\TDC’-lOll, NDC-1033, NDC- 1055 and NDC-1066 on estrogen receptor alpha (ER-a)
activity as meaBursd by luciférasesexpression (REE= pélafive lightifiitsy 20v-1=Cells were'fransfected
with two plagmic copstruets, the teporten canstruct ERE-tkdusiferase angka 80W-ER-8wing
contruct.Transfected control (Ctrl) CV-1 cells received no treatment while estradiol (E2) was added
alone at 10-9M {2 nMI.In B8 €588 of NI5E comBolhdsS BachCompoind fespectiveliAwas Gither added
alone at 10(1@pM): (as eyidentia the defti cokimn for eaett test compoundedrrat 18:&bplrs 10-9 M
estradiol (E2) (as eviqerlt:in the riﬁht column jc:)L'r g%%hstesta cg}m%,g?nd)é o Ei%{% 5- ghoysga IC50
growth inhibRtioriF&t (i 2Ry for NDT-1022 (1éft coltimns), NDC-1833 {middie columns) and NDC1044
(right columnps)as:determined in each of the cell lines HT-29, SK-0V-3, NCI-H23, MCF-7,
MDA-MB-231, OVEAR:3, CAPANI, CABAN:2. SH-SY5Y, A-549 and PQ:3. Eigire 6: shows numerical
1050 growth inhibition data J(in N) for NDC-1022, NDC-1033 and NDC-1044 as determined in each of
the cell lineStHER2%SKOV-S; NCEHR3, MEF- 72 MD&R04G- 231, \GVOARRS SCAPAN- £ -GAPAN-2,
SH-SY5Y, A-549 and RQ-3. FigyreZ- shows aumerical 1050,growth-nhibition-datas (in gm) for
‘Compound I (NDC-1022), Compound 2 (NDO-1165) and Compound 3 (NDC-1187) as determined in
each of the celhinesy31-29, SK-OV-3, NCI-H23, MCF-7, MDA-M3-231, OVOAR-3, OAPAN-1,
CAPAN-2, SH-SY5Y, A-549, P0-3, 0-87-MG and 0-118- MO. Figure 8- shows 1050 growth
inhibition data (in RN) forNDC 022 (threedeficcokimng)sNBE-1187 tourth €vlumns from left),
NDC-1165 (fifth columns from left), a ifen contrals (threg right colum determined in each
of the cell |in‘ééﬁ-‘2 sz%\%?%ng%@&%‘é_# VDAM ngﬁ%l\}]}ggh-&gé%&%%\ﬁ %?JAPAN-Z,
SH-SY5Y, A&49, PO, 1980, ULB7-MG-AA&U-118#0. BETAIEDDESCRIPTION TF FHE
INVENTION , Unless defined otherwise -alkteshwical andrscientfic-tesms.used herein have the
same meaning as is comimonly understood by one of skill in the art to which this invention belongs and
shall be undétsisd 8 Tave the HEaRAgS BESG bRY etdR* AFBaBRcatibRs Sho gitekts réferred to
herein are incorpgrated by reference in their entiratysilirless ptherwise-specified, a reference to a
particular compound includes all such isomeric fonts, includ_ig% race ichandootcper mixtures thereof.

Unless otheritige Specified ™ réfeténée to-a particular cormpound a SO inclides ishic. 2alt. solvate
(e.g., hydrate)protectet fatrms; prodimgs zantesther stergdisomersithereof:for exaniplesas discussed
herein. It may be canvenient or desirable to prepare, purify, and/or handle a corresponding salt of
the active cor%zﬁxoucn%{n‘f&rlé?ér%ple, a pharmaceutically-acceptable salt. Examples of pharmaceutically
acceptable salts arerdiscussed irBerheet a0z <EGTF, tPharataceutically Asceptkble Salts," J. Pharm.

Sci., Vol. 66, PRy A1, and disgussed herein. = Antisproliferative.compounds ofthe.present invention
have application in the treatment of cancer, and so the present invention further provides anti-cancer

agents. The teARRFECGITCEE BHRRE d&ilided HITRM Peftaftis o™ cOMpBuRd Wiich Treafs Helays
progression, prolangs relapse 19 periog:nf, andcontrols symptems of accaneer fize i aeampound
which is useful in the treatment of a cancer). The anti-cancer effect may arise through one or more
mechanisms, includibgFbEE NIRRT e Féglidticn Gice! Profifeiation, the-mhibition of
angiogenesis{(he-formation of neve biote vessels),thernhibitorrofinetastasts-@hespreadof a tumor
from its origin\?,ﬂ,the inhibition of invasion (the.spread of tumor .cells.into, neighbgoring.normal structures),
or the promotior SF Spoptosis (Lplr%@‘r’agmme%é"ségl)l degﬁﬁf of fumor ﬁé@r%')"éiqs%or tu%ﬁgf autophagy or any
combinationsiheieofing Fhe ddventibrcfurther provides activecdmpounds for use in a method of
treatment of the human or animal body by therapy. Such a method may comprise administering to
such a subject a therapeutically-effective amount of an active compound, preferably in the form of a.
pharmaceutical composition as discussed further hergin. The term "estrogen” as used herein
encompass steroid like hormones that are naturally made and is able to cross the cell membrane to
exert its activity inside the cell by binding to the estrogen receptors. Example of such compounds
include but are not limited to estradiols, estrols, and esterenes.



The term "treatment,” or "therapy" as used herein in the context of treating a condition, pertains
generally to treatment and therapy of a mammalian subject, whether of a human or a non-human
animal (e.g., in veterinary applications), in which some 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 also included. Treatment includes combination treatments
and therapies, in which two or more treatments or therapies are combined, for example, sequentially

or simultaneously. Fﬂ&@ﬂ};@@éeettr@;@é&i@@&%@%&%@%@%ﬂi}c%@ebQufgzaerefgﬁ (Iji_‘milg%d to, chemotherapy

~(the administration gf active agenﬂgs, anludtlzn , €.0., drugs, antibodies (e.g., as in immunotherapy),
prodrugs (e.g., émploying protecting groups |nélﬁoﬁ:ﬁé”‘b%l8§pﬁb§i}é'a8fbed’?ﬁﬁiﬁi?\?es and phosphinates at
suitable posifibng’sueh<ss Posiiioni3vrrE7retiei eonpourtsrusettforiphotodynamic therapy, GDEPT,
ADEPT, etc.?;surgegy; radiation therapy; and gene therapy. The term "stereochemical isomer" as
used herein, refefS 1o iSoflers that differ from each other only in the way the atoms are oriented in
space. The two stereoisomers particularly of importance in the instant invention are enantiomers and
diastereomers depending on whether or not the two isomers are mirror images of each other. In the .
preferred embodiment, the claimedyformulations comprise such compounds thaégolated, resolved and
. . o . . b
are "substantially free of otherjsohers." The term "therapeutically-effective anfount,” as used
herein, pertains to tgat ametriofan active compound, or a material, ¢ ion or dosage form
- - - Loae - - - - 1 b -
comprising an active ‘compdiind, wh i«effective for producing some desjred apeutic effect,
commensurate wittFaeasSod benefit/risk ratio. The term " ll ARG animals,including

mammals, 'p_referQy ) niar fo & particular area or portion
of the patiert affficted witkra. prgliferative disorder, cancer gEtugforape some instances to regions
e _pad thet pulmonary region, the gastrointestinal
region, the breast regfon,@Re renal region as well as other bodil}?-fe?gﬁs, tissues, lymphocytes,
receptors, 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 the disclosed compounds and
compositions. The zregion of a,patient” is preferably internal, altheugh.it may-le external. ~ The term
"tissue" refers generally to specialized 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
organs. The ersm2tissue,’ alsg,ingludes, referenee, toran akpormal cgllora plurality of abnoymal cells.
Exemplary tissues anl_udgpreasﬂt_gssug+icggludi£1§?br9a§t cells, membranous tissues, including
endothelium Bhd-epithelium: Taminiae, Eonnective tissue, including interstifal tissue: and tdhors.
The term "amihbsalkyl'tas used heigintrefers ta an-alkyl geoupswith an aminegiduxen it, for example,
H2N-CH2- 2N-CH2 - 2NCH2-, efc...wherein the point of h tis a carbon of the
alkyl chain; a%g{%%%gr%g}géﬁg%ir%%és asged H%Feinmrsésg}g%%mi}r%g Qr%% &v%h an alkyl group
attached to the Bitfogen atdm,Fordexample “CABNACEtNPENPENH- ~etc; whekdia theloiat of
attachment ig;viathe nilregen-atomcetthe-aminogroupup othe term Yproliterative gell disgrders”as
used herein refers to disorders such as tumors, primary malignant tumors, and other hyperproliferative
conditions. THE B pimaty TRAIRFTENt tahorEF-anG *&ancerfs) © 5@ tised intéreRaREEABly.
Compounds +ne Ameongeether things: the presentinventionelates toestradiel-derivatives,with specific
modifications at position 6 of the B ring of the estradiol. At least one aspect of this invention is directed
to such compotinds having tie §ERaral Sttagture Shown in %brrﬁﬁféd(lf)gﬁéfb%e%ePéﬁn RI*R2 and Z
are independentlysetected ftam thelgrouptonsisting of: &, GaiE6 akyt, substituted atlet,=a halogen, a
halogenated a%k 1, a sulfate, a,glucaronide, - H2, - CODE, -ON, =CH2CN, -NEON, -CEO,
-COOsalt, -08 gé&yf’%NH RS H%goy('cl-l%?tﬁﬁ%NOE?%[ORES-SO%EI%/E&E]B(OH)Z, i
NHC(=S)CH3rand -RERHZ X i selettad-froRt- el grotipldonsistiigeof Ci-C, alkyl, a substituted alkyl,
a halogen, a halogepated alkyl. a.glucorgnide, -NH2,-502NH2, ;COOH, :ON. .CHaCN. NEON.
-CEOQ, -COOsalt, -0502alkyl, -SE, -50H3-CH(CH2)n 000CH3, -(CH2)n-O-CH3,
-(CH2),-S-CHSZEHEH, 7(CH2),-0-NH2, - (CH2) n-S-NH2, -NH (CH2)n CEi3, -NH (CH2) n 0 CH3,
-NH (CH2) n SCH3 - NH (CH2 ) CHOH-000H, -N (CH3) 2 r- (CH2) n (NH) CH20H, --NHCOOH, -
(CH2) n NH-CODE, -NO2, -SON, -S02alkyl, -B(OH)2, -(CH2), N(OH3)- S02-NH3, -(CH2)n
NH-S02-NH2, -NHC(=S)CHS3, and -NHNH2; R3 is selected from the group consisting of: H, a 01-06
alkyl, a substituted alkyl, a halogen, and a halogenated alkyl; R4 and Y are independently selected
from a group consisting of: =0, -OH, -H, a -01-06 alkyl, a substituted alkyl, a halogen, a halogenated
alkyl, a sulfate, a g ucoronide,. a bulky group, a phelréyl or a substituted phenyl group, a cyclo- or
heterocyclo group, piperidine, pypirizine, morpholine, Morimidine, -N(OH2)rJ a phosphate group, a
phosphinate group, and further wherein n is independent integers and can be any number between
0-7, the ---- symbol represents either a single or a double bond capable of forming a keto group at

position 3 or 17; and thesymbol represents any type of bond regardless of the stereochemistry; and
the recnectivve anantinmare nther ctareanchemical icomere hvdratee cenlvvatece faritomere and




Wherein the ---- symbol represents either a single or a double bond with the proviso that when the ----
symbol is a double bond and forms a keto group at position 3 or 17, then no R7 or Re is respectively
present. In at least another aspect of the present invention is directed to a chemotherapeutic
compound of a. Formulas (I)- (II): Formula (I)Formula (11) wherein Rir R2r R3r Rr R5, Re, R7, Rs and
R9 are independently hydrogen, Cl to Cs alkyl or sybstituted alkyl, halogen, sulfate, or glucuronide
moieties; and the ---- symbol represents either a si To,jg or @& double bond and when the --- - symbol is a
7, then ng R7 or R6 is present, respectively; the
symbol --- represent the presence or absence of.a B0SItioN 10; and thesymbol represents any
type of bond regardless of the stereoch X ercompounds also embrace the enantiomers, other
stereochemical isomers, hydrates, solva ardiand pharmaceutically acceptable salts thereof.
In an embodiment of Formula I, R5, ‘ 3 rogen atoms, methyl or Cl; R5 is hydrogen or
methyl; R3, R6 is Ci to about 06 alkyl or sy bed alkyl, halogen and ---- is a single bond
corresponding to the alcohol group. In an another embodiment the stereochemistry at the 0-6 carbon
comprises a S or R enantiomer or diastereomers. Embodiment compounds of the present
invention c#fi¥euSed in a pharmaceutical composition. Such a composition can comprise one or
more compounds selected fram thaser discussedeaboverliustratebedwigratherwise inferred herein,
and combinalions thereof. n,gertain embadiments. such .compasiion cap.omprise-a |
pharmaceu%caﬁ?—acceptabl’e arrier component. Without limitation, such a composition can comprise a
" racemic miékiEsof corfipetinds. IFcEHARTERBGEmems: Bireh aCoMpout carrbeéPresent as the S
and R enantigmer, prefeyably-theis isolatedand purifieddarm wiesh issubstantially free of other
isomers, and RS, or R7 can be selected from itloC5a substitutec l, a halogen.
The compoG]hnéigd)o?‘tﬁie2 b?géénf§§6ént%§may' é(%%%g’mm%?gﬁg (gz"é'nte?sﬁgr%%r?%%cggés racemate,
racemic mix@¥# &%y, as individual and purified diastereomers or enantiomers such as
(S)6-methyloxymethyl(8S; 93, 13914 8¢ 17 nldnmetid, &0kl 42:34,15:16,17 -,
-decehydrocylopenta [a] phenantherene-3, 17-diql; (R)6-methylgxymethyl(8S, 9
133,14%,17% ey Yo el

3 méthyE 811,31 2143518 7 decehydrocytopentalap ee’nafngtqﬁfé'rene-3,17-diol;
(R)6- -S0.NH,, -COOH, -CN, -CH,CN, -NHCN, -CHO, =CHOCH,;, -COCsalt,
methyloxym_%gbgl@&ﬁ:@;135111!43@@52),-13@@@@%!-3,&&)@ﬂhl,Z,1(1«13@).;ﬁglﬁ;gecehwzqulopenta[a]phen
antherene-3,17-éio|( DC-1022); (3)6-methyloxymethyl(8R, 93, 13R, 143, 17R) -13-methyl-
7.8,9.11,1254%s, 16 ¥ Geknh Uc%gﬁé’[aﬁf nantherenez3- 17 dial (NDC-1033). (6R, 8R, 93,
10R, 133, 148)-6:(methoxymethyl- k0 X3t dimEHNWICE 8,-9( Q) 1 IECOOH, -NO,, -S5CN, '
12,13,14,15,16-decahydro;:3H-cyclop a] nthre 17( iong(NRC-+1011);(6R, 8R, 93,
10R, 133, 1&%?—%%&%?o%i%é’tho%%ﬂwﬁ)%%%3%?nngg%l-6,@7%)%,] e
9,10,11,12,1¥HQA !5 1671 7-86de cARVEr-33- cyclopentala]phenanthrene-3-one(NDC-1044); (6R, 8R,
93, 133, 143)-6-(hydroxymethyl)dd-methyl-7r8p 914, 32533, dedpdi5diGyg of: H, a
17-decahydro-6H-cyclopentala] phenanthrene- -dj - .. (63, 8R, 93, 133,
143)-6-(hdedi§ﬁ1§t¥y¥$—' a gltfogen, a%@%%&fo%’@:gg@g &915352,
13-methy1-7,8,9,1812,13;14:18, 16, 4 7ed e calnyarodsic ol opehtfajsiie Aarthreng13e7-diol(NDC-1066);
(63,8R,93,10R %%%%@%—%%metBoxyg@thyll)frl(ldlder@gt@ﬂy@9,J@,ﬂgflg%,él%léjg,l&16-decahydro-3H
cyclopenta[éﬁp enan%hrene-B,17('6H)-di'one(NDC-1077); (63, 8R, 93, 133
143)-3-hydr&Ry-BaaREfRskyTEIY)-1 35hethyic?, 8, §PECFPPIsS 52 Pulky group,
16-octahydre:Gia-cyclopentajaphenantpeenti@<4H)eneidDCat088)(6RI8R 83, 13871:43)-3-hydroxy-6-
(methoxymethy1)-13-methy1-7,8,9.1 1 6-Qc -6Hcycl alphenanthren-17(14H)-o
ne(N Dc-109'é3;(]%%? Br%,ﬂé's, ioﬁ‘,c’fééa]f%s)g#fr%yd%E%gr%ﬁ%ifm%%ﬁ% -[10, 13-dimethyl- 6, 7, 8, 9,
10, 11, 12, 13, 14, ¥5e1617-dddechydiocSRRyRRPeTHA[aBhERENTHERET3 PERAGRNDC-1110); (6R,
8R, 93, 10R 133, 143)-6-(methaxymethyl)-10:.13; dimethyl -4, 5: 6512, 8:9a18042143, 14, 15, 16, 17-
tetradecahydro-3Hcyclopenta[a]phenanthrene-3, 17-diol(NDC-1121); (63, 8R, 93, 10R, 135,
14S)-6-(methoxymettipAp 10, 43-dirnaiingl-a, 5660 798080 10534, 4l 13714 S1Bre, 17-
tetradecahydro-3Hgcyclopentalalphengathiene-3. 5 iokND G 132); (6B:8Rchemistry;
93,10R,133,145)-6-(methoxymethy1)10,13dimethylhexadecanydrolH-cyclo nta[ﬁa%phenanthrene-:%,
17-dial (NDG-ECHH(BFE BRE 8571 S8 TS 3Ty troRy- e eSS AT Lo-MEmyr 8, O, 11, 12
13, 14, 15, 16,4 ¥z sdecahydres6Eiscyclopentaal- 17| steamase ¢NDCLLE6)> (6RPEFR DS, 133, 145)-6- -
(aminooxymgghylt)élgimgg}ydl-g@ﬁogmﬂég 12, 13, 14, 15, 16, 17-decahydro-6H-cyclopenta
alphenanthrene-3, 17,-diol (NDCI187); (6R, 8R, 93, 135, 145)-6-methoxy-13-methy1-7, 8, 9, 11, 12,
13, 14, 15, 16, 17-decahydro-6HcycIopenta[aIphen&erﬁrene-3, 17-dial (NDC-1198). An
embodiment of the present invention pertains to the preparation of the R or S enantiomers, R or S
diastereomers of 6 substituted estradiols. Methods for the preparation (e.g., asymmetric synthesis)
and separation (e.qg., fractional crystallization and chromatographic means) of such isomeric forms are

either generally known in the art or are readily obtained by adapting the methods taught herein. One
cr1ich methodolonieae are AdAeceribed in the co-nendina |1 K annlication SN 11/541 027 the teacrhinnce of



Scheme 1 - Preparing compounds of the instant invention. 70H WO
2009/149176PCT/US2009/046120 Scheme 2- Alternative methods for preparing the compounds of the
invention. Various methyloxyalkyl derivatives, in accordance with this invention, involve selection
of alkylating agents. Such derivatives would be understood by those skilled in art made aware of this
invention, and is av%ilablg throygﬂgs lnthetﬁic r%%%ggr%s of t_he?%gg described herein.. Accordingly,
without limitation, vaifotid G5 06 &lkyi"and stbstitited alkyl (e.g., Clto C6 linear, substituted linear,
branched andsuhstitited Adrapched-alkyl rsychesulistituents: as avouldihesunderstoodiin ghe art)
reagents can be used as described herein 1o prepare the correspanding methyloxyalkyl derivatives.

In anotherzgp%bt of this. ?ﬁ}vgﬁééﬁ%gétggdé%%m%%ﬂ%%-gr’%ir%egglrjl'\?é%%égrgf the estradiol are
disclosed intezaction sehemesdelewiAécordingly6-metboxyiated estradiois deseabatkint Schemes
1-2 are employed and.converted fo their respective.amipo derivatives Scheme: 3sMethods of making
6-amino derivatives of estradiol: 44aNDC-1187 Exact Mass: 401.22Exact Mass: 359.21Exact Mass:
317.20 Mol. Wt.: 401.50Mot. Wt.: 359.46Mot. Wt.: 317.42 Methods of Use The present invention
relates to a method of treating cancer in a mammalian subject (e.g., a human patient). In this aspect of
the invention, methods are provided for inhibiting tumor or cancerous cell growth. In such a method,
the cells are exposed to or contacted with a compound of Formula (1X) or pharmaceutically acceptable
.salts or hydrates thereof having the general structure shown in Formula (IX) below: R2 wherein RI, R2,
R3, FL Y., X and Z are as described above, and further wherein n and m are independent integers and
can be any number between 0-7, the ---- symbol represents either a single or a double bond capable
of forming a keto group at position 3 or 17; and thesymbol represents any type ofbond regardless of
the stereochemistry; and the respective enantiomers, other stereochemical isomers, hydrates,
solvates, tautomers and pharmaceutically acceptable salts of said compounds. In another aspect
of the present invention methods of using the compounds having the general structure shown in
Formula (XIX) below: wherein: RI, R2, R3, R6, 126, R6, R7 are as described above, and the ----
symbol represents either a single or a double bond with the proviso that when the ---- symbol is a
double bond and forms a keto group at position 3 or 17, then no R7 or R6 is respectively present.

In at least another aspect of the present invention, effective doses of compounds having Formulas
(D-(I1) are administered to the patients in need of such therapy: Formula (l) wherein 122, R2, R3, R.4,
R5, R5,

10b



Formula (II) R7, R8 and R9 are as described above; and the ---- symbol represents either a. single or
a double bond and when the ---- symbol is a double bond and forms a keto group at position 3 or 17,
then no R7 or R6 is present, respectively; the symbol --- represent the presence or absence of a bond
at position 10; and theosymbol represents any type of bond regardless of the stereochemistry.

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 limited to solid tumors
associated with breast, pancreatic, lung, colon, prostate, ovarian cancers, as well as brain, liver,
spleen, kidrey, Igmphancdesadll fritestine; WIo6E CElts, Bohk, stoRvas eriopietfioriedsticular,
ovary, central neryqus gystem,skin, head and neck, esophagus.or.bone martow capncer; as well as
hematological cancers, such as leukemia, acute promyelocytic leukemia, lymphoma,

" multiplemyelaiamyeRidhRplisia fiyeloproliferative: diseas& or @¥ractorytanenia- °"€X¥mong other
things, the ipventar, ofthe present invention, effer a-rew maode ofractign fordreating estiegen dependent
or independent tumors. Traditional approach employed drugs once bound to the ERs modified the ERs
configuration'tt- e extErtthat i dffecierdared theli déstrsyed” ASCSdingly, destruction of such
bound ERs wosdehsease teansmission=of @l externat and intetnalsigrals esseptiatfor witality of the
cells; creating a stop in cellular gI[o\Lvéh.' Itis bgliqvgg thast th&prces_egyg d@glpggg corﬂpounds are
able to bindtoFitimbet of- %‘%%b%or%ﬁnclﬁ&%ﬁ?ﬁe es”tfb“g"en,atestos“tserorﬁe and androgen receptors. The
inventor hasunexpectedly absenred that upprehinding cthe-cempounds ofthe present invention are
able to modulate the cellular first.or second pessenger.signaling pathways,and further potentiate their
clinical effects through gene dependent or gene independent mechanisms, e.g. gene dependent
estrogen activityFlsagsbeen Well describéd in-the dreand-those st Brainary skilsin #i&at aé able to
ascertain the pathways involyed jnagtivation of & estragen:depeadent gene. However, in the

- present invention, the inventor has unexpectedly found that the compounds of the claimed invention
are able to modulate celhdasactivity:at aclevelindependent-of thextaditionakgeng regulated
mechanisms.In this aspect.of the invention, the compounds af the.instant inyention are capable of
binding directly tgimulltiglem steroid recclerptgrs at_%@g plgggé%srnembgg% an%trigger internal cell mediated
stress mechanhisms Voing the tnfolded protein response (“UPR™) at the-endoplasmic reticulum. The
UPR stress respeaiise stibseguentlydeat=o growthiinhibitiopr andcetkdeath threugh syodutation of
stress response genes such as GHOP also known as GADD1353, TRIB3, etc. ,  In addition, '
administration 8 ue“’”cé)r‘np'ounlas of t & present invention for trealment of various caricer states may
comprise administration of a compound of Formula (1) in combination with other adjunct cancer
therapies, such as chemotherapy, radiotherapyi@engytherapy, hormone therapy and other cancer

or chemotherapeutic agents are within thgr&Coyg ¢’invention. Examples of such agents can be
found in Cancer Principles and Pragtice af1

& #Scern which combinations of agents would be useful
based on the particular characteristics of the drugs and the cancer involved. Such anti-cancer agents
include the following: estrogen receptor modeffators, androgen receptor modulators, retinoid receptor
modulators, cytotoxic agents, anti-proliferative agents, .prenvl-protein transferase inhibitors, HMG-CoA
reductase inhibitors, EHV protease WgL,2009/149176PCT/US2009/046120 inhibitors, reverse
transcriptase inhibitors,aromatase inhibjtors, and angiogenesis inhibitors. Exemplified Compounds

In at least o &spdCEErie inftBhEBA MvBRtoriiudtfate e tormpoutts’ of the'present invention in
table | below:#able | F:R40 ORS Ra, RueRZiR: indepersdently H, Ci-&6 akyl, sybstituted alkyl, or
halogen R, 57: H, 01-C6 alkyl, substituted alkyl, sulfate, or glucuronide R6: H, CI-C6 alkyl, or
substituted afky, Suifate, Ior%?ﬁ@u‘“rbﬁ%%, Vv%étr}llag is%éi sﬁgﬁ%’%ﬁ%; ot pé%es?evlr_q!,%\?\%‘ézﬁ': i:éxg Youble
bond SubstituenteSpatiakCanfigutatiorslude for example the structures shown

below:

11



EntryR5R6R7C-6C-8C-9C-13C-14C-171HHHSSSSSSZHHHSBRRR 3HH

WO 2009/149176 ' PCT/US2009/046128

(IV) A — NDC-1088 {IV) B - NDC-109%

OH

HaC

:Llifllt

RO

H
\OMe

(V) B - NDC~-1022

(VI} A -NDC-1110 (Vi) B - NDC-1044

H
ok

(VII} A - NDC-1066 (VIT} B - NDC-1055
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HSSSSq 4HHHSRBRRSSH-HSCSSSO=OGH SR

R,0

 wherein:
Ri, R2, Ry, R, are independently selected from the group
congisting of H, {;-C¢ alkyl, and halogen;
R; i1s selected from the group consisting of -NH.,
-NH (CH,) n~C00salt, -NH(CTH.).0H, - (NH)CH,OHCH,,-NECOOH, and
~ CH,NHCOOK ; '
Ry 15 selected from a group comsisting of H, a C;-C
alkyl, a sulfate a glucoronide, a bulky group, phenyl, and
R, is. selected from the group consisting of H, a C;-C
alkyl, a halogen, a halogenated alkyl, a sulfate, a
gluco::onide, -SC.NH,, -COCH, -CN, -CH,CN-, -NHCN-, -CHO, -C00
salt, -NH;, and -NHCO(CHzi.; and |
wherein the —— symbol represents either a single or a

double bond with the proviso that when the == gymbol is a

double bond and forms a keto group, thenm no Ry i1s respectively

present.

13



R0O=0 HHHRRRRRRB8HHHRSSSSS Table I-continued. RI, R2, R3, R4: independently H,
01-C6 alkyl, subst halogen R5, R7: H, CI-C6 alkyl, substituted alkyl, glucuronide R6: H, CI-C6 alkyl, or

substituted alkyl, sulfate, when = is a single bond, not present, when tuted alkyl, or sulfate, or or
glucuronide, double bond

Another example of the present disclosure pertaing to

amine derivatives of the compounds of Formulas (I) - (VITTI)Y.
In at least this example of the disclosure, anime moisties are
placed in suitable positions on the molecular core to
improve physicel and clinical preoperties. Formula (I¥)
represents a general core structure Ior the present
invention. Formula (IX) depicts compounds having the

structures

Wherein Ry, R, Ry and Ry arz the same as described abhove;
Ry: 18 selected from the group consisting of H, a2 C; alkvl,

L1—lg &l
substituted =alkyl, & halogen, & halogenated =alkyl, 2
sulfzte, a glucoronide, -SO,NE,, -COOH, —-CN, -CHoCN—, -NECN-,
~CHO, =CHOCE;, -C000 salt, -080.,alkyl, -NH,, and -NHCO{CH,),:
Raé'is selected from a group conmsisting oI H, a C;-C; alkyl, a
substituted alkyl, & sullate z glucoronide, a bulky group,

phenyl or & substituted phenyl group, a cyclo- or

13a



Substituents Spatial Configuration Entry Rs R6 R7 C-6 C-S C-9C-13C-14C-179HHHRSSS q R
I0HHHRRR )

+

[

- heterocyclo group, and X is selected from the - group
consisting of: C;-Cs alkyl, a substituted alkyl, & halcgen, a
halogenated alkyl, a glucoronide, -NH,; -S0;NH,, -COOH, -CN, -
CH,CN, ~NHCN, -CHO, -COO0salt, ~080.alkyl, =~SH, -SCH; -
CH{CH,; nCOOCH;, - {CHy) ,~0-CHy, (CHy) ;—3~CHs, —CH0H, -(CH;) ~0-
NHy, - (CH;),—-5-NH;, -NH(CH.).CHs, NH(CH,),OCHs, -NH{(CH,}.,CHOE-
COQH, ~N{(CH:)a2,~(CHz),{NH)CE,0H, -NHCOOH, - (CH,), NHCODH, -NO,,
=B8CN, =-80zalkyl, -B(OH)z, -(CHz)n N(CHs)-S0;-NHi, -{CH,), NH-
S50:~NHz, -NHC(=8)CH;, and -NHNH;; wherein n iz an integer and
can be any number between 0-7, the ---—- symbol represents
either a single or a double bhond capable of forming a kato
group at position 3 or 17; and thevwwwsymbol represents any
type of bond regardless of the stercochemistry; and the
respective enantiomers, cther stereochemical ‘lsomers,
hydrates, solvates, tautomers and pharmaceﬁtically
'acceptable salts of said compounds.
In a third aspect, there ig provided a cowpound having tfze structure:

Y
!
Hal f

wherein:

R, is selected from the group consisting of: E, C-C
alky:, substituted alkyl, & halogen, a halogenated alkyl; and

Z is selected from the group consisting of: =0, -OCH, &,
-SH, -NHSC,, =CN, =NCO(CE,},.

R; i1s selected from the group consisting of: C,-Cy alkyl,
-8H, -NC,, -CN, -8CN, -NH,, -SO,alkyl, -B(OH),, ~NHC(=S}CH,, and
- NHNH. ;

14



RRS11HHRSSSS0=012H-H12ZHRRRO0=013MeHHSSSSS

¥ is selected from the group comsisting of: C;-C¢ alkyl,

a halogen, a halogenated alkyl, a

gluccoronide, -NH;, =CHOCH:, ~C00salt, -8C0H,, -CH(CH.), COOCH,,
- {CH,) n~O-NHy, ~NH{CH;).CHs, NH (CH;) ,OCH,; and

R, is selected from the group consisting of: H, a C1-Cs
alkyl, a substituted alkyl, a halogen, and a halogenatad
alkyl} '

R is‘selécted from & group congisting of: -0H, -H, a
-0 -C¢ alkyl, a halcgen, a halogenéted alkyl, & sulfats, a
glucoronide, phenyl, -NHp, -N(CHp}.; a phosphate group, or a
phosphinate group; and

v iz selected from the group consisting of: =O; -0OH, -H,
s -C,-C: alkyl, a halogen, a halogenated alkyl, a gsulfate, a
glucoronide, phenyl, piperidine, piperazine, morphcline,
pyrimidihE, -NH,, =N(CH;), CH;; a phosphate group, a phosphinate
group, -NHSO:, and =CS0.; |

the —=° symbol represents either a single or a double
bond capable of fofming a keto group at position 3 or 17, with
the provisc that when the —— symbol is a double bond and

forms a keto group at position 2 or 17, then mo ¥ or Z is

respectively present, the ™™ symbol represents any type of
bvond regardless of the stereochemistry, and n is a number

hetween 0-7.

i4a



S14MeHHSHHR 15*MeHHSRSRS 16 MeHHSRRR 17

another example of this disclosure, concerns the making
and using of the Iollowing compounds represented by Formul:

(¥)-(¥VI}:

FTormuls [(¥y-2, NDC 1187 Formula (¥y-B, NDC 1208

14b
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O

Formula (XI)-A, NDC 1220 Formula (XI)-B, NDC 1231

O
HLG

MNE

Ho O

™~

O

o,

Formula {(XII)-2&, NDC 1242 Formula {XII)-B, NDC 1253

Omc\o
i,

3

Formula (XIII)-A, NDC 1264 Formula (XITI)-B, NDC 1275
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HHHSRqRZlMeHHRSSSSRZZMeHHRRRHRS‘ZSMe HR

In a fourth aspect,

ORs

wherein:

®,, R, Ri;, R;, are independently selected from the group
consisting of H, C-C; alkyl, and halogen,

Ry is selected from the group consisting of: -NH;,
-NH {(CH,),, -NH{CH,),-COCsalt, -NHCHOH, -NHCOOH, CH,NHCOOH, and
~080,21ky1,

R, 1z selegted from the group consgisting of

byt
LN

r Cl‘_CG

alkyl, sulfate, amine or glucuronide, and == ig a single or

a double bhond.

in a fifth aspect, there ig provided a pharmaceutical composition
comprising the compound as defined above and a pharmaceutically-acceptable
carrier, wherein saild compound comprises at least ome § enantiomer,

R enanticmer, & diasteromer or R diasteromer.

In & gsixtn aspect, there is provided a pharmaceutical composition
comprising the compound as defined above and & pharmaceutically acceptable
carrier, wherein szid compound comprises at least one § enantiomer, R
enantiomer, S diasteromer or R diasteromer.

In a seventh aspect, there is provided a pharmaceutical composition
comprising the compound as defined above and a pharmaceutically acceptable
carrier, whersin said compound comprises at least one S5 enantiomer, R
enantiomer, § diastereomer or R diastereomer.

In an eighth aspect, there is provided a pharmaceutical composition
comprising the compound as defined above and a pharmaceutically acceptable
carrier, wherein said compound comprises at least one § enanticmer, R

enantiomeyr, 8 diastereomer or R diastereomer.
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SSSS0=024 Me HRRRHR02025HHSOZHSSSSSSZGHHSO.SHSRR

In a ninth aspect, there is provided a pharmaceutical composition as
defined above wherein saild compound is an isolated 8 or R diastereomer at
positions 3 and 17 and the composition is substantially free of the other

diastereomer for saild positions.

15b



RRR27HHSO3HSSSSSR28HHSO3HSRRR 29H-SO3HSSSSS

In this example of the disclosure, the compounds

as described herein may be contemplated for administyation to

{

the mammzlian subject in the form of a drug, prodrug or even

compounds are most effective when  incorporated  into
nanoparticles, liposomes or polymeric matrix systems or
other delivery systems which are capable of being directly
delivered to a sollid mass or be targeted to tissuss of
interrest via sultable targeting agents.

At least another example of the disclosure concerns
delivery systems tThat allows conversion of  sultable

analogues which can be converzed Lo

W
n
o)
[l
9!
1_|
th
}_l,.
D
{,
v
{1
pat
|_|.
B
[12]

compound Iin vive after it is administersd to the patient for
exerting its therapeutic activity.
The compounds of the present disclosure may be used to

treat any tumor which may be either directly or indirectly

m
th
th

fected by hormeonzl and/or estrogen-related  activity,
including Dbut not in any way limited to sollid tumors
associated with Dbreast, pancreatic, lung, colon, prostate,
ovarian cancers, 23 well as brain, liver, spleen, kidnsy
lymph node, small iﬁtes?;ine, blood cells, bone, stomach,
endometrium, testicular, ovary, central nervous system,
skin, head and neck, sesophagus, o©or Dbone MArrow cancar; as
well as hematclogical cancers, such as lsukemia, acute
promyelocytic levksmiz, lymphoma, multiple myeloma,
myelodysplasia, myeloproliferative diseass, or refractory

Znemisa.

In a tenth aspect, there is provided use of a compound as defined above
for the manufacture of a medicament for inhibiting growth of cancer cells,
wherein the use comprises to provide a growth of cancer cells; and to contact
said cancer cells with a compound as defined above, wherein said compound is

in an amount at least partially sufficient to inhibit saild growth.
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0=030H-SOBHSHRRRO0=031HHSOBHRRRRRR32HH503HRSSSSS33

In an eléventh aspect, there ig provided the use of & compound having

the formula selscted from the group consisting of:

for the manufacture of a medicament for inhibiting growth of cancer

-

cells.

The compounds of the present disclosure may alsc be used

in combination-based <therapeutic cancer treatments

tic in a
mamnalian subject. Such methods may comprise administration
of & compound of Formala (I}, (I1y, {Xy, or {XI) in

H

combination with other adjunct cancer <therapiles, such as

16a



HH503HRSSSS 34HH503HRHHHRS35H SOBHRSSSS0=036H -

chemotherapy, radiotherapy, gene therapy, hormene therapy
and other cancer therapiss known in the art.

Any of the compounds of the present disclosure may be
contamplated for administration te the memmelian éﬁbject in
the form of a drug, prodrug or even aciive metabolite. in
the methods of treatment of thes present diéclosur&, the term
”administérirzg’" shall encompass the tTreatment of the various
conditions’ described  with the compound spacificall
disclosed or with a compound which may not be specifically
disclosed, but which converts to the specified compoundr in
vive after administration to the patient and exhibits
therapeutic activity.

Other objects, I=atures, benefits and advantages of the
present disclesure will be apparent from thig summary and the
following descriptions of certain embodimenté, and will be
readily apparent to those skilled in the eart 'having

knowledge of wvarious chemotherapeutic compounds, methods

and/or modes of operation.
BRIEF DESCRIPTION OF TEE DRAWINGS

Figure 1- shows the Estradiocl Dbicsynthetic pathway

Figure 3~ shows the efiect of NDC-1011, NDC-102Z, WDC-
1033, NDC-1044, NDC-1055 and NWDC-1066 on estrogen recepto
beta {(ER-PB) activity =as measurad by luciferase expression
(RLU = relative light units). CV-1 cells were transiectad

with two plasmid constructs, the reporter construct ERE-tk-

n

luciferase and a CMV-ER-P contruct. Transfected control
(Ctrl) CV-1 cells received no iTrezatment while gstradicl
treated cells (E2) received estradiocl added alons at 1077 ¥
(1 nM). In the case 0of WL compounds, each compound

PO
~-1



SOBHRRRRRO0=037MeHS031iSSSSS Tablel-continued H3C ,OR5 17 Ri 916 R4 R70 4R3
R20R5 RIr R2r R3, R4: independently H, Ca-C6 alkyl, substituted alkyl, Or halogen R5, R7: H, 01-06

alkyl, supstlt‘%t 90%5%51§Hlfate' or glucuronide 126: H, 01;96 alkyl, or subggt%%%o%%glm?dlfate,‘or
glucuronide, when =is'a sin le bond- not present, when = is a double bon ubstituents Spatial

Configuration Entry

respectively was either added alone at 10°° M (10 nM) (as
evident in the left column for each test compound) or at 107°
M plus 1077 M estradiol (E2) (as evident in the right column
for esach test cdmpound).

Figure 4- shows the effect of NDC-1011, NDC-1033, NDC-
1055 and NDC-106¢& on estrogen receptor alpha (ER-¢) activity
as measured by luciferase expression (RLU = relative light
units) . CV-1 cells were transfected with two plasmid
constructs, the reporter construct ERE-tk-luciferase and a
CMV-ER-t contruct. Transfected contrel (Ctrl) CV-1 cells
recelved nco treatment while estradiocl (E2) was added alone
at 1077 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 107 M plus 107 M estradiol (E2) (as evident in the
right column for each test compound}.

Figure b shows ICs growth inhibition data (in uM; for
NDC-1022 (left columns), NDRC-1033 (middle columns) and NDC-
1044 {right columns) as determined in each of the cell lines
HT-29, SK-0V-3, NCI-HZ3, MCF-7, MDA-MB-231, OVCAR-3, CAPAN-
i, CAPAN-Z, SH-5Y3Y, A-549 and PC-3.

Figure 6€é- shows numerical ICsy growth inhibiticn data
(in M) for NDC-1022, NDC-1033 and NDC-1044 as determined in
cacnn of the cell lines HT-29, SK-0V-3, NCI-HZ3, MCF-7, MDA~
MB-231, OVCAR-3, CAPARN-1, CAPAN-2, SH-8Y5Y, A-549 and PC-3.

Figure 7- shows numerical ICsy growth inhibition data
{in HM) for Compound 1 (NDC~1022), Compcund 2 (NDC-116%) and
Compound 3  (NDC-1187) as determined in each of the cell
lines HT-Z29, SK-0OV-3, NCI-HZ3, MCF-7, MDA-MB-231, OVCAR-3,

. CAPAN-1, CAPAN-2, SH-SY3Y, A-549, PC-3, U-87-MG and U-118-
MG,

18
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Figure 8- shows ICsy growth inhibition data {(in uM) for
NDC-10622 ( three left columns), NDC-1187 (fourth columns
from left;, NDC-1165 (fifth columns from left), and
tamoxifen controls (three right columns) as determined in
each of the cell lines HT-29, SK-0OV-3, NCI-HZ3, MCrF-7, MDA-
MB-231, OVCAR-3, CAPAN-1, CAPAN-2, SH-SY5Y, A-349, PC-3,
TY8G, U-87-MG and U-118-MG.

DETAILED DESCRIPTION OF THE INVENTION

Unless defined otherwise, all technical and scientific
termg used herein have the same meaning as 1is commonly
understood by one of skill in  the art to which this
invention belongs and shall Dbe understcod to have the
meanings described belcow. A1l publications and patents
referred to herein are incorporated by reference in their
entirety. Unless otherwise specified, & reference to a
particular compound incliudes all  such  isomeric  forms,
including racemic and other mixtures therecf. Uniess
ctherwise specified, a reference to a particular compound
also includes ionic, salt, solvate {e.g., hydrate),
protected forms, prodrugs, and other sterecoisomers thereof,
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
al., 1977, T"Pharmaceutically Acceptable Salts,"™ J. Pharm.
Sci., Vol. é6, pp. 1-19, and discussed herein.

anti-proliferative compounds of the present invention
have application in the treatment of cancer, and so the
pregent invention further provides anti-cancer agents. The
term “anti-cancer agent" as used herein, pertains to a

compound which treats, delays progression, prolongs relapse

19



SRRRRS41Me 503HSSSSS0=042Me-SO3HbRRRRO0=043 Me H5030 RR

WO 2009/149176 PCT/USZ009/046120

period of, and controls symptoms of a cancer (i.e., a
compound which is useful in the treatment of a cancer). The
anti-cancer effect may arise through cne or more mechanisms,
including but not limited to, ths regulation of c¢ell
proliferation, the inhibition of anglogenesis {(the formation

£

of new blood wvessels), the inhibition of metastasis (the
spread of a tumor from its origin), the inhibition oI
invasion (the spread of tumor cells into neighboring normal
structures), or the promotion of apoptosis (programmed cell
death}, or tumor necrosis or tumor autophagy or @ any
combinaticons thereof. |

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

The term “estrogen” as used herelin encompass steroid
like hormones that are naturally made and is able to cross
the cell membrane to exert its activity inside the cell by
binding to the estrogen receptors. Example of such compounds
include but are not limited to  estradicls, estrocls, and
esterenes.

The term "treatment," or “therapv” as used herein in
the context of treating a condition, pertains generally to
treatment and therapy of a mammalian subject, whether of a
human or a non-human animal (e.g., in veterinary
applications), in which some 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, amelioraticn of the

condition, and/or cure of the condition. Treatment as a
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prophylactic measure is also included. Treatment Iincludes
combination treatments and therapies, 1in which two or more
treatments or Lherapies are combined, for example,
sequentially or simultaneocusly. Examples of treatments and
therapies include, but are not limited to, chemotherapy (the
administration of active agents, including, e.g., drugs,
antibodies (2.g., as 1in ilmmunctherapyv), prodrugs (e.g.,
employving protecting groups inciuding vphosphoric acid
derivatives and phosphinates at suitable positions such as
position 3 or 17, other compounds used for photodynamic
therapy, GDEPT, ADEFT, etc.); surgery; radiation therapy;
and gene therapy.

The term *“stereochemical i1scmer” as used herein, refers
to isomers that differ from each other only in the way the
atoms  are orienﬁed in  space. The two  sterecisomers
rvarticularly of dmportance in the instant invention are
enantiomers and diaster@omers depending on whether or not
the two 1somers are mirror 1mages of each other. In the
praferred embodiment, the claimed formulations comprise such
compounds that isoclated, resclved and are “substantially
free of other isomsrs.”

The term "therapeuticalliy-effective amount," as used
herein, pertains to that amount of an active compound, or a
material, composition or dosage form comprising an active
compound, which is effective for producing some desired
Therapsutic effect, commensurate with a reasonable
benefit/risk ratio.

The term “"patient" raefers To animals, including
mammals, preferably humans.

The term "regilon of a patient” refers to a particular
area or portion of the patient afflicted with a

proliferative disorder, cancer or  tumor and in some
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instances to regions throughout the antire patient.
Exemplary of such regions are the pulmonary region, the
gastrointestinal region, the breast region, the renal region
as well as other bodily regions, tissues, lymphocytes,
raeceptors, organs and the like, including the vasculature
and circulatory system, and cancerousg tissue. "Region of a
patient®™ includes, for example, regions tc be treated with
the disclosed compounds and compositicons., The "region of a
patient™ is preferably internal, although it may Dbe
external.

The term "tissue® refers generally to specialized 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, blcod cor organs. The term
"tissue" alsc includes reference to an abnormal cell or a
pilurality of abnormal cells. Exemplary tissues include

‘breast tissue, including breast cells, membranous tissues,
including endothelium and epithelium, laminae, connective
tissue, including interstitial tissue, and tumors.

The term “amino alkvl” as used hereiln refers to an
alkyl group with an aminc group on it, for example, HZN-CHZ-
' H2ZN-CHZ2CHZ-, MeZNCHZ-, etc., wherein the point of
abLachment is a carbon of the &lkyl chain; and the term
“alkyl amino” as used herein refers to an amino group with
an alkyl group attached to the nitrogen atom, for example,

CH3NH-, TENH-, iPr-NH-, atc,., wherein the oint of

e

atrachment 1i1s via the nitrogen atom ¢f the amince group.

14

The Lerm “proliferative cell disorders” as used herein
refers to disorders such as tumers, primary malignant
tumors, and other hyperproliferative conditions. The terms
“primary malignant tumor{s)” and “cancer(s}” are used

interchangeably.
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Compounds

Among other things, the present invention relates to
estradiol derivatives with specific modifications at
position 6 of the B ring of the estradicl. At least one
aspect of this invention 1s directed to such compounds
having the general structure shown in Formula (IX] below:

Y
e ."‘

Ry

wherein R, Rgand.z are independently selected from the group
consisting of: H, C;-Cg alkyl, substituted alkyl, a halogen,
a halogenated alkyl, a sulfate, a glucoronide, -S5S0;NH:, -
COQHR, -CN, -CH,CN, -NHCM, -CHQ, -C00sali, -050zalkyl, -NH;, -
8H, -SCHs,-NHCO(CHs)}, CHy, —-NO;, -S5CN, =-S0s;alkyl, -RB(OH}., -
NHC {=3)CH;, and -~NHNH;, X is selected from the group
consisting of: C-C¢ alkyl, a substituted alkyl, a halcgen, a
halogenated alkyl, a glucoronide, -NH, -50:NH;, -COOH, -CN, -
CH.CN, -NHCN, -CHO, -CO0salt, -080;alkyl, -3H, -3SCHs -CH{CH:).
COCCHs, ~(CHz)~0-CHz, ~(CH2),~3-CHs, -—CHyCH, —(CHjz).~0-NHz,
(CH2) .—S=NHz, ~NH(CH:z)y CHz, -NH{CH:z), O CHs, -~NHEH{CHz}, SCHz -
NH(CHz} , CHOW-COCH, -N{(CH3):, -~ (CHz ), (NH) CH;0H, ~NHCCOH, -
(CHs) o NE-COOH, -NOz, -SCN, -S0,alkyl, -B(OH)z, —(CHz), N(CHs)~
80,~NHs, -~ {(CHz), NH-30;-NH;, -NHC(=$)CHs;, and -NHNH:;; Rs is
selected from the group consisting of: H, a C.~Cs alkyl, a
substituted alkyli, a halogen, and a halogesnated alkyl; R: and
Y are independently selected from a group consisting of: =0,
-0H, ~H, a -C:-C¢ alkyl, a substituted alkyl, a halogen, a

halogenated alkyl, a sulfate, a glucoronide, a bulky group,

23



WWWWMeSSSSSOOS4HngmmMeSRRPI?OOSSHH@WWNMeRRPFDRR56
HH glucuronide .

WO 2009/149176 PCT/USZ009/046126

a phenyl or a substituted phenyl grocup, a cyclo- or
heterocyclo group, piperidine, pypirizine, morpholine,
pyrimidine, -N(CH:),; a phosphate group, a phosphinate group,
and further wherein n 1s independent integers and can be any
number between 0-7, the ---- symbol represents either a
single or a double bond capable cf forming a keto group at
position 3 or 17; and thevwwegymbel represents any type of
bond regardless of the stereochemistry; and the respective
enantiomers, other sterecchemical isomers, hydrates,
solvates, tautomers and pharmaceutically acceptable salts of
said compounds. In an another embodiment the stereochemistry
at the C-6 carbon comprises a § or R enantiomer or

diastereomers.

In at least another aspect of the present invention,
preferred compounds having the general structure shown in

Formula (XIX) below:

wherein:

R:, Rs, R;, Ry are independently selected from the group

consisting of H, C1-Cs alkyl, substituted alkyl, and halogen;

R: is selected from the group consisting of H, C;-Ce
alkyl, a substituted alkyl, & sulfate, a glucurcnide, -CH;0H,
~CHz0CH;, -NE(CHz) 0H, -NH(CH;)},-CCOsalt, -N{CHs),, - -CHzONH:,
- {NH})CH;0HCH:, {CH;)n, NHCOOH - (CH;), NHCOOszlt, -NHCH:0H, -
NHCOOH and -NHz,
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Ry is selected from a group consisting of H, a C,-Cg
alkyl, a substituted alkyl, a sulfate a gluccronide, a bulky
group, & phenvl or a substituted phenyl group, a cyclo- or

heterccyclo group, and

Ry is selected from the group consisting of H, a Ci-Cq
alkyl, substituted alkyl, a halogen, a halogenated alkyl, a
sulfate, a glucoronide, -S0,NH;, -COOQOH, -CN, -CH;CN-, -NHCN,
~CHO, -C00 salt, , and -NH;. In an ancther embodiment Lthe
stereochemistry at the C-6 carbon comprises 2 2 or R

enantiomer or diastereomers.

Wherein the ---- symbol represents either a single or a
double bond with the proviso that when the ---- symbol is a
double bond and forms a keto group at position 3 or 17, then

nce Ry, or Ry is respectively present.

In at least another aspect of the present invention is
directed to a chemotherapeutic compound of a Formulas (I)-

(II):

’ORG
Rg f
Rs
%
Ry Ry
R
£ ORs
Formula (I) Formula {IT)

wherein R:, Rs, Rs, Ri, Rs, Rg, Ry, Ry and Ry are independently
hydroger, C; te Cg alkyl or substituted alkyl, halogen,
sulfate, or glucuronide moieties; and the -—---  symbol
represents either a single or a double bond and when the ---

~ symbol is a double bond and forms a ketc group at pogition
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3 or 17, then ne R; or Ry 1is present, respectively; the
sympol --- represent the presence or absence of & bond at
position 18; and thevwWwWsymbol represents any type of bond
regardlaess of the stereochemistry. The compounds also
embrace the enantlomers, other stereochemical 1somers,
hydrates, solvates, tautomers and pharmaceutically
acceptakle salts therect.

In an embodiment of Formula I, Rsz, Re, Rs, Ry are hydrogen
atoms, methvl or Cl; Ry, R: is hydrogen or methyl; Ri, Rs is
Ciy to about C¢ alkyl or substituted alkyl, halogen and -—----
iz a single bond corresponding to the alcohcl group. In an
another embodiment the sterecchemistry at the C-6 carbon
comprises a 8§ or R enantiomer or diastereomers.

Embodiment compounds of the present inventicon can be
used in a pharmaceutical composition. Such a composition can
comprise one or more compounds selected from those discussed
above, illustrated below or otherwise inferred herein, and
combinations  thereof, In certain embodiments, such a
composition can comprise a rharmaceutically—acceptable
carrier component, Without Iimitation, such a composition
can comprise a racemic mixture of compounds. In certain
embodiments, such a compound can be present as the 8 and R
enantiomer, preferably their isclated and purified form
which 1s substantially free of other isomers, and Rs, or Ry
can be selected from H, €1 to C¢ alkyl or substituted alkyl,
and a halogen.

The compounds of the present invention may Thave
asymmetric centers and may occur as racemate, racemic
mixture or as individual and purified diastersomers or
enantiomers such as (S)é-methyloxvmethyl (83, 98, 133, 145,
178) ~13-methyl- 7,8,9,11,12,14,15,16,17 -~decehydrocylopenta
[a] phenantherene-3, 17-diocl; (Ryé-methvlioxymethyl (88, 9%,
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138, 148, 17R) -13-methyl~ 7,8,9,11,12,14,15,16,17 -
decehydrocylopenta [alphenantherene-3, 17-diol; (R) 6~
methyloxymethyl (8R, 98, 13R, 143, 178} ~13-methyl-
7,8,9,11,12,14,15,16,17~decehydrocylopentalalphenantherene-
3,17-diol (NDC-1022); (S)6-methyloxymethyl (8K, 9%, 13R, 148§,
17R)  =13-methyl- 7,8,9,11,12,14,15,16, 17-decehydrocylopenta
[a] phenanthersne-3, 17-dicl (NDC-1033). (BR, B8R, 95, 10R,
135, 148)-6-{methoxymethyl}-10,13-dimethyl-7, 8, %, 10, 11,
12, i3, i4, 15, l6~decahydro-3 H-cyclopenta [a]
phenanthrene-3,17(6H)dione  (NDC-1CG11)}; (6R, @8R, 95, 10R,
138, 148)-17-hydroxy-6— (methoxymethyl)-10,13-dimethyl~6, 7,
8, 9, 10, 11, iz, 13, 14, 15, 16, 1i7-decdecahydro-3H-
cyclopentalalphenanthrene-3-~one (NDC-1044); (6R, BR, 98, 138,
148) -6~ (hydroxymethyl}-13-methyl-7, 8, %, 1i, 12, 13, 14,
15,‘ 146, 17-decahydro-6H-cyclopentalal phenanthrene-3, 17-
diol (WNDC-105%); (68, B8R, 98, 133, 14S8)-6-{(hydroxymethyl)~
13-methyl-7,8,9,11,12,13,14,15,16,17-decahydro-6H-

cyclopent [alphenanthrense-3, 17-dicl (NDC-1066) ;

{65,8R,98,10R, 138, 148) -6~ {(methoxymethyl}-10,13-dimethyl~
7,8,9,10,11,12,13,14,15,1l¢c~decahydro-3H
cyclopentalalphenanthrena-3,17(6H) -dicne (NDC~1077); (63, &R,
95, 135, 14%)-3-hydroxy-6- (methoxymethyl)-13-methyl-7, 8, 9,
11, 12, 13, 15, 16-octahydro-gH-cyclopentalalphenanthren-
17(148)~one (NDC-1088); (6R, B8R, 95,138,143)~3-hydroxy—6-
(methoxymethyl)~13-methyl-7,8,9,11,12,13,15, l6~octahydro-6l-
cyclopentalalphenanthren-17 (14H) ~one (NDC-1099); (65, 8R, 98,
10R, 138, 148)-17-hvdroxy-6-(methoxymethyl)}-10, 13~dimethyl-
&, 7, 8, S, 10, 131, iz, 13, 14, 15, 16, 17-dodecahydro-3H-
cyclopentalalphenanthrene-3, 17-diol(NDC-1110); {(6R, B8R, 93,
10R, 138, 148)-6-{(methoxymethyl)-10, 132, dimethyl -4, 3, &,
7, &, 9, 11, 12, 13, 14, 15, 16, 17- tetradecahydrc-3H-
cyclopentalalphenanthrene-3, 17-dicl(NDC-1121); (65, B8R, 95,
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10R, 138, 148)-6-{(methoxymethyl)-10C, lSwdimethyi—4, 5, &, 7,
8, 9, 10, 11, 1z, 13, 14, 15, 16, 17~ tetradecahydro-3H-
cyclopentalalphenanthrene-3, 17-dicl (NDC-1132); {6R, BR,
95,10R,138,1438) -6~ (methoxymethyl) 10, 13dimethylhexadecahydro-
1H-cyclepentalalphenanthrene~3, 17-diol (NDC-1165); (6R, S8R,
g3, 1358, 148)-3-hydroxy-6-{methoxymethyl)-13-methyl-7, &, 9,
11, 12, 13, 14, 15, 148, 17, -decahydro-6H-cyclopentalal~-17-
vl stearatse (NDC-1176); (6R, 8r, 55, 138, 148) -6~
(aminooxymethyl)-13-methyl-7, 8, 9, 1%, 12, 13, 14, 13, 16,
17-decahydro-6H-cyclopentaalphenanthrene-3, 17,-dicl (NDC-
1187y (6R, 8R, 98, 135, 14%)-é-methoxy-i13-methyli-7, 8, 9,
11, 12, 13, 14, 15, 1¢, 17-decahydro-6H-
cyclopentalalphenanthrena-3, 17-diol (NBC-1198).

An embodiment of the present invention pertains to the
preparaticn of the R or S enantiomers, R or 5 diastereomers
of 6 substituted estradiols. Methods for the preparation
(&.9., asymmetric gynthesis) and separation {e.qg.,
fractional crystallization and chromatographic means) of
such isomeric forms are either generally known in the art or
are readily obtained by adapting the methods taught herein.
One such methodologies are described in the c¢o-pending U.S.
application SN 11/541,987, the teachings of which are

herein incorporated in its entirety.

Another embodiment of present inventicon pertalns tcec a
methoed for preparing a 6-hydroxymethyl, 6-methyloxymethyl,
b-aminomethoxy, 6—methylaminomethoxy or H-methoxryamine
derivatives of estradicol. A reacticon scheme for preparing
estradicl derivatives is given bhelow, Schemes 1-3. Such
methods can comprise reaction of t-butyldimethylsilyl
derivative of estradiol with LIDAKOR/THF/formeldehyde to
obtain a &-hydroxylated compound followed by such steps as:

(it  hydrolysis to obtain 6-hydroxymethyl derivative of
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estradiol, NDC-1066; and/or (1i)treatment with
dimethylsulfate followed by  hydrolysis to obtain 6-
methyloxymethyl derivative of estradiol, NDC-1033. NDC-10886
can be obtained by further oxidation of NDC-1033 at the C-17

hydroxyl position.

In an alternative approach, the compounds of the
present invention can also be prepared by a method
comprising such steps as: {1} protecting an estrodial
compound, (ii) acylating the protected estradicl compound at
the benzylic 6-position with LIDAXOR/Butyl-~
Lithium/Diisopropylamine/potassium tert-amylate, (141
reducing the position 6 aldehyde with lithium aluminum
hydride, {iv) deprotecting the protected regions of the
estradiol compound. A  reaction scheme for preparing

estradiocl derivatives is given below in Scheme 2.

The compounds of the present inventicn can be
synthesized by the following methods as depicted in the

schemes below:
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another aspect ot the invention, inventors illustrate the compounds of the present invention in table Il
below: Table I H3C OR5 R3 OR5

Scheme 1 - Preparing compounds of the instant invention.
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RI, R2, R, R4: independently H, CI-05 alkyl, substituted alkyl, or halogen R5: H, CI-C6 alkyl,
_Substituted alkyl, sulfate, or glucuro de R4: H, 01-Ce alkyl, or substituted alkyl, sulfate, or glucuronide,

H, CI-C4 alk I s b tifuted alkyl, when H-H-H is a single bond; not pre éﬁ}i -=- is a double
bond Substi uen l%Conflguratlon Entry R5 R6 C-6 C-8 C-9 C-10 Cﬁ(%%’F %?%911270 73HHSSS

SSS74HHSRRHRRR

Scheme 2- Alternative methods for preparing the compcunds of

the invention.
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Varicus methyloxvalkyl derivatives, 1in accordance with
this invention, involve selection of alkylating agents.

Such derivatives would be understood by those skilled in
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art made aware of this invention, and is availablile through
synthetic procedures of the sort described  herein..
Aocordingly, without limitation, wvarious C. to Cs alkyl and
substituted alkyl (e.g., C: to C¢ linear, substituted linear,
branched and substituted branched alkyl, such substituents
as would be understood in the art) reagents can be used as
described herein to prepare the corresponding methyloxyalkyl
derivatives.

In another aspect of this invention, methods of making
f—-amino derivatives of the estradiol are disclosed in
reaction schemes below. Accordingly, 6-methoxylated
eastradicls descrikbed 4in  Schemes 1-2 are employed and

converted to their respective amino derivatives.

Scheme 3-Methods of making é-aminc derivatives of estradicl:

Hyvdrazine

80%

NIDC-1022 1
3
Exact Mass: 316.26G Exact Mass: 400.22 Exact Mags: 386.21 Exact Mass: 531.23
Mol Wi.: 316.43 Mol. Wi 400.51 Mol, Wt 386,48 Mot Wit 531.60

N32CO3I'NBOH
+
60%
)
HoN
4 ia NDC-1187
Exact Mass: 40122 Exact Mass: 359.21 Exact Mags: 31720
Mol Wt 401.50 Mol. Wt.; 359.46 Mol Wt 317.42
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Methods of Use

The present invention relates to a methoed of treating
cancer in a mammalian subiect {(e.g., a human patient). In
this aspect of the invention, methods are provided for
inhibiting tumcr or cancerous cell growth. In such a
methed, the cells are exposed to or contacted with a

<

compound of Formula (IX) or pharmacsutically acceptable
salts or hvdrates therecf having the general structure shown

in Formula (IX) below:

Ry

R, #

wherein Ry, Ez Ri, Rg, ¥, X and 2 are as described above, and
further wherein n and m are independent integers and can be
any number between 0-7, the ---- symbol represents either a
single or a double kond capable of forming a keto group at
position 3 or 17; and the"™wWwwgymbol represents any type of
bond regardless of the sterecchemistry; and the respective
enantiomers, other stereochemical isomers, hvdrates,
golvates, tautomers and pharmaceutically acceptakble saits of

sald compounds.

In another aspect of the present invention methods of
using the compounds having the general structure shown in

Formula (XIX) below:



SSR82HHRRRHRS Table Il H3C OR6 R4 ORS5 R,R35 Hy independently H, Chi-C6 alkyl,
substituted alkyl, or halogen H5: H, C1-05 alkyl, substituted alkyl, sulfate, or glucuron de R8 H, 0I-C6
alkyl, or substituted alkyl sulfate or glucuronide, R8 H, 01-06 alkyl, or su¥p }H%E %k 2(\/vhen =isa
single bond%%tzprésen whenis a double bond Subst tuent Spatial Contiguration ry R5 R6 C-6C-8
1C-9C-10C13C-14

wherein: Ry, Rz, Rs, Rsy Ry, Rg

., Ry are as described above, and
the ---- symbol represents either a single or a double bond
with the provisc that when the ---- symbol is a double bond
and forms a keto group at position 3 or 17, then no Ry or Esg

18 respectively present.

In at least another aspect of the present invention,
effective doses of compounds having Formulas (I)-(3II) are

administered to the patlents in need of such therapy:

,ORS
R /
R.
2
R, Ry
R
2 “ORy
Formula (I} Formula (I1)

wherein Ry, R:, Rsi, Ri Rs, Rg, R7, R and Ry are as described
above; and the ---~ symbol represents either a single or a
double bond and when the ---—- gymbol is a double bond and
forms a keto group at position 3 or 17, then no Ry or Rs is
present, respectively; the symbol --- represent the presence
or absence of a bond at position 10; and the¥wwwgsymbol

<=

represents any type of bond regardless of the
stereochemistry.
These methods may be used Lo treat any tumer which may

be either directly or indirectly effected by hormonal and/or
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estrogen-related activity, including but not in any way
limited to solid tumors associated with breast, pancreatic,
lung, colon, prostate, ovarian cancers, as well as brain,
liver, spleen, kidney, lymph ncde, small intestine, blood
cells, bone, stomach, endometrium, testicular, ovary,
central nervous system, skin, head and neck, esophagus, or
bone marrow cancer; as well as hematological cancers, such
as leukemia, acute promyelocytic leukemia, lymphomna,
multiple myeloma, myelodysplasia, myeloprolliferative
disease, or refractory anemia.

Among other things, the inventcr of the present
invention offer a new mode of action for treating estrogen
dependent or  independent tumors. Traditional approach
emploved drugs once bound toe the ERs modified the ERsS
configuration  te the extent that in effect rendered them
destroved. Accordingly, destruction of such bound ERs would
cease transmission of all external and internal signals
essential Ffor wvitality of the cells; creating a stop in
cellular growth.

It is believed that the presently disclesed compounds
are able to bind to number of receptors including the
estrogen, testosterone and androgen receptors. The inventor
has unexpectedly observed that upon binding, the compounds
of the present invention are able to modulate the cellular
first or second messenger signaling pathways and further
potentiate their clinical effects through gene dependent or
gene independent mechanisms, e.g. gene dependent estrogen
activity has been well described in the art and those of
ordinary skill in the art ars able to ascertain the pathways
invelved inactivation of a estrogen dependent gene.

However, in the present invention, the inventor has

unexpectedly found that the compounds of the claimed
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invention are able to modulate cellular activity at a level
independent of the traditional gene regulated mechanisms. In
thig aspect of the invention, the compounds of the instant
invention are capable of Dbinding directly to multiple
steroid receptors at the plasma membrane and triggsr
internal cell mediated stress mechanisms involving the
unfolded protein response {“UPR"} at the endoplasmic
reticulum. The UPR stress response subsecguently lead to
growth inhibition, and cell death through modulation of
stress response genes such as CHOP also known as GADDLS3,
TRIRB3, etc.

In addition, administration of +the compounds ¢f the
present invention for treatment of wvarious cancer states may
comprise administration of & compound of Formuia (1) in
combilination with other adjuncﬁh cancer theraples, such as
chemotherapy, radictherapy, gene therapy, hormone therapy
and other cancer therapiles known in the art. Combinations
of the presently disclosed compounds with other anti-cancer
or chemotherapeutic agents are within the scope oI the
invention. Examples of such agents can be found In Cancer
Principles and Practice of COncology by V. T. Devita and S.
Hellman (editors), 6 edition (Feb. 15, 2001), Lippincott
Williams & Wilkins Publishers. A physician, veterinarian or
ciinician of ordinary skill in the art would be able to
digcern which combinations of agents would be useful based
on the particular characteristics of the drugs and the
cancer involved. Such anti-cancer agents inciude the
following: estrogen receptor modulators, androgen receptor
modulators, retinold receptor modulators, cytotoxic agents,
anti-proliferative agents, prenyl-protein transferases

inhibitors, HMG-CcA reductase inhibitors, EHV protease
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inhibitors, reverse transcriptase inhibitors, aromatasge

inhibitors, and angiogenesis inhibitors.

Exemplified Compounds

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

below:

Ry, Rz, Ra, Ri: independently H, C.;-C; alkyl, substituted alkyl, or
halogen R:, Rs: H, C:-Cg alkyl, substituted alkyl, sulfate, or

glucuronide

Rg: H, C3-C¢ alkyl, or substituted alkyl, sulfate, or glucuronide,

when = is a gingle bond; not present, when = is a double bond

Substituents Spatial Configuration

Entry | Rs Re R, | C-6 C—8 c-9 ¢-13 | C-14 | ¢~17
i H H H 3 S 5 S S S
Z H E H 5 R R 24 R R
3 H E B S S S 5 S R
4 E H H 3 R R 24 R S
5 H - H S S s 5 s C=0
6 H - H 3 R R R R C=0
7 H H H R R R R R R
8 H H H R 5 S S 5 5
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Table I-continued

R:i, Ry, Rs, Ry: independentliy H, C;-C; alkyl, substituted alkyl, or
halogen Rs, Rs: H, C;~Cs alkyl, substituted alkyl, sulfate, or

glucuronide

Rs: H, C;-C; alkyl, or substituted alkyl, sulfate, or glucuronide,

when === is a single bond; not present, when === 13z a double bond

Substituents Spatial Configuration

Entry | Rs Re R Cc~6 | C—8 c~9 C-13 C-14 c-17
9 H H H R S S 5 5 R
10 H H H R R R R R S
11 H - H R S S S S C=0
12 H ~ H R K R R R C=0
13 Me E H S S s S S S
14 Me H H S R R R R R
15* Me H H S R 5 R 5 R
16 Me H H S R R R R 5
17 Me - H S 5 S ) 3 C=0
18 Me - H S R R R R C=0
19 Me H H R 23 R R R R
20 * Me H H R R S R 5 R
21 Mea H H R S S S S R
27 Me H H R R R 24 R 3
23 Me - H R S ] s 3 C=0
24 Me - H K JaS R R R C=0
25 H H S504H 5 5 5 5 5 ]
26 H 51 SCsH 5 R b R R R
27 H H SOsH S ] S S 5 R
Z8 H H 80:H g R R R R s
29 H - S0qH S S S S 5 C=0
30 H - S0sH S R R R R C=0
31 H H S0:H R R R R R R
32 H H S0=H R S S S 3 3
33 H H 50:H R S S S 8 R
34 H H 50:H R R R R R 3
35 H - S04H R S S S S C=0
36 - S05H R R R R R C=0
37 Me H S0<H ) S S S S 5

2
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Takhle I-continued

R., R;, Rs;, R,: independently H, C;-C; alkyl, substituted alkyl, or

halogen Rs, Ry: H, C,~C:; alkyl, substituted alkyl, sulfate, or

glucuronide

Rs: H, C;-Cs alkyvl, or substituted alkyl, sulfate, or glucuronide,

when == is & gingle bond; not present, when = is a double bond

Substituents Spatial Configuration
Entry | Rs | R Ry c-6 [ Cc-8 | C-9 [ c-13 | C-14 | C~17

38 Me H 5CsH 3 R R R R R
39 Me H S0:H 3 ) 5 5 5 R
490 Me H SC3H S R R R R S
41 Me - SOaH 5 5 3 b 5 C=0
42 Me - SOsH 3 R R R R C=0
43 Me H S0:H R 2l ® R R R
44 Me H 50,H R 3 5 S 5 S
45 Me E S0:H R S5 5 S 5 R
46 Me H 503H R R R R R 5
47 Me - SCsH E 3 S S S C=0
48 Me - S50sH R R R R R C=0
49 H B glucurcnide 5 S 3 3 3 3
50 H H giucuronide S R R = R R
51 H H glucuronide S S 3 5 S R
52 H H glucuronide S R R R R 3
53 H - glucurcnide 5 5 3 5 5 C=0
54 H - glucuronide g R R =3 R O=0
55 H H glucuronide R K R R R R
56 H H glucuronide R 3 S S S S
el H H glucuronide R S S S = R
58 H H glucuronide R R R jad R 5
59 H - glucuronide R 3 s 3 S C=0)
60 H — glucuronide R R R R R C=0
61 Me E glucuronide S 3 S S ] S
62 Me H glucuronide 8 R R R R R
63 Me H gluacurcnide 5 3 3 S S R
64 Me B glucurcnide 5 R = R R 3
65 Me - glucurcnide S 3 3 3 3 C=0
66 Me - glucureonide ) R R R R C=0
57 Me H glucuronide R R R R R R

[ F8)
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Substituents Spatial Configuration

Entry | Rs Re Ry c-6 | C-8 : C-9 | C-13 | C-14 C-17
68 Me H glucuronide R 3 S S 5 3
69 Me H glucuronide R 3 3 5 S R
70 Me H glucurocnide R R R R R S
71 Me - glucuronide R S S 3 3 C=0
72 Me - glucuronide R R R R R C=0

* NDC-1033; ** NDC-1022

The preferred compounds in Table I include compounds 15 and
20. At least one aspect of the instant invention is directed
to these preferred compound, their methed of use and making.
In at least another aspect of the invention, inventors
iilustrate the compounds of the present invention in table

IT helow:

Table IT

Ry, Ry, Ry, Ry: independently H, C;-C; alkyl, substituted alkyl, or
halogen Rg: H, C:~Cg alkyl, substituted alkyl, sulfate, or glucurcnide
Re¢: B, C;-Cs alkyl, or substituted alkyl, sulfate, or glucurocnide,

Rg: H, C;-Cq alkyl, or substituted alkyl,

when == isg a single bond; not present, when == 1ig & double bond
Substituent Spatial Configuration

Entry Rs Reg C-6 c-8 | C-9 C-10 C-13 C-14 C-~17
73 H H S S S R S S 3
74 H H 5 R R I R R R
75 H H s 3 S I 5 S R
76 H H S R R I3 R R S
77 H - S S 3 R 3 S C=0
78 H - 5 R R R R R C=0
79 H H R R R R R R R
80 H H R 3 S R S S S
g1 H H R S ] R 5 S R
g2 H H R R R R R R : S
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Ry, Rs, Ra, R.: independently H, C.-C; alkyl, substituted alkyl, or
halogen Rg: H, C;—-C¢ alkyl, substituted alkyl, sulfate, cr glucuronide
Re: H, C,~Cs alkyl, or substituted alkyl, sulfate, or glucurcnide,’
Rg: H, C:~C¢ alkyl, or substituted alkyl,

when == 1g a single bond; not present, when == is a double bond
Substituent Spatial Configuration
Entry Ry Rg C~6 c-8 i C-9 C-10 Cc-13 Cc-14 Cc-17
83 H - R 5 S R S S Ce=(
24 B - R R R R R R - C=0
85 Me H 5 3 S K > S S
86 Me H 3 R R E R R R
g7 Me H S 5 S R S S R
g8 Me H S R R R R K S
go* Me - S R S KR R S C=0
Q0** Me -~ R R 5 K R 5 C=0
91 Me H R R R R R R R
92 Me H S 5 5 R S S S
93 Me H 2] R R R R R R
94 Me H S S S R 5 5 R
95 Me H S R E R R R S
946 Me - R R 5 - R S C=0
97 Me - S R R R R R C=0
ggH** Me 31 5 R S R R 3 ‘R
99 Me H R 3 S R 5 3 3
100 Me H R 5 5 3 S S R
101 Me H R R R S R R 3
102 Me - R S 3 R 5 S C=0
103 Me — R R R R R R C=0)
104 H H S S S R S S S
105 H H 3 R R R R R R
106 H H 3 S S E S 5 R
107 H H S R R R R R =
108 H - ] S S R S S C=0
108 H - ] R R R R R C=0)
110 H ] R R R . R R R R
111 . H 33 R S S R S S 5
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Takble Il-Continued
R;, Rs, Rz, R,: independently H, C-C: alkyl, substituted alkvl, or
halogen R;: H, C,-C; alkyl, substituted alkyl, sulfate, or glucuronide
Rgs: H, C;-Cq alkyvl, or substituted alkyl, sulfate, or glucuronide,
Reg: H, C;-Ce alkyl, or substituted alkyl,
when —= ig a single bond; not present, when = is a double bond
Substituent Spatial Configuration

Entry R; R, C-6 C-8 c~-9 | C-10 : C-13 | ¢-14 | C-17
112 H H R ] 3 R 5 5 R
113 H H R R R R R R S
114 H - R 3 3 R S S C=0
115 H = R R K R R R C=0
116 Me H S 3 5 R S S 3
117 Mes H- S R R R R R R
118 Me H S 3 3 a8 S S R
119 Me H 3 R R R R R 3
120 Me - 3 3 3 5 = S C=0
121 Me - S R R R R K C=0
122 Me H R R R R R R R
123 Me H R 5 3 R 3 3 3
124 Me H R 3 5 S 3 S R
125 Me H R R R S R K 5
126 Me - R 5 s R 3 3 C=0
127 Me - R R R R R ® C=0

128 wwwx Me H R R S R R S R
* NDRC-1077, when Ry is a methyl; ** WDC-1011, when Rg is a methyl; ***

NDC-1110, when

Ry is a methyvl;

FEEA NDC-1044, when Ry is a methvli.

The preferred compounds in Table II include compounds
89, 90, 98, and 128. At least one aspect of the instant
invention 1s directed to these preferred compcund, their

method of use and making.




RHHR111 HRJSS S S S Table lI-Continued Ref Re, Ref R4: independently H, CI-O, alkyl,
substituted alkyl, or halogen Re; H, Ce-Ce alkyl, substituted alkyl, sulfate, or glucuronide Re: H, C1-06

alkyl, or substltuted alk Iésulfate or glucuronide, Re: H, 01-05 alkyl, or sy i%lé J@ When =isa
single bond; ot bre presen when = is a double bond Substituent Spatial Configuration ntry R6 R6

C-61C-8 C-9 C-10

One specific non-limiting example for treatment of an
identified cancer state as described herein includes use a

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

OH
HaG OH HsG
:\H
OCHg
(IX) A— NDC -1033 (IX) B~ NDC - 1022

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

(X) - NDC -1066 (¥) B- NDC -1055
In at least another aspect of the invention, inventors

illustratse the compounds of the present invention in tabkle

I1 below:
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Table IT1I

R, X

Ri, Rz Ri, Ry: independently H, C;-Cs; alkyl, substituted alkyl, or

halogen and = is a single or double bond; not present.
Entry X Z Y C-6 C-17
129 CH.OH OH OH S S
130 CH,OH OH OH 5 R
131 CH,0OH OH Ot R R
132 CH;OH OH OH R S
133 CH,ONH, OH OH 5 S
134 CHLONH, OH O 8 R
135 CH,ONH, OH OH R R
136 CH,ONH, OH OH R 5
137 CH,ONHMe OH OH S 5
138 CH.ONHMe 85! OH S R
139 CH,ONHMe O OH R R
140 CH,ONHMe OH OH R S
141 CH,ONMe, OH OH S S
142 CH,ONMe, 815 OH 5 R
143 CHONMe, OH OH R R
144 CH,ONMe, OH OH R S
145 CH;ONHAc OH OH § 5
146 CH,ONHAc OH OH S R
147 CH,ONHAc OH OH R R
148 CH,ONHAc OH OH R S
149 {H,NH, OH OF S S
150 CH,NH, OH OH o R
151 CH,NH, OH OH R R
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Tazble III

Ry, Rz, Rz, Ry: independently E, C,~-C; alkyl, substituted alkvl, or

halogen and == is a single or double bond; not present.
Entry X Z Y C-6 C-17
152 CH,NH, OH OH R S
153 CH,NHMe OH OH ) S
154 CH;NHMe OH OH S R
155 CH,NHMe OH OH R R
156 CH,NHMe OH OH R S
157 CH;NMe, OH OH 5 5
158 CH,NMe, OH OH S R
159 CH,NMe, OH OH R R
160 CH-NMe, OH OH R S
161 CH,NHAc OH OH S S
162 CH,NHAc OH OH S R
163 CH,NHAc OH OH R R
164 CHNHAc OH OH R S
165 CH,NHOH OH OH 5 5
166 CH-NHOH OH OH S R
167 CH.NHOH OH OH R R
168 CH,NHOH OH OH R N
169 CH-NHOMe OH OH ) S
170 CH,NHOMe OH OH S R
171 CH-NHOMe OH OH R R
172 CH;NHOMe OH OH R S
173 CH;NHNH, OH OH 5 5
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Entry X 7 Y C-6 C-17
174 CHNHNH, OH OH S R
175 CHNHNH, OH OH R R
176 CHNHNH, OH OH R S
177 CH,NHNHMe OH OH 5 S
178 CH,NHNHMe OH OH ) R
179 CH,NINHMe OH OH R R
180 CH,NHNHMe OH OH R S
181 CH,NHNMe, OH OH S S
182 CH>NHNMe- O OH S R
183 CH;NHNMe, OH OH R R
184 CH;NHNMe, OH OH R S

© 185 CHNHNHACc on OH 8 S
186 CH,NHNHACc OH OH 5 R
187 CHNHNHAC O OH R R
188 CHNHNHAC oH O R S
189 CH,N(Me3NH,; OH OH 5 S
190 CH,N{MeNH; OH OH 5 R
191 CHN{MeINIT, OH O R R
192 CH,N(MeINH,; OH OH R S
193 CH,N(Me)NHMe | OH OH S S
194 CH,N{M=)NHMe OH OH S R
195 CHaN{(Me)NHMe OH OH R R
196 CH:N(Me)NHMe | OH OH R )
197 CH.N(Me)NHAC O OH S S
198 CHoN(Me)NHAC CH O S, R
199 CH.N(Me)NHaAc OH OH R R
200 CH-N(Me)NHA¢ oH OH R S
201 OCH,NH; O OH S 5
202 OCH-NH, OH OH. 5 R
203 OCH,NH, QH OH R R
204 OCH,NHy O OH R S
205 OCH,NHMe OH OH 3 S
206 OCH,NHMe OH OH 8 R
207 OCH,NHMe OH QH R R
208 OCH;NHMe OH OF R 5
200 OCH,NHAc OH QOH S S
210 OCH;NHAc OH OH 5 R
211 OCH,INHAC OH OH R R
212 OCH,NHAc OH OH R 5
213 NHCH.OH OH OH S )
214 NHCHOH OH QH S R
215 NHCH,0H OH QH R R
216 NHCH,OH OH OH R S
217 NHCH,OMe OH OH S S
218 NHCH,OMe OH QH S R
219 NHCH,OMe OH OH R R
220 NHCH,OMe OH OH R N
221 NHCH,0Ac OH OH S S
222 NHCH,OAc OH OH 5 R
223 NHCH,0Ae OH OH R R
224 NHCH,OAc OH OH R 5
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Eniry X Z Y C-6 C-17
225 NHCH.NH- OH OH
226 NHCH,NH, OH OH
227 NHCH,NH, OH QI
228 NHCH.NH, OH OH

226 NHCH,NHMe OH OH
230 NHCH,NHMe OH OH
231 NHCH,NHMe OH OH
232 NHCH,NHMe OH OH

233 NHCH,;NMe; OH OH
234 NHCH;NMe, OH OH
235 NHCH,NMe, OH OH
236 NHCH,NMe; OH OH

237 NHCH,NHAc OH OH
238 NHCH,NHAc OH OH
239 NHCH,NHAc OH OH
240 NHCH,NHAc OH OH
241 N(Me)CH,OH OH OH
242 N(Me)CH,OH OH OH
243 N{Me)CILOH OH OH
D44 N{Me)CHL,0H o OH
245 | N(Mo)CH,OMe | OH OH
246 | N(Me)CH,OMe | OH on
247 | N(Me)CH.OMe | OH on
248 | N(Me)CILOMe | OH on
249 | N(Me)CH,OAc | OH Ol
250 | N(Me)CH,0Ac | OH o
251 N(MeyCILOAc | OH Ol
252 | N(Me)CH,0Ac | OH OH
253 N(Me)CILNH, | OH oH
254 | N(Me)CILNH, | OH OH
255 N(Me)CH,NH, | OH Ol
256 N(Me)CH.NH, | OH OH
257 | N(Me)CILNIMe | OH OH
258 | N(Me)CIL,NHMe | OH oH
259 | N(Me)CH,NHMe | O OH
260 | N(Me)CH,NHMe | Ol OH
261 | N(Me)CH,NMe, | Ol Ol
262 | N(Me)CH,NMe, | OIL OH
263 | N(Me)CH,NMe; | OIL OH
264 | N(Me)CH.NMe, | OH OH
265 | N(Me)CH.NHAc | OH OH
266 | N(Me)CH,NHAc | OH OH
267 | N(Me)CH,NHAc | OH OH
265 | N(Me)CH,NHAc | OH OH

’;::mmm';u;ﬂmwmWmmwwmmwwcnm;'a;vmmmmmmmmmmpcmmmmwmm;o*;\jmm
mWmmmwzmmm;ﬂmm:ﬁmwmemmWWmm%mmcn,"d';:ammw’;ﬁmm’zjwmmw?;ﬁm

The above active compounds may also be used as part of
an in vitro assay, for example, in order to determine
whether a candidate host is likely to benefit from treatment

with the compound in gusstiocn. hny active compound of the
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present invention may also be used as a standard, ZIfor
example, 1in an assay, in order to identilfy other active
compounds, other antli-preliferative agents, other anti-
inflammatory agents, etc.

At least 1n one aspect of the instant invention, the
candidate compounds were evaluated for thelr estrogen
receptor antagonistic activity. The evaluation as to whether
a compound 1is an estrogen receptor antagonist may be carried
cut by varicus methodologies known 1n the art. In the
instant applicaticn, such capacity was determined by
conducting the Luciferase binding assay according to the
screening methods described herein.

In a more preferred embodiment of this aspect of the
invention, the estrogen receptor binding capacity were
assessead by  transiently transfecting CV-1 <¢ells with
expression constructs for either ER{x) or ER () plus an
EREmtk—iuciferase reporter construct. The <cells were then
divided inte controls and candidate groups wherein the
controls received no treatment, or were treated with
estradicl alone (1 nM) and the candidate groups recelved
estradiol plus an Endece compound at varying concentrations.
After 16-24 hours the cells were harvested and assaved for
luciferase activity using a commercially availlable assay
ki,

In yet another aspect of the instant invention, the ICs
or the haif maximal inhibitory concentration of the
candidate compounds were determined to assess drug potency
and pectential dosing regimens for in vivo use. One of
ordinary skill in the art is readily able to ascertain such
information using commonly known methodologies. As 1t has
been well described in the art, IC;; represents and measures

how much of a particular substance/molecule is needed to
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NDC-1110, when Re is a methyl; *** NDC-1044, when Re is a methyl. The preferred compounds
in Table Il include compounds 89, 90, 98, and 128. At least one aspect of the instant invention is
directed to tWé%éOB%fgﬁgd compound, their method of use and making. pCY/ Eﬁ%%{%/sg’éﬁ?c non-limiting
example for treatment of an identified cancer state as described herein includes use a compound of
Formula (1), which has the Formula (1X) below: (IX) A- NDC -1033(1X) B- NDC - 1022 Another
specific non-limiting example for treatment of an identified cancer state as described herein includes

use a compoynq pf Foumpla () whigh has the Farguwia, (), helow, (X),A- NOC 51066008~ NDC

-1055 In at least another aspect of the invention, inventors illustrate the compounds of the present
invention in tdle A%elod# Table MENHIRYS *TRPRIRZ XH3E h 2 ABEITHA frdependeéfitly H, 01-C6

alkyl, substituted alikyl..or;halogen and sis @singlerdoubhle bend ot present EntryX:£d C-6 C-17
129 CH20H
vehicle control cells,

As noted herein, the salts of the compounds of this
invention refer to non-toxic "pharmaceutically acceptable
galts."” Other salts may, however,. be useful in  the
preparation of the compounds according to the invention or
of their pharmaceutically acceptable salts. When  the
compounds of the present invention contain a basic group,
salts encompassed within the term "oharmaceutically
acceptable salts" refer to non-toxic salts which are
generally prepared by reacting the free base with a suitabie
organic or inorganic acid. Representative salts include any
such salt'known in the art. Where compounds of the present
invention carry an acidic moiety, sultable pharmaceutically
acceptable. salts thereof may include alkali metal salts,
2.9., sodium or peotassium salts; alkaline carth metal salts,
e.g., calcium or magnesium salts; and salts formed with
suitable organic ligands, e.g., guaternary ammonium salts.

To treat a mammalian subiject, such as a human patient,
an effective amount of one or more compcounds of the present
invention, or a pharmaceutically-acceptable selt thereof, 1s
admiﬂistered to the mammalian subject so as to promote
exposure to or contact of cancer cells or the targeted tumor
growth. Effective dosage forms, modes of administration and
dosage amounts may be determined empirically, and making
such determinations is within the skill of the art. It 1is
understood by the physician, wveterinarian or clinician cof
ordinary skill in the art that the dosage amcunt will vary
with the activity of the particular compound employed,

course and/or progression of the disease state, the route of
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administration, the rate of excretion of the compound, renal
and hepatic function of the patient, the duration of the
Treatment, the identity of any other drugs being
administered to the subject, age, size and like factors well
known in the medical arts. As discussed Therein, the
compounds of the present invention can ke administered in
such oral dosage forms as tablets, -capsules (each c¢f which
includes sustzined release or timed release formulationsy),
pills, powders, micronized compesitions, granules, elixirs,
tinctures, suspensions, syrups and emulsions. Likewise, they
may also be administersd in intravenous (bolus or infusion),
intraperitoneal, topilcal e.qg., ocular evedropl,
subcutaneous, Iintramuscular o©r transdermal (e.g., patch)
form, all using forms well known to those of ordinary skill
in the pharmaceutical arts. Again, the ordinarily skilled
physician, wveterinarian or c¢linician can readily determine
and prescribe the effective amount of the drug reguired to
prevent, counter or arrest the progress of the condition.
Oral dosages of the present invention, when ussed for
the indicated effects, will range betwesen about 0.01 mg per
kg of Dbody welght per day {mg/kg/dav) to abcut 100
mg/kg/day, preferably 0.01 to 10 wmg/kg/day, and most
preferably 0.1 to 5.0 mg/kg/day. For oral administration,
the compeositions are preferably provided in the form of
takblets containing 0.0L, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0,
10.0, 15.0, 25.0, 50.0, 100 and 500 milligrams of the active
ingredient for the sgymptcmatic adiustment of the dosage to
the patient to be trested. A nmedicament typically contains
from about 0.01 mg te about 500 mg of the active ingredient,
preferably, from about 1 mg to about 100 mg of active
ingredient. Intravenousliy, the most preferred doses will

range from about 0.1 to about 10 mg/kg/minute during a
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constant rate infusion. Compounds of the present invention
may be administered in a single daily dose, or the total
daily dosage may be administered in divided doses of two,
three or four times daily.

As noted Therein, the compounds of the present
invention can be used in combinatlon with other anti-cancer
agents or other agents which wilill enhance the treatment
regime for . the mammalian subject. The individual components
of such combinations can be adminlistered separately at
different times during the course of therapy or concurrently
in divided or single combination forms to patients or
raegions of such patients in need of such therapy. The
instant invention is therefore to be understood as embracing
all such regimes of simultansous or alternating treatment
and the term "administering® is to be interpreted
accordingly. It will be understood that tThe scopes of
combinations of the compcunds cf this irnvention with other
agents useful to treat the targeted cancer condition
includes in principle any combination with any
pharmaceutical compositicon useful for treating disorders
related to estrogen functioning.

It may be convenient or desirable to prepare, purify,
and/cr handle the active compound in the form of a prodrug.
The term "prodrug® as used herein, pertains to a compound
which, when metabolized, vields the desired active compound
or in ditself is the active compound. This includes Zfor
example adding a phosphoric acid ester meiety in sultable
positions such as positions 3, &, 10 or 17. Typically, the
prodrug is ilnactive, or less active than the active
compound, but may provide advantageous handling,
administration, or metabolic properties. For example, some

prodrugs are ethers of the active compound; during
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metabolism the ether greoup is cleaved to yield the active
drug. Alsc, some prodrugs arg activated enzymatically to
vield the active compound, or a compound which, upon further
chemical reaction, vields the active compound. Thus, in the
methods of treatment of the present inventzion disclosed
herein, the term Tadministering® 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 to the
gpecified compound in wvivo after administration to the
patient. Metabolites of these compounds include active
species produced upon introducticn of compounds of this
invention into the mammalian subisct.

Compounds of the present invention may be prodrugs for
potent anti-preliferative agents. Compounds which éxhibit
low or moderate intrinsic activity may act as prodrugs, and
be metabolically activated {e.g., in vivo) to generaie more
potent compounds. This is especially useful 1in cancer
therapy where metabolic activation can be achieved by an
enzyme that is expressed in tumors. Prodrugs, acting as a
substrate, may be metabolized by CYP1%, 17P-HSD, HES-
demethylase or another steroidal linked enzyme to generate a
potent antili-cancer agent. The (R} or (Sy-6-methyloxoalkyl
derivatives of sexemestane suggest that it may ke active
against numerous forms of cancer beyvond breast
cancer. Activity in inhibiting tumor cell growth in cells
lines derived from breast, lung, colon, prostate,
endometrial and ovarian cancers was observed for the NDC-
1011 enantiomer. For example, in vitro studies of tumor cell
growth is the highest in cell lines that are CYPLS positive
{(MDA~MBE-213 and 8SK-0V-3} and 1s reduced in those cell lines

that are CYP19 negative (MCF-7 and NIH:0VCAR-3Z) indicates

52



S 146 CH20ONHAc OH 011 S R 147 ,CH20ONHAc OH OH R R 148 ICH20ONHAe OH OH R S 149
CH2NH2 014 011 S S 150 CH2NH2 OH OH S R 1511CH2N112

WO 2009/149176 - PCT/US2609/046120

that NDC-1011 may act as a pro-drug. See Formula (XI) and

{XTT) below for the structure of NDC-1077 and NDC-10L11.

{(XI) NDC-1077 (XTIYNDC-1011

While not bound by any theory, for example, if NDC-1011
iz a pro-drug, then any number of the body's normal
gteroidogenic enzymes should be active towards the NDC-1011
compound thereby converting NDC-1011 into the active
metabolite(s). This aspect of the invention can apply in the
same manner to both the § and the R diastereomers.

The prodrug compounds of the instant invention act in a
manner analogous to that chserved for endogenous
androstonedione, NDC-1011 is converted to an aromatic ring
by hydroxylation at the C-3 carbon of NDC-1011 wvia CYPl% to
give risze to the metabolite NDC-10929. see Figure 1 in the
Fstradiol bilosynthetic pathway wherein Androstendione is
converted to the Estrone via CYP1%. NDC-10%% could undergo
further hyvdroxylation at the (C-17 carbon wvia the reversible
action of 17B~hydroxysteroid dehvydrogenase (17B8-HSD)
resulting in the dicl compound NDC-1022.

As with Estradiol, the diol compound NDC-1022 hasg an
aromatic ring, but differs from estradiol with respect to
the methvlioxvalkyl substituent at the C-6 carbon. The
metabolism of NDC-1011 into the diol compound NDC-10ZZ could

ocour in any order as shown in Figure 2. For example, NDC-
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1044 formed by 17B-BESD is converted to the NDC-1022 diol by
CYP19 arcmatization activity.

Without being bound to any theories, it has been
reported that Estradiol binds to the receptor ligand pocket
of estrogen receptors (both ERa and ERP), wvia the C17-0H
{via His 524); and the C3-0H (via Arg 394 and Glu 353). As
with Estradiol, binding of NDC-1022 dicl in the same ligand
pocket of BRO. and ERP via similar amino acid bindings may
occur. Additicnally, the pressnce of the methyloxyalkyl
substituent at the -6 carbon of compound NDC-1022 may alterx
the conformation of the normal ligand-bound receptor
resulting in modified activity accounting for the observed
anti-tumor activity.

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 triol mestabelite
NDC-1055. With alcohol groups at the -3, (C-6 and C-17
carbonsg, such an NDC-1055 triol metabolite may bind to a
broad spectrum of sterclid receptors in a range of tissues
involving wvarious combinaticns of the C-3, C-6 and C-17
alcohols. One example of such metabolites dincludes the

compound of Formula (VII}B as shown below:

(VII})B —-NDC-1055

Compositions

Az usad herein, the term "composition™ is intended to

gncompass a product comprising the specified ingredients in
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the specified amounts, as well as any product which results,
directly or indirectly, from combination of tThe specified
ingredients in the specified amounts.

Pharmaceutical formulations o¢f the present invention
include those suitable for oral, nasal, topical (including
bucgcal and sublingual), rsctal, wvaginal and/or parenteral
administration. Regardless ¢f the route of administration
selected, the active ingredient(s) are formulated into
pharmaceuticallyv-acceptable dosage forms Dby 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 produce a single dosage
form will wvary depending upon the host being treated, the
particular mode of administration and all o¢f the other
factors described above, The amount of the active
ingredient (s) which will »e combined with & carrier material
to produce a single dosage form will generally be that
amount ©of the active ingredient(s) which is the lowest dose
effective to produce a therapeutic effect.

Methods of preparing pharmaceutical formulations or
compositions inciude the step of Dbringing the active
ingredient (s) into asscciation with the <carrier and,
optionally, one or more accessory ingredients. In general,
the formulatlions are prepared by uniformly and intimately
bringing the active ingredient{s) into association with
liguid carriers, or finely divided solid carriers, or both,
and then, if necessary, shaping the product.

Formulations of the invention suitable for oral
administration may be in the form of capsules, cachets,
pills, tablets, lozenges (using a flavered basis, usually
sucrose and acaclia or tragacanth), powders, granules, or as

a solution or a suspension in an agueous o©r NoNaguesus
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liguid, or as an oil-in-water or water-in-oil liquid
emulsion, or as an elixir or syrup, or ag 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 ingredienti(s). The
active Iingredient(s) may also be administered as a bolus,
electuary or pvaste.

In solid dosage forms of the invention for cral
administration (capsules, tablets, pills, dragees, powders,
granules and the like), the prodrug(s), active ingredient(s)
{in their micronized form) is/are mixed with one or more
pharmaceutically-acceptable carriers, such as sodium citrate
or dicalcium phesphate, and/cr any of the following: (1)
fillers or extenders, such as starches, lactose, sucrose,
glucoese, mannitel, and/or silicic acid; (2) binders, such
as, for example, carboxymethyl-cellulose, alginates,
gelatin, polyvinyl pyrrolidone, sucrese and/or acacia; (3)
humectants, such as glycercl; (4) disintegrating agents,
such as agar-agar, calcium carbonate, potato or tapioca
starch, alginic acid, certain silicates, and sodium
carbenate; (5) solution retarding agents, such as paraffin;
(6) absorpticn accelerators, such as dguaternary ammonium
compounds; (7)) wetting agents, such as, for example, cetyl
alcohol and glycerol monostearate; (8) absorbents, such as
kaolin and bentonite c¢lay; (%) lubricants, such as talc,
calclium  stearate, magnesium  sitearate, solid polyethylene
glycols, sodium lauryl sulfate, and mixtures thereof; and
(10} coloring agents. In the case of capsules, Lablets and
pills, the pharmaceutical compositions may also comprise
buffering agents. Sclid composgitions of a similar type may
also be emploved as fillers in soft and hard-filled gelatin

_capsules using such excilpilents as lactose or milk sugars, as
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well as high molecular weight polvethylene glycols and the
like.

A tablet may be made Dby compression or mnmolding,
optionally  with one or more accessory ingredients.
Compreésed tablets may be prepared using binder (for
example, gelatin or hydroxypropvimethyl cellulose),
lubricant, inert diluent, preservative, disintegrant (for
example, sodium starch glycolate or croszs-linked sodium
carpoxymethyl 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)
moistened with an inert liguid diluent.

The tablets, and other solid dcsage forms of the
pharmaceutical compcsitions of the present invention, such
as drageeg, capsules, pillls and granules, may optionally-be
scored or prepared with coztings and shells, such as enteric
ccatings and other coatings well known in ihe
pharmaceutical-formulating art. They may zlso be formuliated
so as to provide slow or controlled release of the active
ingredient (s} therain using, for axample,
hydroxypropylmethyl celliulose in varying proportions to
provide the desired release profile, other polyvmer matrices,
liposomes and/or microspheres. They may be sterilized by,
for ewxample, filtraticn through a bacteria-retaining filter.
These compositions may also opticnally contain opacifyving
agents and may he of a composition that they relsase the
active ingredient(s) only, or preferentially, in a certaln
portion o©f the gastrointestinal tract, optionally, in a
delayed manner. Examples of embedding compositions which can
be used include polymeric substances and waxes. The active

ingredient{s) can also be in microencapsulated form.
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Liguid dosage forms for oral administration of the
active ingredient (s) include pharmaceutically-acceptable
emulsions, microemulsions, scoluticns, suspensions, syrups
and elixirs. In addition to the active ingredient{s}, the
liguid dosage forms may contain inert diluents commonly used
in the art, such as, for example, water or other solwvents,
golubilizing agents and emulsifiers, such as e2thyl alcchol,
isopropyl alcohcel, ethvlacetate, butyl alcohol, benzyi
benzoate, propylene glvcol, glvcol, oils (in particular,
cottonseed, groundnut, corn, germ, olive, castor and sesame
oile), glycerol, amyl alicohcl, tetrahydrofuryl polyethylene
glycols and fatty acid esters of sorbitan, and mixtures
thereof.

Besides Iinert diluents the oral compositions can also
include adjuvants such as wetting agents, emulsifying and
suspending agents, sweetening, flavoring, coloring,
perfuming and preservative agents. Suép@ngions, in addition
to the active ingredient(sg),may contain suspending agents
as, for example, ethoxvylated alcochols, polyoxvethylene
gsorbitel and sorbitan esters, microcrystalline cellulose,
aluminum metahydroxide, pentonite, zgar-agar and tragacanth,
and mixtures thereof.

Formulations of the pharmaceutical compositions of the
invention for rectal or wvaginal administration may be

presented as a suppository, which may bhe prepared by mixing

the active ingredient(s) with one o©or more suitable
nonirritating excipients or carriers comprising, for
example, cocoa butter, polyethylene glvcol, wax or

salicvlate and which 1s scolid at room temperature, Dbut
liguid at body temperature and, therefore, will melt in the
rectum or vaginal cavity and release the active

ingredient(s). Formulations of the present invention which
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are suitable for wvaginal administration also include
pessaries, tampons, creams, gels, pastes, foams or spray
formulations c¢ontaining such carriers ag are known in the
arct to be appropriate.

bDosage forms for the topical or transdermal
administration of the agctive ingredient(s) include powders
sprays, olintments, pastes, creams, lotions, gels, sclutions,
patches and inhalants. The active ingredient(s) may be mixed
under sterile conditions with pharmaceutically-acceptable
carrier, and with any buffers, or propellants which may be
required.

The o¢intments, pastes, creams and gels may contain, in
addition to the active ingredient(s), excipients, such as
animal and wvegetable fats, oils, waxes, paraffins, starch,
tragacanth, celluiose derivatives, pelyethylene glycols,
zilicones, bentonites, silicic acid, taelc and zinc oxide, or
mixtures thereof.‘ rowders and sprays can contain, 1in
addition to the active ingredient(s), exciplents such as
lactose, talc, silicic acid, aluminum hvdroxide, calcium
silicates and polyamide powder, or mixtures o¢f these
substances. Sprays can additionally contaln customary
propellants such as chlorcfluorchydrocarbons and wvolatile
unsubstituted hydrocarbons, such as butane and propane.

Compounds of the present invention may be administered
in intranasal form wvia topical use of suitable intranasal
vehicles, or via transdermal routes, using those forms of
transdermal skin patches well known to those of ordinary
skill in the art. A transdermal delivery system provides for
continuous administration throughout the dosage regimen.
Transdermal patches have the added advantage of providing
controlled delivery of the active ingredient(s)} to the body.

Such dosage forms can be made by dissolving, dispersing or
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otherwise incorporating the active ingredient{s) in a proper
medium, such as an elastomeric matrix material. Abscrption
enhancers can also be used to increase the flux of the
actlive ingredient(s) across the skin. The rate of such flux
can be controlled by either providing a rate-controlling
membrane or dispersing the active ingredient(s) in a polymer
matrix or gel.

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

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 o¢f the present

invention may also be coupled with soluble polymers as

targetalble drug CEIriers. Such polymers can include
pelyvinylpyrrolidone, pyran copolymer,
polyvhydroxypropylmethacrylamide-phenol, poilyhydroxy-—
ethylaspartamide~phenol, or polyethylenecxide-polylysine
substituted with palmitoyl residues. Furthermoere, the

compounds of the present invention may be coupled to a class
of bicdegradable polymers useful in achileving controlled
release of a drug, for example, polylactic acid,
poivglycolic acid, copolymers of polyactic and polygiycolic
acid, polyepsilon caprolactone, polyvhydroxy Dbutyric acid,
polyerthoesters, polyacetals, polydihydropyrans,
polyeyanoacrylates and crosslinked or amphipathic block

copolymers of hydrogels.
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Pharmaceutical compositions of this invention suitable
for parenteral administration comprise the active
ingredient (s} in combination with one or more
pharmaceutically—-acceptable sterile isotonic agquecus cor
nonagueous solutions, suspensions or emulsions, or sterile
powders which may be reconstituted intc sterile injectable

'solutions or dispersions Just pricr to use, which may
contain antCloxidants, buflfers, solutes which render the
formulation isotonic with the blcod c¢f the intended
recipient or suspending or thickening agents.

<

Examples of sultable agueous and nonagueous carrilers
which may be emploved in the pharmaceutical compesiticons of
the Invention include water, ethancl, polyols (such as
glyvcerol, propyvlene glvcol, polyvethylene glvcel, and the
like}, and suitable mixtures thereof, wvegetable oils, such
az olive ©il, and injectable organic esters, such as ethyl
oleate. Proper fluidity can be maintained, Ifor example, by
the use of c¢oating materials, such as lecithin, by the
maintenance of the reguired particle size, and by the use of
surfactants.

These compositions may alsc contaln adjuvants such as
watting agents, emulsifying agents and dispersing agents. It
may alsc ke desirable to include Iisotonic agents, such as
sugars, sodium chloride, and the 1like in the compositions.
In additicn, prolonged absorption of the injectable
pharmaceutical form may be brought about by the inclusion of
agents which delay absorption such as aluminum menostearate
and gelatin.

In some cases, 1n crder tc prolong the effect of the
active ingredientis), it i1s desirable to slow the absorption
of the drug from subcutaneous or intramuscular injection.

This may be accomplished by the use of a liguild suspensicn
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of crystalline or amorphous material having poor water
sclubility. The rate of absorption of the active
ingredient (s} then depends upon its/thelr rate of
dissolution which, in turn, may depend upon crystal size and
crystalline form. Alternatively, delayed absorpticn of
parenterally-administered active ingredient(s) ig
accomplished by disscolving or suspending the active
ingredient{s)in an oil vehicle.

Injectaklie depot forms are made by ferming
microencapsule matrices of the active ingredient(s) in
biodegradable polymers such as polylactide-polyglycolide.
Depending on the ratio of the active Iingredient(s) to
pelymer, and the nature of the particular polymer employed,
the rate of release of the active ingredient(s) can Dbe
controlled. Examples of other Dblodegradzable polymers
include poly{orthoesters) and poly (anhydrides). Cepot
injectable formulations are also prepared by entrapplng the
active ingredient(s) in Iiposomes or microemulsions which
are compatible with body tissue. The injsctable materials
can be sterilized for exanple, by f£iltration through =a
bacterial-retaining filter.

Preferably the composition delivered in the form of an
injectable dosage form comprise a biocompatible poliymer, a
compatible form of the presently disclosed compeounds and a
biocompatible solvent which solubilizes the bilocompatible
polymer wherein the weight percents of the biocompatible
polymer, the instant and bilocompatible solvent are based on
the total weight of the complete composition; further
wherein sufficient amounts of said pcelymer are employed in
said composition such that, upon delivery to & wvascular

site, the polymer is able to precipitate and allow release
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of the active compound in doses sufficient to stop tumor
growth.
till another aspect ¢f this embodiment would observe
for appropriate viscosity of said composition, preferably in
the range of about 10 to 200 cst at 40¢° C.
More preferably, the composition delivered locally to
the solild tumor comprises a biccompatible polymer at a
concentration of from about 1 to 95 welght percent, active
compound at a concentration of from about > to about 75
weight percent, and a biocompatible scolwvent from about 5 to
about 95 weight percent, wherein the weight percent of the
all components is based on the total weight of the comelete
compogition and further wherein the compesition has a
viscosity of at least 10 to about 200 and more preferably at
least about 200 cSt aﬁ 40° C.
Biodegradable polymers are disclosed in the art. For
example, Dunn, <t al. in U.S. Patent 4,938,663, discloses
the following examples of biliodegradable polymers: linesar-

chain polymers such as polylactides, polyglycolides,

polycaprolactones, volyanhydrides, polyamides,
polyurethanes, polyesteramides, polvorthoesters,
poliydioxanonas, oolvacetals, pelvketals, polycarbonates,

polyorthocarbonates, polyphosphazenes, polynydroxybutyrates,
polvhydroxyvalerates, polvalkvlene oxalates, polvalkylene
succinates, poly (malic acid), poly (amino acidsy},
polyvinvlpyrrolidone, polvethylene glycol,
polvhydroxyecellulose, chitin, chitosan, and copolymers,
terpolymers and combinations thereof. Other Dbicdegradable
rolymers include, for example, gelatin, collagen, etc.

Suitable non-biocdegradable biccompatible polyvmers
include, by way of example, cellulose acetates, ethylene

vinyl alcohol copolymers, hydrogels (e.g., acrylics),

63



201 OCI-12N112 OH OH S S 202 00-12NH2 OH OH S R 203 OCH2NH2 OH OH R R 204
OCH2N1-12 OH OH R S 205 OCH2NELMe OH OH S S 206 OCH2NHMe

WO 2009/149176 PCTUS2009/046120

polvacryvlonitrile, polyvinylacetate, cellulose acetate
butyrate, nitrocellulose, copolymers of urethane/carbonate,
copolymers of styrene/maleic acid, and mixtures thereof.

Preferred biocompatible polymers can inciude acrylic
polymers, cellulose diacetate and ethylene wvinyl alcohol
copolymer, pclyethyiene glycol, chitosen, ccllagen and
gelatin. Such polymers are either commercially available or
can be prepared by art recognized procedures. In a preferrad
emnbodimant, the number average molecular welcht, as
determined by gel permeation chromatography composition is
from about 5,000 to about 200,000 more preferably from about
25,000 to about 18G,000 and still more preferably from about
50,000 te 100,000,

It is still another aspect ©f this invention to employ
a bilocompatible contraét agent within the composition to
observe and monitor the clinical progress of the local site
of interest. These contrast agents include water soluble
contrast  agents and water insoluble contrast agents.
Preferably, the water inscluble contrast agent 1S a
biocompatible material selected from the group consisting of
barium sulfate, tantaium powder and tantalum oxide.
In still a further preferred embodiment, the bilocompatible
solvent is water, dimethylsulfoxide (DMS0O}, ethanol, ethyl
lactate or acetons,

The formulations may be presented in unit-dose or
multi-dose sealed containers, for example, ampoules and
vials, and may be stored in a lyophilized conditicon
reguiring only the addition of the sterile liquid carrier,
for example water for injesction, immediately prior to use.
Extemporaneous injection solutions and suspensions maybe
prepared from sterile powders, granules, nanoparticles and

tablets of the type described above.
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The vharmaceutical compositions of the present
invention may also be used in the form of veterinary
formulations, including those adapted for the following: {1)
oral administration, for example, drenches {aguecus or
nonaguecus solutions or suspensions), tablets, Dbcluses,
powders, granules or pellets for admixture with feed stuffs,
pastes for application to the tongue; (2) parenteral
administration, Zfor "ampule, by subcutaneous, Intramuscular
or intravencus injecticn as, for example, a sterils sclution
or sugpension or, when appropriate, by intramammary
injection where a suspension or solution ils introduced into
the udder of the animal wvia its Teat; (3) topical
application, for example, as a cream, olntment or spray
applied to the skin; or {(4) intravaginally, for example, as
a pésaary, cream or foam or any other methods f£it to by
those of ordinary skill in the art for administration to a
region of interest.

Although the present invention has been described wit
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 pUrposSas of iliustration 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 methods given in Schemes 1, 2, and 3 for
the preparation of compounds exemplified in Tables I, II,
and III 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 i1llustrated by Examples

1-5 shown below, and Scheme 3 1s for the preparation of 6-
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aminoe derivatives of estradicl. An example of assessing the
estrogen receptor binding capacity is articulated in example
4, and finally assessing the ICy of the preferred compounds
of the instant invention and their comparative efficacy is
given in example 5, Unless octherwise 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 recognize that
starting materials and reaction conditilons may be varied to

achieve the desired end product.
Example 1

Methods of Preparing t~-hydroxymethyl-androsta-1, 4~
diene-3,17 dione.

In a reaction system, aufficient amounts of
{+)androsta-1, 4-diene-3,17-dione {(ADD}, 12.2 eguivalents
pyrrolidine, catalyvtic acetic acid, denatured ethancl {(85/5
ethanol/methanol) and 6-7% tetrahydrofuran (THF) were heated
to 30 to 40° ¢ for a minimum of 16 hours to form 1,3 -
dipyrrolidinocandrosta-3, 5—diene~-170one. (Cnce the ADD content
reaches to a less than 3% by HPLC area, or it becomes static
or the resulting dipyvrrolidincandrostadiene begins to revert
to ADD, the reaction mixture is cocoled to & + 5° C. The
regulting compcound is then colliscted and washsed. with cold
denatured ethancl. Yields are typically 70-80% on a dry
basis with purities typicaily 20-95% by HPLC area percent.

The resulting 1,3-dipyvrrolidincandrosta-3,5-diene-17one
ig  then mixed in amount of 1 eguivalent, with 2.6
egquivalents formalin {formaldehvyde) in 10 ml
dichloromethane/qg at room temperature. The reaction mixture
ig then acidified to & pH of about 2 with 2% sulfuric acid

solution. Accordingly, an organic layer is fcrmed, which is
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washed with 2% sulfuric acid and 1:1 water/brine. Solvent
exchange intc toluene (approximately 10ml/g) is then carried
cut wherein the product c¢rystallizes as toluene exchange
traspires. Said product is collected washed and dried to
provide 6-hydroxymethyl-androsta-1,4-diene-3,17 dione. One

oy

of ordinary skill in the art can further modify the
stereochemistry at position 6, 1f so desired by employving

known technigues in the art.
Example 2

Methods of preparing compound NDC-1C22 and NDC-1033

As outlined in Scheme 2, estradiol derivatives NDC-
1022, NDC-1033 were synthesized in the following manner.
The protected estradiol compound 2 1s prepared by reaction
of compound 1 with dihydropyran in THE, using
toluenesulfonic acid or camphorsulfonic acid as catalyst.
s one of ordinary skill in the art can appreciate this
reaction ig an eguilibrium reaction and would not go 1o
completion under such conditions. Thus, both the mono-
protected estradiols can be found in the reaction mixture.
Such crude reaction mixture would underge a trituration step
with acetonitrile causing the desired bis-THP estradiol to
crystallize in approximately 70 % yield,

As shown in Scheme 2, the key intermediate compound 3
is obtained wvia acvlation at the benzylic 6-positiocn with
the strong base mixture referred to as LiIDAKOR: Dbutyl
lithium, diisopropylamine, and potassium tert-amyliate.
Under such conditions at -70 °C, one of ordinary skill in
the art can appreciate the abstraction o¢f a proton at a
benzylic position. The intermediate compound 3 is then
purified by column c¢hromatoegraphy to give a syrup in
approximately 50 % yield, still containing minor impurities

and column solvents. Reduction of the aldehvde with an
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excess of lithium aluminum hydride results in high yields of
the racemic hydroxymethyl estradicol compound 4 as a glassy
foam.

For purposes of preparing NDC-1022 ana NDC 1033, the
methoxymethyl  intermediate compound 7 was prepared by
methylation of compeund 4 with sodium hydride and methyl
icdide. Compound 7 was purified by column chromatography to
give a glassy focam. Deprotecting the protected groups would
give racemic o-methoxymethyl estradicl compound 8.
Separation of the enantiomers was performed using chiral
preparative HPLC to give the compounds NDC~102Z and NDC-
1033, For compound NDC-1022, a chiral purity of »>95:5 R:S8
was realilzed. For compound NDC-1033, & chiral purity of
86:14 S:R was resalized. It is well within the level of one
of ordinary skill in the art to employ NMR for determination
of the absolute sterecchemistry of the &6-position, where the

4-and 6-protons are diagnostic.
Example 3

Methods of preparing NDC-1035 and NDC-1066

Using the same methodologies described in Example 2,
compound 4 1s synthesized. Deprotection of compound 4 was
then achieved with catalytic hydrogen chloride in methanol,
and racemic compound 5 was separated on chiral preparative
HPLC to give two fractions, one enriched for NDRC-1055 and
the other enriched for NDC-1066. Tor ¢ach compound, chiral
purity of >85:5 E:5 and S:R was realized respectively.
Absolute stereochemistry of the 6-position was established

by NMR, where the 4-and é6-protons are diagnostic.
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Example 4

Methods of determining estrogen receptor Dbinding
capacity using Luciferase activity.

Estrogen receptor-negative CV-1 Lkidney cells were
maintained in Dulbeccc’s modifiszd Eagle’s medium with 4.5
g/L glucose supplemented with 10% fetal bovine serum and 100
units / ml penicillin-streptomycin at 37° C in & humidified
5% C0, atmosphere. The c¢ells were then plated in 6-well
dishes at a density of 2 x 10° cells per well in phencl-red
free Dulbecce’s modified Eagle’s medium containing 10%
charccal-dextran-stripped fetal Dbovine serum. Cv-1 cells
were +transfected using LipofectAMINE reagent according to
the manufacturer’s protocol. Transfections containing 1.5
ug of reporter plasmid‘ {containing ERE-tk-luciferase
containing a single ERE cloned upstream of the thymidine
kinase promoter and luciferase gene) and 0.3 ug of either
ERa or ERPR expression vector {contailning CMV-ERo or CMV-ER
full length coding sesguence respectively). The next day,
cells received no treatment (controls) or were treated with
estradiol alone {1 nM) or estradiol plus an Endece compound
(at wvarying concentrations). After 16-2Z4 hours, cells were
harvested and assaved for luciferase activity.

At the outset, cell monclavers were washed twice with
ice-cold phosphate~buffered saline and incubated for 15
minutes in 250 ul of 1¥ cell culture lysis reagent ({(Promega,
Madison, WI). Cell extracts were transferred to a fresh
tube and assayed using the luciferase assay system
(Promega) . For each assay, 10 ul of extract was diluted
with 90 ul of 1¥X cell culture lysis reagent. Luminescence
was read using an AutoLumat LBS53 luminometer.

A compound or a salt thereof, which is identified by

the Dbinding assay described herein 1s a compound that
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inhibits the binding of estrodial at the ligand binding site
of the estrogen receptors. Specifically, 1t 1s a compound or
a salt therect that is envisioned to cause cell
preliferation statasis and accordingly exerts its
pharmacological activity. As indicated in Figurs 3 and 4,
lead compounds NDC-1022, NDC-1033 exhibit strong competitive
behavior against estradiel in binding to either of the
astrogen receptors Thereby causing stasis of cell

proliferation activity.
Example 5

Method of determining the ICs wvalues of the candidate
compounds., The <¢ell lines listed were maintained at
approximately 5% C0z, 37°C, 95% relative humidity in the
media appropriate for that cell line. The cells were sub-
cultured every twoe to three days and plated in clear bottom
96-well plates at a density of 1 x 10% cells/well and
incubated at ca. 5% CO0, 37°C overnight pricr to initliation
of the assay. To begin cell viability assays, the media in
the cell plate (100 pl) was replaced with fresh media (100
nLl . The test articles were serially diluted 1:2 in fresh
media in duplicate and added to the cells (100 uL) at final
sample concentrations of 0.46, 1.37, 4.12, 12.3b5, 37.04,
111.1, 333.3 and 1000 uM (£ 1% DMSO) in a total volume of
200 L. Wells containing' no cells and wells containing
cells lysed with 0.1% Triton-¥X were used for Dbaseline
controls, Tamoxifen was used as a known contrel for each
assay and DMSC only will be run as wvehicle control. The
samples were incubated at ca. 37 °C in humidified 5% CO,
atmosphere for 72 hours. The plate was monitored once a day
during the incubation period, paying special attention to

the Jevel of confluence. If the cells approach confluence
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prior to the end of the 72 hour incubation pericd the
experiment was terminated at that time and cell viability
measured as described below.

Cell Viability was determined using a commercizally
availlable kit to determine ATP levels Dby luminescence.
Briefly, the c¢ell plate had the media removed and replaced
with 100 uL of fresh media, and the puffer and lyophilliized
substrate were equilibrated to room temperature. The buflfer
was used to reconstitute the substrate just pricr to
addition toe the wells of the cell plate {100 ulL per well).
The plate was placed into the Infinite M200 plate reader,
allowed to shake for 10 minutes followed by a 10 minute walt
period, the plate was read using an integration time of 0.5
sec with no attenuation.

The mean baseline controls {(wells with Triton X-100 or
no cells) were subtracted from the total luminescence to
give the net luminescence for that well, This total was
compared to the control of DMSC only. An ICs, was calculated
as the concentraticn that led to a response of 50% compared
to the wvehicle control celis. Figures 5 and ¢ depict the
results of the tests. Accordingly, those of ordinary skill
in the art can appreciate that the R configuration of the
instantly c¢laimed composition are  superior to  other

sterecisomers.
Example 6

Methods of preparing NDC-1187

Using the same methodologies as in examples 1-Z, HDC
1022 is prepared. To a solution of NDC-102Z (0.32 g, 1 mmol)
in DBCM {30 ml) acetic annydride (0.6 ml, & mmol, 3 eq), TER
(¢.5 ml, 3.6 mmol, 1.8 eq) and DMAP (50 myg)was added. The

reaction solution was stirred at ambient temperature for 3
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hrs. Thin Layer Chromatography (“TLC™) followed the
reaction.

The reaction solution was washed with 1M HCL (2¢ ml),
Saturated NaHCO: (20 ml) and brine (20 ml) respéctiveiy. The
DCM phase was dried over Mg304 and filtered. The filtrate
was evaporated and dried in high vacuum at 60 °C for 3 hrs
and at ambient temperature overnight to afford pure desired
compound 1 of Scheme 3 (0.4 g, white, quantitative).

Example 7

To a soluticn of compound 2_of Scheme 3 (0.35 g, (.87
mmcl) in DCM was added iodotrimethylsilane (6 ml, 44 mmol,
50 eg) at ambient temperature. The yellow solution was
stirred at 38 °C overnight under argon.

The reacticn solution was cooled in an ice-bath. Tc it
was added excess sat. NaHCO- (10 ml) =slowly to guench the
reaction. After separation of the mixture, the organic phase
wag washed with brine and concentrated for silica gel
purification using 3% MeOH in DCM as mobile phase. Yielded
270 mg of pure compound 2 of Scheme 3 (B0%).

A solution of compound 2 of Scheme 3(250 mg, 0.63
mmel), triphenyiphosphine (222 mg, 0.85 mmol, 1.3 eg), N-
hydroxyphthalimide (140 mg, 0.85 mmol, 1.3 eg) in THF (20
mly was ccoled in an ice-batch. To the céoled sclution was
added dietnyl azodicarboxylate (0.6 mi, 1 mmol, 1.5 eqg). The
reaction mixture was wormed to ambient Temperature and
stirred overnight.

The reaction mixture was evaporated, and the resulting
residue was diluted with DCM (50 ml). It was washed with
brine and concentrated for silica gel purification using 3%
MeCH/DCM as mobile phase to yield 260 mg of desired white

compound 3 of Scheme 3 (75%). The syntheses from step 1 to
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step 3 may be repeated to prepare anocther batch of compound
3 of Scheme 3 (580 mg}.
Example 8§

A solution of compound 3 of Scheme 3(580 mg, 1.1 mmol)
in anhydrous DCM {30 ml) was cooled in an ice-batch. Methyl
hydrazine {0.22 ml, 2.2 mmol, 4 eg) was added. The mixture
was wormed to ambient temperature and stirred for 3 hrs. LC-
MS followed the reaction.

The reaction solution was washed with a solution of
brine and Sat. NaBRCC: (l:1, 10 ml). The agusous phase was
washaed with DCM (10 ml). The combined DCM phases were
eﬁaporated to dryness under high vacuum. LC-MS conflrmed
that the crude product contained tow major products of
compound 4 and compound 4z of Scheme 3. The crude mixture
was used directly for next reaction without further

purification.
Example 9

The crude mixture (~ 0.7 mmol) of compounds 4 and 4a of
Scheme 3 in MeOH (60 ml) was cooled in an ice-bath. To it
was added a scolution of sodium carbonate (0.5 g, 4.7 mmol)
in water (10 ml), and then added another solution of NaCOH
(0.8 g, 20 mmol) in water (10 ml). It was wormed to ambient
temperature and stirred overnight.

The pH of final reaction solution was about 14, A
solution of sat. sodium bicarbonate ( ~10 ml) was added to
adjust pH to 10. The mixture was evaporated tc remove most
of methanol. To the resulting mixture were added DCM {100
ml) and sat. sodium bicarkeonate (30 ml) for extraction. The
agquecus phase was washed with DCM {Z2x50 ml). The combined
DCM phases were evaporated to dryness to give crude mixture

400 mg.
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The crude mixiture was purified by silica gel column
using 5% MeCH/DCM as mobile phase to afford desired final
product NDC-1187 (135 mg, off white, 60% vield, 98% HPLC
purity, NMR and LC-MS confirmed).
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We claim:
1. L compound having the structure:
wherein _
a. R., R, and 2 sre independently selected from the

group consisting of: H, -0 alkyl, a halogen, a halogenated
zlkyl, a sulfate, a glucoronide, -3S0,NH,, -COOH, -CN, -CH.CN,

| -NHCNW, -CHO, ~COOsalt, -Q0SC,alkvi, -NH,, -B8H, -5CH,

oy i3,

SNEHCO (CHy) oCHa, -NO;,  ~SCN, -80.zlkyl, -B(0OH),, -NHC(=8)CH,, and
—NHﬁHE, . .

b. X is selected from the group consisting of: .-G
alkyvl, a halogsn, a halogenated alkyl, a glucoronids, -NH,,
-SC,NH,, -COOH, -CN, -CH,CN, -NECN, -CHO, =CHOCH,, -CQOsalt,
-08C.alkyl, -38H, -5CH:;, -CHI(CH;)p COOCH,, - (CH.),~0-NH,, - (CHz) —
S—IH,, -NE(CH,), CH,, NE(CH,), OCH,, -NE(CH;), CHOE-COOH, |
C =N (CH3) ., - {(CH.)p (NH)CH,OH, -NHCOOH, - (CH,), NHCOOH, -NO,, -3CN,
~80.a1kyvl, -B(OH):, - (CH;); N{CH;)~30,-NH;, -(CH;), NH-S50,-NH,,
-NHC{=8§) 0¥, and -NHNH,; |

c. Rs is~selected'from the group consisting of: H, =a

C.-C¢ alkyl, a halogen, and z halogenated alkyl;




OH OH 263 | N(Me)C112NMe2 01-1 OH R R 264 N(Me)C112NMe2 OH OH R al 12 111111111111
265 N(Me)C1-12N1-[Ac OH OH n 266 N(Me)C112NHAc 011 OH 267 N(Me)C1-121\111Ac

d. R, and Y are independently selected from a group
consisting of: O, -0OH, -H, a -C;-C; alkyl, a halogen, a
halogenated alkyl, a sulfate, a glucorcnide, a bulky group,
rhenyl, piperidine, piperazine, morpholine, pyrimidine, -NH.,
-N{(CH;), CH;; a phosphate grcocup, a phosphinate group,

wherein n is an integer and can be any number between

0-7, the “~— symbol represents either a single or a double

bond capable of forming a keto group; and the v aymbol
repregents any type of bond regardiess of the stersecchemistry;
and the resgpective enantiomers, other stersochemical isomers,
hydrates, solvates, tautomers and pharmaceutically acceptable

salts of said compounds.

2. The compound of claim 1, wherein X ig selected from
group consisting of -C,-C; alkyl, a halcgen, a halogenated
alkyl, a glucoronide, -¥NH,, -SO,NH,, ~COOH, - (CH,)}.SCH;,
~(CHy)n-O-NHz, -NH(CH,}, CHs;, NH(CH;), OCH;, -N{CH;),,

- (CH,} 4 (NH) CH:CH, - (CH;), NHCOOH, and further wherein R, and R,
are independently H, a C; to C; alkyl or a €, to ¢; substituted
alkyl.

3. The compound of claim 2, wherein R, and R, are
independently a hydrogen or a methyl group and === is a
gingle bond.

4. The compound of claim 3, wherein R, is hydrogen.

5. The compcocund of claim 1, wherein X is in the form of

R or S stereoisomer.
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OH 01-1 268 N(Me)CII2NHAc 01-1 OH IMMIII The above active compounds may also be used
as part of an in vitro assay, for example, in order to determine whether a candidate host is likely to
benefit from treatment with the compound in question. Any active compound of the present invention
may also be used as a standard, for example, in an assay, in order to identify other active compounds,
other anti-proliferative agents, other anti-inflammatory agents, etc. At least in one aspect of the
instant invention, the candidate compounds were evaluated for their estrogen receptor antagonistic
activity. The evaluation ag,to whether 3 compaund is an,gstragen geceplor apiagonigtmay be carried
out by various methodologlesﬁm(ﬁvn in the art. In the instant application, such capacity was
determined By:éoheiietng tHed eiferagebindirifassay aetofding B heSEBning methods described
herein. In a more preferred embodiment of this aspect of the invention, the estrogen receptor
binding capacity were assessed by transiently transfecting CV-1 cells with expression constructs for
either ER(a) or ER (13) plig P EREMI Rbfetadaehortdr CohstrddtSThe celf§ere then divided into
controls and:eandigate graupsydereimnthe;canttolsreceived aectseatment, or were treated with
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 commercialfy-availasieressey Kievingntjs diéther @spect of the instant invention, the 1050 or
the half maximal inhibitory concentration of the canqligate:mmpounds were determined to assess drug
potency and potential dosing regimens for in vivo use\Q#e of ordinary skill in the art is readily able to

art, IC50 represents and measures how
some biological process by 50%. In the ins casel, tHe 1C50 of the candidate compounds were
determined as the concentration that fefl to & resfjonsé&-of 50% compared to the vehicle control cells.
As noted herein, the salts of the compounds®ef this.jvention refer to non-toxic "pharmaceutically
acceptable salts..; Qther salts may, however, be useful in the preparation of the compounds according
to the invention or of their pharmaceutically acceptable salts. When the compounds of the present
invention contain &baSie gftupReaftsercmpaBsst withifthETeff “phaPmidte dicdi¥ acceptable
salts" refer tenohstoxig safisHvhich- areagenerallypiepatedioy reacting the free base with a suitable
organic or inorganjic acid Representafive salts include any.such salt knowg,in the art. Where

compounds of the present invention carry an acidic moiety, suitable pharmaceutically acceptable salts
thereof may iitiGHe’ anksiPRtetar saks: @é’ Sodiur ‘OFpotaSEiH st 8RAing Earth metal salts, e.g.,

calcium or magmesiooy salts; and salts formed with suitable organic ligands, e.g., quaternary

ammonium salts. , T §Q reat a pampaliag s é%%t, §yggias%%@rg§nypatger& an effective amount of
one or more compoﬁun s of the present invention, or a pharmaceuticalIy'-accegtable salt thereof, is
administeretie’the fhammralich SuBjE¢ESES B prémbdte BXpdstird to ormfact 8F€ancer cells or the
targeted tumor grawth.cEffective slosagerforms, smades ehaghainisteaticn anddasage amounts may be
@aki_nag ﬁggh detggggw%fh nsli:s \gitg{ﬁ%ecékill LOf the art. It is understood by

determined spiically, and el I , nderstoo
the physician, veterinarian or clinician ofogr(fllnary skill iRl tHe art that the dosage amount will vary with

the activity 8t Hrepariciiar cdmPBund ERfPloye@ courdé afid/or Prégfessidricr the-didease state, the
route of adgainistration, thenrmaterefexeretinn oftae compound, renal and hepatic function of the
patient, the duration of the treatment, the i erltit of any other olrt S being ,adrPinistered to the subject,
age, size and like YA&tbFe Weifknown inHERedich arts AS discussed’hérai, the compounds of the
present inveniion €ambe administeceghinsiich orahdoshge fohms-astabletécdapsules (each of which
includes sustained release or timed release formulations), pills, powders, micronized compositions,
granules, elixirs, tinctures, suspensions, syrups and emulsions. Likewise, they may also be
administered in intravenous (bolus or infusion), intraperitoneal, topical (e.g., ocular eyedrop),
subcutaneous, intramuscular or transdermal (e.g.,. patch) form, all using forms well known to those of
ordinary skill in the pharmaceutical arts. Again, the ordinarily skilled physician, veterinarian or clinician
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 the
indicated effects, will range between about 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 to 5.0 mg/kg/day. For
oral administration, the compositions are preferably provided in the form of tablets containing 0.01,
0.05,0.1,0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 250, 50.0, 100 and 500 milligrams of the active ingredient for
the symptomatic adjustment of the dosage to the patient to be treated. A medicament typically
contains from about 0.01 mg to about 500 mg of the active ingredient, 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
administered in a single daily dose, or the total daily dosage may be administered in divided doses of

two, three or four times daily. As noted herein, the compounds of the present invention can be
1eced in ecomhinatinn with nther anti-cancer aaente nr other anante which will enhance the treatmaent



WO 2009/149176PCPUS2009/046120 that NDC-1011 may act as a pro-drug.See Formula (XI) and
(XI1) below for the structure of NDC-1077 and NDC-1011. (XI) NDC-1077 OMe (XI)NDC-1011

While not bound by any theory, for example, if NDC-1011 is a pro-drug, then any number of the body's
normal steroidogenic enzymes should be active towards the NDC-1011 compound thereby converting
NDC-1011 into the active metabolite(s). This aspect of the invention can apply in the same manner to
both the S and the R diastereomers. The prodrug compounds of the instant invention act in a
manner analogous to that observed for endogenous androstonedione, NDC-1011 is converted to an
aromatic ring by Hydroxy1atiBh athED-3 EHHOnTGARBC T Ui By P£o 16 F56 HsEabithe metabolite
NDC-1099.sessEigure 1 in the Estradiol biosynthetic pathway wherein Androstendione is converted to
the Estrone via CYP19. NDC-1099 could undergo further hydroxylation at the 0-17 carbon via the
reversible action of 17P-hydroxysteroid dehydrogenase (17P-MSD) resulting in the diol compound
NDC-1022. As with Estradiol, the diol compound NDC-1022 has an aromatic ring, but differs from
estradiol with respect to the methyloxyalkyl substituent at the 0-6 carbon. The metabolism of
NDC-1011 into the,diol cgnp%%@%%cgﬂlg %(E%%rcigu%@/: order as shown in Figure 2. For
example, NDC- 1044 formed byl /7P-HSD is Converted to the NDC-1022 diol by CYP19 aromatization
activity. Without being bound to any theories, it has been feported that Estradiol binds to the
receptor ligand pocket of estrogen receptors (both EBCa and/ER), via the 017-0H (via His 524); and the
03-0H (via Arg 394 and Glu 353). Aswith Estradiol, binling

BCCUr. égditionally, the presence of the
methyloxyalkyl substituent at the 0-6 cafbon of DC-1022 may alter the conformation of the
normal ligand-bound receptor resulting#~nodifie fvity accounting for the observed anti-tumor
activity. In addition, demethylase irgcted at the 0-6 methyl group of NDO-1011 (or
one of the metabolites of NDC-1011} yandicateAhe formation of triol metabolite NDC-1055. With
alcohol groups at the 0-3, 0-6 angF0-17 Farbonsg such ai NDC-1055 triol metabolite may bind to a
broad spectrum of steroid receptors in ajiange ¢ tissues involving various combinations of the 0-3, 0-6
and 0-17 alcohols. One example of such metabolites includes the compound of Formula (VII)B as
shown below«@enmpositions (VTI)B -NDC-1055 As used herein, the term "composition" is
intended to encompass. agraduct gomprsingthe.spgeified ingredientsdn the specified amounts, as

well as any product which results, directly or indirectly, from combination of the specified ingredients in
the specifiedarbunts>t15RaRaRetHcal forRftaEsHs of te hrasaRteRtibHIACRRI those suitable
for oral, nasal, topical £instldingebucoalrandsublingygal)crectal; vaginal andfor, patentesal
administratiogy, Re_gg{g&%rss Ofthe rpute, @ﬁnginistration selected, the active ingredient(s) are
formulated into pharmaceutically-acceptable dosage forms by conventional methods known to those of
skillinthe art.  The AnT6dREGEHhe ATV iy reaRm(S WRiCH WitEbe Tombinéd it elearrier material
to produce assinglesxdosageforrewitl, vamsdepesdiagipon the bost beingtreatedutheparticular mode

. of administratian.and all of the other factors described above. The amount of the active ingredient(s)
which will be comia'inged with a carrier material to produce a single dosage form will generally be that
amount of the active ifgEdiEAEEFWHICH iSHife BrEE F6%E effetlivedd produce aatherapeutic effect.
Methods ofgprepasiignpharmacedticalfeamulatians er compositions include the step of bringing the
active ingredient(s) into association with the carrier and, optionally, one or more accessory 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. Formulations of the invention suitable for oraladministration may be in the
form of capsules, cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and acacia
or tragacanth), powders, granules, or as a solution or a suspension in an agueous or nonaqueous
liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an elixir or syrup, or as pastilles (using
an inert base, such as gelatin and glycerin, or sucrose and acacia) and/or as mouth washes and the
like, each containing a predetermined amount of the active ingredient(s). The active ingredient(s) may
also be administered as a bolus, electuary or paste. In solid dosage forms of the invention for oral
administration (capsules, tablets, pills, dragees, powders, granules and the like), the prodrug(s), active
ingredient(s) (in their micronized form) is/are mixed with one or more 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, mannitol, and/or silicic acid; (2) binders, such
as, for example, carboxymethyl-cellulose, alginatgé, gelatin, polyvinyl pyrrolidone, sucrose and/or
acacia; (3) humectan s, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; (5) solution
retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary ammonium
compounds; (7) wetting agents, such as, for example, cetyl alcohol and glycerol monostearate; (8)

absorbents, such as kaolin and bentonite clay; (9) lubricants, such as talc, calcium stearate,
maaneaciiim ctearate <enlid nnlvvethviene Aalvieole ecodinim larnirvl erilfate and mivtiiireec tharenf and (10)



A tablet may be made by compression or molding, optionally with one or more accessory ingredients.
Compressed tablets may be prepared using binder (for example, gelatin or hydroxypropvimethyl
cellulose), lubricant, inert diluent, preservative, disintegrant (for example, sodium starch glycolate or
cross-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) moistened
with an inert liquid diluent. The tablets, and other solid dosage forms of the pharmaceutical
compositions of the present invention, such as dragees, capsules, pills and granules, may optionally
be scored SHpYePErEd Sith. CohtingSAnd sheN§C8G¢EH Bs énteric coatingEdnd StheFroatings well
known in the (parmacettical-tfitHativgyart NFhegmaycalso bedormulated so as to provide slow or
controlled releaseof the ggti\é%yég{eg{ga{(@h@eggghgsi@(gngqrs@gl@pgj%,:hyqirpxgpgqulsmethyl cellulose

in varying proportions to provide the desired release profile, other polymer matrices, liposomes and/or -
microsphergs“They g b stethize diy Hor ekahipies fltratfiftrirolighcs Bakt&ifa-retaining filter.
These compbgiibns may also optionally contain opacifving agents and may be of a composition that
they release the a&giv%nggeﬂigpé@) only, ar %rggg%ergga}{lyig):@n?rgagp po_rggp Qfgheagastrointestinal
tract, optionally, in a delayed manner. Examples of embedding compositions which can be used
include polyrRetic stibstances aAd3Wakes 2T %f?fiﬁ%%@ije&iégi’(%) cAn"A$5H€in ficroencapsulated
form. Liguid dasage:forms forqralmdministration, of the activedngregdient(s)dackude
pharmaceutiﬁgll -ggggg(teableo%mulsailogs, microemuisions, solutions, suspensions, syrups and elixirs. In
addition to the active mgre%ijfent?s’), the liquid dosage forms may contain inert diluents commonly used
in the art, such as fore)&mpieE: Sratef ot Gther SbRENtS O86IuBbiiZIYg fents @nd-&Rulsiflers, such as
ethyl alcohal, isoprapyiai¢ohol ethylacetates britylaleahek benzy benzoate, prepylene glycol, glycol,
oils (in partic 1Ilacr gogg geed grogndm{t é:O{gigerm gli\ée,a%a%tgr argé:lrs %airggeoils), glycerol, amyl
alcohol, tetrd yd‘?oﬁjry pély%%h)%né gﬂygofg an ?dtt? Hid e4ters 'of sorbitan, and mixtures thereof.
Besides ine?vdiliéntsthe otiif-compoSitionsEan aaseirsintia trljgvans sgeiPhsspatingtagents,
emulsifyingand,susparding agentscsweetening, flavoring, coloring, perfuming and preservative
agents. Suspensions, in addition_to_the active ingredient(s),may contain suspending agents as, for
example, ethoxylalétf alcoRolEY PoRoxyaRhTERa Sorbitol Bhd sorbitdn‘esters rﬂi%‘fggﬁ/stalline cellulose,
aluminum rhetahychipxides behtdnite,iagakagat angtragaeanthy siidi mixtires théreofith Formulations
of the pharmaceytical campositions. of the. inventiqn frrectal or vaginal agmipisiration may be
presented as a suppository, which may be prepared by mixing the active ingredient (5) with one or
more suitabi@fithifit&aRG ekepiEntSoratietSRofnpising foF &sBnieY c6&04 bifter, polyethylene
glycol, wax or salicylate and,which s solid asaeom iemperatire. but liquid.at hody temperature and,

therefore, will melt in the rectum or vaginal cavity and release the active ingredient(s). Formulations of
the presentSR7ENTEH WA Sar@SultaBle™ o BRfiraradmitistraion™alss ifcid®i5&ssaries, tampons,
creams, gelss pastes,doams or spray formulations containing such carriers as are known in the art to
be appropriate. Dosageformsforthetopicalortransdermal administration of the active ingredient(s)
include powders sprays, ointments, pastes, creams, lotions, gels, solutions, patches and inhalants.
The active inffediéRftsFRERPEEMKedaAdEr Sterlf@Tohtitidns Wit pharntacéutiéafi acceptable
carrier, and with any-butfers: or{repellants which may be required. The ointments, pastes, creams
and gels may contain, in addition to the active ingredient(s), excipients, such as animal and vegetable
fats, oils, waxes, paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones,
bentonites, silicic d6id, eIERFENZine oxXide Br Mlixturestheredh PéwBeES “hdSprays can contain, in
addition to the acthse-ingredient(sk.exeipients sychyas-lagtase, talc, silicic acid, aluminum hydroxide,
calcium silicates and polyamide powder, or mixtures of these substances. Sprays can additionally
contain customary propellants such as chloroflucrohydrocarbons and volatile unsubstituted
hydrocarbons, such as butane and propane. Compounds of the present invention may be
administered In intranasal form via topical use of suitable intranasal vehicles, or via transdermal
routes, using those forms of transdermal skin patches well known to those of ordinary skill in the art. A
transdermal delivery system provides for continuous administration throughout the dosage regimen.
Transdermal patches have the added advantage of providing controlled delivery of the active
ingredient(s) to the body. Such dosage forms can be made by dissolving, dispersing or otherwise
incorporating the active ingredient(s) in a Proper medium, such as an elastomeric matrix material.
Absorption enhancers can also be used to increase the flux of the active ingredient(s) across the skin.
The rate of such flux can be controlled by either p;gviding a rate-controlling membrane or dispersing
the active ingredient(s) in a polymer matrix or gel. The compounds of the present invention can
also be administered in the form of liposome delivery systems, such as small unilamellar vesicles,
large unilamellar vesicles and multilamellar vesicles. Liposomes can be formed from a variety of
phospholipids, such as cholesterol, stearylamine or phosphatidylcholines. Another mode of

delivery for the compounds of the present invention may be delivery via the use of monoclonal
antihodiace ac indinvzidiial carriare t0o which the compnoirind moleciilee are corinled The comporinde of the



microencapsule matrices of the active ingredient(s) in biodegradable polymers such as
polylactide-polyglycolide. Depending on the ratio 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 be controlled.
Examples of other biodegradable polymers include poly(orthbesters) 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. Preferably the composition delivered in the
form of an injectable dosage form comprise a biocompatible polymer, a compatible form of the
presently distibsed commpounds lzandiadictempatible setvent which solubilizes the biocompatible
polymer wherein the weight percents of the biocompatible polymer, the instant and biocompatible
solvent are based on the total weight of the complete comp85ition; further wherein sufficient amounts
of said polymer are employed in said compasition stigh that, upon delivery to a vascular site, the
polymer is able to precipitate and allow releade; of thesgctive C(()Fpound in doses sufficient to stop
tumor growth. Still another aspect of thig e bd‘h 6bserve for appropriate viscosity of

of from about 1 to 95 weight percentrgsti poundfat a concentration of from about 5 to about 75
weight percent, and a biocompatible solvengro about 5 to about 95 weight percent, wherein the
weight percent of the all components is based or¥fe total weight of the complete composition and
further whergia:thércomposition has a viscosity of at least 10 to about 200 and more preferably at least

about 200 cStat 49 C.p - Biodegradable; palymers.are disglosed inythe art. FQL example, Dunn, et al.

in U.S. Patent 4,93@:66§,' discloses the following examples of biodegradable poly%ers?linear chain
polymers sGER-asPotyfactiied: polyglycotites; pdltaptoritsnes, polyanhydrides,polyamides,
polyurethanes,polyesterasitles;palyatthaestersgpolysliexananes Rolyacetalsgpolyketals,
polycarbonq@?( (piggyorth_q&?iggqatp(’s@gog@hos S, H@%‘&S‘?{OX&(Q%{ tg[ﬁ, an
polyhydroxyvalerates, polyalkyléne oxafates,’ polyalkylerie succinatés, po y%a ic acmﬁ, poly(amino
acids), polyvitRfAp§tretitlone, polyethyleneglycol, polyhydroxycellulose, chitin, chitosan, and copolymers,
terpolymers and camhigasionsdbeseat: &athes dbiodegradable polymers inglude, fer example, gelatin,
collagen, etc. Suitable non-biodegradable biocompatible polymers include, by way of example,

cellulose acétates: etfifelEtFinyFRICShat Eopbiiere ifrogets (6.g., dcyfic§ingle or
polyacryloniteleipaobyénylacetate,celluloseacetate butyrate, nitrocellulose, copolymers of
urethane/carbonate, copolymers of styrene/maleic acid, and mixtures thereof. Preferred
biocompatible polymers can include acrylic polymers, cellulose diacetate and ethylene vinyl alcohol
copolymer, polyetiABNE[KEBREHtbsER? EBIIdge i BRF§ BRI SUcHPoBARER are either commercially
available or eambesarepared:by art recognized procedures. In a preferred embodiment, the number
average molecular weight, as determined by gel permeation chromatography composition is from
about 5,000 to about 200,000 more preferably from about 25,000 to about 180,000 and still more
preferably from about 50,000 to 100,000. It is still another aspect of this invention to employ a
biocompatible contrast agent within the composition to observe and monitor the clinical progress of the
local site of interest. These contrast agents include water soluble contrast agents and water insoluble
contrast agents. Preferably, the water insoluble contrast agent is a biocompatible material selected
from the group consisting of barium sulfate, tantalum powder and tantalum oxide. In still a further
preferred embodiment, the biocompatible solvent is water, dimethylsulfoxide (DMSO), ethanol, ethyl
lactate or acetone. The formulations may be presented 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 liquid carrier, for example water for injection, immediately prior to use.
Extemporaneous injection solutions and suspensions maybe prepared from sterile powders, granules,
nanoparticles and tablets of the type described above. The pharmaceuticalcompositionsofthe present
invention may also be used in the form of veterinary formulations, including those adapted for the
following: (1) oral administration, for example, drenches (agueous or nonaqueous 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
intravenous injection as, for example, a sterile solution or suspension or, when appropriate, by
intramammary injection where a suspension or sgér tion is introduced into the udder of the animal via
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 fit to by those of
ordinary skill in the art for administration to a region of interest. Although the present invention 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
nracantad for niirnncec Nf illiictratinon and not of limitation Therefore the ccone nf the annendead



washed with 2% sulfuric acid and 1:1 water/brine. Solvent exchange into toluene (approximately
10m1/g) is then carried out wherein the product crystallizes as toluene exchange traspires. Said
product is collected washed and dried to provide 6-hydroxymethyl-androsta-1,4-diene-3,17 dione. One
of ordinary skill in art can further modify the stereochemistry at position 6, if so desired by employing
known techniques in the art. Example 2 Methods of preparing compound NDC-1022 and NDC-1033
As outlined in Scheme 2, estradiol derivatives NDC1022, NDC-1033 were synthesized in the following
manner. The protected estradiol compound 2 is prepared by reaction of compound 1 with dihydropyran
in THF, using toluenesulfonic acid or camphorsulfonic acid as catalyst. As one of ordinary skill in the
art can appreciate this reaction is an equilibrium reaction and would not go to completion under such
conditions. Thus, both the mono-protected estradiols can be found in the reaction mixture. Such crude
reaction mixture would undergo a trituration step with acethnitrile causing the desired bis-THP
estradiol to crystallize in approximately 70 % yield. As shown in Scheme 2, the key intermediate
compound 3 is obtained via acylatigjpat the benzylic 6-position with the strong base mixture referred to
as LIDAKOR: butyl Ilthlum diisoprdpylamine, and potassium tert-amylate. Under sUch conditions at

| can appreciate the abstraction of a proton at a benzylic position.

3 |§{t en purified by column chromatography to give a syrup in
approximately 5Q,%-yielef, containing minor impurities and column solvents. Reduction of the
aldehyde with an excess d Tithium aluminum hydride results in high yields of the racemic
hydroxymethyl estradigf wn@pound 4 as a glassy foam. For purposes of preparing NDC-1022 and
NDC 1033, the methoxymethyl intermediate-cartpoune7 was prepared by methylation of compound 4
with sodium hydride and methyl iodide. Compound 7 was purified by column chromatography to give a
glassy foam. Deprotecting the protected groups would give racemic 6-methoxymethvl estradiol
compound 8. Separation of the enantiomers was performed using chiral preparative HPLC to give the
compounds NDC-1022 and NDC- 1033.For compound NDC-1022, a chiral purity of >95:5 R:S was
realized.For compound NDC-1033, a chiral purity of 86:14 S:R was realized. It is well within the level
of one of ordinary skill in the art to employ NMR for determination of the absolute stereochemistry of
the 6-position, where the 4-and 6-protons are diagnostic. Example 3 Methods of preparing NDC-1055
and NDC-1066 Using the same methodologies described in Example 2, compound 4 is
synthesized. Deprotection of compound 4 was then achieved with catalytic hydrogen chloride in
methanol, and racemic compound 5 was separated on chiral preparative HPLC to give two fractions,
one enriched for NDC-1055 and the other enriched for NDC-1066. For each compound, chiral purity of
>95:5 R:S and S:R was realized respectively. Absolute stereochemistry of the 6-position was
established by NMR, where the 4-and 6-protons are diagnostic. Example 4 Methods of
determining estrogen receptor binding capacity using Luciferase activity. Estrogen
receptor-negative CV-1 kidney cells were maintained in Dulbecco's modified Eagle's medium with 4.5
g/L glucose supplemented with 10% fetal bovine serum and 100 units / ml penicillin-streptomycin at 37
C in a humidified 5% CO2 atmosphere. The cells were then plated in 6-well dishes at a density of 2 x
10b cells per well in phenol-red free Dulbecco's modified Eagle's medium containing 10%
charcoal-dextran-stripped fetal bovine serum. CV-I cells were transfected using LipofectAMINE
reagent according to the manufacturer's protocol. Transfections containing 1.5 ug ofreporter plasmid.
(containing ERE-tk-luciferase containing a single ERE cloned upstream of the thymidine kinase
promoter and luciferase gene) and 0.5 ug of either ERa or ER expression vector (containing
OMIT-ERa or OMIT-ER full length coding sequence respectively). The next day, cells received no
treatment (controls) or were treated with estradiol alone (1 nM) or estradiol plus an Endece compound
(at varying concentrations). After 16-24 hours, cells were harvested and assayed for luciferase activity.
At the outset, cell monolayers were washed twice with ice-cold phosphate-buffered saline and
incubated for 15 minutes in 250 ul of 1X cell culture lysis reagent (Promega, Madison, WI). Cell
extracts were transferred to a fresh tube and assayed using the luciferase assay system (Promega).
For each assay, 10 ul of extract was diluted with 90 ul of 1.X cell culture lysis reagent. Luminescence
was read using an AutoLumat L3953 luminometer. A compound or a salt thereof, which is
identified by the binding assay described herein is a compound that inhibits the binding of estrodial at
the ligand binding site of the estrogen receptors. Specifically, it is a compound or a salt thereof thatis
envisioned to cause cell proliferation statasis and accordingly exerts its pharmacological activity. As
indicated in Figure 3 and 4, lead compounds NDGC;1022, NDC-1033 exhibit strong competitive
behavior against estradiol in binding to either of the estrogen receptors thereby causing stasis of cell
proliferation activity. Example 5 Method of determining the 105d values of the candidate
compounds. The cell lines listed were maintained at approximately 5% 002, 37C, 95% relative:
humidity in the media appropriate for that cell line. The cells were subcultured every two to three days

and plated in clear bottom 96-well .plates at a density of 1 x 104 cells/well and incubated at ca. 5%
nNNO°2 R7C nvverniaht nrior to initiatinn of the aceayvy Tno heain call vviahilityvy aceave the media in the call

.The intermediate co



200 ph.Wells containing no cells and wells containing cells lysed with 0.1% Triton-X were used for
baseline controls.Tamoxifen was used as a known control for each assay and DMSO only will be run
as vehicle control. The samples were incubated at ca. 37 C in humidified 5% 002 atmosphere for 72
hours. The plate was monitored once a day during the incubation period, paying special attention to
the level of confluence. If the cells approach confluence prior to the end of the 72 hour incubation
period the experiment was terminated at that time and cell viability measured as described below.
Cell Viability was determined ugin@fd commercially available kit to determine ATP levels by

¢ had the media removed and replaced with 100 ph of fresh media,

ust prior to addition to the wells of the cell plate (100 ph per well). The plate
was placed into the Infinite M200 plate reader, allowed to shake for 10 minutes followed by a 10
minute wait period, thebplé)e was read using an integration time of 0.5 sec with no attenuation. The
mean baseline controls fwells with Triton X-100 or no cells) were subtracted from the total
luminescence to give the net luminescence for that well. This total was compared to the control of
DMSO only. An 1050 was calculated as the concentration that led to a response of 50% compared to
the vehicle control cells. Figures 5 and 6 depict the results of the tests. Accordingly, those of ordinary
skill in the art can I hat t iguration of the instantly claimed compgosition are superior
to other sterggiéor%g%ﬁ%%%ﬁ;&%%%gh%%@%g 5%?35;%@0{“ rC::L-SflnS(%/ Ehe chcl}r%J %lég) (gaﬁ?;
methodologi€s ain‘eddifpfe LR RBEL 1 0221is hrapared 2P @ seiutentof NBERad22 (0.32 ¢, 1
mmol) in DC¥ (30 matypsetic ardnysiride: £0.6:ml.6 8ymehs3 eqdnkEAI(@BmI, 3.6 mmol, 1.8 eq) and
DMAP (50 w%g)\évlggn%q%ed. Th rg@gtsigg sgﬁlltét}on was atjllrregearto%mlt_)ient temperature for 3 hrs.Thin
Layer Chromatography(‘v‘?EC"%o owed the reaction. Fhe feaction solution was washed with IM HCI
(20 ml), Saturated NaH003 (20 ml) and brine (20 ml) respectively. The DCM phase was dried over
Mg504 and filtered, The filirate was evapeaiated and-drieghihighvacuum-at,60.Qdoe.3 hrs and at
ambient temp g%trgr% ove&nightltl% l;;glford Bpure qﬁsir”ed comtp%tgnd 1 of SchemehS 0.4 g, white,
quantitative). Example 7'~ “T0 & sofution of compound 3ot Schefne 3°(0:35°4; 0:87 mmol) in DOM
was added iG@dwinsethyisiizhec@mi L 44 smatol 1 56wy )dcafbiartrtehmerature. The yellow solution was
stirred at 38 1C ovgrnightAndes ageB: « roddhe rgaction: selutiopuas cooled in an ice-bath. To it was
added excess sat. NaH003 (10 ml) slowly to quench the reaction. After separation of the mixture, the
organic phase was washed with brine and concentrated for silica gel purification using 3% MeOH in
DCM as mobife- prass:atiefded:270ahguafpurel compotrr 2ict 8ghe e 8(809%):d ofA solution of

compound 2 of Seheme3(250mg-.68./emal). tripheny Ing £22¢2,mg, 985 mmol, 1.3 eq),
Nhydroxyphthalimide (140 mg, 0.85 mmol, 1.3 eq) in T %20 ml) was cooled in an ice-batch. To the

cooled solutidhWas ZHEH HietiyFazsGicarioxyiate (P8P £RAHGEI8%q). The reaction mixture was
wormed to afbieattemperatufe @imlstirredevernight. diafhereastion mixture was evaporated, and
the resulting residue was diluted with DCM (50 ml). It was washed with brine and concentrated for
silica gel purification using 3% MeOH/DCM as =bile phase to yield 260 mg of desired white compound
3 of Scheme™3 (75%:5 "PAERGAtESEs froMREsH 11087 BB Thal 1k FéSe PRI Brefdre another batch
of compound:3=afiiSalremed3 £580amghdexampié By - acA«gatutiar of eonipayndiB=0t:5aheme 3(580 mg,
1.1 mmol) in@@d&g@otagg/l é%%@g was ggoI‘Leedaisrkagrlge-gaaé%gnlylieé@%lrhydrazine (0.22 ml, 2.2 mmol,
4 eq) was added. The mixture was wormed to ambient temperature and stirred for 3 hrs. LC-MS
followed the Re&EfioTT. - O "ethe Tedefch TGS wis WasheetwitRA&slution of brine and Sat. NaHCO3
(1:1, 10 ml). The agueous phase was washed with DCM (10 m1). The combined DCM phases were
evaporated to dryness under high vacuum. LC-MS confirmed that the crude product contained tow
major products of compound 4 and compound 4a of Scheme 3. The crude mixture was used directly
for next reaction without further purification. Example 9 The crude mixture (- 0.7 mmol) of
compounds 4 and 4a of Scheme 3 in MeOH (60 ml) was cooled in an ice-bath. To it was added a
solution of sodium carbonate (0.5 g, 4.7 mmol) in water (10 ml), and then added another solution of
NaOH (0.8 g, 20 mmol) in water (10 ml). It was wormed to ambient temperature and stirred overnight.
The pH of final reaction solution was about 14. A solution of sat. sodium bicarbonate ( -10 ml) was
added to adjust pH to 10. The mixture was evaporated to remove most of methanol. To the resulting
mixture were added DCM (100 ml) and sat. sodium bicarbonate (30 ml) for extraction_ The aqueous
phase was washed with DCM (2x50 ml). The combined DCM phases were evaporated to dryness to
give crude mixture 400 mg. The crude mixtur§ was purified by silica gel column using 5%
MeOH/DCM as mobile phase to afford desired fin Fproduct NDC-1187 (135 mg, off white, 60% yield,
98% HPLC purity, NM?. and LC-MS confirmed). We claim:



1.A compound having the structure: fri3C R3 wherein a. X" R2 and Z are independently selected
from the group consisting of : E., CD,--05 Eakyl , a halogen, a halogenated alkyl, a sulfate, a
glucoronide -(302N112, -000H, -ON, -CH2CN, -NEON, -CEO, - COOsalt -0,302alkyl -1\1E2 -SE, - S
C.'Ha -NHCO ( CH2) nCHs-NO2, -SON, - SO2, -B (OH) 2, -3TrIC (CI-13, and NIMR2 , b. X'is
selected from the groyp cansising of : C3:C8.alkl,a helagens 2 halogenatsdlaliy, a glucoronide
-NI-12, -SONE(T,2, = COOP_, -CN, -CH2CN, -NEON, -CEO, =CROCR3, 7 COOS& t -0S02alkyl, -SE,
-9CH3, - CHLEGH2) DOOTH3 T (RS RONMe SHERRYASIRHS! -NRIEEEHR YEHS , NE (CH2)
OCH3, -NH (CH2):+CRRE-GORE::N(GHS3)2, Z{aH2)3iHd) EH2 Qe GABH, -(CH2), NECOOH,
-NO2, -sow, -502alkyl ,(QH) 2, - (CHSs) H3) -902- - +202:NH2 -NHC (.5 ) CH3,
and -10EINHS ugse,%# %%g-ge#e%?gd?%r%%ﬁe%r%%% clé!(mlj%éﬁgngg&o@eﬂ@; %s-égsﬁalkyl, a halogen, and
a halogenated atkytried.24 and Y are independently selected from a group consisting of; 0, -OH, -H, a
- -C-C6 alkyl, a halogen, a halogenated alkyl, a sulfate, a glucoronide, a bulky group, phenyl, piperidine,
piperazine, morpholine, pyrimidine, -NH2, -N(OH2)3 CHS3; a phosphate group, a phosphinate group,
-wherein n is @an integerand.cashe-any rumbeshetween:0-7the=m symbaldepresents either a single
ora doublentg: .!% é:agxgpl 8@ erTpiﬂ%Qﬁkeéo Pq;g%g- agg tgggxré]bol represents any type of bond
regardless of the Stereochemis ry; and the espe“éJﬁveLena‘“nﬁ’orﬁer?*o Rer Stéreochemical isomers,
hydrates, soRatesrauiomers arkk phakhacetitically aeteptablesalslafsaidrebmpounds. 2. The
compound gfclaim 1 wherein-Xds selected.from group.consisting of-Ca:Co alkyl ahalogen, a
halogenated alkyl, a glucoronide, -NTR, -SO2NHZ2, -COOH, -(CH2)5SCH3, -(CH2),-0-NH2,
“NH(OH2)258H3, NIFCHERY 06HS N{GH32= (EH2)BING) ERDOA HCHST NHEBOM and further
wherein Ri andi22 aredndegenaently H, a Cl to 06 alkyl or a Cl to C6 substituted alky!. 3. The
compound of claim 2, wherein Rl and 22 are independently a hydrogen or a methyl group and ---- is a
single bond. 4. The compound of claim 3, wherein Ri is hydrogen. 5. The compound of claim
1, wherein XSs in feffotitoP R 6F & EteréotStiner™ 521%, THEEBHTpAtRTd BPElaim 2, wherein RI, R2,
and R3 areindependenty aaydrogen, a methyl, or an ethyl group. 7. The compound of claim 6,
wherein the 4""".. symbol represents a bond forming a R or a S stereoisomer. 8. A compound having
the structure: H3C PR5 wherein: Al, R2, R2, R4 are @rtependently selected from the group
consisting of H, C1-05 alkyl, and halogen; R5 is sefét ted from the group consisting of -NH2,
NH(CH2)n-COOsalt, -NH(CH2)OH, -(NH)g@H20OHWCH?S; OOI—h and CH2NHCOOH; - R6is

ate a glticoronide, a bulky group, phenyl,
and  R7is selected from the group eohsi
~a sulfate, a glucoronide, -SO2NH2, -CQ ‘

#H,za C1-C6 alkyl, a halogen, a halogenated alkyl,
HZEN-, -NHCN-, -CHO, -000
amta '

R:, Ry, R;, R, are Iindependently sslscted from the group

cconsisting of E, £;-C; alkyl, and halogen,

Ry iz selected from the group consisting of WH., -NH(CH.) .-

COOsalt, NH{CH;)p0H, - (NH)CH,CHCH,-NHCOOH, CH,NHCOOH

Es is selected from ths group comsisting of B, C,-C

alkyl, sulfate, or glucuronide, and
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salt, -NH2, and -NHCO(CH2)n; and wherein the symbol represents either a single or a double bond
with the proviso that when the ---- symbol is a double bond and forms a keto group, then no R6 is
respectively present. 9.A compound having the structure: wherein: R.1 is selected from the group
consisting of: H, CI-C6 alkyl, substituted alkyl, a halogen, a halogenated alkyl; and Z is selected from
the group consisting of: =0, -OH, S, SH, -NHS02, =CN, =NCO(CH2)n. Ry is selected from the group
consisting of: CI-G6.alkyl, SHy,NQ2, 1QN, s SON-NH2, 2502alkylh -B(QH)2, -NHE(=S)0H3, and
NHNH2; X is selected from the group consisting of: 01-C6 alkyl, a halogen, a halogenated alkyl, a
glucoronidé 2RiHZ *LEHOEHS, ZEGOsait™ 'SEHE: - ﬁ(@ﬂ%},lsé”@é@llzf“s(ﬂﬂ?ﬁﬁﬁlﬁHZ,
-NH(OH2)0kM3::NH(EHZ2):00H3randa ketd 28 isisekected from the grouptreonsisting af:=H, a 01-06
alkyl, a subgggg@gtqlkyl, a halogen, and a halogenated alkyl; R4 is selected from a group consisting
of: -OH, -H, a 01-06 alkyl, a halogen, a halogenated alkyl, a sulfate, a glucoronide, phenyl, -NH2,
-N(CH2)n; a phosphate group, or a phosphinate group; and Y is selected from the group
consisting ¢fi =0, TDH, =k acD1=06atkyl) a halegenn ashalogenated atkydyva sulfate,za glucoronide,
phenyl, piperidine, pipetazing ;morphgline LY simiding. ;NHZ, -NQHZ)n CH3; 3 phosphate group, a

phosphinate group, -NHS02, and =0S02; the symbol represents either a single or a double bond
capable of fotiihg & Refo §Fod at posiiciTs o ER WA thE provicd thiaf ¥ifen the symbol is a double
bond and ferms e=keto groupiabposition:3 or Ivs theagie:¥ror Zisfespectively. present, the "™A"

symbol represents any. type of bond nggg&l@gs of the steEeoch 'misﬂggd andtn, IS a number between
0-7. 10. The comp:BunCd of claim 9, wherein 121 is H, blstoogigcghiyludr Substituted alkyl. 11. The

compound bf Bl 16 2whet&iFE 2. F RAmethy FEFHydfo gerF aflt Ry H2, RB¥R4%8hydrogen. 12. A
compound having thessttugtre: 4 wheseinzrrowRdaR25:R3, R4, are independently selected from
the group consisting of H, 01-05 alkyl, and halogen,

22. The use of claim 21, wherein zaid compound iz in &

pharmacsutical suitable carrier.
23, The use of claim 21, wherein said solid tumor is selected
from the group consisting of estrogen dependent and estrogen

independent tumora.

24, The use of claim 23, wherein said solid tumor isg an

estrogen independent tumor.

25. Use of a compound having the formula selected from the

group consigting of:.
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R5 is selected from the group consisting of: -NH2, -NH(CH2)n, -NH(CH5),-COOsalt, -NHCHOH,
-NHCOOH, CH2NHO00H, and -0S02alkyl, R, is selected from the group consisting of H, CI-05 alkyl,
sulfate, amine or glucuronide, and "-=is a single or a double bond. 13. The compound of claim 1,
selected from the group consisting of: NDC-1187, and H2r4 14. A pharmaceutical composition
comprising the compound of claim 1 and a pharmaceutically-acceptable carrier, wherein said
compound comprises at least one S enantiomer, R enantiomer, S diasteromer or R diasteromer. 15. A
pharmaceutical composition comprising the compound of claim 8 and a pharmaceutically-acceptable
carrier, wherein said compound CO@Pirises at least one S enantiomer, R enantiomer, S diasteromer or
R diasteromer. 16. A pharmacduti€al composition comprising the compound of claim 9 and a
pharmaceutically-accepta wherein said compound comprises at least one S enantiomer,
enantiomer, S diastereQuerrR-dfastereomer. 17. A pharmaceutical composition comprising the
compound of claim HlérmaceuticalIy-acceptable carrier, wherein said compound comprises

- smeryR enantiomer, S diastereomer or R diastereomer. 18. A pharmaceutical
composition according one of claims 14 to 17 wherein said compound is an isolated S or. R
diastereomer at pOSHQUﬂﬁ@and 17 and the composition is substantially free of the other diastereomer
for said positions. 19. Use of a compound of claim-1 for the manufacture of a medicament for
inhibiting growth of cancer cells, whereiﬂﬁ%'&é@&on%es to provide a growth of cancer cells; and to
contact said cancer cells with a compound of claim 1, wherein said compound is in an amount at least
partially sufficient to inhibit said growth. 20. The use of claim 19 wherein said compound has the
following structure: wherein RI, R,, -R3, R4 are independently selected from the group consisting
of H, 01-06 alkyl, and halogen, Rs is selected from the group consisting of NE2, -NH(CH2),- COOsalft,
NE(CH2)nPH, -(NH)CH20OHCH2-NHCOOH, CH2NECOOH, is selected from the group
consisting of H, 01-C2 alkyl, sulfate, or glucuronide, and the ---- symbol represents either a single
or a double bond with the proviso that when the ---- symbol is a double bond and when forms a keto
group at position 17, then no RG is present. 21. The use of claim 20, wherein said dancer growth cells
comprises a solid tumor selected from the group of solid tumors consisting of breast, pancreatic, lung,
colon, prostate, ovarian, brain, liver, spleen, kidney, lymph node, small intestine, blood cells, bone,
stomach, endometrium, testiclular, ovary, central nervous system, skin, head and neck, esophagus,
and bone marrow cancer. 22. The use of claim. 21, wherein said compound is in a pharmaceutical
suitable carrier.
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23. The use of claim 21, wherein said solid tumor is selected from the group consisting of estrogen
dependent and estrogen independent tumors. 24.. The use of claim 23, wherein said solid tumor is an
estrogen independent tumor. 25. Use of a. compound having the formula selected from the group
consisting of: H2N- NDC-1187, and for the manufacture of a medicament for inhibiting growth of
cancer cells. 25. A compound haying the structure: wherein a.R1, R2 and Z are independently
selected from the group consisting of: H, CI-C6 alkyl, a halogen, a halogenated alkyl, a sulfate, a
glucoronide, -SO2NH2, -COOH, -ON, -CH2CN, NHCN, -CHO, -COOsalt, -0S02alkyl, -NH2, -SH,
-SCH2, NHCO(CHZ2),CH3, -NO2FLSON, -S02alkyl, -B(OH)2, -NHC(=S)CH3, and NHNH2, b. X'is
-(CH2)a-0-0112, wherei @@ integer from 1-6; c. R3 is selected from the group consisting of:
H, a C1-C3 alkyl, @ jen.cand a halogenated alkyl; d. R4 and Y are independently selected
from a groupAeRsisting ot 0, -OH, -H, a -C1-C6 alkyl, a halogen, a halogenated alkyl, a sulfate, a
glucoronide, a bulky growp, phenyl, piperidine, piperazine, morpholine, pyrimidine, -NH2, -N(CH2)n
CH3; a phosphate grb‘tab", a phosphinate group, wherein n is an integer and can be any number
between 0-7, the symbol represents either a single or a double bond capable of forming a keto group;
and the 4""A.N symbol represents any type of bond regardless of the stereochemistry; and the
respective énantiomers;bther sterdochenicatisornersy hydrate s solvates; taoforrers=and
pharmaceuti¢ally acceptable salts of said compounds.
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26. A cocmpound having the structure:

wherelin

a. Ry, R; and Z are independently selected from the
group consisting of: H, -C alkyl, a halogen, a halogenated
alkyl, a sulfate, a glucoronide, -80,NH,, -COOH, -CN, -CH,CN,
-NHCN, -CHO, -CO0salt, -080;alkyl, -NH,, -SH, -SCHz,
NHCO {CHy} ,CH;, -NO,, -8CN, -80C.,alkyl, -B{QH),, -NHC(=S)CH.,, and
-NENH,,

b. X is ~{CH;},~C0CH;, wherein a ig an integer from 1-6;

c. R; 1s selected from the group consisting of: H, a
C:-Cs alkyl, a halogen, and a halogenated alkyl;

4. R, and Y are independently selected from a group
consisting of: ©, ~OH, -H, a -C,-C¢ alkyl, a halogen, a

halogenated alkyl, a sulfate, a glucoronide, a bulky group,
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vhenyl, piperidine, piperazine, morpholine, pyrimidine, -NH,,
-N{CH;), CH:; a phosphate group, a phosphinate group,
wherein n 1s an integer and can be any number betwesn 0-7, the

——— symbol represents either a single or a double bond capable

of forming a ketc group; and the Y™™WYW gymboel represents any
type of bond regardless of the stereochemistry; and the
regpective enantiomers, other sgtereochemical iscmers,
hydrates, solvates, tautomers and pharmaceutically acceptable

salts of said compounds.
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